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Abstract.  Medullary carcinoma is famous of lymphoid infiltrate and 

improved prognosis.  Cytotoxic T lymphocyte with positive Granzyme B 

constitutes a major subset within the infiltrate.  The aim was to study 

Granzyme B expression and medullary carcinoma behavior.  Twenty six 

female patients were admitted at Dr Fakeeh and Al Hayat Hospitals in 

Jeddah, K.S.A. from March 2004 to January 2007. Sixteen patients were 

below 45 years and ten were above.  Granzyme B was positive in 75% of the 

first group and 60% in the second group.  Granzyme B expression was 

positive in 62.5% of infiltrating ductal carcinoma with in situ component 

while it was 80% without in situ. Granzyme B expressed in 100% of 

medullary carcinoma, and 60% in others (p < 0.001).  4 lymph nodes out of 

six were affected in the medullary carcinoma while in others it was 18 out of 

20 with no significant statistical differences.  Granzyme B+ve Cytotoxic T 

lymphocyte were 100% in medullary carcinoma while Granzyme B+ve 

tumor cell was 33.3%.  The values were 60% and 20% in others.  N0 

showed 100% +ve Granzyme B, N1 showed 71.4% and N2 showed 50%.  

Granzyme B, in a way or another is responsible for damaging cancer cells, 

leading to lost ability to invade lymphatic vessels or to grow in regional 

lymph nodes. 
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Introduction 

A number of clinical indices are expected to be related to cancer 

progression and to predict the prognosis of cancer patients.  Among those 

indices the metastatic status of regional lymph nodes was thought to be 

one of the most significant candidates as a prognostic factor.  Some other 

factors, i.e. tumor size, histological subtype of the tumor, and magnitudes 

of tumor infiltrating lymphocytes are also considered to be important
[1]
.  

The cancer progression and patient prognosis are dependent upon both, 

the biological characteristics of the cancer cells and the immunological 

status of the host.   In reference to biological characteristics, p 53 

mutation, over expression of epidermal growth factor (EGF) receptor, 

HER-2/neu and many other molecular events in cancer cells have been 

reported to be involved
[2]
.  Regarding the host immune response, the 

number of tumor infiltrating lymphocytes and dendritic cells, or the 

production of immunoglobulin directed against the cancer cells, are 

likely to affect cancer progression as well as the patient survival
[3]
. 

Granzyme B (GRB) is a major component of cytoplasmic 

granules of cytotoxic T-lymphocytes and natural killer cells.  In cellular 

immune reactions, GRB was produced by activated cytotoxic 

lymphocytes and initially stored in cytoplasmic granules
[4]
.  Cytotoxic T 

lymphocytes (CTLs) lyses their targets by means of two distinct 

mechanisms involving granule exocytosis or the cross linking of so-

called death receptors on the target cells.  The first mechanism depends 

on the actions of several constituents of the secreted granules that contain 

the pore forming molecule, perforin together with a variety of granule 

associated enzymes.  Of these enzymes, GRB is the main effector when 

dealing with target cell apoptosis.  After secretion by the CTLs, GRB 

binds to the mannos-6-phosphate receptor on target cells and then enters 

the target cell through receptor mediate endocytosis.  Subsequently, GRB 

is released from these endosomes into the cytoplasm of the target cell 

because of the pore forming capacity of perforin. Subsequently, GRB 

induces cell death by activating the caspases
[5]
.  The second cytotoxic 

mechanism exerted by CTLs occurs through a subset of the tumor 

necrosis factor receptor superfamily, called the death receptors.  Death 

receptors (FAS) cross linking induces a caspase cascade that will lead to 

the destruction of the target cell
[6]
.   
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The primary mechanism by which GRB initiates cell death is 

activation of the caspases through caspase-10.  However, under 

circumstances where caspase-10 is absent or dysfunctional, GRB can act 

through secondary mechanism including activation of the other caspases 

and direct cell killing by cleavage of non caspase substrates.  The 

redundant functions of GRB ensure the effectiveness of granule mediated 

cell killing. Even in target cells that lack the expression or function by 

mutation of one or more of the caspases, providing the host with 

overlapping safeguards against aberrantly replicating, non self cells 
[7]
.  

GRB can enter target cells by autonomously crossing the cell membrane, 

or via a receptor mediated pathway, and the co-existence of perforin 

facilitates intracellular trafficking of GRB in the target cells
[8]
.  Overall, 

the net effect of caspase activation is to halt cell cycle progression, 

disable homeostatic and repair mechanisms; initiate the detachment of 

the cell from its surrounding tissue structures; disassemble structural 

components, and mark the dying cell for engulfment by surrounding cells 

and macrophages
[9]
.   

Medullary carcinoma (MC) of the breast is a unique subtype of 

infiltrating ductal carcinoma (IDC) that is characterized by a prominent 

lymphoid infiltrate, a syncytial growth pattern, and anaplastic 

morphology
[1,2]

.  Patients with MC have better prognosis than those with 

other subtypes of IDC.  This is a biological paradox, since its clinical 

behavior is not in agreement with its poorly differentiated histology and 

high proliferation rate.  Recently reported, that MCs are infiltrated by 

significantly greater numbers of GRB-positive activated cytotoxic T-

lymphocytes (CTLs) than poorly differentiated ductal carcinoma.  CTLs 

destroy target cells by inducing programmed cell death or apoptosis.  

CTL-triggered apoptosis is mediated by two major pathways: through the 

release of cytotoxic granules, such as perforin and granzyme, thus 

resulting from the Fas / Fas ligand / receptor interaction
[6]
. 

Patients and Methods 

This retrospective study was conducted at Dr. Soliman Fakeeh 

Hospital and Al Hayat Hospital in Jeddah, K.S.A. from March 2004 to 

January 2007.  Twenty-six patients were enrolled in this study; all were 

females with breast mass. They were presented in the out-patient 

department complaining of breast mass, none of those masses were 

discovered through any medical organized program.  All masses were 
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discovered by the patient.  All patients were subjected to a routine pre-

operative assessment with control of any co-morbid disease, especially in 

the older patients.  The initial procedures were lumpectomy or frozen 

section.  The definitive procedure was modified radical mastectomy, this 

was done to the twenty six patients enrolled in the study.  All specimens 

were examined macroscopically to determine absence or presence of 

other mass or masses, and to identify lymph nodes.  Microscopic 

examination with hematoxylin and eosin stains for histological typing 

(ductal, lobular, or terminal ductal lobular units). To examine if it was 

accompanied by in situ components, and if it was invasive or totally in 

situ grading of the mass, then determine the lymph node status to detect 

any nodal deposits as it was essential to classify tumors as medullary and 

other subtypes. 

Granzyme B detection was done using monoclonal mouse anti-

human GRB (clone GRB-7), DAKO code No. M-7235 which 

qualitatively detects the presence or absence of GRB.  The antibody can 

be used for labeling paraffin embedded tissue sections fixed in formalin.  

Heat induced epitope retrieval in a 10 mmol/L.  Tris buffer / 1 mmol/L 

EDTA, pH 9.0 is recommended.  Thin tissue sections should not dry out 

during the treatment or during the following immunohistochemical 

staining procedure.  Cells labeled by the antibody display cytoplasmic 

staining pattern corresponding to the granular localization of the 

antigen
[10]

. 

Statistical Analysis 

Statistical analysis was done using Fisher's test to obtain Z-value, 

Chi-square used to compare the distribution of a categorical variable, and 

from the standardized table, the degree of probability was obtained 
[11]

. 

Results 

Table 1 shows the relation between GRB expression and the age 

of the patients included in the study, there were 12 (75%) patients with 

positive expression in patients under 45 years, and 6 (60%) in the age 

group above 45 years.  This was statistically not significant (p > 0.5).   

Table 1.  GRB expression to age. 

Age No. GRB +ve GRB –ve Statistics 

< 45 years 16 12 (75%) 4 (25%) X² = 0.24 

> 45 years 10 6 (60%) 4 (40%) P > 0.5 NS 
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Tissue diagnosis showed that GRB (Table 2) was positive in 10 

cases (62.5%) out of 16 with tissue diagnosis of IDC accompanied by in 

situ component, with more expression (80%) when the diagnosis was 

IDC without in situ component.  The comparison between positive cases 

for GRB in both IDC + in situ and purely IDC was not significant 

statistically (p > 0.5).   

Table 2.  Relation of histopathology to GRB expression. 

Diagnosis No. GRB +ve GRB –ve Statistics 

IDC + In situ  16 10 (62.5%) 6 (37.5%) X² = 0.88 

IDC 10 8 (80%) 2 (20%) P > 0.5 NS 

Regarding tumor subtyping, six medullary and twenty other 

subtypes were obtained. All the cases showed lymphocytic infiltrate of 

variable intensities, in which the most intense was seen in the medullary 

cases. GRB was expressed by a 100% in the medullary type and 60% in 

other subtypes.  This difference (Z = 3.6) was highly significant (p < 

.001) (Table 3). 

Table 3.  Relation of tumor subtype to GRB. 

Subtype No. GRB +ve GRB -ve Statistics 

Medullary 6 6 (100%) - Z = 3.6 

Other subtypes  20 12 (60%) 8 (40%) p < .001 HS 

Regarding the percentage of distribution of +ve GRB in CTLs 

(Fig. 1 and 2), it was 69.2% in all the tumors, 60% in other subtypes and 

it was 100% in medullary type. The differences between medullary and 

other subtypes was highly significant (Z = 3.6 – p < .001) Table 4. 

 

  

Fig. 1.  GRB in CTLs. Fig. 2.  GRB in CTLs. 



A.A.M. Baker et al. 54 

Table 4.  Distribution of GRB positivity in CTLs. 

Type Cases CTL +ve Gr-B Statistics 

Medullary 6 6 (100%) Z = 3.6 

Other subtypes  20 12 (60%) p < .001 HS 

All 26 18 (69.2%)  

Regarding the positive tumor cells for GRB (Fig. 3 and 4), it was 

23% in all tumors; it was 20% in other subtypes while it was 33.3% in 

medullary tumors.  The difference in distribution between medullary and 

others was not significant (p > 0.5) (Table 5). 

 

  

Fig. 3.  GRB in tumoral cells. Fig. 4.  GRB in tumoral cells. 

Table 5.  GRB distribution in tumor cells. 

Type Cases Tumor Cell +ve GRB Statistics 

Medullary 6 2 (33.3%) X² = 0.4 

Other subtypes 20 4 (20%) p > 0.5 NS 

All 26 6 (23%)  

Comparing tumor GRB positivity and L.N. status showed that N0 

associated with 100% positivity, N1 associated with 71.4% positivity 

while N2 showed 50% positivity (Table 6). 

Table 6.  Relation of the L.N. status to Gr-B. 

L.N. No. GRB +ve 

N0 4 4 (100%) 

N1 14 10 (71.4%) 

N2 8 4 (50%) 
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There were no significant differences (p < 0.5) in –ve L.N. in 

medullary (2/6) and those among other tumors (2/20) (Table 7).  

Table 7.  L.N. status vs. histological type. 

Type Case -ve N +ve N Statistics 

Medullary 6 2 4 X² = 1.87 

Others  20 2 18 p < 0.5 NS 

Discussion 

Medullary carcinoma is a morphologically and biologically 

distinct subtype that, despite exhibiting cytologic anaplastic features, it 

has a more favorable prognosis than other subtypes at similar stages of 

differentiation. This is at least in part due to the presence of a prominent 

lympho-plasmacytic cell infiltrate.  Analysis by mass spectrometry 

revealed that the antigen targeted by the dominant clones in the 

oligoclonal B cells was not a cancer specific antigen, but the cytoskeletal 

protein B-actin.  MCB exhibits an increased rate of apoptosis and 

apoptotic MCB cells were shown to expose actin on the cell surface, 

permitting its recognition by the humoral immune system
[13]

. 

The primary mechanism by which GRB initiates cell death is 

activation of the caspases through caspase 10.  However, under 

circumstances where caspase 10 is absent or dysfunctional, GRB can act 

through secondary mechanism including activation of other caspases and 

direct cell killing by cleavage of non caspase substrates.  The redundant 

functions of GRB ensure the effectiveness of granule mediated cell 

killing, even in target cells that lack the expression or function of one or 

more of the caspases
[12]

. 

Regarding the age the expression, they were more in the younger 

age group (< 45) as it was 75%, while it was 60% in the older age group 

(> 45). However, it was no significant statistically this may present a 

more potent immunological response in the younger age group. 

The relation between histopathology and positive GRB 

expression showed that when the tumor was totally IDC, it was 

associated with more positive GRB expression with less positive 

expression, then when it was associated with in situ component. 

Nevertheless, this difference was not statistically significant.  This 

finding may go well with the recent observation stating that cells of 
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intraductal component may be more aggressive than the invasive 

component as it was proved it may be more HER-2-neu positive.  

GRB positivity was expressed in 69.2% of our patients; this 

expression was detected on CTLs.  Among the tumor cells GRB 

positivity was detected in six cases (23%). All those six cases who 

presented GRB positivity were in the tumor masses that were also 

positive for CTLs. However, none of those six cases had positive GRB in 

tumor tissue with negative GRB in CTLs.  Now, it was determined, that 

the main population of cells stained with the antibody was in the tumor 

infiltrating lymphocytes rather than in the tumor cells. This finding was 

supported by Hu et al.
[4]
 who stated that in the majority of cases, all 

tumor cells were stained negatively for GRB Only 16% of his cases 

stained positively for GRB, while 100% of his cases stained positively 

for GRB in CTLs. On the contrary, in the work of Kontani et al.
[3]
 the 

main population of cells that were stained with the antibodies were 

cancer cells in the tumor tissues rather than immune cells infiltrating into 

the tumors. This can be explained by possible different phases of 

immunological response progression. 

In the current work medullary breast cancer, it showed 100% 

positive GRB expression in CTLs and 33.3% GRB expression in tumor 

cells.  On the other hand, other subtypes showed 60% and 20% 

respectively.  Statistically, there was a highly significant difference 

among the GRB positivity in CTLs with no significant difference among 

GRB positive tumor cells.  This granzyme positivity in CTLS can be 

explained in part; a key mechanism controlling the good prognosis for 

this type of tumor and solve the pathological paradox of medullary 

carcinoma
[14]

.  Agreed with this explanation about the reason for an 

improved outcome of medullary carcinoma, as in the present study, the 

percent for +ve GRB was 100%. 

In vivo studies showed that intravenous administration of immune 

GRB, gene-modified lymphocytes led to the suppression of HER2-over 

expressing tumor growth, and prolonged animal survival because of 

continuous secretion of immunoGRB molecules into blood and lymph 

fluid.  These results demonstrated that the chimeric immune GRB 

molecule, which was capable of antibody-directed targeting and GRB-

mediated killing, has therapeutic potential against HER2 tumors, 
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especially in cases in which caspase-dependent apoptosis was 

inhibited
[15]

. 

Despite the presence of these proteins close to their sites of action 

in the cancer cells from an early stage, the cancer cells containing these 

proteins did not appear to be damaged or lysed microscopically.  This 

suggests that the cytotoxic granules produced by CTILs plays a role in 

suppressing metastasis of cancer cells to regional lymph nodes, rather 

than killing cancer cells adjacent to the immune effector cells.   

Regarding expression of GRB in breast tissue, it was found to be 

100% in patient with N0, 71.4% in N1 and 50% in N2.  It is clear that the 

expression of GRB was more in N0 and whenever there was less GRB 

expression there were more lymph nodes affection.  Kontani et al.
[3]
 who 

had 61% +ve GRB, found that N0 showed 79% expression while it was 

40% in N1 and only 25% in N2, going hand in hand with ours.  

Practically lymph node affection was more than three times greater in 

other subtypes, as –ve L.N. was 33% in medullary cancer compared to 

10% in other subtypes.  This finding also supports the previous 

explanation for the clinical paradox of medullary breast carcinoma. 

Conclusions 

Granzyme B in a way or another is responsible for the damage of 

cancer cells, leading to lost ability to invade lymphatic vessels or to grow 

in regional lymph nodes.  It can be concluded, that there are more than 

one clone of CTLs; one responsible for inhibition of metastasis, the other 

is responsible for killing tumoral cells. 

References 

[1] Aaltomaa S, Lipponen P, Eskelinen M, Kosma VM, Marin S, Alhava E, Syrjänen K. 

Prognostic factors after 5 years follow-up in female breast cancer.  Oncology 1992; 49(2):  

93-98. 

[2] Fujino S, Enokibori T, Tezuka N, Asada Y, Inoue S, Kato H, Mori A. A comparison of 

epidermal growth factor receptor levels and other prognostic parameters in non-small cell 

lung cancer.  Eur J Cancer 1996; 32A(12):  2070-2074. 

[3] Kontani K, Sawai S, Hanaoka J, Tezuka N, Inoue S, Fujino S. Involvement of granzyme 

B and perforin suppressing nodal metastasis of cancer cells in breast and lung cancers.  

EJSO 2001; 27(2):  180-186. 

[4] Hu SX, Wang S, Wang JP, Mills GB, Zhou Y, Xu H-J. Expression of endogenous 

granzyme B in a subset of human primary breast carcinomas. BJC 2003; 89(1):  135-139. 



A.A.M. Baker et al. 58 

[5] Medema JP, de Jong J, Peltenburg LT, Verdegaal EM, Gorter A, Bres SA, Franken 

KL, Hahne M, Albar JP, Melief CJ, Offringa R. Blockade of the granzyme B/perforin 

pathway through over expression of the serine protease inhibitor PI-9/SPI-6 constitutes a 

mechanism for immune escape by tumors.  PNAS 2001; 98(20):  11515-11520. 

[6] Yakirevich E, Maroun L, Cohen O, Izhak OB, Rennert G, Resnick MB. Apoptosis 

proliferation, and FAS (APO-1, CD95)/FAS ligand expression in medullary carcinoma of 

the breast.  J Pathol  2000; 192(2):  166-173. 

[7] Talanian RV, Yang X, Turbov J, Seth P, Ghayur T, Casiano CA, Orth K, Froelich CJ. 

Granule-mediated killing: pathways for granzyme B initiated  apoptosis.  J Exp Med 1997; 

186(8):  1323-1331. 

[8] Motyka B, Korbutt G, Pinkoski MJ, Heibein JA, Caputo A, Hobman M, Barry M, 

Shostak I, Sawchuk T, Holmes CF, Gauldie J, Bleackley RC. Mannose 6 phosphate/ 

insulin like growth factor II receptor is a death receptor for granzyme B during cytotoxic T. 

cell-induced apoptosis.  Cell 2000; 103(3):  491-500. 

[9] Beauchamp RD. Molecular and cell biology.  In: Townsend Jr CM (ed).  Textbook of 

Surgery: The Biological Basis of Modern Surgical Practice, 6th ed, Saunders Co: 

Philadelphia, 2001.  22-24. 

[10] Cho MS, Lee MK, Yang WI, Yoon JH. Granzyme B immunoreactivity in T/natural killer 

cell lymphomas.  Yonsei Med J 1997; 38(5):  285-293. 

[11] Swinscow TDV, Campell MJ. Statistics at Square on.  In: Swinscow TDV (ed), 5th ed. 

Plymouth Latimer Trend Co. Ltd., 1996.  1-139.  

[12] Yang X, Stennicke HR, Wang B, Green DR, Jänicke RU, Srinivasan A, Seth P, 

Salvesen GS, Froelich CJ. Granzyme B mimics apical caspases. Description of a unified 

pathway for trans-activation of executioner caspase-3 and -7. J Biol Chem 1998; 273(51):  

34278-34283. 

[13] Hansen MH, Neilsen H, Ditzel HJ.  The tumor-infiltrating B cell response in medullary 

breast cancer is oligoclonal and directed against the autoantigen actin exposed on the 

surface of apoptotic cancer cells.  PNAS 2001; 98(22):  12659-12664.  

[14] Kuroda H, Tamaru J, Sakamoto G, Ohnisi K, Itoyama S. Immunopheno type of 

lymphocytic infiltration in medullary carcinoma of the breast.  Vir Arch 2004; 446(1): 10-

14. 

[15] Zhao J, Zhang LH, Jia LT, Zhang L, Xu YM, Wang Z, Yu CJ, Peng WD, Wen WH, 

Wang CJ, Chen SY, Yang AG. Secreted antibody/granzyme B fusion protein stimulates 

selective killing of HER2-overexpressing tumor cell.  J Biol Chem 2004; 279(20):  21343-

21348. 



Granzyme B, Is It a Cause for Clinicopathological Paradox… 59 

�� �����	� 
� ��
 � ������� �� 
� 
��	����	� 
������


����	� ���	� ����
�  

��� ���� �	
 ���
  �������� ��
 ����� ��� ������  

� ������ ��
 ���
 ����٢  

������ ���	
�� ��
�  ����
��	����� �	������  

 �

� ������ ���	
�� ��
� ����
 �������  �������� �  

و 

٢

  ��� ��
����	���	����� ����
  ���	�����  

 ��	���
	�� ���	���   

�������	.  ��������	
� �
�
� �����������
 ����	�� � 
�	���� ������ . ��� ����� ��
� � ����
� ��������
� ��!�
�

����	"� �# ���$
� ����%�
� &��� � '��	��%
�.  (
)
� �*
���� +	�� ��!,
� ����
 � '��	��% .������
 � -. �
�� 

�������/
% /���
�� +�0#  ���
�,�
�  /���
� �#1��� �� -223 
�
4 ���	� -225'6 7. 8� &�72��$8   ��39�	�  . � '��	��%

 ��$4# ����%�� 59�
�:� ����%�
� �� ;6#�  �.2 �� ;
��	��
� ����%�
� . ��$ � '��	��%4# ����%� �.-�9�� ; ���	�
� 

,=�� ��$�
 ���>�
��6� ?2�0# ���	�
� �� ;.  '��	��% ��$
 �4# ����%�� 722� 6����	
� �����
� �� ;@�
 ���>���  �
A

 ������
8&�6� .B;  ���:� �"��
� ��)D�
% '�* ��E�>�4.(  

 
%�� ��$ 3 

A 4 �� '��
� ����%�.# � ����	
� 6
� ��$ ���:�7G  ��-B� 6 '�* ��A �H*��E�>�4 . � '��	��%

 ��$4# ����%�� �# ��������
� ��!�
� 722 6����	
� �����
� �# ;



A.A.M. Baker et al. 60 

�I‚II; �0# �����
� ��!�
� &��
. ���	
� �	�$ .2� ;-2�# ; 
���:� .� '��	��% ��$4 # ����%��722� �# ;6 �57�3 �# ;

�76 �92� �# ;- .� ������	 
����
 �
 ��� ������ ���� �� �

�
 ����� ��!"#��$��% �!&� ��� #� �'(�!) �!� *+��(�� *,�-�  
���

 
���.��,����� ����� /
���.��,�� !!0�� . 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


