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Abstract

Acral melanoma has been reported to have distinctive clinical presentation and ethnic distribution
compared to other histological types of malignant melanoma. Acral melanoma also exhibits distinctive
focused gene amplifications, including cyclin D1 overexpression. We reviewed archived histological
material of malignant melanoma in the Sarawak General Hospital from year 2004 to 2010. 43
tumours, comprising 28 acral melanoma and 15 non-acral melanoma, had sufficient material to be
included in the study. The majority (36%) of acral melanoma tumours occurred in the heel. The
tumours were analyzed for cyclin D1 expression by immunohistochemistry. 68% of acral melanoma
were cyclin D1 positive compared to a positivity of 33% in non-acral tumours. This difference
was statistically significant (p <0.05). This finding may improve the histological diagnosis of acral
melanoma and detection of positive resection margins.
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INTRODUCTION

Traditionally, morphological and histopathological
features of malignant melanoma (MM) have been
the mainstay for classification and prognostic
evaluation in MM. The availability and the
increasing number of molecular markers for
MM have potentiated improvement in diagnosis,
prognostic factor determination and therapeutics
options. They have also enabled the disease to
be further categorized in a more detailed and
objective manner.

There are established ethnic variations in the
incidence and anatomical distribution of MM.
Generally, non-Caucasian populations including
Malaysians face a lower risk of MM compared
to Caucasians.'? Within the Asian population,
MM exhibits unique characteristics whereby it
is regularly found at non-pigmented areas of the
skin i.e. on the palm, soles and under the nail. N
This distinct variant of MM is known as acral
melanoma (AM). AM is defined by the World  FIG.1 A subungual acral melanoma of the big toe

Health Organization as MM located on the non- affecting the nail bed. The arrow points to the
hair bearing skin of the palms and soles or the dark pigmented tumour mass which occupied
nail bed (Figure 1).? and destroyed the nail bed.

Address for correspondence and reprint requests: Zainal Abidin Ibrahim, Department of Pathology, Faculty of Medicine and Health Sciences, Universiti
Malaysia Sarawak, Lot 77 Section 22 KTLD, Jalan Tun Ahmad Zaidi Adruce, 93150 Kuching, Sarawak, Malaysia. Tel: 082 292143 / 012 3258504.
Fax: 082 422564. Email: rzabidin @fmhs.unimas.my

89



Malaysian J Pathol

Another unique distinction between AM
compared to other MM variants is the associated
risk factor. Generally, exposure to ultraviolet
(UV) radiation is the major risk factor for MM.
On the contrary, AM arises in relatively or
completely sun-protected sites. The causative
role of UV radiation in AM is considered to be
negligible due to its protected anatomic location
involving the extremities and the presence of
thick epidermal stratum corneum of the palm and
sole. In addressing these differences, Bastian et al
have demonstrated that there are clear differences
in the genetic make-up among subtypes of MM
particularly AM.*

Due to its unique site of involvement, AM
patients usually show an advanced clinical
stage at presentation compared to other variants
of MM. This could be due to AM lesions at
these obscured sites not been noticed by the
patient. The lack of the protective effect of skin
pigmentation at the acral areas is also said to be a
contributing factor. AM has been documented to
clinically mimic several common benign lesions
as the affected areas are covered by thick stratum
corneum.’ Consequently, the invasive nature of
the disease at the early stage may be clinically
obscured.

Takata et al introduced a different approach
in the classification of MM.® They classified
MM based on the anatomical sites and the
presence of chronic UV-induced skin damage.
This classification is substantiated by molecular
analysis, in contrast to the currently used
histological pattern based categorization which
has demonstrated limited contribution to the
clinical management of patients. Takata’s
classification includes four categories: MM on
skin with chronic sun damage, MM on skin
without chronic sun damage, AM and mucosal
MM.6

Bastian et al in their study using comparative
genomic hybridization of malignant melanoma
have shown a distinct difference between AM
and non-AM.* All of their cases of AM exhibited
gene amplification compared to only 13 percent
innon-AM. The most common amplified region
is chromosome 11q13. This amplification was
detected in 50 percent of their acral melanoma
cases. Sauter et al had demonstrated that cyclin
D1 is one of several candidate genes for this
region.” It was also observed that cyclin D1
gene was always accompanied by overexpression
of the cyclin D1 protein. Inhibition of cyclin
D1 expression had led to apoptosis or tumour
shrinkage in in vitro and xenograft models.
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The mitogen-activated protein kinase (MAPK)
signaling pathway engages an important role in
regulating cellular growth and survival of various
human neoplasms including MM.> MAPK
pathway mediates signal transduction from cell
surface receptors to downstream transcription
factors that lead to cellular responses such as
cell proliferation, growth, motility, survival and
apoptosis. The cyclin D1 promoter is a sensor
for growth signals relayed through the MAPK
cascade and links this pathway to the cell cycle
machinery.® Cell cycle progression regulation
from G, to S phase involves complex interaction
between several groups of proteins. In cellular
proliferative phase, the complex of cyclin D1 and
cyclin dependent kinases (cdk) phosphorylates
the retinoblastoma (Rb) protein and releases its
inhibition on E2F transcriptional factor 1(E2F1).
E2F1 is believed to be the ultimate mediator
of G, to S progression by promoting wide
range of genes transcription vital for S phases
(Figure 2). Cyclin D1 is a converging point for
MAPK and Rb pathways.

The orderly progression of cells through
various phases of cell cycles is orchestrated by
cyclins and cyclin-dependent kinases (cdk) and
their inhibitors. Cyclin D is the first cyclin to
be increased during the cell cycle. It appears in
the middle of the G, phase and not detectable in
the S phase. There are three forms of cyclin D
namely D1, D2 and D3. G1/S-specific cyclin-
D1 is a protein that is encoded by the cyclin D1
genes (CCND1). Cyclin D1 interacts with four
cdks namely cdk2, 4, 5 and 6. Cyclin D1-cdk4/6
complex accumulation plays a pivotal role in cell
cycle progression. Cyclin D1-cdk4/6 complex
partially phosphorylates Rb. The partially
phosphorylated Rb is able to induce expression
of genes such as cyclin E which is vital for S
phase progression (Figure 2).

Deregulation of G, cell cycle regulatory
proteins has been demonstrated in a variety of
human neoplasms including AM. The cyclin D1
gene (CCND1) is a putative oncogene. Evidence
shows that cyclin D1 was overexpressed
in 50 percent of breast carcinomas.” The
overexpression phenomenon occurs through
mechanism such as translocation and gene
amplification. Translocation is the modus
operandi for cyclin D1 activation in parathyroid
adenoma and mantle cell lymphoma whereas
in many cancers including colon, breast, lung,
bladder and head and neck cancer, cyclin D1 is
activated by gene amplification.!* ! 1213

NRAS and BRAF mutations are known to
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TUMOUROGENESIS h

Enhanced proto-oncogenic
potential of cyclin D1

FIG. 2 Cyclin D1 overexpression and tumourogenesis.

Cyclin D1 interacts with enzymes cdk4 or c¢dk6 initiating phosphorylation of retinoblastoma (Rb) family
of transcriptional repressor. E2F transcriptional factors are liberated allowing the synthesis of S-phase
genes. The activity of cyclin D1—cdk4/6 peaks in the late G1 phase. It is among the main determinants of
the initiation of DNA replication and autonomous completion of the cell cycle. The cyclin D1 cell cycle
function contributes to the potential of cyclin D1 becoming oncogenic when it is expressed at high level

in neoplastic process.

be rare in AM and mucosal MM in which UV
exposure is not a risk factor for the pathogenesis.>
Takata et al in their study highlighted that the
MAPK signaling pathways is constitutively
activated in a majority of AM despite low
frequency of NRAS/BRAF mutation.> They also
noted that most of AM cases that lack evidence
of constitutive MAPK pathway activation,
harbour CCND1 amplification.? Takata et al
concluded that increase gene dosage of CCND1
may produce similar effects to phosphorylated
ERK protein in cell growth.? Cyclin D1 protein
is an important down-stream effecter of the

MAPK pathway. Overexpression of cyclin D1 in
neoplastic cells either contributes to neoplastic
cellular progression past the G1-S phase of the
cell cycle or acts as a pro-survival factor.

In our opinion, the understanding of MM
heterogeneity with respect to its anatomical
location, degree of UV exposure and histological
characteristics mediated by distinct molecular
variation is of great clinical importance. It is
likely to result in novel targeted therapeutic
approaches and more objective prevention
strategies in AM. To our knowledge, up to date,
cyclin D1 overexpresssion in AM has not been
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assessed among Malaysian subjects.

The purpose of this study was to highlight
the potential of cyclin D1 expression detection
in facilitating histopathological diagnosis of
AM cases. Cyclin D1 immunohistochemistry
also has the prospect to be utilized as a marker
to determine the adequacy of resection in AM
cases and assessment of metastatic MM cases.
This study aimed to demonstrate cyclin D1
expression in our local cases of AM.

MATERIAL AND METHODS

Archival paraffin-fixed tissue of MM cases was
retrieved from the Department of Pathology,
Sarawak General Hospital, Malaysia from
the year 2004 until 2010. This laboratory
is the histopathology referral center for
the state of Sarawak. For the purpose of
this study, MM cases that were found at
anatomical sites other than the acral region were
classified as non-acral melanoma (NAM). The
retrieved cases were reevaluated and further
confirmed by three accredited histopathologists.
Cases with inadequate remaining tissue for
immunohistochemical studies were excluded
from the study.

Immunohistochemistry

Immunohistochemical staining by using cyclin
D1 antibody was performed on the paraffin-fixed
tissue sections from these cases. Expression
of cyclin D1 was determined using anti-
cyclin D1 antibody (monoclonal SP4)(Biocare
Medical) at 1:50 dilution according to standard
procedure using 3-amino-9-ethylcarbazole as
the chromogen. Cyclin D1 positive breast
cancer tissue served as positive control. The
immunoreactvitity of the tumours were assessed
using X20 objective. Only cells that demonstrated
definitive nuclear staining were assessed. Scores
were assigned semi-quantitatively as follows (a)
0 if less than 10% of nuclei were stained (Figure
3A); (b) 1+, 10% to 25% of nuclei were stained;
(c) 2+, >25% to 50% of nuclei stained; (d) 3+,
>50% to 75% of nuclei stained; and (e) 4+, > 75%
of nuclei stained (Figure 3B). For the purpose
of statistical analysis, scores 1+ and above are
regarded as positive.> Statistical analysis was
performed by using Statistical Package for the
Social Sciences (SPSS) version 17.

RESULTS

There were 35 acral melanoma and 20 non-acral
melanoma cases retrieved for this study. 7 acral
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melanoma and 5 non-acral melanoma cases were
excluded due to insufficient tissue for further
studies. Of the 43 cases of MM included in the
study, 28 cases AM while 15 were non-acral
MM. Table 1 shows the anatomical locations of
the acral melanoma cases. The majority (36%)
occurred in the heel.

Table 2 comparesthe cyclin D1 immunostaining
scores between AM and non-AM cases. Taking
scores of 1+ and above as positive, 68% of
AM were cyclin D1 positive compared to a
positivity of 33% in non-AM tumours (Table 3).
This difference was statistically significant (p
<0.05).

DISCUSSION

Curtin et al in their study reiterated that AM
has a higher degree of chromosomal aberration
and it was uniquely characterized by a much
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FIG. 3 A:Immunonegativity for cyclin D1. The blue
arrow points to the overlying epidermis; the
purple arrow indicates clusters of MM cells
with negative cyclin D1 staining (score 0).
B: Positive immunoreactivity towards cyclin
D1. The blue arrow points to the overlying

epidermis; the red arrow indicates clusters
of malignant melanoma cells which are
strongly immunoreactive towards cyclin D1
(4+ score).
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TABLE 1. Anatomical distribution of the 28 acral melanoma cases

Anatomical site No. (%)
Heel 10 (35.7%)
Sole (other than heel) 9 (32.1%)
Nail bed 7 (25.0%)
Web spaces 2 (7.1%)

TABLE 2. Cyclin D1 immunoreactivity score distribution of acral melanoma and non-acral

melanoma
Score Acral melanoma n=28 Non-acral melanoma n=15
0 9 (32.1%) 10 (66.7%)
1+ 3 (10.7%) 1 (6.7%)
2+ 1 (3.6%) 1 (6.7%)
3+ 4 (14.3%) 0 (0.0%)
4+ 11 (39.3%) 3 (20.0%)

Score 1+ and above is taken as positive.

TABLE 3. Comparison of Cyclin D1 expression in acral melanoma and non acral melanoma

cases

Melanoma type

Cyclin D1 status

No. (%) x> value (df) p value
Positive Negative
Acral melanoma 19 (67.9%) 9 (32.1%) 4721 (1) <0.05 (0.032)
Non-acral melanoma 5 (33.3%) 10 (66.7%)

higher frequency of focal gene amplification.'*
In their study, gene amplifications were found
in 89 percent of AM cases.'* The commonest
amplified region is chromosome 11q13.* It is
correlated with amplification of the cyclin
D1 locus which has been confirmed by
fluorescence in situ hybridization (FISH)
and immunohistochemistry.'> Cyclin DI
gene amplification occurs early in the AM
tumourogenesis. This amplification has been
found to occur even before the formation of
the invasive malignant melanoma appears (in
situ phase). It is also reported to be detectable
on neoplastic melanocytes that were found up
to 3 mm beyond the histologically recognizable
tumour.'® These melanocytes play an important
role in the recurrence of the tumour after
inadequate surgical resection. Surprisingly,
these particular melanocytes were reported to
morphologically resemble normal non-neoplastic
melanocytes.* This further emphasizes the

importance of detecting these cells in AM. With
the detection, the adequacy of surgical resection
margins for AM cases can therefore be more
definitively determined.*

Curtin et al also claimed that AM exhibited
similar genetic aberrations regardless of whether
the histological subtypes were acral lentigenous,
superficial spreading or nodular melanoma.!
This observation led us to group our MM
cases based on the anatomical location and
disregard the histological subtypes. We used
IHC-demonstrated cyclin D1 protein expression
as a surrogate for cyclin D1 gene amplification.
In our study we have identified a distinct cyclin
D1 IHC immunoreactivity pattern among the
AM cases in comparison to non-AM cases. This
result is consistent with findings in other studies
of different ethnicity.>!*13

With regards to the immunoreactivity pattern
detection, Ewanowich et al highlighted distinctive
pattern of cyclin D1 immunoreactivity in MM
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compared to benign melanocytic lesions.!” They
emphasized that only sporadic or zonal pattern of
cyclin D1 overexpression was seen in dysplastic
naevi and Spitz naevus. In malignant cells, the
cyclin D1-positive cells were diffusely scattered
throughout the lesion. They concluded that the
percentage of positivity was more prominent
in severely dysplastic cells.'” Therefore the
distribution pattern and the intensity of the
reaction need to be considered in interpreting the
IHC findings. In relation to this finding, only
score 1+ and above were taken as positive.

Looking at a similar study at this region,
Shandika et al in their MM THC study among
neighbouring Indonesian subjects also observed
significant cyclin D1 expression in MM cases.
The majority of their MM subjects were AM.'8
They found that none of the benign melanocytic
naevus cases expressed cyclin D1.

Characterization of AM by means of cyclin
D1 expression will enable pathologists to
identify possible primary sites of a confirmed
metastatic MM particularly affecting the lymph
nodes. This is in view of frequent occurrences of
occult AM primary sites and its presentation that
may mimic several benign lesions as discussed
earlier. In addition, tumour regression in MM can
add difficulty in identification of the principal
lesion. We propose that cyclin D1 THC may
serve as a useful adjunct to distinguish AM
and non-AM and assessment of adequacy of
surgical resection margins. The expression of
cyclin D1 in metastatic lymphadenopathy was
not performed in this study.

Cyclin D1 gene amplification represents a
crucial event in the progression of MM. The
increase in the number of copies of cyclin
D1 genes were inversely correlated with
mutation in BRAF genes."* BRAF mutations
are commonly detected in MM arising in the
areas intermittently exposed to the sun. It is
however rare in chronically sun exposed skin,
acral skin or mucosal membrane.'* Curtin et al
emphasized that BRAF and N-RAS mutations
in MM do not show typical effects of ultraviolet
“fingerprint” mutation."* They concluded that
genetic alterations at different MM sites and the
levels of UV exposure indicate distinct genetic
pathways. Cyclin D1 had been implicated as
independent oncogenes in MM without mutation
of BRAF or N-RAS. Because of its major role
in cell division and proliferation, cyclin D1
overexpression is known to be associated with
increase tumour cell proliferation and increases
sensitivity to chemotherapy.®
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With detection of cyclin D1 overexpression,
there is a potential for targeted immunotherapy
in AM. Ishii et al noted in their study on breast
cancer cells that cyclin DI protein can be
stabilized by treatment with proteasome inhibitor
bortezomib. They also found that overexpression
of cyclin D1 is associated with improved
patients’ survival." Stabilization of cyclin
D1 further amplifies the cyclin D1-dependent
repression of anti-apoptotic transcription factor
signal transducer and activator of transcription
3 (STAT3) in vitro. This eventually promotes
apoptosis and slows down tumour growth in
vivo.?

Bortezomib was also found to amplify the
pro-apoptotic function of cyclin DI raising
the possibility that cyclin D1 can be a marker
to predict the clinical response to this drug.'
Bortezomib promotes apoptosis by inducing
stress in the endoplasmic reticulum leading
to calcium release. Uptake of calcium by
mitochondria causes activation of several
caspases.'? Ishii et al found that treatment with
bortezomib slowed tumour growth specifically
in the cyclin D1-overexpressing breast tumour
cells compared to non-overexpressing group.'
Overexpression of cyclin D1 therefore can be
the candidate molecular marker for the selection
of this treatment. To our knowledge, no study
has been performed to assess the effects of
bortezomib in AM cases.

CONCLUSION

This finding would affect the design of future
studies in the diagnosis and management of
AM. Cyclin DI expression is significantly
more prominent in our AM cases compared to
the non-AM cases. This finding can improve
the histological diagnosis of AM and has the
potential to enhance the management and
treatment efficacy in these cases.

ACKNOWLEDGEMENT

The authors wish to thank Dr Jacqueline Wong
Oy Leng and Dr Jamil Dolkadir of Sarawak
General Hospital for support and assistance in
this study. This work is supported by UNIMAS
small grant scheme. The authors declare no
conflict of interest.

REFERENCES

1. De Vries E, Bray F, Coebergh JW, et al. World Health
Organization classification of tumours. Pathology



10.

11.

12.

13.

14.

15.

16.

17.

and genetics of skin tumours. Lyon: IARC Press;
2006: p. 52-65.

Takata M, Goto Y, Ichii N, et al. Constitutive
activation of the mitogen-activated protein kinase
signaling pathway in acral melanomas. J Invest
Dermatol. 2005 Aug;125:318-22.

Tokura Y, Bastian BC, Duncan L. Pathology and
genetics of skin tumours. World Health Organization
classification of tumours. Lyon: IARC Press; 2006:
p- 73-5

Bastian BC, Kashani-Sabet M, Hamm H, Godfrey
T, Moore DH. 2nd, Brocker ED, et al. Gene
amplification characterized acral melanoma and
permits the detection of occult tumour cells in the
surrounding skin. Cancer Res. 2000;1(60):1968-
73.

RosaiJ. Rosai and Ackerman’s surgical pathology.
9th ed. New York:Mosby; 2004: p. 164-6.
Takata M, Murata H, Saida T. Molecular
pathogenesis of malignant melanoma: A different
perspective from studies of melanocytic naevus and
acral melanoma. Pigment Cell Melanoma Res. 2009
Feb;23(1):64-71.

Sauter E, Yeo U, von Stemm A, et al. Cyclin D1
is a candidate oncogene in cutaneous melanoma.
Cancer Res. 2002 Jun 1;62(11):3200-6.

Filmus J, Robles Al, Shi W, Wong MJ, Colombo LL,
Conti CJ. Induction of cyclin D1 overexpression by
activated ras. Oncogene 1994 Dec;9(12):3627-33.
Yu Q, Geng Y, Sicinski P. Specific protection against
breast cancers by cyclin D1 ablation. Nature 2001
Jun 28;411(6841):1017-21.

Leach FS, Elledge SJ, Sherr CJ, et al. Amplification
of cyclin genes in colorectal carcinomas. Cancer
Res. 1993 May 1;53(9):1986-9.

Keyomarsi K, Pardee AB. Redundant cyclin
overexpression and gene amplification in breast
cancer cells. Proc Natl Acad Sci U S A 1993 Feb
1;90(3):1112-6.

Williams ME, Gaffey MJ, Weiss LM, Wilczynski
SP, Schuuring E, Levine PA. Chromosome 11q13
amplification in head and neck squamous cell
carcinoma. Arch Otolaryngol Head Neck Surg 1993
Nov;119(11):1238-43.

Bringuier PP, Tamimi Y, Schuuring E, Schalken
J. Expression of cyclin D1 and EMS1 in bladder
tumours; relationship with chromosome 11q13
amplification. Oncogene 1996 Apr 18;12(8):1747-53.
Curtin JA, Fridlyand J, Kageshita T, et al. Distinct
sets of genetic alterations in melanoma. N Engl J
Med. 2005 Nov 17;353(20):2135-47.

Burnworth B, Popp S, Stark HJ, et al. Gain of 11q/
cyclin D1 overexpression is an essential early step
in skin cancer development and causes abnormal
tissue organization and differentiation. Oncogene
2006 Jul 27; 25(32):4399-412.

Yamaura M, Takata M, Miyazaki A, Saida T. Specific
dermoscopy pattern and amplification of cyclin
D1 gene to define histologically unrecognizable
of acral melanoma in situ. Arch Dermatol. 2005
Nov;141:1413-8.

Ewanowich C, Brynes KR, Mederiors LJ, McCourty
A, Lai R. Cyclin D1 expression in dysplastic naevi:

18.

19.

CYCLIN DI IN ACRAL MELANOMA

An immunohistochemical study. Arch Pathol Lab
Med. 2001 Feb;125(2):208-10.

Sandhika W, Panuwun T, Tjandra L. Cyclin D1
protein expression in malignant melanoma and
melanocytic nevi [Online] 2009 Aug 29 [cited 2011
Dec 31]; Available from: URL:http://www.fk.unair.
ac.id/index.php/Magister-Research-Report/cyclin-
d1-protein-expression-in-malignant-melanoma-and-
melanocytic-nevi.html.

Ishii Y, Pirkmaier A, Alvarez JV, et al. Cyclin
D1 overexpression and response to bortezomib
treatment in a breast cancer model. J Natl Cancer
Inst. 2006 Sep 6;98(17):1238-47.

95




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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

  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


