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ABSTRACT

There is increasing interest in developing cell-based therapies to regenerate functional
muscle and blood vessels in infarcted dysfunctional myocardium, using stem cells
resident in the adult heart. The objective of our study was to identify an easy and
cost-effective method for the isolation and expansion of human adult cardiac-resident
stem cells. The cells were isolated from right atrial biopsy samples obtained from
patients with ischemic heart disease, who were undergoing coronary artery bypass
grafting. Two different isolation methods, enzymatic and nonenzymatic, were employed.
The cell yield and cluster formation were not significantly different with either of
the techniques used for cell isolation. The nonenzymatic method is recommended
because of its simplicity and lower cost compared to the enzymatic method.

INTRODUCTION

Myocardial regeneration has gained much attention
in recent years. Evidence provided by Beltrami
and colleagues' of myocyte replication in postnatal
human hearts following ischemic injury suggested the
existence of a resident pool of stem cells in the heart.
Morphologically, these cells are small and round with a
large nucleus surrounded by a thin rim of cytoplasm.? They
have been found to proliferate, attain the morphological
and functional characteristics of cardiac myocytes, and
contract synchronously with the existing cells of the heart.?
They can be successfully isolated from a small biopsy
specimen, and animal experiments suggest their clinical
utility in regenerating the failing heart.* The number of
stem cells that can be obtained from biopsy tissue is
relatively small, and they have to be cloned to acquire
sufficient amounts for therapeutic use. The methods
adopted for isolation of stem cells have to be selected
so that maximum cell yield and viability are ensured.
We obtained right atrial biopsies with the objective of
identifying a suitable method for isolation and cloning
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of resident cardiac stem cells. The results of 2 different
isolation procedures, enzymatic and nonenzymatic, are
reported here.

PATIENTS AND METHODS

Right atrial biopsy samples were obtained from
10 patients, 2 women and 8 men, aged 42 to 72 years,
with ischemic heart disease, who underwent coronary
artery bypass grafting at our institute. The samples were
taken from the site of right atrial cannulation. The study
was carried out with the approval of the institutional
ethics committee, and informed consent was obtained
from those whose tissues were collected for the study.

In the enzymatic procedure, cardiac stem cells were
isolated from freshly collected atrial biopsies as
described by Messina and colleagues.’ Briefly, the
isolated myocardial tissue was minced into 1-3-mm?
pieces and washed with Ca?'- and Mg*'-free phosphate
buffered saline (PBS) several times to remove fat and
contaminating red blood cells. The tissue fragments
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were digested 3 times for 5 min at 37°C with 0.2%
trypsin (Sigma-Aldrich, St Louis, Missouri, USA) and
0.1% collagenase IV (Invitrogen, Grand Island, New
York, USA). Cells obtained from the initial digests were
discarded, and the remaining tissue fragments were
washed with Iscove’s Modified Dulbecco’s Medium
(IMDM,; Sigma-Aldrich) supplemented with 10% fetal calf
serum (Sigma-Aldrich), 0.1 mmol-L"' 2-mercaptoethanol
(Sigma-Aldrich), 2 mmol-L!' L-glutamine (Sigma-
Aldrich), 100 U-mL" benzyl penicillin (Hindustan
Antibiotics Ltd., Pimpri, Pune, India), and 100 g-mL"'
streptomycin (Hindustan Antibiotics Ltd.). The cells were
seeded on gelatin-coated culture dishes and incubated
at 37°C in 95% air + 5% CO,. In the nonenzymatic
procedure, after sufficient washing with Ca*- Mg*'-free
PBS, the sample tissue was minced into 1-2-mm? pieces
and cultured as explants in gelatin-coated culture dishes
in the above-mentioned culture medium. Every 2 days,
the medium was changed without disturbing the loosely
adherent explants.

The migrated cells from both procedures were
characterized for the presence of the stem cell marker, ckit,
by immunocytochemical staining and magnetic-activated
cell sorting (MACS; Miltenyi Biotech, Bergisch
Gladbach, Germany). Cells were washed with PBS
sufficiently to remove the medium, and stained with a
monoclonal antibody to ckit (Santa Cruz Biotechnology,
CA, USA), the receptor for stem cell factor. Fluorescein
isothiocyanate-conjugated anti-rabbit immunoglobulin G
(Molecular Probes, Leiden, The Netherlands) was used
as the secondary antibody. Samples were processed
for fluorescence microscopy. Cells were also stained
with a monoclonal antibody to von Willebrand Factor
(Sigma-Aldrich) and vimentin (Dako North America,
Inc., Carpinteria, CA, USA). Samples were processed
using a Dako Cytomation LSAB + System-HRP kit
(Dako North America, Inc.), and counterstained with
hematoxylin, which stains the nucleus blue.

Characterization of the isolated small round cells for
ckit expression was performed by MACS using an
anti-human CD117 micro-bead kit, according to the
manufacturer’s manual. Briefly, the migrated phase-bright
cells were collected by trypsin-EDTA treatment,
pooled and incubated with monoclonal anti-human ckit
antibody-coated micro-beads. The cell suspension was
passed through a magnetic column placed in a strong
magnetic field. The unlabeled cells (ckit ~) were washed
out using MACS buffer, and the labeled (ckit ") cells were
retained in the MACS column. The column was separated
from the magnetic field, and the ckit"-cell fraction was
collected. The ckit™ cells sorted by MACS were stained
with Hoechst 33258, which stains the nucleus blue, and
examined under a fluorescent microscope.

Cells that migrated from explants of both procedures
were similarly processed. They were collected by pooling
2 washes with Ca**- Mg?*-free PBS, one wash with EDTA,
and then with trypsin/EDTA (0.05% trypsin + 0.02%
EDTA) at 37°C. After passing through a 50-micron
nylon mesh, the collected cells were re-suspended in
a growth medium of IMDM + Dulbecco’s Modified
Eagle’s Media-Ham’s F-12 mix (Sigma-Aldrich)
supplemented with 0.1 mmol-L!' 2-mercaptoethanol,
10 ng'mL" epidermal growth factor (US Biologicals,
Swampscott, Massachusetts, USA), 20 ng'mL"' basic
fibroblast growth factor (US Biologicals), 2% B27
serum supplement (Invitrogen), 40 nmol-L"! thrombin
(Sigma-Aldrich), 100 U-mL-! benzyl penicillin,
100 g'mL"! streptomycin, 2 mmol-L! L-glutamine.> The
cells were seeded in poly-D-lysine-coated 4-well culture
dishes (BD Biosciences, San Jose, CA, USA) at a density
of 30,000 cells per well. Within 24 hours of culture, the
seeded cells formed loosely adherent small round clusters
(cardiospheres). The cardiosphere cells were quantitatively
characterized for the expression of stem cell markers,
ckit, multiple drug resistance-1 (MDR-1), and CD34,
and endothelial cell markers by fluorescence-activated
cell-sorting analysis. Different culture substrates, such as
gelatin (Sigma-Aldrich), fibronectin (BD Biosciences),
and poly-D-lysine (BD Biosciences), were employed
to quantify cardiosphere yield. A minimum of
50 randomly selected fields were counted in each
culture dish, and the number of cardiospheres per cm?
was calculated. Cardiosphere formations under different
growth conditions, such as IMDM/poly-D-lysine
dish, IMDM/uncoated dish, growth factor-enriched
medium/uncoated dish, and growth factor-enriched
medium/poly-D-lysine dish were also analyzed. The
cardiospheres responded to electrical stimulation:
contraction was observed when the cardiospheres
were stimulated using bipolar constant-current pulses
delivered via platinum electrodes placed 1 cm apart.

For characterization of cardiosphere cells by
fluorescence-activated cell-sorting analysis, the
cardiospheres were first washed with PBS to remove
the growth media completely, followed by dissociation
with trypsin-EDTA (1x) solution for 1-2 min at 37°C.
Undissociated clusters were subjected to mechanical
trituration. The cells were collected and centrifuged
at 2,000 rpm for 5 min. After sufficient PBS washes,
the cells were incubated with primary antibodies
(Santa Cruz Biotechnology) against CD117, MDR-1,
CD34, von Willebrand factor, cardiac troponin I and
myosin heavy chain markers at 4°C for 30 min. After
incubation, the cells were washed with cold PBS to
remove unbound primary antibodies, then incubated
with fluorescent-labeled secondary antibodies (Molecular
Probes) for 30 min at 4°C. Samples were washed with
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Table 1. Characteristics of 10 Patients with
Ischemic Heart Disease

No. of Patients

Age (years) 58 £ 10
Male sex 8
Hypertension
Smoker
Diabetes mellitus
Dyslipidemia
1-vessel disease
2-vessel disease
3-vessel disease
NYHA functional class

1

1T

111

v

Variables

WD O L &N

SN o O

NYHA = New York Heart Association.

cold PBS to remove unbound antibodies, fixed with 4%
paraformaldehyde, and stored at 4°C until analysis. The
samples were analyzed with a 4-color multiparameter
flow cytometer (FACS Aria; Becton Dickinson, San
Jose, CA, USA).

Data are expressed as mean + standard deviation.
Comparisons between groups were analyzed by the
2-tailed Student’s ¢ test.

RESULTS

The clinical characteristics of the 10 patients from whom
biopsies were taken are summarized in Table 1. With both
isolation methods, after a period of incubation ranging
from 1-3 weeks, a layer of fibroblasts was generated
from well-adherent explants, over which small round
cells were seen to be migrating. The majority of the
phase-bright cells were present in the vicinity of the
explants (Figure 1A and 1B). The maximum number of
small round phase-bright cells was observed during the
3 week of explant culture with both methods. Migrated
cells stained positive for ckit, and negative for vimentin
and von Willebrand factor expression. Since migrated
cells were fewer in number and not well adherent to the
culture surface, the number of positively stained cells per
field was small. MACS sorted ckit® cells were stained
with Hoescht 33258. Approximately 20% enrichment
was obtained after MACS procedures: the cell count was
125,000 cells'mL"! before MACS and 25,000 cells'mL"!
after MACS.

The ckit-positive cells isolated by both methods were
able to form clusters in a growth factor supplemented

Figuré 1. Phase-contrast micrograph of migrating phase-bright
cells over fibroblast-like cells; (A) Day 7, nonenzymatic method,
(B) Day 7, enzymatic method. Scale bar = 15 microns.

medium (Figure 2A and 2B). The size of the cardiospheres
varied from 20 to 172 microns. Within 2-3 days of
culture, the cardiospheres increased in size, and some
detached from the culture surface (Figure 2C). Floating
cardiospheres were mechanically dispersed and re-seeded.
Some were firmly attached even on the 28" day of culture
(Figure 2D). Firmly attached fibroblast cells formed a
network pattern in the poly-D-lysine culture dish. Among
the different growth conditions and culture substrates
(gelatin, fibronectin, and poly-D-lysine) employed,
cardiosphere formation was observed only in cells
seeded in poly-D-lysine-coated dishes supplemented with
growth factors. With other substrates, only fibroblasts
were confluent; cardiosphere formation was not observed.
The initial count of the migrated phase-bright cells varied
significantly from patient to patient. There were instances
of high cardiosphere count when there was a very low
primary yield. The results of a comparative analysis
between enzymatic and nonenzymatic isolation methods
for the initial cell count and number of cardiospheres
formed after culture enrichment are given in Table 2.

After expansion in a medium supplemented with growth
factors, cardiosphere-forming cells were positive for the
expression of ckit and MDR-1 (Figure 3). On the 30" day
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Figure 2. Adherent cardiospheres on a poly-D-lysine-coated dish; (A) Cardiospheres obtained by the enzymatic isolation method,
(B) Cardiospheres obtained by the nonenzymatic isolation method, (C) A floating cardiosphere after 72 hours of culture, (D) A
well-adherent cardiosphere on the 28" day of culture. Scale bar = 15 microns.

Table 2. Comparison of Nonenzymatic and Enzymatic Stem Cell Isolation Procedures

Nonenzymatic
Initial Cell Count Cluster Count
(cellsmL1-g! x10%) (clusters cm? x10%)

Enzymatic

Initial Cell Count
(cellsmL1-g! x10%)

Cluster Count
(clusters cm? x10%)

6.46 206
4.59 580
2.66 489
5.08 257
3.45 531

Mean 4.45 £ 1.5 Mean 4.12 £ 169

7.91 321
5.00 407
5.09 389
333 367
2.47 310

Mean 4.76 + 2.08*

Mean 3.59 + 42

*Initial counts nonenzymatic vs enzymatic, p > 0.5. "Cluster count nonenzymatic vs enzymatic, p > 0.5.

of cardiosphere culture, 84% of cells simultaneously
expressed markers for ckit and MDR-1 (Figure 3B),
and 94% of cells were positive for CD34 expression
(Figure 3C). The cells stained positively for expression of
the endothelial marker, von Willebrand factor (Figure 3D),
and for the cardiac differentiation markers, myosin heavy
chain and troponin 1. Simultaneous expression of cardiac

troponin I and myosin heavy chain was shown by 82% of
cardiosphere cells on the 30" day of culture (Figure 3E).
Fluorescence-activated cell-sorting analysis of primary cells
derived from the explants showed 31% positivity for CD117
marker expression; the results for the cardiosphere-derived

cells obtained by both methods are shown in Figure 4.
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Figure 3. Fluorescence-activated cell-sorting analysis of cardiosphere-forming cells; (A) Control. (B) Cardiosphere cells showing
84% positivity for both ckit and multiple drug resistance-1 expression, (C) Phenotype profile for CD34, (D) von Willebrand
factor expression shown as a percentage of positive events, (E) Cardiosphere cells showing 82% positivity for both cardiac
troponin I and myosin heavy chain expression. SSC = side scatter (complexity/granularity of sorted cells), PE = phycoerythrin,
FITC = fluorescein isothiocyanate, Q1 = quadrant with cells positive for PE-labeled antibody, Q2 = quadrant with cells positive
for both PE- and FITC-labeled antibodies, Q3 = negative cell populations, Q4 = cells positive for FITC-labeled antibody. P2

= positive cells when a single antibody is used for staining.

DISCUSSION

Our results suggest that ckit” cells can be isolated and
grown into cardiospheres by simple explant culture
methods. The cell yield and cardiosphere count were
comparable with those of the enzymatic method. The
time lag in sample preparation is less, and costly
enzymes (collagenase and trypsin) are not required in the
nonenzymatic method. As the digestion step is bypassed
in this approach, there is less chance of tissue damage.

Following the reported possibility of a pool of adult
clonogenic stem cells in postnatal human heart, which
was enhanced after myocardial infarction and attenuated
during chronic heart failure, these cells were successfully
isolated and cloned from animal hearts."*37 The
resident cells or their clonal progeny can reconstitute a
well-differentiated myocardial wall when injected into
infarcted ventricle.® Adult cardiac-resident stem cells
thus provide an effective means of regenerating damaged
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Figure 4. Fluorescence-activated cell-sorting analysis of cardiosphere-forming cells obtained by the enzymatic and nonenzymatic
methods; A, B, C, D = control, ckit, multiple drug resistance-1, and CD34 expression, respectively, for the enzymatic method,
E. F, G, H = control, ckit, multiple drug resistance-1, and CD34 expression, respectively, for the nonenzymatic method.
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myocardium. Compared to other cell types (such as bone
marrow-derived cells), they are believed to be faster in
achieving the structural and functional characteristics
favorable for regenerating damaged myocardium. To our
knowledge, there are only 2 previous reports of successful
isolation of human adult cardiac stem cells.

Stem cell niches are reported to provide a
microenvironment necessary for preserving the survival
and replication potential of stem cells.’ Cells sheltered
in niches have a much higher potential for self-renewal
than primitive cells that divide rarely.'® This explains the
increase in stem cell number when cultured in a growth
factor-enriched medium that might mimic the conditions
prevailing in a stem cell niche in the heart. The cells
migrated from explants grown without enriched medium
were comparatively few in number. Adult cardiac stem
cells undergo lineage commitment, and they divide and
differentiate into myocytes, smooth muscle cells, and
endothelial cells, under the appropriate stimulus.'"'? The
migrated cells stained negative for vimentin and von
Willebrand factor expression, suggesting that they have
not yet entered into endothelial/fibroblast lineages. The
cells retained their undifferentiated nature, confirmed by
ckit marker expression. When the cells were grown in
a growth factor-enriched medium, they formed clusters
of dividing cells (cardiospheres). Cardiospheres consist
of a mixture of cardiac stem cells and differentiating
progenitors.® The cardiosphere cells stained positive for
the endothelial marker, von Willebrand factor, and also for
the cardiac differentiation markers, myosin heavy chain and
cardiac troponin I, demonstrating the ability to differentiate
into distinctive lineages under proper stimulus.

Our study did not address the possible effects of
factors such as the clinical and risk-factor profile of
the patients in determining the cardiac stem cell yield.
It is also unclear whether all the migrated ckit" cells in
the primary explant culture would retain their inherent
property of stem cells when grown for a long period in
culture conditions to obtain sufficient cells for clinical

use. However, our study confirms that ckit/MDR-positive
cardiosphere-forming cells can be isolated from small
biopsy samples from patients with ischemic heart disease,
employing nonenzymatic methods. On continued culture,
these cells exhibited characteristic cardiac differentiation
markers, such as cardiac troponin I and myosin heavy
chain, which compels us to suggest that they are indeed
stem cells resident in the heart.

REFERENCES

1. Beltrami AP, Urbanek K, Kajstura J, Yan SM, Finato N,
Bussani R, et al. Evidence that human cardiac myocytes divide
after myocardial infarction. N Engl J] Med 2001;344:1750-7.

2. Hughes S. Cardiac stem cells J Pathol 2002;197:468-78.

3. Anversa P, Nadal-Ginard B. Myocyte renewal and ventricular
remodelling Nature 2002;415:240-3.

4. Urbanek K, Torella D, Sheikh F, De Angelis A, Nurzynska D,
Silvestri F, et al. Myocardial regeneration by activation of multipotent
cardiac stem cells in ischemic heart failure. Proc Natl Acad Sci
U S A 2005;102:8692—7.

5. Messina E, De Angelis L, Frati G, Morrone S, Chimenti S,
Fiordaliso F. Isolation and expansion of adult cardiac stem cells
from human and murine heart. Circ Res 2004;95:911-21.

6. Urbanek K, Quaini F, Tasca G, Torella D, Castaldo C,
Nadal-Ginard B, et al. Intense myocyte formation from cardiac
stem cells in human cardiac hypertrophy. Proc Natl Acad Sci
U S A 2003;100:10440-5.

7. Beltrami AP, Barlucchi L, Torella D, Baker M, Limana F,
Chimenti S, et al. Adult cardiac stem cells are multipotent and
support myocardial regeneration. Cell 2003;114:763-76.

8. Mendez-Ferrer S, Ellison GM, Torella D, Nadal-Ginard B.
Resident progenitors and bone marrow stem cells in myocardial
renewal and repair [Review]. Nat Clin Pract Cardiovasc Med
2006;3(Suppl 1):S83-9.

9. Sussman MA, Anversa P. Myocardial aging and senescence: where

have the stem cells gone? Annu Rev Physiol 2004;66:29-48.

. Spradling A, Drummond-Barbosa D, Kai T. Stem cells find their

niche. Nature 2001;414:98-104.

. Nadal-Ginard B, Kajstura J, Leri A, Anversa P. Myocyte death,
growth, and regeneration in cardiac hypertrophy and failure. Circ
Res 2003;92:139-50.

. Anversa P, Kajstura J, Nadal-Ginard B, Leri A. Primitive cells
and tissue regeneration. Circ Res 2003;92:579-82.

ASIAN CARDIOVASCULAR & THORACIC ANNALS

56

2008, VoL. 16, NO. 1

Downloaded from asianannal s.ctsnetjournal s.org by on October 16, 2010


http://asianannals.ctsnetjournals.org

I solation of ckit-Positive Car diosphere-Forming Cells from Human Atrial Biopsy
Koippallil G Aghila Rani, Karunakaran Jayakumar, Gopal Srinivas, Renuka R Nair and
Chandrasekharan C Kartha
Asian Cardiovasc Thorac Ann 2008;16:50-56

Thisinformation is current as of October 16, 2010

Updated Information including high-resolution figures, can be found at:
& Services http://asianannal s.ctsnetjournal s.org/cgi/content/full/16/1/50
References This article cites 12 articles, 5 of which you can access for free at:

http://asianannal s.ctsnetjournal s.org/cgi/content/ful|/16/1/50#BIBL

Citations This article has been cited by 1 HighWire-hosted articles:
http://asianannal s.ctsnetjournal s.org/cgi/content/ful|/16/1/50#other
articles

Permissions & Licensing Requests to reproduce this article in parts (figures, tables) or inits

entirety should be submitted via email to: info@asiapex.com

Reprints For ordering reprints, please email: info@asi apex.com

ASIAN

CARDIOVASCULAR & THORACIC

ANNATS

Downloaded from asianannal s.ctsnetjournal s.org by on October 16, 2010



http://asianannals.ctsnetjournals.org/cgi/content/full/16/1/50
http://asianannals.ctsnetjournals.org/cgi/content/full/16/1/50#otherarticles
http://asianannals.ctsnetjournals.org


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


