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Abstract. As a result of the rapid evolution of modern science, we are continually improving our knowledge of
disease pathogenesis and morphology on a daily basis. Due to the era of omics sciences, such as genomics,
transcriptomics, and proteomics, there is a strong desire to comprehend the molecular mechanisms of diseases
and organisms. The final aims would be fo perform more successful diagnosis/prognosis, identify potential thera-
peutic targets, and predict treatment response. Chronic kidney disease (CKD) is a worldwide health problem
with a rapidly increasing incidence, with CKD itself encompassing a large subset of diseases. Recently, modern
proteomic technologies, such as matrix-assisted laser desorption/ionization mass spectrometry imaging, have
been employed in order to study CKD. Notwithstanding the general infancy of these methodologies, there are
already an impressive number of studies and publications related to this subject.
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The suffix “omics” refers to fields that study a par-
ticular class of molecules, such as gene, proteins, and
metabolites, focusing on their function and relationship
[1]. Omics disciplines include genomics, epigenomics,
transcriptomics, proteomics, metabolomics, lipidomics,
and nutrigenomics, among many others [2].

Genomics aims to evaluate the structure of an or-
ganism’s genome, including mapping genes and DNA
sequencing, examining the molecular mechanisms and
provide information related to genetic profiles, its influ-
ence on organs and systems, and the interaction of ge-
netic factors in various diseases. Functional genomics,
another field of molecular biology, studies the regulation
of a gene expression and its effects on protein translation
and protein-protein interactions [3, 4]. Moving from
genomics to transcriptomics, the interest moves from
genes to the RNA transcript (the trascriptome), studying
its changes due to alterations in the genome, its variabi-
lity among different cells, and responses to different bio-
logical conditions or pharmacological treatment. Mirro-

ring the term genomics, proteomics investigates protein
function, post-translational modifications, and interac-
tion while metabolomics aims to identify and quantify
small molecules that aremetabolic products of different
biological and pathological process.

From genomics to metabolomics, such technologies
have progressed considerably in recent years, not only in
basic research, but they are also becoming more readi-
ly used as a source of precious information that can be
easily transferable into clinics in the form of diagnostic
tests. However, one of the greatest obstacles that omics
technologies must overcome is related to sample pro-
curement. In order, for findings from omics studies to
be translated into clinics, sufficient numbers of samples
need to be obtained in order for the findings to be suf-
ficiently reliable and robust. Thus, it is imperative that
up-to date information is shared within the clinical field,
improving the general understanding of the technologies
and promoting stronger collaborations between research
and clinics.
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1. Infroduction to proteomics

Proteomics is the omics field that deals with screening
the entire collection of proteins within a cell. This com-
plete collection of proteins is known as the “proteome”.
The study provides information regarding protein abun-
dances, their variations and modifications, along with
their interacting partners and networks, in order to un-
derstand cellular processes. Another important aspect is
that proteins are unstable and dynamic in contrast to the
relatively static genome. The localization, number, and
concentration of proteins may change depending on the
ongoing condition and disease. “Clinical proteomics”
is a subdiscipline of proteomics that involves the appli-
cation of proteomic technologies on clinical specimens
such as blood or urine.

There are many arguments that highlight the neces-
sity for non-invasive biomarkers that could detect the
early onset of kidney disease, monitor responses to the-
rapy, and predict progression to end-stage renal disease.
With regards to the study of CKD, urinary proteomics/
peptidomics arguably represents the most appropriate
approach. This can be rationalized by the fact that the
proteins present in urine are more likely to be a reflection
of the pathological state of the organ. Mischak et al. insist
that such biomarkers could substantially improve patient
management, providing prognostic information and
predicting responses to treatment, guiding the choice of
therapy. By all means, omics are going to improve the
understanding of kidney disease at a molecular level and
provide the potential to identify superior therapeutic tar-
gets that can improve patient care [5].

Despite diverse challenges, proteomics that employs
bodily fluids is thought to be one of the most promising
approaches for detecting disease biomarkers. Further-
more, the identification of novel therapeutic treatments
is another promising area in which proteomics is applied.
Going beyond this, proteomics is also starting to play a
significant role in the validation of drug targets, under-
standing the mechanism of drug action, drug metabo-
lism, and drug toxicity [6].

2. Advancements in analytical techniques
The field of proteomics has rapidly developed and has
been involved in numerous research areas, by employing
a vast array of modern analytical techniques. Initially,
two-dimensional gel electrophoresis (2DE) was em-
ployed. While although technical issues related to inter-
gel variability were partially overcome by the develop-
ment of two-dimensional differential gel electrophoresis
(2D-DIGE), the large step forward came when liquid
chromatography (LC) was coupled with mass spectro-
metry (MS), enabling untargeted protein identification.
In LC-MS, analytes are separated within the LC column
prior to electrospray ionization (ESI) and detection in a
highly specific and sensitive manner. As a result, LC-MS
has been employed for protein biomarker discovery using
a wide array of biological fluids. Furthermore, metho-
dologies employing capillary electrophoresis (CE)-MS
have also developed very rapidly during recent years,

owing to its ability to rapidly separate analytes in a highly
reproducible manner. In CE-MS, proteins, or peptides,
are separated based upon their migration time through a
capillary prior to MS detection. Despite CE-MS not be-
ing particularly suited for the analysis of larger proteins
(> 20 kDa), it has become readily used for the analysis of
the urinary peptidome due to its compatibility with high
salt concentrations [7]. As a result of these developing
technologies, both targeted and non-targeted protein
identification became available even with a small sam-
ple volumes. Furthermore, information related to post-
translational modifications can now be obtained, witch
such modifications playing a significant role during di-
sease development [6, 8]. The potential of applying these
mass spectrometric approaches to biological fluids means
that they have evolved to become readily employed in a
wide variety of different clinical studies [9].

With regards to the analysis of tissue, the ability to de-
tect changes in protein expression directly in situ repre-
sents a very appealing aspect with regards to the detection
of specific protein markers. Modern mass spectrometry
imaging (MSI) techniques, particularly Matrix-assisted
laser desorption/ionization (MALDI), have developed
rapidly in recent years and are now able to analyse tissue
specimens with sufficient spatial resolution in order to
distinguish individual cells, pushing the boundaries even
further. The application of this technique directly on
renal tissue can provide detailed information related to
renal diseases and the potential to detect specific protein
markers. Therefore, the article will focus more specifi-
cally on this rapidly emerging technology and provide li-
terature examples of how MALDI-MSI has already been
applied in the study of CKD.

2.1. MALDI-MSI

MALDI and MSI appeared when in 1985 F. Hillen-
kamp and M. Karas first used this technology to analyse
proteins, peptides, sugars, and polymers which ionized
in a “soft” manner to create single-charged ions [10].
Taking into account the ability of MALDI to analyse
proteins and numerous other different substances and its’
widespread availability, it remains the most commonly
applied MSI technique. As the proteins play a significant
role in the wide array of pathways involved in cellular
signalling cascades, the ability to resolve their spatial lo-
calization concurrently within the same section of tissue
can significantly facilitate the detection of pathological
processes and hence determine the risk-groups. It’s also
increasingly common used for the detection of lipids and
metabolites, meaning that multiple disease mechanisms
can be described and integrated with proteomic findings.
Since the development of MALDI-MSI, it has em-
ployed in a large number of clinically orientated studies,
focusing on fields such as oncology, pathology, and even
forensics [11]. It also proved to be a valuable tool for the
detection of xenobiotics and their metabolites directly in
situ [12].

Generally speaking, MALDI-MSI is performed by
acquiring a mass spectrum at specific spatial coordinates
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within a defined measurement region, which is usually
related to an entire section or particular regions of inte-
rest present within a tissue section. Using the acquired
mass spectra, the spatial distribution of the analytes
(metabolites, lipids, proteins) can be visualised and a
molecular image of the tissue reconstructed. These mo-
lecular images can then be correlated with tissue images
obtained traditional histology.

Specific steps of specimen preparation include tis-
sue washing in order to remove potential contaminants
(eg. salt and polymers), on-tissue digestion with pro-
tease enzymes (commonly trypsin), and finally matrix
application itself [13, 14]. Fresh samples are considered
to be the primary source of tissue for MALDI-MSI ex-
periments and are commonly collected for this type of
analysis. However, fresh samples also need to be frozen
immediately following collection in order to stabilise
the proteome through inhibition of the enzymatic pro-
cesses. The significant advantage offered by fresh-frozen
(FF) tissue is that it closely mimics the native state of the
tissue, with the tissue morphology and integrity being
preserved. The freezing process here must be performed
in a gradual and homogenous manner in order to avoid
the formation of ice crystals, which can lead to tissue
cracking. The most common approach involves loose-
ly wrapping the tissue in aluminium foil and freezing
in liquid nitrogen or cooled alcohol (to approximately
—70 °C for approximately one minute. Alternatively, the
tissue can also be cooled in isopentane dry ice. A further
approach that can be employed in order to avoid pro-
tein degradation is conductive heat transfer. However,
it is important to verify the compatibility of each tissue
with this treatment, given that the tissue morphology
can be altered during the process. Once stabilisation has
been performed, the tissue is stored at —80 °C prior to
MALDI-MSI analysis.

In recent years, which is also arguably of greater sig-
nificance to clinical MALDI-MSI studies, protocols
have been developed in order to enable formalin-fixed
paraffin-embedded (FFPE) tissue to be analysed [13].
FFPE tissue represents the major proportion of the pa-
tient samples collected and stored in hospitals and other
medical centres, meaning that they are becoming invalu-
able to histopathological studies involving MALDI-MSI
and can unearth a plethora of new information. Ulti-
mately, the analysis of FFPE tissue enables retrospec-
tive studies with much larger cohorts of patients. This is
especially important when attempting to collect samples
of particularly rare diseases, which would take a consi-
derably longer period of time if attempting to obtain an
equivalent number of FF specimens. In terms of sample
storage, FFPE tissue can also be stocked at room tem-
perature for up to 10 years, far greater than would be pos-
sible with FF tissue, even at —80°C.

In general, MALDI-MSI has vast applicability in
the study of various diseases, and these will be briefly
touched upon prior to discussing its relevance in CKD.

Of particular note, Baluff et al. decided to employ
MALDI-MSI in order to study different tumour micro-

environments in gastric cancer and breast carcinoma.
Using this approach, they were able to identify diffe-
rent tumour microenvironments within tumour tis-
sue that appeared homogenous when evaluated using
traditional histological techniques. Employing a novel
combination of segmentation and multivariate analysis
methods, they detected a number of tumour subpopu-
lations, within histologically homogenous regions, that
were associated with changes in the levels of DEFA-1
and Histone H2A. This molecular information was then
combined with clinical data taken from patients in or-
der to predict the survival rate of patients based upon the
number of observed molecular tumour sub-populations.
This is a prime example of not only how MALDI-MSI
can provide information that is confirmatory, or com-
plimentary to histological information, but also how it
can provide further information that was not previously
possible [15, 16].

Y. Ucal et al. also provided an extensive summary
of the role MALDI-MSI in various other cancer types
and neurodegenerative diseases. Using MALDI-MSI,
proteomic signatures of different grades of glial tumors,
specific peptides in multiple myeloma, the distribution
of pharmacological agents in ovarian cancer, changes in
glycosylation patterns in prostate cancer, and the scree-
ning of renal cell carcinoma have all been performed.
Furthermore, specific proteins implicated in Alzhei-
mer’s, Parkinson’s, and Huntington’s disease have also
been obtained and represent highly promising, if not ini-
tial, studies [9, 17].

3. Proteomics applications in CKD

The scope to analyse a wide variety of diseases using
modern proteomic techniques is vast, however, we have
to keep in mind that chronic kidney disease (CKD) is
one of the major health and socioeconomic burdens.
Thus, there is a strong need for new reliable diagnostic
biomarkers and markers indicative of treatment effica-
cy that can be used alongside the classical clinical and
pathological tools. The world nephrology and pathology
community still continues to struggle in detecting the
disease onset, predicting the individual’s risk of disease
development and/or progression, prediction to therapy
response, and classification. It is already known that pro-
teomics could be a reliable diagnostic method itself [18,
19] given that the large proportion of urinary proteins are
generated by the kidney and are thus carrying the sub-
stantial information about renal state [18].

Chronic glomerulonephritis is one of the major
causes of CKD and there are a number of existing studies
that focus on primary and secondary glomerulonephritis,
focusing on focal segmental glomerulosclerosis (FSGS),
IgA-nephropathy, membranous glomerulonephritis
(MGN) and minimal change disease (MCD) [19]. Ini-
tially, several studies have employed animal models in
order to study these renal diseases. Xu et al. employed la-
ser capture microdissection (LCM) to specifically isolate
glomeruli from rats with FSGS, with the glomerular pro-
teome then being analysed by MALDI-MS. Proteomic
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patterns of sclerotic and nonsclerotic glomeruli within
FSGS were generated. However, they also noted that
non-sclerotic glomeruli within FSGS were in fact more
similar to sclerotic glomeruli than completely normal
glomeruli from a proteomic standpoint, hypothesizing
that the early onset of sclerotic processes can be detected
by molecular analyses at an earlier stage [20]. Employing
a mouse model, Kaneko et al. studied the pathogenesis
of IgA nephropathy (IgAN). The authors investigated the
molecular distribution of a variety of lipids in IgA murine
kidneys using MALDI-MSI and noted that there were a
number that were over-expressed in cortical regions of
kidneys affected by the disease, with respect to healthy
controls [21].

Mainini et al. first investigated the potential of em-
ploying MALDI-MSI directly on human renal bioptic
material. It was noted that the glomeruli and tubules of
healthy kidney tissue present similar proteomic profiles.
However, in cases of primary glomerulonephritis (GN),
including MGN and MCD, proteomic differences were
observed between glomeruli and tubules. Furthermore,
proteomic alterations were observed in GN tubules,
even in regions without morphological indications of
the disease. This finding indicated that it is possible to
detect pathological alterations at the molecular level
prior before being able to note changes with traditional
histology [22].

Building upon this, Smith et al. applied MALDI-
MSI to bioptic renal tissue taken from patients with the
most frequent glomerular kidney diseases: FSGS, IgAN
and membranous nephropathy (MN). They succeeded
in generating molecular signatures capable of discrimi-
nating normal from GN tissue, as well as detecting a
number of potential molecular markers of CKD pro-
gression. More specifically, they also detected a number
of signals specific for each form of GN. One particular
protein, identified as alpha-I-antitrypsin (AIAT) by
MS/MS, was shown to be localised to the podocytes of
sclerotic glomeruli following antibody validation. Given
the localization of this protein, they hypothesized that its
presence may be associated with podocyte stress that oc-
curs during the development of sclerosis. Furthermore,
the same peptide fragment of AIAT was detected in the
urine of GN patients who were shown to progress to the
latter stages of renal disease. This body of work highligh-
ted how findings generated by MALDI-MSI could also
be also translated into less-invasive proteomic analysis
employing urine.

MALDI-MSI has also been recently employed in
the study of membranous nephropathy (MN) which is
the leading cause of nephrotic syndrome in adults and
one of the most leading nephropathies worldwide. As
this disease can manifest as both primary (idiopathic)
or secondary, it was important to find the relevant bio-
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Figure 1. Schematic representation of the MALDI-MSI Imaging process. (A) Ablation of the MALDI matrix
leads to the desorption and ionization of matrix and analyte ions. (B) Mass spectra are then automatically
acquired at discrete spatial coordinates. Following this, (C) molecular images representing the spatial
distribution of the ions present in the spectra can be generated and (D) correlated with a corresponding
histological image
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markers to distinguish these two forms, considering
that it is not always possible to do this using clinical
information alone, as this enables the most appropriate
treatment and management to be selected. The work of
Beck et al. presented a large step forward in the diag-
nosis of MN, detecting the circulating antigens phos-
pholipase A2 receptor (PLA2R), IgG4, and thrombo-
spondin type 1 domain-containing 7A (THSD7A) in
the sera of primary MN patients [23]. However, there
is still the strong need for further markers that can be
used to stratify primary MN patients, given that the
aforementioned antigens only account for approxi-
mately 75 % of primary MN patients. Here, Smith et
al. employed MALDI-MSI to FFPE tissue of 20 pa-
tients to evaluate the capability of this technology to
detect alterations in the tissue proteome of primary
and secondary MN patients and represented the first
example of MALDI-MSI being applied to FFPE renal
biopsies for this purpose. The positive results obtained
with this proteomic approach facilitated the detection
of a number of signals that could differentiate the dif-
ferent forms of iMN that were positive to PLA2R or
1gGG4 as well as distinguish primary from secondary
MN. In particular, MALDI-MSI was able to generate
molecular signatures of primary and secondary MN,
with one particular signal (m/z 1459), identified as
Serine/threonine-protein kinase MRCK gamma, be-
ing over-expressed in the glomeruli of primary MN
patients with respect to secondary MN. Furthermore,
this proteomic approach detected a number of signals
that could differentiate the different forms of iM N that
were positive to PLA2R or IgG4 as well as a further set
of signals (m/z 1094, 1116, 1381 and 1459) that distin-
guish these patients from those who were negative to
both. Although this study is only in the initial phase,
the preliminary results are encouraging and the line of
work holds a fair degree of promise. Following verifica-
tion on a larger cohort of patients, the signals detect-
ed here could potentially represent future proteomic
markers of iMN [24].

All these studies show vast potential and represent
the value of employing modern proteomic techniques
for diagnostic purposes, particularly in CKD. It is
hoped that this already strong platform will encourage
further, more in-depth, studies that could eventually
reveal new specific and sensitive biomarkers that could
be used for the diagnosis, prognosis, and management
of renal disease. Renal diseases, as a very specific enti-
ty, have been more widely investigated and understood
than ever before during recent decades. However, gi-
ven the ever increasing worldwide incidence of CKD,
in addition to advancements in analytical instrumenta-
tion, it is both important, and possible, to obtain much
more molecular information than was ever possible.
Understanding the molecular nature of this disease will
open new horizons in its diagnosis management stra-
tegies.

A vast amount of information on this topic is ac-
cessible on the OMICS international website which in-

cludes open-access journals and other various informa-
tion (https://www.omicsonline.org/) as well as the CKD
database (http://www.padb.org/ckddb/).

Conflicts of interests: not declared.
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Pesiome. B pesysibrare GbICTPOro pasBUTHsI COBPEMEHHOW HAYKY
MBI ITOCTOSIHHO, M30 JIHS B IeHb, COBEPLUEHCTBYEM HAlIM 3HAHMUS
o maroreHese U Mopdosornu 3abosieBaHuil. B ¢Bs3u ¢ HacTyrTe-
HHEM 3pbl HAYKOMMK, TAKUX KaK TeHOMUKA, TPAHCKPUNITOMUKA 1
MPOTEOMUKA, CYHIECTBYET OO0JIbIIIAst HEOOXOAMMOCTb B TOHUMaHUU
MOJIEKYJISIPHBIX MEXaHU3MOB 00J1e3Hel U opraHu3MoB. KoHeuHbI-
MU 1EJISIMU JOJKHBI OBITh ClIeIyIolIKe: 0oJiee yCIeHble AUarHo-
CTHKA ¥ TIPOTHO3, BBISIBJICHUE TTOTEHIINMATBHBIX TEPANIeBTUUECKIX
MHUILIEHE U TPOrHO3UPOBAHUE OTBETA HA JieueHUe. XpOHUYeCKast
60s1e3Hb nouek (XBIT) siBisieTcst BceMupHoit MpobdJeMoit 31paBo-
OXpaHEHUSl, XapaKTepu3sylolleiics ObICTpopacTylleil 3aboseBae-

MOCTBIO, a caM TepMuH «XBI1» oxBaThIBaeT 00JIbIIIOE TOAMHOXKE-
cTBO 3abosieBaHMil. B mocnennee Bpems s uzydeHust XbI1 uc-
TTOJTB3YIOTCSI COBPEMEHHBIE TEXHOJIOTUM TTPOTEOMUKH, TaK1e KakK
MacC-CIEKTPOMETPUS C MATPUYHO-AKTMBUMPOBAHHOM J1a3€pHOM
necopbiueit/monusanueir. HecMoTpst Ha paHHUWI 3Tam pa3BUTHS
MOI0OHBIX METOIMK, YXKE CYIIECTBYET BHYIIUTEIbHOE KOJIUYECTBO
KCCJIEAOBAHUI U MyOIMKALUM, MOCBSIILIEHHBIX 9TOU TEME.
KiroueBbie ci10Ba: xponuueckas 00JI€3Hb MOYEK; IIPOTEOMUKA,;
MAacC-CHEKTPOMETPUI C MATPUUYHO-AaKTUBUPOBAHHOM JIa3epHOM
necopOIreli/MoHn3aIreli; MPOTHO3UPOBAaHUE MCXOIa XPOHUYe-
CKOI1 00JIe3HU MMOYeK; MPOTHO3UPOBAHKE OTBETA Ha JIeUeHUE

IBaHoBa M."2, Asamk €.3, CmiT E.2, CaHTopeani A2, Cteara M.2, [anni M.2, KiHeano K.2, MaHbi @.2
"HawioHaAbHMI MeandHu yHiBepcuteT imeHi O.O. boromonsLs, M. Kuis, YkpaiHa

2MinaHcbkm yHiBepcureT bikokka, M. MiaaH, ITanis

SHaLiOHAABHO MEeAMYHQA QKQAEMIST MICASIAMIAOMHOI OCBiTv iMeHi .. LLyrika, m. Kuis, YkpaiHa

NpoTteomika Ta MAC-CNEKTPOMETPIS 3 MOTPUYHO-OKTUBOBOHOIO AO3EPHOIO AecopbLieto/ioHisauieto
K CY4OCHUMN AIQrHOCTUYHUN iHCTPYMEHT NPUY 30XBOPIOBAHHAX HUPOK

Pe3tome. Buacninox mBMIKOTO pO3BUTKY Cy4acHOI HAYKM MU T10-
CTilTHO, IeHb Y IeHb, YIOCKOHAIOEMO Hallli 3HAHHSI ITPO MaToreHe3
i MOp(OJIOTiI0 3aXBOPIOBaHb. Y 3B’SI3KY 3 HACTAHHSIM €PH HAYKO-
MiK, TaKuX SIK TeHOMiKa, TPaHCKPIlITOMiKa Ta ITPOTeOMiKa, € BeJI-
Ka HEOOXITHICTb Y PO3YMiHHI MOJIEKYJISIPHUX MEeXaHi3MiB XBOPOO i
opraHi3MiB. KiHIieBUMM LiISIMM TOBUHHI OyTH TaKi: OLIBII yCTIIITHI
JiarHOCTHKA Ta POTHO3, BUSIBJIEHHSI TTOTEHLIIHUX TeParieBTUIHUX
MillIeHe i MpOTHO3yBaHHS BiAITOBIiAi Ha JTiKyBaHHS. XpOHiYHA XBO-
poba Hupok (XXH) € BcecBITHBOIO MPOOIEMOI0 OXOPOHHU 3I0POB’S,
1[0 XapaKTepU3YEThCS IIBUIKO3POCTAIOUOI 3aXBOPIOBAHICTIO, a

caM TepMiH «XXH» OXOIUTIOE BEMKY IiIAMHOXWHY 3aXBOPIOBAaHb.
OcraHHiM yacoM jij1st BUBYeHHs1 XXH BMKOPHCTOBYIOTHCSI CyJacHi
TEXHOJIOTI1 TIPOTEOMIKH, TaKi SIK MacC-CIIEKTPOMETPIisT 3 MATPUIHO-
aKTMBOBAHOIO JIa3epHOIO JecopOliieto/ioHizalieo. Hespaxkaroun
Ha paHHIll eTar PO3BUTKY MOMIOHMX METOAMK, yXe iCHye 3HauHa
KiJIbKICTb OCIIIKEeHb 1 ITyOJTiKalliid, MPUCBIYEHUX 1Iill TeMi.
KirouoBi cjioBa: xponiuHa xBopo6a HUPOK; IPOTEOMiKa; Mac-
CIIEKTPOMETPIisl 3 MATPUYHO-aKTUBOBAHOIO JIA3€PHOI0 1eCOPOILi-
€10/i0Hi3alli€10; MPOrHO3YBaHHS Pe3yJIbTaTy XPOHIUHOI XBOPOOU
HUPOK; MIPOTHO3YBaHHS BilITOBI/Ii Ha JIIKYBaHHS

30 MoykmK, p-1SSN 2307-1257, e-ISSN 2307-1265

Tom 6, N2 1, 2017




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 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 /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Peterburg
    /Times-Bold
    /Times-BoldItalic
    /TimesET-Bold
    /Times-Italic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-Italic
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /FlateEncode
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


