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Abstract: Many studies have implicated cell-surface lectins in heterologous
cell-cell adhesion, but little is known about the participation of lectins in cellular
adhesion in homologous cells. Here, we show the development of a cell model
for investigating the direct role of a cell-surface lectin in homologous cell-cell
adhesion. Parenchymal cells were isolated from caprine liver using a perfusion
buffer, and dispersed in a chemically defined modified Ringer’s solution. These
cells undergo autoagglutination in the presence of Ca®". The autoagglutinated
cells can be dissociated specifically with D-galactose (50 mM), which also
inhibits the liver cell autoagglutination event. The blood serum protein fetuin has
no effect on liver cell autoagglutination, whereas desialylated fetuin (100 pM),
with its terminal D-galactose residue, showed a high affinity for blocking the
autoagglutination event. The data demonstrates the occurrence of a Ca*"-dependent
D-galactose-specific lectin and a lectin receptor on the parenchymal cells.
Furthermore, it shows that the observed autoagglutination event is caused by the
interaction of the cell-surface lectin with its receptor on the neighbouring
homologous cells. The data supports the view that homologous cell-cell contact
in mammalian tissues is triggered by such lectin-receptor interaction and that the
previously reported cell-surface adhesive proteins serve as a secondary force to
strengthen cell adhesion. This cell model could be extremely useful for
investigating the direct role of cell-surface lectin and its receptor in homologous
cell adhesion in a variety of tissues under normal and pathological conditions.
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INTRODUCTION

Cellular adhesion is the binding of a cell to another cell or to a surface or matrix.
The cells of multicellular organisms are capable of distinguishing between
different cell types, and they adhere preferentially to cells of their own type.
Cellular adhesion is regulated by specific cell adhesion molecules (CAMs) that
interact with molecules on the apposing cell or surface [1-4]. Some of the major
classes of CAM that have been identified in eukaryotes are fibronectins,
cadherins, integrins, and Ig superfamily members. CAMs are large intrinsic
membrane glycoproteins localized on the external cell surface [5, 6].
Carbohydrate-mediated cell-cell recognition plays a vital role in the orderly
development and functioning of multicellular organisms [7, 8]. Cell-surface
lectins have been implicated as vital in cell adhesion in mammalian tissues [9-11].
Lectins of one cell surface bind to specific complementary sugar residues of an
apposing cell to induce cellular adhesion. Reported studies on the role of cell
surface lectin in cell-cell and cell-substratum adhesions in mammalian tissues
under normal and pathological conditions primarily center on the binding of one
cell type with another cell type, i.e. heterologous cell-cell adhesion [8, 12-19].
Selectin, a member of the C-type lectin family that mediates heterologous cell-
cell contacts, is a classic example. It is involved in attachment processes
including those of leukocytes to the vascular endothelium; lymphocytes to the
high endothelial venules of lymph nodes [12]; colon carcinoma cells to the lung
endothelium [13], and colorectal tumor cells to endothelial cells [14].
D-galactose-specific lectin localized on liver parenchymal cell (hepatocyte) and
Kupfter cell surfaces can bring about specific cell-cell contacts with appropriate
non-homologous cells such as desialylated erythrocytes or lymphocytes [15-18],
untreated thymocytes [16] or tumor cells [19]. However, the specific role of
lectins in cell-cell adhesion in a population of homologous cells in mammalian
organs is largely unknown. Here, we show for the first time the development of
a mammalian cell model (using liver parenchymal cells) for investigating the
direct role of a cell-surface lectin in homologous cell-cell adhesion.

MATERIALS AND METHODS

Chemicals

L-Fucose, D-mannose, D-glucose, sucrose and D-galactose were purchased from
the British Drug House, Bombay. Fetuin was obtained from Sigma Chemical
Co., St. Louis. Asialofetuin was obtained by removing the terminal sialic acid
residue of fetuin, as described by Spiro [20]. Fresh liver tissues of adult goats
were obtained from local slaughterhouses 2-3 h after the slaughter of the
animals.

Isolation of liver cells
Parenchymal cells were isolated from caprine liver as per the method of Seglen
[21] with some modification. The livers were cut into small pieces and incubated
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for 30 min at 37°C in a perfusion buffer (125 mM NaCl, 15 mM Na,HPOy,,
2.47 mM KH,PO,4, 5 mM glucose, 1 mM CaCl,; pH 7.2). The pieces of liver
were mildly homogenized in the perfusion buffer [21] in a loosely fitting glass
homogenizer using two gentle strokes to make the uniform suspension needed
for the separation of parenchymal and non-parenchymal cells. After filtration
through cheesecloth, the suspension was kept at 4°C for 1 h while the
parenchymal cells sedimented. The supernatant fluid containing the non-
parenchymal cells was removed with a Pasteur pipette. The sedimented
parenchymal cells were re-suspended in the perfusion buffer and centrifuged at
50 g for 2 min. This process of washing was repeated three times to remove the
contaminating tissue fluid. The isolated cells were then dispersed in a chemically
defined RPS medium (modified Ringer’s solution) containing 119 mM NaCl,
5 mM KCl, 1 mM CaCl,, 1.2 mM MgSO,, 10 mM glucose, 16.3 mM K-phosphate,
pH 6.9, and 50 units/ml penicillin. The cells were washed twice in the RPS
medium and finally dispersed in the same medium. The washed cells were then
counted in a haemocytometer using a phase contrast microscope. The yield of
cells per gram of liver was approximately 100x10°.

Measurement of the autoagglutination of the liver cells

The isolated liver parenchymal cells dispersed in the RPS medium were tested
for their autoagglutination efficacy. The standard assay medium contained 6x10°
parenchymal cells in a total volume of 0.5 ml of RPS medium, and the cell
suspensions were incubated at 37°C for 15-30 min. Cell agglutination was
observed under a light source and was also inspected under a phase contrast
microscope at 400x magnification. The cell agglutination data was expressed
with ‘4’ signs, with 4+ representing maximal cell agglutination when more than
90% of the liver cells were agglutinated, 1+ representing minimal detectable
visible liver cell agglutination (approx 25% cell agglutination), and 3+ and 2+
respectively representing approximately 75% and 50% cellular agglutination.

Assay of anti-agglutination

The anti-agglutinin activities of different sugars were estimated using the liver
cell as the model that undergoes autoagglutination when incubated in vitro.
Intact parenchyma cells of the liver were incubated with and without the test
substance in a total volume of 0.5 ml of RPS medium at 37°C for 60 min. The
degree of cell aggregation was then assessed as described above. The anti-
agglutination potency of a sample was expressed as its efficacy to inhibit liver
cell agglutination. Anti-agglutinin-mediated decreases in cell agglutination from
the initial value of 4+ to final values of 2+, 1+ and 0+ were respectively assumed
to represent inhibitions of cell agglutination to the extents of 50, 75 and 100%.

RESULTS AND DISCUSSION

Parenchymal cells are the main cell type in the liver. The isolated parenchymal
cells were well defined and homogeneous (Fig. 1A). When incubated in vitro at
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37°C in a modified Ringer’s solution, these highly purified liver cells adhered to
each other forming cell clusters of varying sizes (Fig. 1B). This autoagglutination
was time-dependent. It was detectable after 15 min of incubation of the liver cell
suspension, and the maximal agglutination was noted after 60 min of incubation,
when more than 75-80% of the cells had agglutinated. Studies with different
bivalent metal ions showed that the agglutination of liver cells is dependent on
Ca®, while Mg*", Zn*" and Co®" had no appreciable effect on liver cell

agglutination. Ca*" at a 1 mM concentration caused maximum cell autoagglutination
(Tab. 1).

Fig. 1. Autoagglutination of liver parenchymal cells under the standard assay conditions.
Micrographs (magnification of 400x) of liver cells before (A) and after (B) the
autoagglutination event. The results are representative of three experiments.

Tab. 1. The effect of calcium on liver cell autoagglutination. Parenchymal cells from the
livers of adult goats were isolated using the procedure described in the Materials and
Methods section, except that the perfusion medium lacked Ca*". The effect of the various
concentrations of Ca>* on the agglutination of the liver cells was studied under the standard
assay conditions. The results are representative of three experiments.

System Agglutination (%)
Control Nil

+ CaCl, (0.1 mM) 25

+ CaCl, (0.25 mM) 50

+ CaCl, (0.5 mM) 75

+CaCl, (1 mM) 100
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Tab. 2. The effects of different sugars on liver cell autoagglutination. Agglutination studies
were performed under standard assay conditions except for the additions of various sugars
at concentrations of 1 mM and 50 mM. The results are representative of three experiments.

Agglutination
Additions Concentration of sugar
1 mM 50 mM

Control (Nil) 4+ 4+
D-Glucose 4+ 3+
L-Fucose 4+ 4+
D-Mannose 4+ 4+
Sucrose 4+ 4+
D-Galactose 2+ Nil

Several sugars were tested for their anti-agglutinin efficacy with a view to
finding out if the adhesion process is dependent on a cell-surface sugar-binding
protein (Tab. 2). L-Fucose, D-mannose and sucrose at concentrations of 1 mM
and 50 mM had no appreciable effect on the autoagglutination event. Of all the
sugars tested, D-galactose was the most potent inhibitor of liver cell adhesion.
Glucose at 50 mM showed a low level of inhibition of the autoagglutination
process. Galactose-mediated inhibition of liver cell agglutination was dose-
dependent (Fig. 2), and maximum inhibition (100%) was noted at a sugar
concentration of 50 mM. The data implies the localization on the liver cell outer
surface of a Ca*"-dependent D-galactose-specific lectin that binds to its specific
receptor on the neighbouring homologous cells.
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Fig. 2. The dose course of D-galactose for its inhibitory action on the autoagglutination of
isolated goat liver cells under standard conditions. Each value is the mean of closely
agreeing duplicate determinations and the data is representative of three experiments.
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Commercially available purified proteins such as serum albumin, myoglobin and
fetuin (2.4 mg/ml) did not show any appreciable anti-agglutinin activity in the
liver cell autoagglutination model. Asialofetuin, generated by the removal of the
terminal sialic acid residue from fetuin [20], contains a D-galactose residue at its
terminal end. Asialofetuin strongly inhibited liver cell agglutination in a dose-
dependent manner (Fig. 3). At a concentration of 10 uM, asialofetuin inhibited
the liver cell autoagglutination process by approximately 60%, whereas at 100 pM,
it nearly completely inhibited cellular agglutination. By contrast, fetuin, which
has no D-galactose at the terminus of the sugar chain, did not show any
appreciable anti-agglutinin action when tested at varying concentrations from 10 uM
to 100 uM (data not shown). The data indicates that the D-galactose located at
the sugar terminus of the polypeptide chain in asialofetuin confers anti-
agglutinin potency to the protein molecule, but the protein loses this property if
the hydroxyl group of the galactose at the C-4 position is blocked by sialic acid.
The results also demonstrate that specific protein-bound D-galactose is much
more potent as an anti-agglutinin than free galactose.
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Fig. 3. Agglutination studies were done by microscopic analysis under the standard assay
conditions with the addition of asialofetuin at concentrations of 10, 50 and 100 pM.
Agglutination was 100% in the control system (without asialofetuin). The data is the means
* s.e.m. of three experiments (p < 0.01).

Membrane-bound D-galactose-specific lectin (asialoglycoprotein receptor) has
been identified in the liver of several species of animals [22-24]. D-galactose-
specific lectin localized on the liver parenchymal and the Kupffer cell surfaces
can bring about specific cell-cell contacts with various appropriate non-
homologous cells including lymphocytes, thymocytes and tumor cells [15-19].
The receptor for D-galactose-specific lectin has been identified in the small non-
parenchymatous cells of the liver, but is absent from the large parenchymal cells,
which are the main cells of the liver [25]. This study provides for the first time
several lines of evidence supporting the occurrence of a D-galactose-specific
lectin and its receptor on the outer surface of the same parenchymal cells. The
observed liver cell autoagglutination (Fig. 1B) can thus be attributed to the
interaction of the D-galactose-specific lectin of a parenchymal cell with the
receptor of the neighbouring homologous cells and vice versa. To the best of our
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knowledge, this is the first report on the localization of a lectin and its receptor
on the external surface of homologous cells of a mammalian organ. Earlier
studies from our laboratory revealed the existence of a synchronous modulation
of cell-surface D-galactose-specific lectin and its receptor in the homologous
goat epididymal spermatozoa as they reach maturity during epididymal transit [26].
The D-Galactose/asialofetuin-mediated inhibition of liver cell autoagglutination
and the complete dissociation of the liver cell clusters with D-galactose or
asialofetuin (Tab. 2, Figs 2, 3) show that cell-surface lectin-receptor interaction
is the primary mechanism for the liver cell-cell adhesion. As the liver cells were
obtained by applying a mild mechanical force [21] without any proteolytic/other
enzymic modifications of the cell surface macromolecules, these cells were
likely to have on their surface the adhesive proteins reported earlier [1-6]. As
evident from the results of this investigation, the parenchymal cell-surface
adhesive proteins did not manifest any appreciable activity in relation to the
observed lectin receptor-mediated homologous cell adhesion in vitro. The
precise biochemical role of the cell surface adhesive proteins [1-6] in the context
of lectin-receptor interactions of the homologous cells is not clear. The cell
surface adhesive proteins may serve as the secondary force to strengthen the
cell-to-cell contact triggered by the lectin-receptor interactions. This cell model
may be extremely useful for investigating the direct role of the cell-surface lectin
and its receptor in cell-cell adhesion in a variety of tissues under normal and
pathological conditions. It is well documented that cell-cell adhesion, especially
cell detachment and attachment, play vital role in cancer metastasis. Our novel
finding may thus have an important implication in tumor biology research.

Acknowledgements. Saswati Banerjee would like to acknowledge the support
of research fellowships from the Department of Atomic Energy, Bombay, and
the Council of Scientific and Industrial Research, New Delhi. G.C. Majumder
would like to acknowledge the Emeritus Fellowship from the All India Council
for Technical Education, New Delhi. The authors are indebted to Prof.
Siddhartha Roy, Director of the Indian Institute of Chemical Biology, Kolkata,
for his keen interest in this study.

REFERENCES

1. Marshall, B.T., Long, M., Piper, J.W., Yago, T., McEver, R.P. and Zhu, C.
Direct observation of catch bonds involving cell-adhesion molecules.
Nature 423 (2003) 190-193.

2. Pokutta, S. and Weis, W.I. Structure and mechanism of cadherins and
catenins in cell-cell contacts. Annu. Rev. Cell. Dev. Biol. 23 (2007) 237-261.

3. Schmidmaier, R. and Baumann, P. Anti-adhesion evolves to a promising
therapeutic concept in oncology. Curr. Med. Chem. 15 (2008) 978-990.

4. Ogita, H. and Takai, Y. Cross-talk among integrin, cadherin, and growth
factor receptor: roles of nectin and nectin-like molecule. Int. Rev. Cytol.
265 (2008) 1-54.



CELLULAR & MOLECULAR BIOLOGY LETTERS 363

S.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hoffman, S., Sorkin, B.C., White, P.C., Brackenbury, R., Mailhammer, R.,
Rutishauser, U., Cunningham, B.A. and Edelman, G.M. Chemical
characterization of a neural cell adhesion molecule purified from embryonic
brain membranes. J. Biol. Chem. 257 (1982) 7720-7729.

Gennarini, G., Hirn, M., Deagostini-Bazin, H. and Goridis, C. Studies on the
transmembrane disposition of the neural cell adhesion molecule N-CAM.
A monoclonal antibody recognizing a cytoplasmic domain and evidence for
the presence of phosphoserine residues. Eur. J. Biochem. 142 (1984) 65-73.
Edelman, G.M. Surface modulation in cell recognition and cell growth.
Science 192 (1976) 218-226.

Crocker, P.R. and Varki, A. Siglecs in the immune system. Immunology
103 (2001) 137-145.

Weis, W.I. and Drickamer, K. Structural basis of lectin-carbohydrate
recognition. Annu. Rev. Biochem. 65 (1996) 441-473.

Nakahara, S. and Raz, A. Biological modulation by lectins and their ligands
in tumor progression and metastasis. Anticancer Agents Med. Chem. 8
(2008) 22-36.

Yuan, K., Kucik, D., Singh, R.K., Listinsky, C.M., Listinsky, J.J. and Siegal,
G.P. Alterations in human breast cancer adhesion-motility in response to
changes in cell surface glycoproteins displaying alpha-L-fucose moieties.
Int. J. Oncol. 32 (2008) 797-807.

Imai, Y., Lasky, L.A. and Rosen, S.D. Sulphation requirement for GlyCAM-
1, an endothelial ligand for L-selectin. Nature 361 (1993) 555-557.

Mannori G., Santoro, D., Carter, L., Corless, C., Nelson, R.N. and
Bevilacqua, M.P. Inhibition of colon carcinoma cell lung colony formation
by a soluble form of selectin. Am. J. Pathol. 151 (1997) 233-243.
Kobayashi, K., Matsumoto, S., Morishima, T., Kawabe, T. and Okamoto, T.
Cimetidine inhibits cancer cell adhesion to endothelial cells and prevents
metastasis by blocking E-selectin expression. Cancer Res. 60 (2000) 3978-3984.
Kolb, H. and Kolb-Bachofen, V.A lectin-like receptor on mammalian
macrophages. Biochem. Biophys. Res. Commun. 85 (1978) 678-683.
Kolb, H., Schudt, C., Kolb-Bachofen, V. and Kolb, H.A. Cellular
recognition by rat liver cells of neuraminidase-treated erythrocytes.
Demonstration and analysis of cell contacts. Exp. Cell. Res. 113 (1978)
319-325.

Kolb, H., Kriese, A., Kolb-Bachofen, V. and Kolb, H.A. Possible
mechanism of entrapment of neuraminidase-treated lymphocytes in the liver.
Cell Immunol. 40 (1978) 457-462.

Kolb, H., Schlepper-Schafer, J. and Kolb-Bachofen, V. Cell contacts
mediated by D- galactose specific lectins on liver cells. Biol. Cell. 36 (1979)
301-308.

Schlepper-Schafer, J., Friedrich, E. and Kolb, H. Galactosyl-specific
receptor on liver cells: binding sites for tumour cells. Europ. J. Cell. Biol.
25 (1981) 95-102.



364 Vol. 15. No. 2. 2010 CELL. MOL. BIOL. LETT.

20. Spiro, R.G. Studies on fetuin, a glycoprotein of fetal serum. I. Isolation,
chemical composition, and physiochemical properties. J. Biol. Chem. 235
(1960) 2860-2869.

21. Seglen, P.O. Preparation of isolated rat liver cells. Methods Cell Biol. 13
(1976) 29-83.

22. Ali, N. and Salahuddin, A. Isolation and some properties of mammalian
hepatic membrane lectins. FEBS Lett. 246 (1989) 163-165.

23. Ashwell, G. and Harford, J. Carbohydrate-specific receptors of the liver.
Annu. Rev. Biochem. 51 (1982) 531-554.

24. Schwartz, A.L. The hepatic asialoglycoprotein receptor. CRC Crit. Rev.
Biochem. 16 (1995) 207-233.

25. Groeber, B.K., Williams, L.G., Pigott, J., Ziska, P.D.S., Franz, H. and
Debbage, P.L. Affinities of Ricin 120 and Mistletos lectin 1 for membrane
components of liver and nervous tissues. In Lectins: Biology, Biochemistry,
Clinical Biochemistry, Vol. III (Bog-Hansen, T.C. and Spengler, G.A. Eds),
Walter de Gruyter & Co., Berlin and New York, 1982, 179-187.

26. Banerjee, S., Dungdung, S.R., Das, K. and Majumder, G.C. Synchronous
modulation of cell-surface lectin and its receptor in a homologous cell
population: a novel mechanism of cellular regulation. Exp. Cell. Res. 312
(2006) 2299-2308.




<<
  /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 /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /POL ()
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


