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Abstract

gastrointestinal cancer cell lines.

may improve the clinical utility of CEA as a tumor marker.

Background: Carcinoembryonic antigen-related cell adhesion molecule 5 (CEACAMD5) is an oncofetal cell surface
glycoprotein. Because of its high expression in cancer cells and secretion into serum, CEA has been widely used as
a serum tumor marker. Although other members of CEACAM family were investigated for splice variants/variants-
derived protein isoforms, few studies about the variants of CEACAMS5 have been reported. In this study, we
demonstrated the existence of novel CEACAMS5 splice variants and splice variant-derived protein isoforms in

Results: We identified two novel CEACAMS5 splice variants in gastrointestinal (pancreatic, gastric, and colorectal) cancer
cell lines. One of the variants possessed an alternative minor splice site that allowed generation of GC-AG intron.
Furthermore, CEA protein isoforms derived from the novel splice variants were expressed in cancer cell lines and those
protein isoforms were secreted into the culture medium. Although CEA protein isoforms always co-existed with the
full-length protein, the secretion patterns of these isoforms did not correlate with the expression patterns.

Conclusions: This is the first study to identify the expression of CEA isoforms derived from the novel splice variants
processed on the unique splice site. In addition, we also revealed the secretion of those isoforms from gastrointestinal
cancer cell lines. Our findings suggested that discrimination between the full-length and identified protein isoforms
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Background

Carcinoembryonic antigen-related cell adhesion mol-
ecule 5 (CEACAMS5; synonyms, CEA, CD66e) is a
glycosylated oncofetal antigen and was first found in
gastrointestinal cancer tissues [1,2]. The same research
group that initially identified CEA subsequently indi-
cated that CEA levels could be measured in serum from
patients with colorectal and other carcinomas [3], which
introduced the possibility of clinical application for diag-
nosis, monitoring and prognosis. CEA is now generally
accepted as a valuable tumor marker for monitoring of
several cancers following surgery.
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CEA, which belongs to the CEACAM family of the
immunoglobulin (Ig) superfamily [4,5], has been sug-
gested to mediate cell adhesion on tumors [6-8], and the
members of this family, i.e, CEACAM1, CEACAMS,
CEACAM4, CEACAM6, CEACAM?7, and CEACAMS,
are also deregulated in various tumors. In this subset,
splice variants and protein isoforms were previously
identified, and among them, CEACAMI1 was found to
occur in various alternatively spliced forms [9]. Recently,
Tamura et al. revealed that expression of CEACAM1
protein isoforms (CEACAMI1-4L and -4S) was associ-
ated with cell adhesion in colorectal cancer cells [10].
Despite these findings, relatively few screening ap-
proaches for splice variants of CEA have been reported.

In normal colorectal tissues, CEA is actually expressed at
the cell surface and released extracellularly. The expression
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of CEA is probably associated with anoikis as a sur-
veillance mechanism to preserving the normal phy-
siological architecture [11]. The secretion of this
molecule that can bind to E. coli and Salmonella ex-
pressing type 1 fimbriae [12,13] is also considered to
play an essential role in the host defense mechanism
preventing the binding of pathogenic bacteria [14].
However, in cancerous cells, the role of the abundant
release of CEA remains unclear.

To determine the expression and secretion patterns
of CEA in gastrointestinal tumors, we demonstrated
the existence of novel CEA splice variants and splice
variant-derived protein isoforms in gastrointestinal
cancer cell lines. Furthermore, these isoforms were
found to be secreted to the culture medium. These
findings suggested that the cancer-released CEA in the
blood may include our identified protein isoforms.

Methods

Cell cultures and RNA sample preparations

Human gastrointestinal cancer cell lines QGP1, MKN45
and KATO III were purchased from the Japanese
Collection of Research Bioresources, HPAC, HPAF II,
SNU1 and LoVo from the American Type Culture
Collection, and HCA2 and HCA46 from Dainippon
Sumitomo Pharma (Osaka, Japan). These cell lines
were cultured and maintained in RPMI 1640 medium
(Sigma-Aldrich, St. Louis, MO) supplemented with 10%
FBS (Invitrogen, Carlsbad, CA), glutamine (0.3 mg/ml),
penicillin (100 unit/ml) and streptomycin (0.1 mg/ml) in a
humidified 5% CO, incubator.

After total RNA had been extracted from each pellet
using the RNeasy Plus Mini Kit (Qiagen, Hilden,
Germany), RNA concentration was determined using a
NanoDrop spectrophotometer (Thermo Fisher Scien-
tific, Waltham, MA) and total RNA quality was then
confirmed using the Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA). The purified total
RNA from cancer cell lines and total RNA derived from
normal tissues (Clontech, Mountain View, CA) were
then reverse-transcribed using ThermoScript Reverse
Transcriptase (Invitrogen) and oligo(dT),o primers in
accordance with the manufacturer’s instructions.

Reverse-transcriptase PCR

Screening of ¢cDNA for different splice variants of
CEACAMS was performed using the intron-spanning
exonic primers listed in Additional file 1: Table S1. PCR
amplicons were designed to detect the splice variants and
the transcripts registered in GenBank (NM_004363). The
synthesized cDNAs were amplified using LA Taq polymer-
ase (Takara Bio, Shiga, Japan) by 35 PCR cycles of 95°C for
30's, 51°C for 30 s, and 68°C for 60 s.
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Rapid amplification of cDNA ends and DNA

sequencing analysis

To determine the sequence of novel CEACAMS tran-
scripts, rapid amplification of cDNA ends (RACE) was
conducted using the GeneRacer Kit (Invitrogen)
according to the manufacturer’s instructions. The primer
sequences are shown in Additional file 1: Table S1. For
DNA sequencing analysis, the PCR products were ana-
lyzed on 1-2% agarose gels by electrophoresis following
by gel staining with SYBR Safe (Invitrogen). The bands
visualized under ultraviolet light were isolated and puri-
fied using the QIAquick Gel Extraction Kit (Qiagen).
The purified samples were then cloned into a pCR 2.1-
TOPO vector (Invitrogen) using the TOPO TA Cloning
Kit for Sequencing (Invitrogen). Positive transformants
were sequenced using the Big Dye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA) and an ABI 3130x] Genetic Analyzer (Applied
Biosystems). The protein coding sequences obtained by
the DNA sequencing have been deposited in DNA Data
Bank of Japan (DDBJ), which are accessible through the
DDBJ accession number AB852566 and AB852567.

Quantitative real-time PCR

Quantitative real-time PCR (qRT-PCR) was performed
using the SYBR Green dye technique and the ABI
PRISM 7900HT Fast Real Time PCR System (Applied
Biosystems, Foster City, CA). The target fragment was
amplified using specific primers (Additional file 1: Table
S1) according to the following protocol: preheating at
95°C for 20 s; 40 cycles at 95°C for 1 s and 60°C for 30 s;
and dissociation at 95°C for 15 s, 60°C for 15 s, and 95°
C for 15 s. The threshold cycle (Ct) values were
converted into absolute copy numbers using a standard
curve with purified PCR amplicons that were generated
from plasmids containing the sequence of the target
transcripts. Nonspecific amplification in qRT-PCR was
evaluated using dissociation curves and gel electrophor-
esis that showed the amplicon size.

Preparation of cell lysate and serum-free

conditioned medium

Cells were placed (4 x 10° cells) on 100-mm dishes and
incubated until 70%—80% confluence. After incubation,
the culture medium was removed and the cells were
then harvested with ice-cold PBS. After centrifugation
and removal of PBS, cell pellets were treated with lysis
buffer containing 7.5 M urea, 2.5 M thiourea, 12.5% gly-
cerol, 50 mM Tris—HCI (pH 7.4), 2.5% N-octylglucoside,
6.25 mM Tris-carboxyethyl phosphine hydrocholine
(TCEP), and 1.25 mM protease inhibitor (Sigma-Aldrich,
St. Louis, MO), and rotated at 4°C for 1 h. Following the
rotation, the samples were centrifuged at 14,000 x g for
30 min at 4°C, and the supernatants were then collected.
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Protein concentrations were determined by the Bradford
assay (BioRad Laboratories, Hercules, CA).

Serum-free conditioned medium was prepared as previ-
ously studied [15]. Briefly, cells were placed (8 x 10° cells)
on 100-mm dishes, and incubated at 37°C overnight. After
removal of the conditioned medium, the cells were washed
with PBS (pH 7.4) and then pre-incubated with 8 ml of
serum-free medium at 37°C for 1 h. The conditioned
medium was then removed and replaced with 3.5 ml of
serum-free medium at 37°C for 24 h. The serum-free con-
ditioned medium was collected and centrifuged to remove
cell debris. The collected medium was then concentrated
using Amicon Ultra Centrifugal Filters (4 mL, 10 K device,
Millipore, Bedford, MA) at 4°C and 2,330 x g, and stored
at —80°C until further analysis.

Enzymatic deglycosylation

Cell lysates were purified using a 2-D Clean-Up Kit (GE
Healthcare UK Ltd., Buckinghamshire, England) to pre-
cipitate proteins according to the manufacturer’s instruc-
tions. The resulting dry pellets were resuspended in 1x
Glycoprotein Denaturing Buffer and incubated at 95°C
for 10 min. The denatured samples were incubated with
a reaction buffer containing 1x G7 Reaction Buffer, 1%
NP-40, protease inhibitor, and PNGase F (New England
Biolabs, San Leandro, CA) at 37°C for 1 h. The concen-
trated conditioned medium samples were also denatured
and treated with PNGase F as described above. The
deglycosylated samples were treated with SDS-PAGE
sample buffer solution containing 200 mM DTT.

Immunoblotting

CEA in the cell lysate or serum-free conditioned medium
was detected by immunoblotting with an anti-CEA mouse
monoclonal antibody (1:1,000 or 1:3,000 dilution; Clone
C6GY, Sigma-Aldrich; this antibody was raised against
the CEA isolated from a human colon adenocarcinoma
cell line) as the primary antibody, and anti-mouse
IgG-horseradish peroxidase (HRP) conjugate (1:3,000
or 1:10,000 dilution; Jackson ImmunoResearch, West
Grove, PA) as the secondary antibody. HRP-dependent
luminescence was developed using ECL Prime Western
Blotting Detection Reagent (GE Healthcare) and detected
using a LAS-3000 device (Fuji Film, Tokyo, Japan). To de-
tect actin-f3, which was used as an internal loading control,
immunoblot detection was conducted in the same manner
described above, except for the use of a mouse monoclo-
nal anti-actin-f3 antibody (1:5,000 dilution; Sigma-Aldrich)
as the primary antibody.

Liquid chromatography-tandem mass spectrometry
(LC-MS/MS) analysis

To identify the CEA isoforms, proteins were separated by
SDS-PAGE and visualized by silver staining (SilverQuest™
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Silver Staining Kit, Invitrogen). Protein bands smearing
around 90 kDa, 60 kDa, and 45 kDa were excised manually.
Each gel slice was destained with Destainer solution in the
staining kit and dehydrated with 100% acetonitrile.
After drying under reduced pressure using the Speed-
Vac (Thermo Fisher Scientific), gel pieces were reduced
with 50 pl of 10 mM DTT at 56°C for 45 min and
alkylated with 50 pl of 55 mM iodoacetamide for
30 min at room temperature in the dark. The resulting
samples were washed and dried using the SpeedVac,
and then digested overnight with 8.3 ng/ul trypsin
(Promega, Fitchburg, WI) at 37°C. The tryptic digests
were purified with ZipTip C18 (Millipore), concentrated
using the SpeedVac, and reconstituted in 0.1% formic acid.

LC-MS/MS analysis was conducted on a nanoflow
LC-electrospray ionization linear ion trap-time of flight
(LC-ESI LIT-TOF) mass spectrometer (NanoFrontier L;
Hitachi High-Technologies, Tokyo, Japan). The methods
used for each instrument and the strategy for data ana-
lysis are were previously described in detail [16].

Peptide sequences were identified against the SwissProt
database (version: 2012_03) with the following parameters:
enzyme, trypsin; maximum number of missed cleavages, 1;
peptide tolerance, 0.4 Da; MS/MS tolerance, 0.4 Da; fixed
modification, carbamidomethylation of cysteine; variable
modification, oxidation of methionine and conversion of as-
paragine to aspartic acid; peptide charge, 1+, 2+, and 3+.
The validity of a formerly N-glycosylated peptide was con-
firmed by the presence of a consensus N-X-S/T (X = P) se-
quence and deamidation of the asparagine residues.

Results

Identification of novel CEACAM5 exons

Expression of CEA is frequently high in gastrointestinal
cancer [9]. RT-PCR screening of gastrointestinal (pancre-
atic, gastric, and colorectal) cancer cell lines was
conducted using newly designed RT-PCR primers for
several exons on the target gene and a primer pair span-
ning the region from exon 2 to exon 9 on the full-length
CEACAMS registered in GenBank (NM_004363; Figure 1).
RT-PCR screening revealed a positive signal (i) in eight cell
lines, while two other bands (ii) and (iii) were also observed
in those cell lines. To determine the exon structures of
these amplicons, DNA sequencing was performed using
RACE (data not shown). We identified two novel splice var-
iants in gastrointestinal cancer cells, which were designated
as variant 5D and 3D (Figure 1). The sequence of positive
signal (i) was identical to that of NM_004363. The exon
structure of variant 5D skipped exons 3—4, and variant 3D
was truncated at the 3" end of exon 3 and the 5" end of
exon 7 relative to the full-length transcript. Although the
RT-PCR screening slightly detected bands other than (i)—
(iii), novel alternatively spliced transcripts except variant 5D
and 3D were not identified from these bands.
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Figure 1 Identification of CEACAMS5 transcripts in pancreatic, gastric and colorectal cancer cells. Electrophoresis images of RT-PCR are
shown in the left panel. RT-PCR of ACTB was used as a positive control. Schematic diagram of exon structures corresponding to the detected
amplicons are represented in the right panel. Novel variant 5D (i) skipped exons 3 and 4 of full-length transcript NM_004363 (i). Novel variant 3D
(iii) contained novel alternative splice forms (gray boxes), and skipped exons 4-6 in (i). Primer positions for RT-PCR are indicated by black arrows.
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Characterization of splice variant 3D

Our RT-PCR and sequencing analysis revealed the pres-
ence of mRNA with alternative splicing patterns for
CEACAMS. In variant 3D, we found a shared sequence
between exons 3 and 7 (Figure 2A). A major splice site
that can generate GT-AG introns was not included, but
this shared region possessed an alternative minor splice
site that allowed the generation of GC-AG introns [17].
Based on this finding, we predicted that the 5'- and 3'-
terminal sequences of the intron would be between
exons 3 and 7 in variant 3D (Figure 2B). Variant 3D was
thus probably spliced at the potential splice site (AGGC)
in novel exons 3 and 7, which resulted in the generation
of a GC-AG intron.

Validation of CEACAM5 mRNA expression levels

Novel splice variants were detected in pancreatic, gas-
tric, and colorectal cancer cells. To properly estimate
the mRNA expression of these variants, we constructed
a qRT-PCR assay for the quantification of CEACAMS
transcripts. The specificity of qRT-PCR was first verified
by gel electrophoresis and dissociation curve analysis
(Additional file 2: Figure S1). As shown in Figure 1, all

transcripts appeared to be highly expressed in the pan-
creatic cancer cell lines. The specificity of qRT-PCR was
validated using these cells. Additionally, to confirm ex-
pression of novel transcripts in tumor tissues, we
performed validation of qRT-PCR using commercialized
total RNA derived from some gastrointestinal tissues.
Amplicons were observed in a single band in electro-
phoresis, and the size of the bands was identical to the
expected size. The melting curve analysis showed a sin-
gle peak in all qRT-PCR assays. These results indicate
that nonspecific PCR products were not amplified in the
qRT-PCR. Standard curves were next generated from
10-fold serial dilutions of template DNA that were amp-
lified from plasmids containing the sequences of the tar-
get transcripts (Additional file 3: Figure S2). The
amplification efficiency of all transcripts was 97-111%
(R*>>0.990). These results indicate that the target-
specific primers and the constructed template DNA pro-
vided accurate amplification in our qRT-PCR assay. We
finally quantified the CEACAMS transcripts by using
this validated assay (Figure 3). The mRNA expression
profile of variants 5D and 3D in cancer cells was deter-
mined by this quantification analysis and electrophoresis
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Figure 2 Sequence analysis of novel variant 3D. A, Part of the transcript sequence was shared between exons 3 and 7 in novel variant 3D.
The shared bases are shown in bold characters. Regions that matched with exon 3 and 7 are indicated by solid and dashed line, respectively.
Uppercase bases (AGGC) indicate potential splice site that allow the generation of GC-AG introns. B, Prediction of splice site between novel exons
3 and 7. Exons and introns are indicated in gray and white boxes, respectively. Variant 3D and GC-AG introns were generated by alternative
splicing of the potential splice site.
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Colorectal

of the RT-PCR amplicons. Additionally, these variants were
expressed in colorectal normal tissue and some gastrointes-
tinal tumor tissues (Additional file 4: Figure S3). The identi-
fied splice variants of CEACAMS were co-expressed with
the full-length transcript without exception.

Detection of CEA protein isoforms derived from novel
splice variants

We also determined CEA protein expression in cancer cell
lines. CEA is known to be highly N-glycosylated and to
have different glycosylation patterns among cell lines
[18,19]. As shown in Figure 4A, the main bands were de-
tected around 200 kDa except for in SNUI, and a few
bands were detected under 150 kDa. Full-length CEA and
the isoforms are therefore considered to have been detected
around 200 kDa and under 150 kDa, however, the practical
molecular weight of these isoforms was unclear because of
its large amount of N-linked oligosaccharides.

To detect CEA bands on the theoretical molecular
weight calculated from the amino acid sequences, cell
lysate samples were treated with PNGase E, which cleaves
N-glycan chains from proteins. After PNGase F treatment,
bands were clearly detected in three regions (Figure 4B).
The theoretical molecular weight was as follows: CEA
full-length, 80 kDa; isoform derived from variant 5D,
60 kDa; and isoform derived from variant 3D, 40 kDa.
Considering these findings, the band detected in region 1
was considered to represent full-length CEA and the
bands in regions 2 and 3 were considered to be the CEA
isoforms derived from the novel splice variant 5D or 3D.

Identification of CEA protein isoforms by

LC-MS/MS analysis

To confirm that the lower bands (regions 2 and 3 in
Figure 4B) detected by the CEA-specific antibody were
novel CEA isoforms, proteins from each region treated
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Figure 4 Immunoblot detection of CEA in pancreatic, gastric,
and colorectal cancer cells. Cell lysate samples of each cell line

(10 pg protein/lane) were analyzed by immunoblotting with the
anti-CEA mouse monoclonal antibody (1:3,000 dilution), either
directly (A) or after PNGase F treatment (B). PNGase F treatment was
undergone to cleave N-glycan chain from proteins. ACTB (actin-i3) was
also detected as an internal loading control. The detected bands were
separated into three regions, indicated as Regions 1, 2, and 3.

with PNGase F were subjected to proteomic analysis.
Table 1 shows the peptide sequences identified by the LC-
MS/MS analysis. These data indicate that eleven tryptic
peptides were identified from region 1 and the only pro-
tein that includes these sequences is full-length CEA.
Moreover, a database search for the parameter, conversion
of asparagine to aspartic acid confirmed that seven aspara-
gine sites on these peptides were N-glycosylation sites.
Amino acid sequences of CEA isoforms, 5D and 3D,
were predicted on the basis of DNA sequences (Additional
file 5: Figure S4). Based on the resulting amino acid se-
quences and the structure of CEA [9,20-22], the domain
motifs of the isoforms are illustrated in Figure 5. The full-
length CEA consists of seven Ig-like domains containing
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Table 1 Peptide sequences identified by LC-MS/MS
analysis

Band region Sequence Motif ¥
Region 1 KLTIESTPFNVAEGK N
QIIGYVIGTQQATPGPAYSGR N
SDLVNEEATGQFR N
TLTLFN'VIR A1/A3®
CETQNPVSAR Al
SDSVILNVLYGPDAPTISPLN TSYR A1-B1
LQLSNDN'R A2
NSGLYTCQAN NSASGHSR B2
LOLSNGN'R A3
AYVCGIONSVSAN'R A3
ITPNNN'GTYACFVSNLATGR B3
Region 2 KLTIESTPFNVAEGK N
SDLVNEEATGQFR N
TLTLFN'VTR A1/A3
TLTLLSVIR A2
Region 3 TLTLFN'VIR A1/A3®
ITPNNN GTYACFVSNLATGR B3

_* conversion of asparagine to aspartic acid as a result of PNGase F treatment.
1, region detected by immunoblotting described in Figure 4.

#, the name of IgC/V-like domains described in Figure 5.

§, the same tryptic peptides on A1 and B3 domains.

an IgV-like domain (N) and six IgC-like domains (A or B),
whereas isoform 5D and 3D consist of five or three Ig-like
domains respectively; some IgC-like domains are deleted
in these isoforms. Some peptide sequences of CEA were
also identified from regions 2 and 3. These peptides iden-
tified by MS/MS analysis were located on domains with
isoforms 5D and 3D but not on the deleted domains
(Table 1 and Figure 5). These results indicate that the
lower bands detected by the anti-CEA antibody around
60 kDa and 40 kDa represent CEA isoforms derived from
the novel splice variants.

Secretion of CEA protein to serum-free

conditioned medium

Since CEA is known to be secreted into the blood, we
determined the form of CEA that was secreted into the
conditioned medium. As shown in Figure 6A, the main
band was detected around 200 kDa. After PNGase F
treatment, the main band was detected around 80—
90 kDa, which was similar to the size in the cell lysate
samples (Figure 6B). In the LC-MS/MS analysis of
serum-free conditioned medium after PNGase F treat-
ment, the main band detected at region 1 was repre-
sented CEA (full-length), the band at region 2 was
isoform 5D, and the band at region 3 was isoform 3D
(data not shown). From other regions (e.g., HCA46 be-
tween regions 1 and 2), the CEA-related peptides were
not detected. These results suggested that not only the
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like domains; A/B, IgC-like domains; lollipop, N-glycosylation sites
predicted with consensus sequences (N-X-S/T, X # P); arrowhead,
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The location of peptides identified by LC-MS/MS analysis are
indicated in red.

Full-length

full-length protein but also the isoforms of CEA were se-
creted to the medium.

Discussion

Alternative splicing allows a single gene to generate mul-
tiple mRNAs that can be translated into diverse proteins
[23]. Many transcripts have been predicted by in silico ap-
proaches and registered in public databases (e.g., Ensembl,
http://www.ensembl.org) as candidate splice variants
[24,25]. Recently, splice variants and their protein isoforms
not registered in these databases were identified by tran-
scriptome analysis [26-28]. Dorard et al. revealed that a
novel HSP110 variant in colorectal cancer inhibits the
function of wild-type proteins, which results in facilitation
of apoptosis and increased chemosensitivity [28]. Thus, it

A
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Figure 6 Immunoblot detection of CEA in serum-free
conditioned medium of pancreatic, gastric, and colorectal
cancer cells. Serum-free conditioned medium of each cell line was
analyzed by immunoblotting with the anti-CEA mouse monoclonal
antibody (1:1,000 dilution), either directly (A) or after PNGase F
treatment (B). The detected bands were separated into three
regions, indicated as Regions 1, 2, and 3.

is of importance to discover unpredictable splice variants
and protein isoforms, and here, we focused on CEA and
its isoforms that were not registered in databases.

The exon structure of many splice variants found in
transcriptome analysis was determined using mRNA se-
quencing and potential GT-AG splice sites. Although we
identified two novel splice variants of CEACAMS5 (variant
5D and 3D), the splice site between exon 3 and 7 in vari-
ant 3D was not defined using this procedure (Figure 2A).
To clarify the exon structure of variant 3D, we screened
other potential splice sites in the unique sequence shared
between exon 3 and 7, which resulted in identification of
the specific splice site (AGGC). Because this identified site
was present in the shared exons, the GC-AG intron is
considered to be generated from pre-mRNA (Figure 2B).
These findings raise the possibility that a part of the pre-
mRNA derived from CEACAMS is processed by a U2-
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type spliceosome. Recently, Peng et al. reported another
CEACAMS variant that does not include a major splice
site between exons 2 and 5 [29]. This variant was not
found in cancerous cells in our screening. The novel
CEACAMS variants in this study were probably cancer-
specific transcripts that were processed by unpredictable
alternative splicing.

The CEACAMS splice variant involving exons 9 and
10 described in a previous report [30] were previously
regarded as a PCR artifact [29]. To prevent the gener-
ation of artificial amplicons, we performed validation
and quantification of CEACAMS transcript expression.
Using the validated qRT-PCR assay, we found that the
mRNA expression level of variant 5D was similar to that
of the full-length transcript. However, in electrophoresis
performed after RT-PCR, significant differences in ex-
pression levels were observed. We sequenced PCR prod-
ucts that were amplified using the primer pair used in
Figure 1 and found several artifacts, i.e., electrophoresis
bands at approximately 1,800 bp (data not shown).
Therefore, we concluded that the difference between
RT-PCR and qRT-PCR results likely reflects the pres-
ence of artificial amplicons.

Compared to the amino acid sequences of full-length
CEA, no unique sequences were found in the novel
CEA protein isoforms. Since the trypsinized peptide
sequences of these isoforms are “shared” with those of
the full-length protein, it is difficult to discuss the exist-
ence of isoforms based only on a typical MS/MS-based
proteomic analysis. Some research groups have sug-
gested that the combination of MS/MS-based proteomic
analysis and protein separation based on molecular weight
enables detection of protein isoforms that contain no
unique sequences [31,32]. However, these approaches are
not suitable for the detection of protein isoforms with
inconsistency between molecular weight observed in
protein separation and that calculated from the amino
acid sequences. Most of secreted/membrane proteins
undergo posttranslational modifications, and glycosy-
lation especially affects the results of size-dependent
protein separation. In the separation approach, such
proteins are not detectable at the theoretical molecular
weight calculated from the amino acid sequences.
Indeed, CEA is a highly N-glycosylated protein. The
practical molecular weight of full-length CEA is 180-
200 kDa, even though the theoretical molecular weight
is 76.8 kDa [33-35]. The novel isoforms also have a
large amount of N-linked oligosaccharides, which
result in difference between the practical and theoret-
ical molecular weight. The inconsistency in the mo-
lecular weight could be resolved by deglycosylation. In
the present study, we proposed at strategy that avoids
the influence of N-glycosylation on protein separation
through enzymatic deglycosylation.
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Interestingly, mRNAs of CEA were not expressed in
SNUI cells, though the bands were slightly detected by
anti-CEA antibody on SNUI cells after PNGase F treat-
ment (Figures 4 and 6). To gain more insight into
CEA-expression on SNUL1 cells, condition-optimized im-
munoblot detection (details in figure legends in Additional
file 6: Figure S5) and protein identification by LC-MS/
MS analysis were performed. Bands were detected on
SNU1 samples (cell lysates and conditioned medium) re-
gardless of the PNGase F treatment, however, CEA-related
peptides were not identified from those band-detected
regions (data not shown). These findings indicated that
the bands detected on SNU1 by the anti-CEA antibody
were non-specific bands. Accordingly, mRNA and pro-
tein of CEA were considered not to be expressed on
SNU1 cells.

CEA in the blood was first observed in 1969 by Thom-
son et al. [3] and now is one of the most widely used
tumor markers, however, the secreted forms and secre-
tion mechanisms of CEA remains unclear. We found
that CEA protein isoforms were secreted to the con-
ditioned medium and that these isoforms always co-
existed with the full-length CEA. Interestingly, the
observed secretion pattern of CEA did not correlate with
the expression pattern, as determined using a commer-
cial anti-CEA antibody. Secretion of CEA isoform 5D is
higher from colorectal cancer cell lines than from pan-
creatic and gastric cancer cell lines. These findings sug-
gest that CEA protein isoforms may be secreted by the
specific mechanisms from certain cancer cells.

The novel CEA isoforms contain a Ig-V like domain
and some IgC-like domains; two or four IgC-like do-
mains are deleted in those isoforms (Figure 5). IgC-like
domains are required for functionality of CEACAM fam-
ily proteins as homophilic and heterophilic intercellular
adhesion molecules [36]. CEA-CEA homophilic inter-
action between an IgV-like domain and six IgC-like do-
mains occurs in an antiparallel reciprocal manner, which
is unique in this family, and it can directly influence can-
cer invasion and metastasis [37-39]. Those short CEA
isoforms might inhibit full-length CEA-CEA homophilic
interactions or mediate the heterophilic interaction with
other CEACAM family proteins, leading to the in-
fluence of CEA-related intracellular signaling events.
Limitations of this study are there because of poor func-
tional analysis of novel CEA isoforms; further studies
such as in vivo experiments and direct detection of
those isoforms, are necessary to investigate the physio-
logical significance of CEA isoforms.

Conclusions

The present study identified novel splice variants/protein
isoforms of CEA, and provided direct evidence that the
protein isoforms were not only co-expressed with full-
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length CEA but also co-secreted into culture medium by
gastrointestinal cancer cell lines. CEA is a well-known
serum tumor marker, however, because of its low sensi-
tivity and specificity, the main use of serum CEA deter-
minations is currently in the postsurgical surveillance.
Discrimination between full-length CEA and its isoforms
may improve the clinical utility of CEA as a tumor
marker.

Availability of supporting data

The protein coding sequences of CEACAMS splice vari-
ants 5D and 3D are deposited in DNA Data Bank of Japan
(DDBJ, http://www.ddbj.nig.ac.jp/index-e.html), which are
accessible through the DDBJ accession number AB852566
and AB852567, respectively.

Additional files

Additional file 1: Table S1. List of sequences of RT-PCR, quantitative
RT-PCR, and DNA sequencing primers.

Additional file 2: Figure S1. Specificity verification for quantitative real-
time (gRT)-PCR assay.

Additional file 3: Figure S2. Standard curves generated from 10-fold
serial dilutions of recombinant plasmid DNA.

Additional file 4: Figure S3. Quantitative gRT-PCR expression analysis
of full-length and mutant CEACAMS in normal and tumor tissues.

Additional file 5: Figure S4. Exon structure of the two novel splice
variants and amino acid sequences of variants-derived protein isoforms.

Additional file 6: Figure S5. Immunoblot detection of CEA in SNUT cells.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

KH and KWN designed the study, interpreted the data, and drafted the
manuscript. KO, NS, and TM were scientific leads and assisted in designing
the study. KY and TM provided reagents, materials, and analysis tools. All
authors read and approved the final manuscript.

Acknowledgements

This research was supported by the Ministry of Education, Science, Sports,
and Culture; a Grant-in-Cooperation of the Regional Innovation Cluster
Program 2010; and Grant-in-Aid for Young Scientists (B), 23701092, 2011 and
24701014, 2012. The authors thank Yuko Watanabe and Kaori Kanto for
technical assistance of DNA sequencing and gRT-PCR, and Tomomi Ide for
support of protein extraction and immunoblotting.

Author details

"Medical Genetics Division, Shizuoka Cancer Center Research Institute, 1007
Shimonagakubo, Nagaizumi-cho, Sunto-gun, Shizuoka 411-8777, Japan.
Shizuoka Cancer Center Hospital and Research Institute, 1007
Shimonagakubo, Nagaizumi-cho, Sunto-gun, Shizuoka 411-8777, Japan.

Received: 26 July 2013 Accepted: 24 September 2013
Published: 26 September 2013

References

1. Gold P, Freedman SO: Specific carcinoembryonic antigens of the human
digestive system. J Exp Med 1965, 122:467-481.

2. Gold P, Freedman SO: Demonstration of tumor-specific antigens in
human colonic carcinomata by immunological tolerance and absorption
techniques. J Exp Med 1965, 121:439-462.

17.

20.

21.

22.

23.

Page 9 of 10

Thomson DM, Krupey J, Freedman SO, Gold P: The radioimmunoassay of
circulating carcinoembryonic antigen of the human digestive system.
Proc Natl Acad Sci U S A 1969, 64:161-167.

Beauchemin N, Benchimol S, Cournoyer D, Fuks A, Stanners CP: Isolation
and characterization of full-length functional cDNA clones for human
carcinoembryonic antigen. Mol Cell Biol 1987, 7:3221-3230.

Oikawa S, Nakazato H, Kosaki G: Primary structure of human
carcinoembryonic antigen (CEA) deduced from cDNA sequence.
Biochem Biophys Res Commun 1987, 142:511-518.

Benchimol S, Fuks A, Jothy S, Beauchemin N, Shirota K, Stanners CP:
Carcinoembryonic antigen, a human tumor marker, functions as an
intercellular adhesion molecule. Cell 1989, 57:327-334.

Oikawa S, Kuroki M, Matsuoka Y, Kosaki G, Nakazato H: Homotypic and
heterotypic Ca(++)-independent cell adhesion activities of biliary
glycoprotein, a member of carcinoembryonic antigen family, expressed
on CHO cell surface. Biochem Biophys Res Commun 1992, 186:881-887.
Zhou H, Stanners CP, Fuks A: Specificity of anti-carcinoembryonic antigen
monoclonal antibodies and their effects on CEA-mediated adhesion.
Cancer Res 1993, 53:3817-3822.

Hammarstrom S: The carcinoembryonic antigen (CEA) family: structures,
suggested functions and expression in normal and malignant tissues.
Semin Cancer Biol 1999, 9:67-81.

Tamura K, Yokoyama S, leda J, Takifuji K, Hotta T, Matsuda K, Oku Y,
Watanabe T, Nasu T, Kiriyama S, et al: Hollow spheroids beyond the
invasive margin indicate the malignant potential of colorectal cancer.
BMJ Open 2011, 1:000179.

Ordonez C, Screaton RA, llantzis C, Stanners CP: Human carcinoembryonic
antigen functions as a general inhibitor of anoikis. Cancer Res 2000,
60:3419-3424.

Leusch HG, Hefta SA, Drzeniek Z, Hummel K, Markos-Pusztai Z, Wagener C:
Escherichia coli of human origin binds to carcinoembryonic antigen
(CEA) and non-specific crossreacting antigen (NCA). FEBS Lett 1990,
261:405-409.

Leusch HG, Drzeniek Z, Markos-Pusztai Z, Wagener C: Binding of
Escherichia coli and Salmonella strains to members of the
carcinoembryonic antigen family: differential binding inhibition by
aromatic alpha-glycosides of mannose. Infect Immun 1991, 59:2051-2057.
Baranov V, Yeung MM, Hammarstrom S: Expression of carcinoembryonic
antigen and nonspecific cross-reacting 50-kDa antigen in human normal
and cancerous colon mucosa: comparative ultrastructural study with
monoclonal antibodies. Cancer Res 1994, 54:3305-3314.

Ogura S, Kaneko K, Miyajima S, Ohshima K, Yamaguchi K, Mochizuki T:
Proneurotensin/neuromedin N secreted from small cell lung carcinoma cell
lines as a potential tumor marker. Proteomics Clin Appl 2008, 2:1620-1627.
Hatakeyama K, Wakabayashi-Nakao K, Aoki Y, Ogura S, Yamaguchi K,
Nakajima T, Sato TA, Mochizuki T, Hayashi I: Novel protein extraction
approach using micro-sized chamber for evaluation of proteins eluted
from formalin-fixed paraffin-embedded tissue sections. Proteome Sci
2012, 10:19.

Thanaraj TA, Clark F: Human GC-AG alternative intron isoforms with weak
donor sites show enhanced consensus at acceptor exon positions.
Nucleic Acids Res 2001, 29:2581-2593.

Thomas P, Toth CA, Saini KS, Jessup JM, Steele G Jr: The structure,
metabolism and function of the carcinoembryonic antigen gene family.
Biochim Biophys Acta 1990, 1032:177-189.

Garcia M, Seigner C, Bastid C, Choux R, Payan MJ, Reggio H:
Carcinoembryonic antigen has a different molecular weight in normal
colon and in cancer cells due to N-glycosylation differences. Cancer Res
1991, 51:5679-5686.

Popp A, Dehio C, Grunert F, Meyer TF, Gray-Owen SD: Molecular analysis of
neisserial Opa protein interactions with the CEA family of receptors:
identification of determinants contributing to the differential specificities
of binding. Cell Microbiol 1999, 1:169-181.

Beauchemin N, Draber P, Dveksler G, Gold P, Gray-Owen S, Grunert F,
Hammarstrom S, Holmes KV, Karlsson A, Kuroki M, et al: Redefined
nomenclature for members of the carcinoembryonic antigen family.
Exp Cell Res 1999, 252:243-249.

Hammarstrom S, Baranov V: Is there a role for CEA in innate immunity in
the colon? Trends Microbiol 2001, 9:119-125.

Black DL: Mechanisms of alternative pre-messenger RNA splicing.

Annu Rev Biochem 2003, 72:291-336.


http://www.ddbj.nig.ac.jp/index-e.html
http://www.biomedcentral.com/content/supplementary/1756-0500-6-381-S1.doc
http://www.biomedcentral.com/content/supplementary/1756-0500-6-381-S2.pdf
http://www.biomedcentral.com/content/supplementary/1756-0500-6-381-S3.pdf
http://www.biomedcentral.com/content/supplementary/1756-0500-6-381-S4.pdf
http://www.biomedcentral.com/content/supplementary/1756-0500-6-381-S5.pdf
http://www.biomedcentral.com/content/supplementary/1756-0500-6-381-S6.pdf

Hatakeyama et al. BVIC Research Notes 2013, 6:381
http://www.biomedcentral.com/1756-0500/6/381

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Birney E, Andrews D, Bevan P, Caccamo M, Cameron G, Chen Y, Clarke L,
Coates G, Cox T, Cuff J, et al: Ensembl 2004. Nucleic Acids Res

2004, 32:D468-D470.

Birney E, Andrews TD, Bevan P, Caccamo M, Chen Y, Clarke L, Coates G,
Cuff J, Curwen V, Cutts T, et al: An overview of Ensembl. Genome Res 2004,
14:925-928.

Furuta K, Arao T, Sakai K, Kimura H, Nagai T, Tamura D, Aomatsu K, Kudo K,
Kaneda H, Fujita Y, et al: Integrated analysis of whole genome exon array
and array-comparative genomic hybridization in gastric and colorectal
cancer cells. Cancer Sci 2012, 103:221-227.

Hatakeyama K, Ohshima K, Fukuda Y, Ogura S, Terashima M, Yamaguchi K,
Mochizuki T: Identification of a novel protein isoform derived from
cancer-related splicing variants using combined analysis of
transcriptome and proteome. Proteomics 2011, 11:2275-2282.

Dorard C, de Thonel A, Collura A, Marisa L, Svrcek M, Lagrange A, Jego G,
Wanherdrick K, Joly AL, Buhard O, et al: Expression of a mutant HSP110
sensitizes colorectal cancer cells to chemotherapy and improves disease
prognosis. Nat Med 2011, 17:1283-1289.

Peng L, Oberst MD, Huang J, Brohawn P, Morehouse C, Lekstrom K,
Baeuerle PA, Wu H, Yao Y, Coats SR, et al: The CEA/CD3-bispecific antibody
MEDI-565 (MT111) binds a nonlinear epitope in the full-length but not a
short splice variant of CEA. PLoS One 2012, 7:¢36412.

Hampton R, Walker M, Marshall J, Juhl H: Differential expression of
carcinoembryonic antigen (CEA) splice variants in whole blood of colon
cancer patients and healthy volunteers: implication for the detection of
circulating colon cancer cells. Oncogene 2002, 21:7817-7823.

Pedersen SK, Harry JL, Sebastian L, Baker J, Traini MD, McCarthy JT,
Manoharan A, Wilkins MR, Gooley AA, Righetti PG, et al: Unseen proteome:
mining below the tip of the iceberg to find low abundance and
membrane proteins. J Proteome Res 2003, 2:303-311.

Yang P, Humphrey SJ, Fazakerley DJ, Prior MJ, Yang G, James DE, Yang JY:
Re-fraction: a machine learning approach for deterministic identification
of protein homologues and splice variants in large-scale MS-based
proteomics. J Proteome Res 2012, 11:3035-3045.

Hammarstrom S, Engvall E, Johansson BG, Svensson S, Sundblad G,
Goldstein 1J: Nature of the tumor-associated determinant(s) of
carcinoembryonic antigen. Proc Nat/ Acad Sci U S A 1975, 72:1528-1532.
Coligan JE, Pritchard DG, Schnute WC Jr, Todd CW: Methylation analysis of
the carbohydrate portion of carcinoembryonic antigen. Cancer Res

1976, 36:1915-1917.

Chandrasekaran EV, Davila M, Nixon DW, Goldfarb M, Mendicino J: Isolation
and structures of the oligosaccharide units of carcinoembryonic antigen.
J Biol Chem 1983, 258:7213-7222.

Obrink B: CEA adhesion molecules: multifunctional proteins with
signal-regulatory properties. Curr Opin Cell Biol 1997, 9:616-626.

Oikawa S, Inuzuka C, Kuroki M, Matsuoka Y, Kosaki G, Nakazato H: Cell
adhesion activity of non-specific cross-reacting antigen (NCA) and
carcinoembryonic antigen (CEA) expressed on CHO cell surface:
homophilic and heterophilic adhesion. Biochem Biophys Res Commun
1989, 164:39-45.

Zhou H, Fuks A, Alcaraz G, Bolling TJ, Stanners CP: Homophilic adhesion
between Ig superfamily carcinoembryonic antigen molecules involves
double reciprocal bonds. J Cell Biol 1993, 122:951-960.

Yoshioka T, Masuko T, Kotanagi H, Aizawa O, Saito Y, Nakazato H, Koyama K,
Hashimoto Y: Homotypic adhesion through carcinoembryonic antigen
plays a role in hepatic metastasis development. Jpn J Cancer Res 1998,

Page 10 of 10

89:177-185. (

doi:10.1186/1756-0500-6-381

Cite this article as: Hatakeyama et al: Novel protein isoforms of
carcinoembryonic antigen are secreted from pancreatic, gastric and
colorectal cancer cells. BVIC Research Notes 2013 6:381.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Cell cultures and RNA sample preparations
	Reverse-transcriptase PCR
	Rapid amplification of cDNA ends and DNA sequencing analysis
	Quantitative real-time PCR
	Preparation of cell lysate and serum-free conditioned medium
	Enzymatic deglycosylation
	Immunoblotting
	Liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis

	Results
	Identification of novel CEACAM5 exons
	Characterization of splice variant 3D
	Validation of CEACAM5 mRNA expression levels
	Detection of CEA protein isoforms derived from novel splice variants
	Identification of CEA protein isoforms by LC-MS/MS analysis
	Secretion of CEA protein to serum-free conditioned medium

	Discussion
	Conclusions
	Availability of supporting data
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


