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(57) ABSTRACT

The invention relates to a method for identifying specific
marker proteins (biomarkers) for cholangiocellular carci-
noma (CCC), the biomarkers for CCC identified by the
method and the use thereof, in particular for diagnosis,
surveillance and treatment. The invention further relates to
a diagnostic device comprising the biomarkers for CCC and
a screening assay wherein these biomarkers for CCC are
used to identify novel pharmaceutical compounds for treat-
ment of CCC.
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1
BIOMARKERS FOR
CHOLANGIOCELLULAR CARCINOMA
(CCO)

The invention relates to a method for identifying specific
marker proteins (biomarkers) for cholangiocellular carci-
noma (CCC), the biomarkers for CCC identified by the
method and the use thereof, in particular for diagnosis,
surveillance and treatment. The invention further relates to
a diagnostic device comprising the biomarkers for CCC and
a screening assay wherein these biomarkers for CCC are
used to identify novel pharmaceutical compounds for treat-
ment of CCC.

Cholangiocellular carcinoma (CCC) is a malignant neo-
plasm which arises from the cholangiocytes, the epithelial
cells lining the bile ducts. The firm, white tumours consist-
ing of a significant amount of fibrous stroma are classified as
intrahepatic, extrahepatic or hilar according to their ana-
tomic location. Most common are the Klatskin tumours,
originating from the confluence of the right and left hepatic
ducts'. Compared to other types of cancer CCC is a rela-
tively rare disease, accounting for about 3% of all gastro-
intestinal malignancies®. However, its incidence is increas-
ing and due to poor patients outcome it has overtaken
hepatocellular carcinoma (HCC) as the main cause of death
from a primary liver tumour®. Reasons for the high mortality
rate (5-year survival, rate of about 5%)* are the difficult
diagnosis and limited treatment options. At present, exten-
sive surgical resection of the extrahepatic bile ducts and
parts of the liver or liver transplantation remain the only
potentially curative treatment options, although most
patients are considered inoperable at the time of diagnosis’.

Tumour markers for CCC used in clinics at present show
low sensitivity and specificity and are therefore not able to
differentiate between benign and malignant bile duct steno-
sis reliably™ . Carbohydrate antigen 19-9 (CA19-9), the
most widely used tumour marker, for example, does not
detect CCC in an early stage and is also elevated in pan-
creatic cancer, gastric cancer, primary biliary cirrhosis,
cholangitis, cholestasis and in smokers. Furthermore it is
useless in 7% of the population who are Lewis-antigen
negative” ®. On the other hand, carcinoembryonic antigen
(CEA), though detectable in serum and even in bile, is
increased in only 30% of CCC patients. The diagnosis of
CCC therefore requires a multimodality approach involving
laboratory, radiologic, endoscopic, and pathologic analysis’
with the final confirmation being obtained by histologic or
cytologic examination®.

The need for better tumour markers which enable diag-
nosis of CCC both in body fluids as well as by immunohis-
tochemistry is apparent. Several proteomic studies using
different sample types and various techniques have therefore
been performed. The analysis of CCC cell lines, for
example, has led to the identification of potential diagnostic
and also prognostic biomarker candidates'®*2. In addition,
cell lines have been used to discover proteins predictive of
the response to chemotherapy™®. Since results from cell
culture experiments do not always reflect the actual condi-
tions in the tumour, the use of patient samples can be
advantageous. Some of the recent studies have focused on
, urine' or bile'”'°. Nevertheless, the most
appropriate source of tumour-specific signals is tumour
tissue which, in the past, has been analysed by two-dimen-
sional electrophoresis®® as well as mass spectrometry-based
proteomic approaches such as histology-directed MALDI-
TOF-MS*, SELDI-TOF-MS** or LC-MS/MS*. So far,
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however, none of the potential biomarkers were successfully
implemented into clinical routine.

Recently, it was demonstrated that the application of two
complementary techniques, two-dimensional differential in-
gel electrophoresis (2D-DIGE) and mass spectrometry-
based label-free LC-MS/MS, is an auspicious tactic for the
discovery of novel biomarker candidates in HCC tissue®*.

Proceeding from the described prior art, the object there-
fore presents itself of providing markers and devices for the
early recognition and diagnosis of CCC.

Surprisingly, novel and specific biomarkers for CCC can
be identified by the method according to the invention.

The present invention relates to a method for identifying
biomarkers for cholangiocellular carcinoma (CCC) compris-
ing the steps
a) collecting tumorous tissue samples and non-tumorous
tissue samples from at least 5 patients with CCC;

b) comparing the tumorous tissue samples with the non-
tumorous tissue samples by 2D-DIGE and thereby identi-
fying biomarker candidates for CCC showing different
expression in tumorous tissue and non-tumorous tissue;

¢) comparing the tumorous tissue samples with the non-
tumorous tissue samples by label-free liquid chromatogra-
phy-mass spectrometry (LC-MS) and thereby identifying
biomarker candidates for CCC showing different expression
in tumorous tissue and non-tumorous tissue;

d) comparing the expression data of biomarker candidates
obtained by 2D-DIGE according to step b) with the expres-
sion data of biomarker candidates obtained by label-free
LC-MS according to step ¢) and thereby identifying bio-
markers for CCC showing different expression with
2D-DIGE according to step b) and showing different expres-
sion with label-free LC-MS according to step c).

The method according to the invention combines two
complementary techniques which leads to the identification
of highly specific biomarkers for CCC. In addition, tissue
samples from the same person are compared in steps b) and
¢), tumorous and non-tumorous tissue, which also reduces
false positive results. The differential expression data is
preferably further processed by statistical analysis, for
example by the methods described in the examples and in
table 3.

In a further embodiment the method according to the
invention further comprises the step of immunohistochemi-
cal analysis of the biomarkers for CCC from step d) by using
tumorous tissue of at least one CCC-patient and comparing
the expression of the respective biomarker candidate in the
tumorous tissue with the expression in non-tumorous tissue
of the same patient and selecting those biomarkers for CCC
that display a sensitivity of 40% or more for the detection of
CCC tumour cells in the case of proteins found to be
up-regulated in tumorous tissue or the detection of hepato-
cytes in the case of down-regulated proteins. In a preferred
embodiment for immunohistochemical analysis tissue
samples from persons that are different from those of step a),
is applied.

In another aspect the present invention relates to a bio-
marker for CCC identified by a method according to the
invention. In a preferred embodiment the biomarker for
CCC is selected from the group comprising chloride intra-
cellular channel protein 1, Tax1-binding protein 3, gelsolin,
apolipoprotein A-IV, pyruvat kinase isoenzymes M1/M2,
moesin, 14-3-3 protein sigma, stress-induced phosphopro-
tein 1, serpin H1, inorganic pyrophosphatase, fatty acid-
binding protein (liver), 3-ketoacyl-CoA thiolase (mitochon-
drial), hydroxymethylglutaryl-CoA synthase
(mitochondrial), 4-aminobutyrate aminotransferase (mito-
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chondrial) and betaine-homocysteine S-methyltransferase 1,
partial sequences or homologues of theses proteins, nucleic
acids encoding for chloride intracellular channel protein 1,
Tax1-binding protein 3, gelsolin, apolipoprotein A-IV, pyru-
vat kinase isoenzymes MI1/M2, moesin, 14-3-3 protein
sigma, stress-induced phosphoprotein 1, serpin H1, inor-
ganic pyrophosphatase, fatty acid-binding protein (liver),
3-ketoacyl-CoA thiolase (mitochondrial), hydroxymethyl-
glutaryl-CoA synthase (mitochondrial), 4-aminobutyrate
aminotransferase (mitochondrial) and betaine-homocysteine
S-methyltransferase 1, partial sequences or homologous of
the respective nucleic acids.

Another embodiment of the invention relates to the use of
the biomarkers for CCC identified by the method according
to the invention. In particular the invention relates to the use
of one or more biomarkers for CCC selected from the group
of proteins comprising chloride intracellular chloride intra-
cellular channel protein 1, Tax1-binding protein 3, gelsolin,
apolipoprotein A-IV, pyruvat kinase isoenzymes M1/M2,
moesin, 14-3-3 protein sigma, stress-induced phosphopro-
tein 1, serpin H1, inorganic pyrophosphatase, fatty acid-
binding protein (liver), 3-ketoacyl-CoA thiolase (mitochon-
drial), hydroxymethylglutaryl-CoA synthase
(mitochondrial), 4-aminobutyrate aminotransferase (mito-
chondrial) and betaine-homocysteine S-methyltransferase 1,
partial sequences or homologues of theses proteins, nucleic
acids encoding for chloride intracellular channel protein 1,
Tax1-binding protein 3, gelsolin, apolipoprotein A-IV, pyru-
vat kinase isoenzymes M1/M2, moesin, 14-3-3 protein
sigma, stress-induced phosphoprotein 1, serpin H1, inor-
ganic pyrophosphatase, fatty acid-binding protein (liver),
3-ketoacyl-CoA thiolase (mitochondrial), hydroxymethyl-
glutaryl-CoA synthase (mitochondrial), 4-aminobutyrate
aminotransferase (mitochondrial) and betaine-homocysteine
S-methyltransferase 1, partial sequences or homologous of
the respective nucleic acids for differential diagnosis of
CCC, early recognition of CCC, diagnosis of CCC, prog-
nosis of CCC, evaluation of progression of CCC, prediction
of outcome of treatment of CCC, evaluation of treatment of
CCC, surveillance of treatment of CCC, surveillance of
after-treatment of CCC.

In another embodiment, the invention relates to the use for
the ex vivo analysis of a biological sample of a person, for
example the analysis of body fluids or tissue.

In another embodiment, the invention relates to the use for
determination of metastasis originate from the bile ducts or
hepatocytes or a different cell type, as indicator for collagen
biosynthesis in connection with CCC or fibrotic changes in
connection with CCC, alterations in energy and/or lipid
metabolism and/or enhanced proliferation and/or oxidative
stress in connection with CCC.

In another embodiment, the invention relates to the use
wherein at least two different biomarkers for CCC selected
from the group of proteins comprising chloride intracellular
channel protein 1, Tax1-binding protein 3, gelsolin, apoli-
poprotein A-1V, pyruvat kinase isoenzymes M1/M2, moesin,
14-3-3 protein sigma, stress-induced phosphoprotein 1, ser-
pin H1, inorganic pyrophosphatase, fatty acid-binding pro-
tein (liver), 3-ketoacyl-CoA thiolase (mitochondrial),
hydroxymethylglutaryl-CoA  synthase (mitochondrial),
4-aminobutyrate aminotransferase (mitochondrial) and
betaine-homocysteine ~ S-methyltransferase 1, partial
sequences or homologues of theses proteins, nucleic acids
encoding for chloride intracellular channel protein 1, Tax1-
binding protein 3, gelsolin, apolipoprotein A-IV, pyruvat
kinase isoenzymes M1/M2, moesin, 14-3-3 protein sigma,
stress-induced phosphoprotein 1, serpin H1, inorganic pyro-
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4
phosphatase, fatty acid-binding protein (liver), 3-ketoacyl-
CoA thiolase (mitochondrial), hydroxymethylglutaryl-CoA
synthase (mitochondrial), 4-aminobutyrate aminotrans-
ferase (mitochondrial) and betaine-homocysteine S-methyl-
transferase 1, partial sequences or homologous of the respec-
tive nucleic acids, are employed.

In another aspect, the present invention relates to a
diagnostic device or diagnostic kit for the detection of CCC
comprising one or more biomarkers for CCC selected from
the group of proteins comprising chloride intracellular chan-
nel protein 1, Tax1-binding protein 3, gelsolin, apolipopro-
tein A-1V, pyruvat kinase isoenzymes MI1/M2, moesin,
14-3-3 protein sigma, stress-induced phosphoprotein 1, ser-
pin H1, inorganic pyrophosphatase, fatty acid-binding pro-
tein (liver), 3-ketoacyl-CoA thiolase (mitochondrial),
hydroxymethylglutaryl-CoA  synthase (mitochondrial),
4-aminobutyrate aminotransferase (mitochondrial) and
betaine-homocysteine  S-methyltransferase 1,  partial
sequences or homologues of theses proteins, nucleic acids
encoding for chloride intracellular channel protein 1, Tax1-
binding protein 3, gelsolin, apolipoprotein A-IV, pyruvat
kinase isoenzymes M1/M2, moesin, 14-3-3 protein sigma,
stress-induced phosphoprotein 1, serpin H1, inorganic pyro-
phosphatase, fatty acid-binding protein (liver), 3-ketoacyl-
CoA thiolase (mitochondrial), hydroxymethylglutaryl-CoA
synthase (mitochondrial), 4-aminobutyrate aminotrans-
ferase (mitochondrial) and betaine-homocysteine S-methyl-
transferase 1, partial sequences or homologous of the respec-
tive nucleic acids, means for detection and optionally further
aids.

In another aspect, the present invention relates to a
method for studying a biological sample for CCC compris-
ing the steps,

a) collecting a biological sample from a person,

b) bringing the biological sample into contact with one or
more biomarkers for CCC selected from the group of
proteins comprising chloride intracellular channel pro-
tein 1, Tax1-binding protein 3, gelsolin, apolipoprotein
A-IV, pyruvat kinase isoenzymes MI1/M2, moesin,
14-3-3 protein sigma, stress-induced phosphoprotein 1,
serpin H1, inorganic pyrophosphatase, fatty acid-bind-
ing protein (liver), 3-ketoacyl-CoA thiolase (mitochon-
drial), hydroxymethylglutaryl-CoA synthase (mito-
chondrial), 4-aminobutyrate aminotransferase
(mitochondrial) and betaine-homocysteine S-methyl-
transferase 1, partial sequences or homologues of the-
ses proteins, nucleic acids encoding for chloride intra-
cellular channel protein 1, Tax1-binding protein 3,
gelsolin, apolipoprotein A-IV, pyruvat kinase isoen-
zymes M1/M2, moesin, 14-3-3 protein sigma, stress-
induced phosphoprotein 1, serpin H1, inorganic pyro-
phosphatase, fatty acid-binding protein (liver),
3-ketoacyl-CoA thiolase (mitochondrial), hydroxym-
ethylglutaryl-CoA synthase (mitochondrial), 4-amin-
obutyrate aminotransferase (mitochondrial) and
betaine-homocysteine S-methyltransferase 1, partial
sequences or homologous of the respective nucleic
acids,

¢) determining, if the respective biomarker for CCC is
more or less expressed in the biological sample to be
studied in comparison to a control sample.

In a particular embodiment of the method, the biological

sample is a human sample.

In another particular embodiment of the method, the
biological sample is blood serum, blood plasma, whole
blood, urine, bile, a biopsy sample, in particular a liver
biopsy sample.
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In another aspect the present invention relates to a screen-
ing assay for the identification and validation of pharma-
ceutical compounds for CCC comprising one or more bio-
markers for CCC as selected from the group of proteins
comprising chloride intracellular channel protein 1, Tax1-
binding protein 3, gelsolin, apolipoprotein A-IV, pyruvat
kinase isoenzymes M1/M2, moesin, 14-3-3 protein sigma,
stress-induced phosphoprotein 1, serpin H1, inorganic pyro-
phosphatase, fatty acid-binding protein (liver), 3-ketoacyl-
CoA thiolase (mitochondrial), hydroxymethylglutaryl-CoA
synthase (mitochondrial), 4-aminobutyrate aminotrans-
ferase (mitochondrial) and betaine-homocysteine S-methy]l-
transferase 1, partial sequences or homologues of theses
proteins, nucleic acids encoding for chloride intracellular
channel protein 1, Tax1-binding protein 3, gelsolin, apoli-
poprotein A-1V, pyruvat kinase isoenzymes M1/M2, moesin,
14-3-3 protein sigma, stress-induced phosphoprotein 1, ser-
pin H1, inorganic pyrophosphatase, fatty acid-binding pro-
tein (liver), 3-ketoacyl-CoA thiolase (mitochondrial),
hydroxymethylglutaryl-CoA  synthase  (mitochondrial),
4-aminobutyrate aminotransferase (mitochondrial) and
betaine-homocysteine  S-methyltransferase 1,  partial
sequences or homologous of the respective nucleic acids,
and means for obtaining and detecting a signal indicating the
binding of the compound to be investigated to one or more
of the biomarkers for CCC.

In another aspect, the invention relates to a method of
screening pharmaceutical compounds for treatment of CCC
comprising the steps,

a) bringing a compound to be investigated into contact

with one or more biomarkers for CCC,

b) determining, if the compound to be investigated binds

to the one or more biomarkers for CCC.

In another aspect, the invention relates to a target for gene
therapy of CCC, wherein the target is selected from one of
the nucleic acid sequences encoding for chloride intracellu-
lar channel protein 1, Tax1-binding protein 3, gelsolin,
apolipoprotein A-IV, pyruvat kinase isoenzymes M1/M2,
moesin, 14-3-3 protein sigma, stress-induced phosphopro-
tein 1, serpin H1, inorganic pyrophosphatase, fatty acid-
binding protein (liver), 3-ketoacyl-CoA thiolase (mitochon-
drial), hydroxymethylglutaryl-CoA synthase
(mitochondrial) and 4-aminobutyrate aminotransferase (mi-
tochondrial), betaine-homocysteine S-methyltransferase 1,
partial sequences or homologues of theses nucleic acid
sequences.

The present invention relates to a quantitative proteomic
study characterized in a combination of two different tech-
niques, namely the well-established 2D-DIGE (two-dimen-
sional difference in gel electrophoresis) and a label-free
ion-intensity-based quantification via mass spectrometry
and liquid chromatography to identify CCC specific bio-
markers. This is the first time such a combined study was
performed with regard to cholangiocellular carcinoma. By
comparing the results of both studies high-confident bio-
marker candidates of CCC could be identified. Furthermore,
the comparison demonstrates the complementarity of the
gel- and LC-MS-based techniques. To verify the differential
protein expressions detected in the proteomic studies under-
lying the present invention additional immunological vali-
dations of the identified specific biomarkers for CCC were
performed.

In the context of this invention, the term CCC comprises
any form of cholangiocellular carcinoma (CCC). The terms
are for example defined in Pschyrembel, Klinisches Worter-
buch [Clinical Dictionary], 263th edition, 2012, Berlin).
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“Biomarkers for CCC”, “Specific biomarkers for CCC”,
“specific biomarkers” in the context of the invention are the
proteins defined by SEQ ID No. 1 to 15 according to the
sequence listing. Preferred biomarkers are the proteins listed
in table 3. Specific biomarkers are also the respective
isoforms, homologous and partial sequences of theses pro-
teins. According to the invention also the nucleic acids e.g.
RNA, DNA, ¢cDNA encoding for the specific biomarkers are
enclosed. Instead of the respective proteins or amino acids
the respective nucleic acids encoding for these biomarkers
could be used for early recognition, diagnosis, evaluation of
disease progression, surveillance of treatment, or after treat-
ment. In preferred embodiments of the invention the specific
biomarker for CCC is a protein or peptide, e.g. one of the
proteins SEQ ID No. 1-15, one of the proteins listed in Table
3, or a nucleic acid that encodes for one of those proteins.

An “Isoform” of the respective protein, the specific bio-
marker, is any of several different forms of the same protein.
Different forms of a protein may be produced from related
genes, or may arise from the same gene by alternative
splicing. A large number of isoforms are caused by single-
nucleotide-polymorphisms or SNPs, small genetic differ-
ences between alleles of the same gene. These occur at
specific individual nucleotide positions within a gene. Iso-
forms comprise also proteins with the same or similar amino
acid sequence but different post-translational modification,
like glycosylation. A glycoform is an isoform of a protein
that differs only with respect to the number or type of
attached glycan. Glycoproteins often consist of a number of
different glycoforms, with alterations in the attached sac-
charide or oligosaccharide.

A “Homologue” of the respective protein, the specific
biomarker, is defined in terms of shared ancestry. Two
segments of DNA can have shared ancestry because of either
a specification event (orthologs) or a duplication event
(paralogs). The term “percent homology” and “sequence
similarity” are used interchangeably. High sequence simi-
larity might occur because of convergent evolution or
because of chance. Such sequences are similar and are also
included in the term according to the invention. Sequence
regions that are homologous are also called conserved.
Enclosed are also partial homology where a fraction of the
sequences compared (are presumed to) share descent, while
the rest does not. Many algorithms exist to cluster protein
sequences into sequence families, which are sets of mutually
homologous sequences, see for example databases HOVER-
GEN, HOMOLENS, HOGENOM. According to the inven-
tion homologues should display at least 80% or 90% or 95%
identity in amino acid sequence, preferably 96% or 97%,
most preferably 98% or 99% with one of the amino acid
sequences SEQ ID NO. 1 to 15 or one of the nucleic acids
encoding them.

“Partial Sequences” according to the invention have for
example at least 50% or 60%, preferably at least 70% or
80%, most preferred at least 90% or 95% of the length of one
of the amino acid sequences SEQ ID NO. 1 to 15 or one of
the nucleic acids encoding them.

The specific biomarkers for CCC may be identified as
potential biomarkers during a proteome analysis of CCC in
comparison to non-CCC tissue. For this purpose, liver
biopsy samples were taken from patients having CCC.

The proteins were labelled using a pigment and subjected
to a2-D polyacrylamide gel electrophoresis using isoelectric
focusing in the first dimension and SDS gel electrophoresis
in the second dimension. The results were compared for
CCC and non-CCC cells with the aid of software suitable for
this purpose, to detect and quantify the spots which were



US 10,429,391 B2

7

amplified or decreased in the CCC sample in comparison to
the non-CCC sample. The emission of the pigments, with
which the proteins were labelled, was measured and ana-
lyzed.

“Difference gel electrophoresis” (DIGE) is a form of gel
electrophoresis where different protein samples can be
labelled with fluorescent dyes (for example Cy3, Cy5, Cy2)
prior to two-dimensional electrophoresis. Then, the labelled
protein samples are mixed and put in the same gel. After the
gel electrophoresis, the gel is scanned with the excitation
wavelength of each dye one after the other, so each sample
is analyzed separately. This technique is used to see changes
in protein abundance. It overcomes limitations in traditional
2D electrophoresis that are due to inter-gel variation. This
can be considerable even with identical samples. Since the
proteins from the different sample types, e.g. healthy/dis-
eased, virulent/non-virulent, are run on the same gel they
can be directly compared. To do this with traditional 2D
electrophoresis requires large numbers of time consuming
repeats.

This study aiming at the identification of novel biomarker
candidates for cholangiocellular carcinoma combined two
quantitative proteomics techniques, 2D-DIGE and mass
spectrometry-based label-free proteomics, to analyse the
protein expression profile of CCC tumour tissue (n=8) in
comparison to that of non-tumorous liver tissue (n=8). After
an extensive evaluation of the resulting data promising
biomarker candidates were verified by immunohistochem-
istry. The overall workflow is shown in FIG. 1.

Using the 2D-DIGE technique a total of 1676 protein
spots were detected in at least 18 out of all 24 spot maps.
Paired average ratios ranged from -30.54 to 30.19 and
paired Student’s T-tests down to 6.10¢™® were observed.
Altogether, 808 spots were significantly differential between
the two experimental groups (Student’s T-test<0.05; paired
average ratio=1.5). After the extraction from a preparative
gel 219 protein spots, corresponding to 131 non-redundant
proteins were identified by MALDI-TOF-MS. Among these,
50 proteins were up- and 81 were down-regulated in CCC
tissue compared to controls. Three proteins—Triosephos-
phate isomerase, alpha-enolase and glutamate dehydroge-
nase 1—showed differing regulation directions between
multiple detected isoforms (supplemental data).

The same samples were also analysed by label-free LC-
MS/MS. Due to technical issues the data of one control
sample could not be evaluated. In the remaining 7 non-
tumorous tissue samples and the 8 CCC tissue samples a
total of 36,104 features charged positively 2-, 3- or 4-fold
were detected. After the database search, 14,206 features
were assigned to peptide matches leading to the identifica-
tion of 2,404 proteins (FIG. 2). A significant regulation
(p-value<0.05; fold change=1.5) was observed for 1,466
proteins with 924 being up- and 542 down-regulated in CCC
tissue.

Comparing the protein lists from both approaches a total
of 1,502 differential proteins were identified, while 36 were
found exclusively in the 2D-DIGE experiment and 1,370
were identified only in the label-free study (FIG. 3). Hence,
96 proteins were found to be differential irrespective of the
applied quantification method. This confirms the previously
reported complementarity of both techniques.

For most of the proteins from the overlap of both
approaches the same regulation directions were discovered.
A data analysis by means of linear regression shows a
correlation of 75.6% of the fold changes determined by
2D-DIGE and label-free proteomics (Pearson R-value of
0.87) (FIG. 4). Nevertheless, five proteins (guanine deami-
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nase, glutamate dehydrogenase 1, aminoacylase 1, 3-hy-
droxyisobutyryl-CoA hydrolase and Ig gamma-1 chain C
region) were reported with contrary regulation directions in
the 2D-DIGE and the label-free experiment. However, as
mentioned previously, glutamate dehydrogenase 1 also
showed inconsistent regulation directions of its four iso-
forms detected by 2D-DIGE.

The determination of protein localisations using Ingenuity
Pathway Analysis software revealed a significantly higher
amount of nucleic and plasma membrane proteins which
were identified by label-free proteomics compared to
2D-DIGE (FIG. 5). In the gel-based approach therefore a
higher amount of cytoplasmic proteins was detected.

In order to select suitable candidates for the verification
by immunohistochemistry a variety of different factors were
taken into account. The Euclidian distance which, for the
label-free experiment, is visualised by the volcano plot in
(FIG. 2) was calculated using the fold change and the
p-value of each protein®®. Further, the confidence of the
identification (mascot score and number of peptides) was
observed. Intense manual as well as computer-aided litera-
ture research using SCAIView software (Fraunhofer Insti-
tute for Algorithms and Scientific Computing SCAI, Sankt
Augustin, Germany)*® gave additional hints which proteins
might be appropriate candidates. This included evaluating
which proteins have been described as being associated to
CCC, other types of cancer or other liver diseases. Finally,
the availability of appropriate antibodies also was an impor-
tant factor. After these considerations 15 proteins which are
summarized in table 3 were chosen for verification by
immunohistochemistry.

An independent cohort of 14 patients was used for immu-
nohistochemical verification of the 15 candidate proteins
which showed good results in the proteomic analyses. Four
of these proteins, namely tax1-binding protein 1 (Tax1BP3),
gelsolin (GSN), stress-induced phosphoprotein 1 and 14-3-3
protein sigma (SFN), showed significantly stronger expres-
sion in CCC tissue compared to controls in all tested
patients. This results in a sensitivity of 100%. None of these
four proteins were detectable in hepatocytes; however GSN
was immunoreactive in the tumour stroma as well as in
sinusoidal cells of non-tumour liver tissue. The Tax1BP3
protein was also immunoreactive in the tumour stroma and
in the bile duct epithelial cells of normal portal tracts. The
14-3-3 sigma protein was also detectable in non-neoplastic
bile ducts. STIP1, however, was detectable exclusively in
malignant CCC cells, not in the stroma, sinusoidal cells or
normal hepatocytes and cholangiocytes.

Pyruvate kinase isozymes M1/M2 (PKM?2), with a sen-
sitivity of 86%, showed positive immunoreactivity in
tumour cells as well as nuclei of stroma cells, but was
negative in hepatocytes. Staining with antibodies against
serpin H1 or chloride intracellular channel protein 1
(CLIC1) led to a calculated sensitivity of 64% for CCC
tumour cells for both of these proteins. Serpin H1 was
localised only to the cytoplasm of malignant cells while
CLIC1 showed positive reactions in the entire tumour cells
as well as in non-tumourous hepatic sinusoidal cells. Using
an antibody against apolipoprotein A-IV (APOA4) an inho-
mogeneous regional staining of some hepatocytes and inter-
stitial cells was observed. However, the signal in tumorous
tissue was stronger in 57% of all samples. For inorganic
pyrophosphatase (PPA1) a weak signal was visible in the
control tissue, whereas tumorous cells were stained strongly.
Connective tissue in the tumour was completely unstained.
This expression pattern, however, was observed for only
43% of all samples. Fatty acid binding protein 1 (FABP1)
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and Betaine-homocysteine S-methyltransferase 1 (BHMT)
were shown to be down-regulated in CCC tissue as com-
pared to non-tumorous liver tissue in the proteomics study.
This result was confirmed by immunohistochemistry for all
14 patients. Hepatocytes displayed a strong positive signal
for both these proteins while portal fields including cholan-
giocytes and connective tissue as well as tumorous tissue
remained unstained. The remaining four candidates showed
a tumour specificity of less than 40%.

The identification of novel biomarkers for the immuno-
histochemical diagnosis of CCC is an important task which
was approached in this proteomic study. Tumorous and
non-tumorous tissue samples were therefore compared by
means of the top-down proteomic method 2D-DIGE as well
as a bottom-up label-free LC-MS approach. Comparison and
statistical evaluation of both lists of differentially regulated
proteins led to the selection of 15 biomarker candidates of
which 11 passed the verification by immunchistochemistry.

The advantages of combining 2D-DIGE and mass-spec-
trometry-based label-free proteomics for the discovery of
novel biomarker candidates have been described previously
and were confirmed once more by this study. The comple-
mentarity leading to higher proteome coverage increases the
chance of identifying significant regulations. Regarding
those proteins identified with both approaches, the correla-
tion of these proteins fold changes from the two experiments
(R*=0.75) demonstrates the achieved accuracy. Only 5 out
of 97 proteins showed differing regulation directions when
comparing both techniques. For one of these, glutamate
dehydrogenase 1, this can be explained by the different
regulation directions of various isoforms detected in the
2D-DIGE experiment. This might also be the case for the
other four proteins. With label-free proteomics it is not
possible to distinguish between different isoforms of one
protein so that the abundances are averaged.

For technical verification by immunohistochemistry 15
candidate proteins were chosen of which 11 showed sensi-
tivities higher than 40%. These are Tax1BP3, gelsolin,
STIP1, SFN, PKM2, serpin H1, CLIC1, APOA4, PPA1,
FABP1 and BHMT and can be considered as potential
biomarkers that might support the diagnosis of CCC.

Tax 1-binding protein 3 (Tax1BP3) is a small ubiquitously
expressed protein that regulates a number of protein-protein
interactions in a wide spectrum of biological processes such
as cell development, polarization, proliferation and stress
response®”>*, It has been reported to be elevated in human
invasive breast cancer cells where it contributes to cellular
adhesion to extracellular matrix, invasion and pulmonary
metastasis™. Furthermore, it is thought be a prognostic
biomarker of human glioblastoma®* and shows an inhibitory
function in proliferation of colorectal cancer cells*®. In this
study, an increased expression level of Tax1BP3 in CCC
tissue has been detected. The immunohistochemical verifi-
cation however revealed its localisation in tumour cells as
well as in non-tumorous cholangiocytes. This protein is
therefore not a specific biomarker for CCC cells, but also
detects normal bile duct cells. Therefore, TAX1BP3 is a
potential marker which might be used to determine if
metastasis originate from the bile ducts or a different cell
type. Another possible application which will be evaluated
in future experiments is the use of Tax1BP3 as a serum
marker for CCC. We have demonstrated here that the overall
abundance of this protein in tumorous CCC tissue is higher
than in non-tumorous liver tissue although it is also
expressed in normal cholangiocytes. This is due to the
higher abundance of tumour cells compared to non-tumor-
ous cells. If Tax1BP3 is secreted from the cells, it is likely
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to be elevated in patients’ blood or perhaps other body fluids
such as bile or urine when suffering from CCC.

The actin-modulating protein gelsolin was here found to
be elevated in tumorous bile duct cells in comparison to
hepatocytes and non-tumorous cholangiocytes. Due to the
down-regulation in many other malignancies such as human
breast, colorectal, gastric, bladder, lung, prostate, kidney,
ovarian, pancreatic or oral cancers it has been assumed to act
as a tumour suppressor. On the other hand, gelsolin over-
expression has been associated to tumour recurrence and
progression in urothelial tumours®® as well as colorectal
tumour cell invasion®”. Considering the expression profile of
gelsolin shown in this study it is a promising biomarker
candidate for the histologic diagnosis of CCC.

14-3-3 protein sigma (SFN) which is involved in a large
spectrum of signalling pathways is thought to be an impor-
tant cell cycle protein in various cancer types>>**. In 2007,
an immunohistochemical study demonstrated its expression
in 67.7% of 93 tested cases of intrahepatic CCC. Immuno-
reactivity was observed only in cancerous tissue, not in
normal bile duct cells*. This is in line with our findings.
Furthermore, Kuroda et al.** demonstrated that decreased
SFN expression is a significant indicator of poor prognosis
in intrahepatic CCC. In conclusion, this protein might be
used as a prognostic biomarker for CCC, and due to its
connection to oncogenic processes in different malignancies
it is a potential drug target.

A second candidate for a potential drug target might be
pyruvate kinase isozymes M1/M2 (PKM2). This glycolytic
enzyme catalyses the dephosphorylation of phospho-
enolpyruvate (PEP) to pyruvate, thereby generating ATP.
There are four isoforms of pyruvate kinase. The L type
which is the major isozyme in the liver***®, the R type
found in erythrocytes*® and the M1 and M2 forms which are
splice variants of the PKM gene product. Type M1 pyruvate
kinase has the highest affinity to PEP and is therefore
characteristic of tissues depending on rapid supply with high
amounts of energy, such as muscle and brain*”*°. The
isozyme type M2, on the other hand, is expressed especially
in proliferating cells, such as embryonic cells, adult stem
cells and most cancer cells™>'. This means that during
embryogenesis the M2 isoform is progressively replaced by
the respective tissue specific isozyme, while the opposite
takes place during carcinogenesis®> ** 3% 3> >3 This sug-
gests that PKM2 might also act as a prognostic tumour
marker. Due to our findings of a PKM2 overexpression in
CCC cells and results from previously published studies it is
summarized that PKM2 might not be specific enough to
distinguish CCC from other malignancies but it might be
suitable for prognostic applications.

The label-free approach within our current study revealed
an up-regulation of the collagen-binding protein serpin H1,
also known as HSP47 or colligin. The increased expression
was confirmed for 64% of all tested samples by immuno-
histochemical staining. Serpin H1 is thought to be involved
in processing, glycosylation, and secretion of collagen and
cross-linking the three dimensional assembly of type IV
collagen molecules®® *°. Therefore, its overexpression in
fibrotic diseases with enhanced collagen biosynthesis such
as glomerulosclerosis®®, pulmonary fibrosis®” and liver cir-
rhosis®® > is not surprising. Other studies have also linked
an increased serpin H1 expression to different types of
cancer, for example, infiltrating ductal pancreatic adenocar-
cinoma®, osteosarcoma®' and ulcerative colitis-associated
carcinomas®. In the present study, not only serpin H1 has
been shown to be up-regulated in CCC tissue, but also seven
types of collagen and various collagen-interacting proteins
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were overexpressed. This contributes to the dense fibrous
texture of this tumour. In conclusion, increased expression
of serpin H1 is an indicator for strong collagen biosynthesis
and consequently for fibrotic changes in all kinds of tissue.
Thus, it seems not to be specific for CCC but nevertheless
might contribute to the overall applicability of a biomarker
panel.

The redox-regulated protein chloride intracellular channel
protein 1 (CLIC1) is involved in the regulation of the cell
cycle as well as in the production of reactive oxygen species
which act as second messengers in healthy cells, but also
cause oxidative stress. In tumours which are characterised
by both hyper-proliferation and oxidative stress overexpres-
sion of CLIC1 is not surprising®. Gel-based studies have
demonstrated increased abundance of CLIC1 in gastric
cancer’’ and in colorectal cancer’> suggesting its use as
novel biomarker. In hepatocellular carcinoma an up-regula-
tion of this protein has been reported in proteomic™ ** as
well as transcriptomic studies®. Far CCC an overexpression
of CLIC1 has been demonstrated for the first time in our
current study. We were able to verify that immunohisto-
chemical staining of this protein is suitable to differentiate
between CCC tumour cells and non-tumorous liver tissue.
Although in the verification a sensitivity of only 64% was
reached it is worth taking this candidate to further validation
studies in larger patient cohorts. This is especially because
as a transient membrane protein CLIC1 might be a unique
functional drug target during the tumorigenic process®>.

Apolipoprotein A-IV (APOA4) is a 376-amino acid gly-
coprotein which is suggested to be involved in chylomicron
assembly and may act as a molecular chaperon escorting
nascent pre-VLDL (very low-density lipoprotein) particles
through the ER-Golgi secretory compartment®’. Biosynthe-
sis of APOA4 takes place mainly in intestinal enterocytes
which secrete the apolipoprotein as a component of chylo-
microns. In healthy human plasma APOA4 concentrations
of =15 mg/dL are typical®®. In different types of malignan-
cies, such as pancreatic carcinoma’®, kidney cancer and
ovarian cancer, however decreased concentrations in
patients blood have been reported®”. In the experiments
presented here, tissue samples were examined which
showed a significant overexpression of APOA4 in CCC cells
compared to normal hepatocytes. Since, in this case, the
sensitivity reached only 57% this might not be the most
suitable candidate for a histologic marker. In body fluids
however APOA4 might prove to be a promising biomarker
which can therefore be used for non-invasive diagnosis.

Using the 2D-DIGE approach inorganic pyrophosphatase
(PPA1) was identified as significantly up-regulated in CCC
tissue. PPA1 is a ubiquitously expressed protein which
catalyses the hydrolysis of pyrophosphate to orthophos-
phate. Pyrophosphate is formed as a by-product in many
reactions that consume ATP or when nucleoside triphos-
phates are incorporated into DNA or RNA. Maintaining
strict control over the intracellular pyrophosphate concen-
tration is an essential process for the cell®’. An overexpres-
sion of PPA1 has been described for ovarian cancer™ as well
as colorectal cancer®, prostate cancer®® and hepatocellular
carcinoma®®. Furthermore, cell migration, invasion and poor
prognosis in gastric cancer seem to be associated with an
up-regulation of PPA1%. The immunohistochemical analy-
sis performed in our study verified PPA1 overexpression for
43% of the tested CCC tumour samples. Because, however,
in these samples strong staining was restricted to the tumor-
ous cells and there was hardly any signal detectable in
non-tumorous hepatocytes, cholangiocytes or connective
tissue.
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One protein that showed higher expression levels in
normal liver tissue than in CCC tumours is fatty acid-
binding protein 1 (FABP1), also named L-type or liver-type
fatty acid-binding protein (L-FABP). FABPs are small cyto-
plasmic proteins that bind free fatty acids and their coen-
zyme A derivatives as well as bilirubin and some other small
molecules in the cytoplasm. They are expressed in tissues
with an active fatty acid metabolism where they facilitate the
intracellular transport of long-chain fatty acids**, FABP1 is
expressed mainly in hepatocytes”™, but also in the small
intestines’*"”* and the kidney”*. When cell damage occurs it
is easily released into the circulation due to its small size and
has therefore been reported to act as an early predictor of
kidney injury detectable in urine”. In liver transplant recipi-
ents, FAPB1 plasma concentration rises significantly during
hepatocyte injury due to rejection. Here, it can be detected
earlier and with higher sensitivity than other biochemical
plasma markers for acute liver injury such as alanine ami-
notransferase or alpha glutathione S-transferase™. Consis-
tently with the literature, the immunohistochemical analysis
performed in our study revealed the localisation of FABP1
in hepatocytes whereas tumorous and non-tumorous cholan-
giocytes remained completely unstained. Since FABP1 is
generally detectable in body fluids, it might also be possible
to identify alterations in FABP1 concentration in blood or
urine from CCC patients. In addition, FABP1 might be used
to differentiate metastasis deriving from hepatocytes from
those of other origin.

Similar applications may be considered for betaine-ho-
mocysteine S-methyltransferase (BHMT) which regenerates
methionine from homocysteine by remethylation in the
kidney and the liver’®. In the latter it accounts for 0.6-1.6%
of total protein content’”. This is in line with the strong
expression discovered in hepatocytes in the study presented
here. Decreased expression levels have been reported in
hepatocellular carcinoma compared to normal liver tissue in
several studies’® 7 ® 2*  Nevertheless, the immunohisto-
chemical staining of HCC tissue still showed a weak signal
for BHMT?* whereas CCC displayed none at all. This might
additionally enable the use of this protein to distinguish
between HCC and CCC.

In malignant cells a wide range of metabolic pathways are
dysregulated. The overexpressed proteins identified and
verified in this study display some of the cell functions
which are altered in tumorous bile duct tissue. With GSN
and serpin H1 we have identified markers for the fibrotic
activity of the tumour cells which leads to the production of
high amounts of extracellular matrix. Overexpression of
PKM2, PPA1 and APOA4 points to alterations in energy and
lipid metabolism, and the enhanced proliferation and oxi-
dative stress tumour cells are generally characterized by was
here confirmed by an up-regulation of SFN, Tax1BP3,
PKM2 and CLIC1. The applicability of these proteins as
biomarkers for CCC will be tested in future experiments. We
suggest the consideration of GSN, SFN, serpin H1, CLIC1
and PPA1 as part of a biomarker panel to support patholo-
gists with the histological diagnosis of CCC.

APOA4 is a promising candidate for a minimally invasive
biomarker found in body fluids because it has previously
been detected in serum, plasma and urine.

The following examples and figures are used to explain
the invention without restricting the invention to the
examples.

FIG. 1: Schematic presentation of the workflow followed
in the proteomic study.

FIG. 2: Volcano Plot of all proteins identified in the
label-free approach. Dashed lines indicate chosen cut-off
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values for the fold change (=1.5) and the p-value (=0.05).
Proteins which were chosen for verification by immunohis-
tochemistry are marked by arrows.

FIG. 3: Venn diagram showing the numbers of differential
proteins identified exclusively by 2D-DIGE, by label-free
proteomics or by both methods. Filter criteria were set to
fold change>1.5 and p-value<0.05.

FIG. 4: Scatter plot visualising the correlation between
the fold changes obtained from the gel-based and the label-
free approach. Multiple datapoints corresponding to the
same protein represent different isoforms detected in the
2D-DIGE experiment. The coeflicient of determination R? is
0.758.

FIG. 5: Localisations of differential proteins identified by
2D-DIGE (A) and label-free proteomics (B).

EXAMPLES
Example 1: Clinical Data

Non-tumorous liver tissue and cholangiocellular carci-
noma tissue from 21 CCC patients (14 females and 7 males)
were collected during surgery at the University Hospital of
Essen, Department of General, Visceral and Transplantation
Surgery, Germany. The age of the patients ranged from 33 to
79 years (mean 62). Informed consent was obtained from
each patient and the study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki.

TABLE 1

Patient details and application of corresponding tissue
samples in proteomic and verification experiments

Sample used for

Patient information 2D- label-

D Gender Age DIGE free THC

1 Male 74 X X

2 Female 59 X X

3 Female 61 X X

4 Male 42 X X

5 Female 46 X X

6 Female 62 X X

7 Female 78 X X

8 Female 70 X X

9 Male 45 X
10 Female 49 X
11 Female 72 X
12 Male 58 X
13 Male 33 X
14 Female 64 X
15 Female 78 X
16 Female 7 X
17 Male 61 X
18 Male 69 X
19 Female 78 X
20 Female 71 X
21 Female 60 X
22 Male 56 X

Example 2: Sample Preparation

Tissue Preparation

For pathological examination and immunohistochemical
staining non-tumorous liver tissue and CCC tumour tissue
were fixed in buffered formalin and paraffin embedded. For
the proteomics studies the samples were placed on ice
immediately after the biopsy, snap-frozen and stored at -80°
C. Protein extraction was performed by sonication (6x10 s
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pulses on ice) in sample buffer 30 mM Tris-HCI; 2 M
thiourea; 7 M urea; 4% CHAPS, pH 8.5) and subsequent
centrifugation (15000 g, 5 min). The supernatant was col-
lected and the protein concentration was determined by
Bio-Rad Protein Assay (Bio-Rad, Hercules, USA).

Example 3: 2D-DIGE Analysis
Example 3.1: Protein Labelling

For 2D-DIGE experiments a minimal labelling using 400
pmol cyanine dyes (GE Healthcare, Munich, Germany) per
50 g of protein was performed according to the manufac-
turer’s instructions. To avoid biases tumorous and non-
tumorous samples were dyed randomly with Cy3 and CyS5.
A mixture of all samples was labelled with Cy2 to be used
as an internal standard.

Example 3.2: 2D Electrophoresis

For 2D-DIGE experiments the appropriate Cy3- and
Cy5-labelled sample pairs from each patient were mixed
adding the internal standard (ratio 1:1:1). The isoelectric
focusing (IEF) and the second dimension SDS-PAGE were
performed as described previously>*,

Example 3.3: Image Acquisition and Evaluation

DIGE gels were scanned on a Typhoon 9400 (Amersham
Biosciences) at a resolution of 100 um. Excitation and
emission wavelengths for each dye were set according to the
manufacturer’s recommendations. Images were prepro-
cessed using ImageQuant™ (GE Healthcare, Munich, Ger-
many) before intra-gel spot detection, inter-gel matching
and normalisation of spot intensities to the internal standard
in DeCyder 2D™ (GE Healthcare, Munich, Germany). A
statistical analysis was performed with the Extended Data
Analysis tool (EDA) of DeCyder2D™ resulting in a list of
proteins meeting the following criteria: (1) protein spot
present in at least 70% of all spot maps, (2) student’s t-test
with false-discovery rate correction<0.05, (3) average ratio
between experimental groups=1.5. These differentially
expressed proteins were extracted from a preparative 2D-gel
and identified by MALDI-TOF-MS.

Example 3.4: Digestion and Protein Identification

Protein spots dissected from preparative gels were sub-
jected to in-gel digestion with trypsin (Promega, Madison,
Wis.) and the peptides were thereupon extracted from the gel
matrix. MALDI-TOF-MS analyses were performed on an
UltraFlex™ I instrument (Bruker Daltronics, Bremen, Ger-
many). Protein identifications were done via ProteinScape
(ver. 1.3 SR2) (Bruker Daltronics, Bremen, Germany) using
the Uniprot database (ver. 3.87) via Mascot (ver. 2.3.0.2)
(Matrix Sciences Ltd., London, UK).

Example 4: Label-Free Analysis
Example 4.1: Sample Preparation

In order to concentrate the samples and remove the
detergent used for the lysis of the tissue 5 ug protein of each
sample were loaded onto a 4-20% SDS-PAGE gel (Bio-
Rad® TGX™ precast gels, Bio-Rad, Hercules, USA) and
run for 1 min at 300 V. The proteins were stained with
Coomassie Brilliant Blue and digested in-gel using trypsin.
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The peptides were extracted by sonicating every gel piece
twice for 15 min in 20 pl 50% acetonitrile in 0.1% TFA on
ice. To remove acetonitrile the supernatants were vacuum
centrifuged. The peptide concentration was determined by
amino acid analysis on an ACQUITY-UPLC with AccQ Tag
Ultra-UPLC column (Waters, Eschborn, Germany) cali-
brated with Pierce Amino Acid Standard (Thermo Scientific,
Bremen, Germany). After rehydrating the samples with
0.1% TFA 350 ng each were subjected to the LC-MS
analysis.

Example 4.2: LC-MS/MS Analysis

Label-free MS-based quantification was performed on an
Ultimate 3000 RSLCnano system (Dionex, Idstein, Ger-
many) online coupled to an LTQ Orbitrap Elite (Thermo
Scientific, Bremen, Germany). For each analysis 350 ng
tryptic peptides dissolved in 15 pl 0.1% TFA were injected
and pre-concentrated on a trap column (Acclaim® PepMap
100, 300 umx5 mm, C18, 5 um, 100 A) for 7 min with 0.1%
TFA at a flow rate of 30 pl/min. The separation was
performed on an analytical column (Acclaim® PepMap
RSLC, 75 umx50 cm, nano Viper, C18, 2 um, 100 A) with
a gradient from 5-40% solvent B over 98 min (solvent A:
0.1% FA, solvent B: 0.1% FA, 84% acetonitrile). The flow
rate was set to 400 nl/min and the column oven temperature
to 60° C. The MS was operated in a data-dependant mode.
Full scan MS spectra were acquired at a resolution of 60,000
in the Orbitrap analyser, while tandem mass spectra of the
twenty most abundant peaks were measured in the linear ion
trap after peptide fragmentation by collision-induced disso-
ciation.

Example 4.3: Peptide Quantification and Filtering

The ion intensity-based label-free quantification was done
by evaluating the LC-MS data with Progenesis LC-MS™
(ver. 4.0.4265.42984, Nonlinear Dynamics Ltd., Newcastle
upon Tyne, UK). Therefore, the generated raw files were
imported and the most representative LC-MS run was
selected as the reference to which the retention times of the
precursor masses of all other runs were aligned. From the
thereupon created feature list containing m/z values of all
eluted peptides only those charged positively 2-, 3- or 4-fold
were used for the quantification. To correct experimental
variation between the runs—due to differences in ionisation
efficiency or the loaded protein quantity, for example—the
raw abundances of each feature were normalised. Details
regarding the normalisation have been published previ-
ously**. After this step, the experimental design was set up
by grouping the samples into “non-tumorous liver tissue”
(controls) and “CCC-tissue”.

Example 3.4: Protein Identification

Proteins from LC-MS runs were identified by Proteome
Discoverer (ver. 1.3) (Thermo Scientific, Bremen, Germany)
searching the UniProt database (Release 2012_02) via Mas-
cot (ver. 2.3.0.2) (Matrix Sciences Ltd., London, UK). The
following search parameters were applied: fixed modifica-
tion propionamide (C), variable modification oxidation (M),
tryptic digestion with up to one missed cleavage, precursor
ion mass tolerance of 5 ppm and fragment ion mass toler-
ance of 0.4 Da.

The search results were filtered by a false discovery rate
of less than 1% on peptide level before importing the data
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into Progenesis LC-MS. By doing so, each peptide was
matched to a previously quantified feature.

Example 4.5: Protein Quantification and Filtering

For the protein quantification only peptides unique to one
protein within the particular experiment were used. These
peptides ANOVA p-values and fold changes were used to
calculate the significance and the factor of the regulation for
each protein. The protein grouping function of Progenesis
LC-MS was disabled in this step. Proteins showing a p-value
less than 0.05 and a fold-change greater than 1.5 were
assumed to be differentially regulated and the lists were
filtered accordingly.

Example 5: Analysis of Regulated Proteins

Previously generated lists of differential proteins were
processed by Ingenuity Pathway Analysis software (Version
12402621, Ingenuity Systems, ingenuity.com) in order to
assign their cellular localisations.

Example 6: Immunohistochemistry

Paraflin embedded 4-um slides were dewaxed and pre-
treated in EDTA buffer (pH 9) at 95° C. for 20 min. All
immunohistochemical stains were performed with an auto-
mated staining device (Dako Autostainer, Glostrup, Den-
mark). Both, the source of the primary antibodies and the
technical staining details of the automatically performed
stainings are listed in Table 2. All stains were developed
using a Polymer Kit (ZytoChemPlus (HRP), POLHRS-100,
Zytomed Systems). Replacement of the various primary
antibodies by mouse or rabbit immunoglobulin served as
negative controls.

TABLE 2

Antibodies used for immunohistochemical verification

AB dilution,

Antibody Clone Distributer/Product No.  conditions
Tax1BP3 4A10/MS Sigma/WHO0030851M1  1:200,

60 min. RT
Gelsolin GS-2C4/Ms Sigma/G4896 1:3000,

30 min. RT
14-3-3 sigma  poly/Rb Imgenex/IMG-6746A 1:100,

30 min.RT
PKM?2 poly/Rb abcam/ab131021 1:4000,

30 min. RT
Serpin H1 M16.10A1/Ms abcam/ab13510 1:12.000,

30 min. RT
CLIC1 2D4/Ms Abnova/H00001192-M01  1:9000,

30 min. RT
APOA4 1D6B6, abcam/ab81616 1:30.000,

1D4C11/Ms 30 min. RT

PPAL poly/Rb abcam/ab96099 1:500,

30 min. RT
FABP1 2G4/Ms Acris/ AM09011PU-S 1:15.000,

30 min. RT
BHMT EPR6782/Rb  abcam/ab124992 1:100,

30min. RT

Rb: produced in rabbit;
Ms: produced in mouse.
AB: antibody;

RT: room temperature

Example 7: Results

After data analysis and statistical evaluation of the pro-
teins which were found to be differentially regulated
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between the two experimental groups (fold change=1.5;
p-value<0.05) 15 candidate proteins were chosen for veri-
fication by immunohistochemistry in an independent cohort
of 14 patients. This confirmed the significant up-regulation

of tax1-binding protein 3 (Tax1BP3), gelsolin (GSN), stress- 5

induced phosphoproteinl (STIP1), 0.4-3-3 protein sigma
(SFN), pyruvate kinase isozymes M1/M2 (PKM2), chloride
intracellular channel protein 1 (CLIC1), serpin H1, apoli-
poprotein A-IV (APOA4) and inorganic pyrophosphatase
(PPA1) in tumorous cholangiocytes when compared to nor-
mal hepatocytes, whereas fatty acid-binding protein 1
(FABPI1) and Betaine-homocysteine S-methyltransferase 1
(BHMT) were significantly down-regulated.

TABLE 3
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SEQUENCE LISTING

«<160> NUMBER OF SEQ ID NOS: 15

«<210> SEQ ID NO 1

«<211> LENGTH: 240

«212> TYPE: PRT

<213> ORGANISM: Homo sapiens

«<400> SEQUENCE: 1

Met Ala Glu Glu Gln Pro Gln Val Glu Leu Phe Val Lys
1 5 10

Asp Gly Ala Lys Ile Gly Asn Cys Pro Phe Ser Gln Arg
20 25

Val Leu Trp Leu Lys Gly Val Thr Phe Asn Val Thr Thr
35 40 45

Lys Arg Arg Thr Glu Thr Val Gln Lys Leu Cys Pro Gly

50 55 60

Pro Phe Leu Leu Tyr Gly Thr Glu Val His Thr Asp Thr
65 70 75

Glu Glu Phe Leu Glu Ala Val Leu Cys Pro Pro Arg Tyr
85 90

Ala Ala Leu Asn Pro Glu Ser Asn Thr Ala Gly Leu Asp
100 105

Lys Phe Ser Ala Tyr Ile Lys Asn Ser Asn Pro Ala Leu

115 120 125

Leu Glu Lys Gly Leu Leu Lys Ala Leu Lys Val Leu Asp
130 135 140

Thr Ser Pro Leu Pro Glu Glu Val Asp Glu Thr Ser Ala
145 150 155

Gly Val Ser Gln Arg Lys Phe Leu Asp Gly Asn Glu Leu

165 170

Agsp Cys Asn Leu Leu Pro Lys Leu His Ile Val Gln Val
180 185

Lys Tyr Arg Gly Phe Thr Ile Pro Glu Ala Phe Arg Gly

195 200 205

Tyr Leu Ser Asn Ala Tyr Ala Arg Glu Glu Phe Ala Ser
210 215 220

Ala Gly Ser

Leu Phe Met

30

Val Asp Thr

Gly Gln Leu

Asn Lys Ile

80

Pro Lys Leu

95

Ile Phe 2la
110
Asn Asp Asn

Asn Tyr Leu

Glu Asp Glu

160

Thr Leu Ala

175

Val Cys Lys
190

Val His Arg

Thr Cys Pro
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-continued

26

Asp Asp Glu Glu Ile Glu Leu Ala Tyr Glu Gln Val Ala Lys 2Ala Leu

225

230

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Ser Tyr Ile

1

Glu

Ile

Asp

Pro

65

Asn

Leu

Ser

Ile

Gly

Lys

50

Ala

Gly

Thr

Leu

His

Gly

35

Thr

Glu

Trp

Lys

Gln
115

Lys

20

Gly

Asp

Ile

Asp

Arg

100

Lys

124

Homo sapiens

2

Pro Gly Gln

Leu Arg Gln

Ile Asp Gln

Lys Gly Ile

55

Ala Gly Leu
70

Met Thr Met
85

Ser Glu Glu

Ala Val Gln

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Ala Pro His

1

Ala

Gly

Pro

Glu

65

Val

Ile

Ala
Gln
145

Phe

Lys

Leu

Ala

Asn

50

Pro

Pro

Leu

Tyr

Ile
130
His

Lys

His

Cys

Ser

35

Ser

Gly

Thr

Lys

Trp

115

Phe

Arg

Ser

Val

Ala

20

Gln

Met

Leu

Asn

Thr

100

Leu

Thr

Glu

Gly

Val
180

782

Pro

Gly

Asp

40

Tyr

Gln

Val

Val

Gln
120

Homo sapiens

3

Arg Pro Ala

Leu Ser Leu

Ala Gly Ala

Val Val Glu
55

Gln Ile Trp
70

Leu Tyr Gly
85

Val Gln Leu

Gly Asn Glu
Val Gln Leu
135

Val Gln Gly
150

Leu Lys Tyr
165

Pro Asn Glu

Pro

Pro

Pro

40

His

Arg

Asp

Arg

Cys

120

Asp

Phe

Lys

Val

Val

Glu

25

Pro

Val

Ile

Thr

Val

105

Ser

Ala

Val

25

Gln

Pro

Val

Phe

Asn

105

Ser

Asp

Glu

Lys

Val
185

Thr

10

Asn

Ser

Thr

Gly

His

20

Arg

Met

Leu

10

Arg

Gly

Glu

Glu

Phe

90

Gly

Gln

Tyr

Ser

Gly
170

Val

235

Ala

Leu

Gln

Arg

Asp

75

Asp

Leu

Leu

Leu

Ala

Arg

Phe

Lys

75

Thr

Asn

Asp

Leu

Ala
155

Gly

Gln

Val

Ile

Asn

Val

60

Lys

Gln

Leu

Ser

Cys

Ala

Val

Leu

60

Phe

Gly

Leu

Glu

Asn

140

Thr

Val

Arg

Val

Leu

Pro

45

Ser

Ile

Ala

Val

Ala

Thr

Pro

45

Lys

Asp

Asp

Gln

Ser

125

Gly

Phe

Ala

Leu

Gln

Gly

30

Phe

Glu

Met

Arg

Thr
110

Leu

Ala

30

Glu

Ala

Leu

Ala

Tyr

110

Gly

Arg

Leu

Ser

Phe
190

Arg

15

Phe

Ser

Gly

Gln

Lys

95

Arg

Ser

15

Ser

2Ala

Gly

Val

Tyr

95

Asp

Ala

Ala

Gly

Gly

175

Gln

240

Val

Ser

Glu

Gly

Val

80

Arg

Gln

Leu

Arg

Arg

Lys

Pro

80

Val

Leu

Ala

Val

Tyr

160

Phe

Val
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-continued

28

Lys

Ser

225

Thr

Arg

Val

Lys

Asn

305

Phe

Gly

Glu

Met

Glu

385

Gln

Val

Met

Ile

Tyr

465

Arg

Gln

Leu

Gly

Ile

545

Ala

Arg

Ala

Gly

Gly

Phe

210

Gln

Gln

Val

Leu

Glu

290

Gly

Ala

Lys

Glu

Asp

370

Thr

Thr

Glu

Ala

Trp

450

Gly

His

Ser

Asp

Lys

530

Ser

Ala

Phe

Ala

Arg

195

Asn

Trp

Val

His

Gly

275

Asp

Ala

Gln

Asp

Arg

355

Tyr

Pro

Asp

Arg

Ala

435

Arg

Gln

Gly

Thr

Glu

515

Glu

Tyr

Thr

Val

Val

595

Ser

Arg

Asn

Ser

Val

260

Pro

Ala

Gly

Gly

Gly

340

Pro

Leu

Gly

Val

420

Gln

Ile

Phe

Gly

Gln

500

Glu

Pro

Arg
Glu
580

Leu

Glu

Val

Gly

Gly

Lys

245

Ser

Lys

Ala

Thr

Ala

325

Lys

Ala

Lys

Phe

Leu

405

Pro

His

Glu

Tyr

Arg

485

Asp

Leu

Ala

Gly

Leu

565

Val

Lys

Ala

Val

Asp

Ser

230

Gly

Glu

Pro

Asn

Met

310

Leu

Ile

Ala

Gln

Lys

390

Gly

Phe

Gly

Gly

Gly

470

Gln

Glu

Gly

His

Gly

550

Phe

Leu

Thr

Glu

Arg

Cys

215

Asn

Ile

Glu

Ala

Arg

295

Ser

Lys

Phe

Leu

Thr

375

Gln

Leu

Asp

Met

Ser

455

Gly

Gly

Val

Gly

Leu

535

Thr

Gln

Pro

Pro

Lys

Ala

200

Phe

Ser

Arg

Gly

Leu

280

Lys

Val

Ser

Val

Lys

360

Gln

Phe

Ser

Ala

Asp

440

Asn

Asp

Gln

Ala

Thr

520

Met

Ser

Val

Lys

Ser
600

Thr

Thr

Ile

Asn

Asp

Thr

265

Pro

Leu

Ser

Glu

Trp

345

Thr

Val

Phe

Tyr

Ala

425

Asp

Lys

Ser

Ile

Ala

505

Pro

Ser

Arg

Arg

Ala

585

Ala

Gly

Glu

Leu

Arg

Asn

250

Glu

Ala

Ala

Leu

Asp

330

Lys

Ala

Ser

Lys

Leu

410

Thr

Asp

Val

Tyr

Ile

490

Ser

Val

Leu

Glu

Ala
570
Gly

Ala

Ala

Val

Asp

Tyr

235

Glu

Pro

Gly

Lys

Val

315

Cys

Gly

Ser

Val

Asn

395

Ser

Leu

Gly

Pro

Ile

475

Tyr

Ala

Gln

Phe

Gly

555

Asn

Ala

Tyr

Gln

Pro

Leu

220

Glu

Arg

Glu

Thr

Leu

300

Ala

Phe

Lys

Asp

Leu

380

Trp

Ser

His

Thr

Val

460

Ile

Asn

Ile

Ser

Gly

540

Gly

Ser

Leu

Leu

Glu

Val

205

Gly

Arg

Ser

Ala

Glu

285

Tyr

Asp

Ile

Gln

Phe

365

Pro

Arg

His

Thr

Gly

445

Asp

Leu

Trp

Leu

Arg

525

Gly

Gln

Ala

Asn

Trp
605

Leu

Ser

Asn

Leu

Gly

Met

270

Asp

Lys

Glu

Leu

Ala

350

Ile

Glu

Asp

Ile

Ser

430

Gln

Pro

Tyr

Gln

Thr

510

Val

Lys

Thr

Gly

Ser
590

Val

Leu

Trp

Asn

Lys

Arg

255

Leu

Thr

Val

Asn

Asp

335

Asn

Thr

Gly

Pro

2la

415

Thr

Lys

2Ala

Asn

Gly

495

2Ala

Val

Pro

Ala

Ala
575
Asn

Gly

Arg

Glu

Ile

2la

240

2la

Gln

2la

Ser

Pro

320

His

Thr

Lys

Gly

Asp

400

Asn

Ala

Gln

Thr

Tyr

480

2la

Gln

Gln

Met

Pro

560

Thr

Asp

Thr

Val
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-continued

30

Leu

625

Phe

Leu

Ser

Met

Asp

705

Thr

Asn

Pro

Ser

610

Arg

Trp

Lys

Asn

Gln

690

Gln

Glu

Arg

Pro

Val
770

Ala

Glu

Asp

Lys

675

Glu

Val

Ala

Asp

Ser

755

Asp

Gln

Ala

Lys

660

Ile

Asp

Phe

Leu

Arg

740

Phe

Pro

Pro

Leu

645

Lys

Gly

Leu

Val

Thr

725

Arg

Val

Leu

<210> SEQ ID NO 4

<211l> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Phe Leu Lys

1

Gly

Asp

Leu

Lys

65

Val

Lys

Leu

Arg

Gln
145

Ala

Ala

Ala

Tyr

Gln

50

Leu

Pro

Leu

Leu

Glu

130

Val

Gln

Ser

Val

Arg

Phe

35

Lys

Gly

Phe

Lys

Pro

115

Leu

Asn

Arg

Leu

Glu
195

Ala

20

Ser

Ser

Glu

Ala

Glu

100

His

Gln

Thr

Met

Arg
180

Glu

396

4

Ala

5

Glu

Gln

Glu

Val

Thr

85

Glu

Ala

Gln

Gln

Glu

165

Pro

Leu

Val

630

Gly

Met

Arg

Ala

Trp

710

Ser

Thr

Gly

Asp

615

Gln

Gly

Asp

Phe

Thr

695

Val

Ala

Pro

Trp

Arg
775

Val

Lys

Ala

Val

680

Asp

Gly

Lys

Ile

Phe

760

Ala

Val Val Leu

Leu

Leu

Asn

70

Glu

Ile

Asn

Arg

Ala
150
Arg

His

Lys

Ser

Ser

Thr

55

Thr

Leu

Gly

Glu

Leu

135

Glu

Val

Ala

Gly

Ala

Asn

40

Gln

Tyr

His

Lys

120

Glu

Gln

Leu

Asp

Arg
200

Ala

Ala

His

665

Ile

Asp

Lys

Arg

Thr

745

Leu

Met

Thr

Asp

25

Asn

Gln

Ala

Glu

Glu

105

Ser

Pro

Leu

Arg

Glu

185

Leu

Glu

Ala

650

Pro

Glu

Val

Asp

Tyr

730

Val

Gly

Ala

Leu

10

Gln

Ala

Leu

Gly

Arg

90

Leu

Gln

Tyr

Arg

Glu
170

Leu

Thr

Gly

635

Tyr

Pro

Glu

Met

Ser

715

Ile

Val

Trp

Glu

Ala

Val

Lys

Asn

Asp

75

Leu

Glu

Lys

Ala

Arg
155
Asn

Lys

Pro

620

Ser

Arg

Arg

Val

Leu

700

Gln

Glu

Lys

Asp

Leu
780

Leu

Ala

Glu

Ala

60

Leu

Ala

Glu

Ile

Asp

140

Gln

Ala

Ala

Tyr

Glu

Thr

Leu

Pro

685

Leu

Glu

Thr

Gln

Asp

765

Ala

Val

Thr

Ala

45

Leu

Gln

Lys

Leu

Gly

125

Gln

Leu

Asp

Lys

Ala
205

Pro

Ser

Phe

670

Gly

Asp

Glu

Asp

Gly

750

Asp

Ala

Ala

Val

30

Val

Phe

Lys

Asp

Arg

110

Asp

Leu

Thr

Ser

Ile

190

Asp

Asp

Pro

655

Ala

Glu

Thr

Glu

Pro

735

Phe

Tyr

Val

15

Met

Glu

Gln

Lys

Ser

95

2Ala

Asn

Arg

Pro

Leu
175

Asp

Glu

Gly

640

Arg

Cys

Leu

Trp

Lys

720

Ala

Glu

Trp

2la

Trp

His

Asp

Leu

80

Glu

Arg

Leu

Thr

Tyr

160

Gln

Gln

Phe
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-continued

32

Lys

Pro

225

Leu

Ser

Asp

Leu

Arg

305

Gln

Glu

Ser

Ser

Gln
385

Val

210

Tyr

Thr

Ala

Val

Ala

290

Arg

Met

Gly

Phe

Leu

370

Glu

Lys

Ala

Phe

Ser

Arg

275

Glu

Val

Glu

His

Phe

355

Pro

Gln

Ile

Gln

Gln

Ala

260

Gly

Leu

Glu

Gln

Leu

340

Ser

Glu

Val

Asp

Asp

Met

245

Glu

Asn

Gly

Pro

Leu

325

Ser

Thr

Leu

Gln

<210> SEQ ID NO 5

<211l> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Ser Lys Pro

1

Gln

Leu

Cys

Ile
65

Ser

Asp

Thr

Asp

145

Tyr

Asp

Leu

Asp

Thr

50

Lys

Glu

Phe

Thr

Ala
130
Asn

Lys

Asp

His

Ile

35

Ile

Ser

Tyr

Ala

Lys

115

Glu

Ala

Asn

Gly

Ala

20

Gly

Gly

His

Ser

100

Gly

Val

Ile

Leu
180

531

5
His

5

Ala

Ser

Pro

Met

Ala

85

Asp

Pro

Glu

Met

Cys
165

Ile

Gln

Thr

230

Lys

Glu

Leu

Gly

Tyr

310

Arg

Phe

Phe

Glu

Met
390

Ser

Met

Pro

Ala

Asn

70

Glu

Pro

Glu

Leu

Glu
150

Ser

Thr

215

Gln

Lys

Leu

Arg

His

295

Gly

Gln

Leu

Lys

Gln

375

Leu

Glu

Ala

Pro

Ser

55

Val

Thr

Ile

Ile

Lys
135
Lys

Val

Leu

Val

Glu

Asn

Arg

Gly

280

Leu

Glu

Lys

Glu

Glu

360

Gln

Ala

Ala

Asp

Ile

40

Arg

Ala

Ile

Leu

Arg

120

Lys

Cys

Val

Gln

Glu

Lys

Ala

Gln

265

Asn

Asp

Asn

Leu

Lys

345

Lys

Gln

Pro

Gly

Thr

25

Thr

Ser

Arg

Lys

Tyr

105

Thr

Gly

Asp

Glu

Val
185

Glu

Leu

Glu

250

Arg

Thr

Gln

Phe

Gly

330

Asp

Glu

Glu

Leu

Thr

10

Phe

Ala

Val

Leu

Asn

90

Arg

Gly

Ala

Glu

Val
170

Lys

Leu

Asn

235

Glu

Leu

Glu

Gln

Asn

315

Pro

Leu

Ser

Gln

Glu
395

Ala

Leu

Arg

Glu

Asn

75

Val

Pro

Leu

Thr

Asn
155

Gly

Gln

Arg

220

His

Leu

Ala

Gly

Val

300

Lys

His

Arg

Gln

Gln

380

Ser

Phe

Glu

Asn

Thr

60

Phe

Arg

Val

Ile

Leu

140

Ile

Ser

Lys

Arg Ser Leu

Gln

Lys

Pro

Leu

285

Glu

Ala

Ala

Asp

Asp

365

Gln

Ile

His

Thr

45

Leu

Ser

Thr

Ala

Lys

125

Lys

Leu

Lys

Gly

Leu

Ala

Leu

270

Gln

Glu

Leu

Gly

Lys

350

Lys

Glu

Gln

Met

30

Gly

Lys

His

Ala

Val

110

Gly

Ile

Trp

Ile

Ala
190

Glu

Arg

255

Ala

Lys

Phe

Val

Asp

335

Val

Thr

Gln

Thr

15

Cys

Ile

Glu

Gly

Thr

95

2Ala

Ser

Thr

Leu

Tyr
175

Asp

Ala

Gly

240

Glu

Ser

Arg

Gln

320

Val

Asn

Leu

Gln

Gln

Arg

Ile

Met

Thr

80

Glu

Leu

Gly

Leu

Asp
160

Val

Phe
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-continued

34

Leu

Val

Asp

225

Phe

Val

Gly

Lys

305

Gly

Lys

Leu

Asp

Ala

385

Leu

Val

Lys

Pro

Leu

465

Ala

Gly

Thr

Pro

Val

Asn

210

Ala

Leu

His

Ile

290

Val

Lys

Pro

Asp

Tyr

370

Glu

Ala

Glu

Ser

Ile

450

Tyr

Trp

Lys

Gly

Val
530

Thr

195

Leu

Gln

Ser

Gly

Glu

275

Met

Phe

Pro

Arg

Gly

355

Pro

Ala

Pro

Ala

Gly

435

Ile

Arg

Ala

Ala

Trp

515

Pro

Glu

Pro

Asp

Phe

Glu

260

Gly

Val

Leu

Val

Pro

340

Ala

Leu

Ala

Ile

Ser

420

Arg

Ala

Gly

Glu

Arg

500

Arg

Val

Gly

Leu

Ile

245

Lys

Val

Ala

Ala

Ile

325

Thr

Asp

Glu

Ile

Thr

405

Phe

Ser

Val

Ile

Asp

485

Gly

Pro

<210> SEQ ID NO 6

«211> LENGTH:

«212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

577

6

Glu

Ala

Lys

230

Arg

Gly

Arg

Arg

Gln

310

Arg

Cys

Ala

Tyr

390

Ser

Lys

Ala

Thr

Phe

470

Val

Phe

Gly

Asn

Ala

215

Phe

Lys

Lys

Arg

Gly

295

Lys

Ala

Ala

Ile

Val

375

His

Asp

Cys

His

Arg

455

Pro

Asp

Phe

Ser

Gly

200

Val

Gly

Ala

Asn

Phe

280

Asp

Met

Thr

Glu

Met

360

Arg

Leu

Pro

Cys

Gln

440

Asn

Val

Leu

Lys

Gly
520

Gly

Asp

Val

Ser

Ile

265

Asp

Leu

Met

Gln

Gly

345

Leu

Met

Gln

Thr

Ser

425

Val

Pro

Leu

Arg

Lys

505

Phe

Ser

Leu

Glu

Asp

250

Lys

Glu

Gly

Ile

Met

330

Ser

Ser

Gln

Leu

Glu

410

Gly

Ala

Gln

Cys

Val

490

Gly

Thr

Leu

Pro

Gln

235

Val

Ile

Ile

Ile

Gly

315

Leu

Asp

Gly

His

Phe

395

Ala

Ala

Arg

Thr

Lys

475

Asn

Asp

Asn

Gly

Ala

220

Asp

His

Ile

Leu

Glu

300

Arg

Glu

Val

Glu

Leu

380

Glu

Thr

Ile

Tyr

Ala

460

Asp

Phe

Val

Thr

Ser

205

Val

Val

Glu

Ser

Glu

285

Ile

Cys

Ser

Ala

Thr

365

Ile

Glu

Ala

Ile

Arg

445

Arg

Pro

Ala

Val

Met
525

Lys

Ser

Asp

Val

Lys

270

Ala

Pro

Asn

Met

Asn

350

Ala

Ala

Leu

Val

Val

430

Pro

Gln

Val

Met

Ile

510

Arg

Lys

Glu

Met

Arg

255

Ile

Ser

Ala

Arg

Ile

335

2la

Lys

Arg

Arg

Gly

415

Leu

Arg

2Ala

Gln

Asn

495

Val

Val

Gly

Lys

Val

240

Lys

Glu

Asp

Glu

Ala

320

Lys

Val

Gly

Glu

Arg

400

2la

Thr

2la

His

Glu

480

Val

Leu

Val

Met Pro Lys Thr Ile Ser Val Arg Val Thr Thr Met Asp Ala Glu Leu

1

5

10

15

Glu Phe Ala Ile Gln Pro Asn Thr Thr Gly Lys Gln Leu Phe Asp Gln
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-continued

36

Val

Tyr

Val

65

Arg

Ile

Asp

Ala

Gly

145

Glu

Lys

Lys

Leu

225

Pro

Ile

Arg

Glu

Met

305

Ala

Lys

Gln

Thr

Glu
385
Glu

Leu

Met

Val

Gln

50

Thr

Ala

Thr

Asp

Val

130

Tyr

Lys

Glu

Ile

Asn

210

Asn

Trp

Lys

Leu

Leu

290

Lys

Met

Glu

Ile

Arg

370

Ala

Ala

Ala

Ala

Lys

35

Asp

Ala

Lys

Gln

Ile

115

Gln

Leu

Leu

His

Ala

195

Lys

Ile

Ser

Pro

Arg

275

Tyr

Ala

Leu

Lys

Glu

355

Arg

Glu

Leu

Leu

Arg
435

20

Thr

Thr

Gln

Phe

Arg

100

Ser

Ala

Asn

Arg

180

Gln

Lys

Tyr

Glu

Ile

260

Met

Gln

Glu

Ile

340

Glu

Ala

Lys

Leu

Glu
420

Gln

Ile

Lys

Asp

Tyr

85

Leu

Cys

Lys

Gly

Lys

165

Gly

Asp

Gly

Glu

Ile

245

Asp

Asn

Arg

Ala

Asn

325

Glu

Gln

Leu

Leu

Gln
405

Met

Lys

Gly

Gly

Val

70

Pro

Phe

Pro

Tyr

Asp

150

Asp

Met

Leu

Ser

Gln

230

Arg

Lys

Lys

Arg

Arg

310

Glu

Arg

Thr

Glu

Ala
390
Ala

Ala

Lys

Leu

Phe

55

Arg

Glu

Phe

Pro

Gly

135

Lys

Gln

Leu

Glu

Glu

215

Asn

Asn

Lys

Arg

Arg

295

Glu

Lys

Glu

Lys

Leu

375

Lys

Ser

Glu

Glu

Arg

40

Ser

Lys

Asp

Leu

Glu

120

Asp

Leu

Trp

Arg

Met

200

Leu

Asp

Ile

Ala

Ile

280

Lys

Glu

Lys

Lys

Lys

360

Glu

Glu

Arg

Leu

Ser
440

25

Glu

Thr

Glu

Val

Gln

105

Thr

Phe

Leu

Glu

Glu

185

Tyr

Trp

Arg

Ser

Pro

265

Leu

Pro

Lys

Lys

Glu

345

Ala

Gln

Arg

Asp

Thr
425

Glu

Val

Trp

Ser

Ser

20

Val

Ala

Asn

Pro

Glu

170

Agp

Gly

Leu

Leu

Phe

250

Asp

Ala

Asp

His

Arg

330

Glu

Gln

Glu

Gln

Gln
410

Ala

Ala

Trp

Leu

Pro

75

Glu

Lys

Val

Lys

Gln

155

Arg

Ala

Val

Gly

Thr

235

Asn

Phe

Leu

Thr

Gln

315

Glu

Leu

Gln

Arg

Glu
395
Lys

Arg

Val

Phe

Lys

60

Leu

Glu

Glu

Leu

Glu

140

Arg

Ile

Val

Asn

Val

220

Pro

Asp

Val

Cys

Ile

300

Lys

Met

Met

Glu

Lys

380

Ala

Lys

Ile

Glu

Phe

45

Leu

Leu

Leu

Gly

Leu

125

Val

Val

Gln

Leu

Tyr

205

Asp

Lys

Lys

Phe

Met

285

Glu

Gln

Ala

Glu

Leu

365

Arg

Glu

Thr

Ser

Trp
445

30

Gly

Asn

Phe

Ile

Ile

110

Ala

His

Leu

Val

Glu

190

Phe

Ala

Ile

Lys

Tyr

270

Gly

Val

Met

Glu

Arg

350

Glu

Ala

Glu

Gln

Gln
430

Gln

Leu

Lys

Lys

Gln

95

Leu

Ser

Lys

Glu

Trp

175

Tyr

Ser

Leu

Gly

Phe

255

Ala

Asn

Gln

Glu

Lys

335

Leu

Glu

Gln

Ala

Glu
415

Leu

Gln

Gln

Lys

Phe

80

Asp

Asn

Tyr

Ser

Gln

160

His

Leu

Ile

Gly

Phe

240

Val

Pro

His

Gln

Arg

320

Glu

Lys

Gln

Ser

Lys
400
Gln

Glu

Lys
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-continued

38

Ala

Thr

465

Asp

Asp

Glu

Leu

His

545

Gln

Met

Gln

450

Ala

Glu

Ala

Lys

Ala

530

Ala

Ile

Met

Met

Gln

Met

Asn

515

Asn

Glu

Arg

Val

Ser

Asp

Ala

500

Glu

Ala

Asn

Gln

Gln Glu
Thr Pro
470

Glu Asn
485

Lys Asp

Arg Val

Arg Asgp

Met Arg

550

Gly Asn
565

<210> SEQ ID NO 7

<211l> LENGTH:

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Glu Arg Ala

1

Glu

Gly

Lys

Ile

65

Val

Asp

Asp

Arg

Asp

145

Glu

Ser

Leu

Ser

Asp
225

Arg

Glu

Asn

50

Glu

Arg

Thr

Ala

Tyr

130

Ser

Met

Val

Ala

Glu
210

Asn

Tyr

Glu

35

Val

Gln

Glu

Val

Glu

115

Leu

Ala

Pro

Phe

Lys
195

Asp

Leu

Glu
20

Leu

Val

Leu

100

Ser

Ala

Arg

Pro

His

180

Thr

Ser

Thr

248

Asp

455

His

Gly

Arg

Gln

Glu

535

Leu

Thr

Leu

Val

Ala

Ser

Lys

520

Ser

Gly

Lys

Homo sapiens

7

Ser Leu

Asp Met

Ser Cys

Gly Gly

Ser Asn

70

Arg Glu
85

Gly Leu

Arg Val

Glu Val

Ser Ala

150

Thr Asn

165

Tyr Glu

Thr Phe

Tyr Lys

Leu Trp
230

Ile

Ala

Glu

Gln

55

Glu

Lys

Leu

Phe

Ala

135

Tyr

Pro

Ile

Asgp

Asp

215

Thr

Gln

Ala

Glu

40

Arg

Glu

Val

Asp

Tyr

120

Thr

Gln

Ile

Ala

Glu
200

Ser

Ala

Glu

Ala

Glu

Glu

505

His

Lys

Arg

Gln

Lys

Phe

25

Arg

Ala

Gly

Glu

Ser

105

Leu

Gly

Glu

Arg

Asn
185
Ala

Thr

Asp

Lys

Glu

Ala

490

Glu

Leu

Lys

Asp

Arg
570

Ala

10

Met

Asn

Ala

Ser

Thr

90

His

Lys

Asp

Ala

Leu

170

Ser

Met

Leu

Asn

Thr

Pro

475

Ser

Glu

Lys

Thr

Lys

555

Ile

Lys

Lys

Leu

Trp

Glu

75

Glu

Leu

Met

Asp

Met

155

Gly

Pro

Ala

Ile

Ala
235

Arg

460

Ala

Ala

Arg

Ala

Ala

540

Tyr

Asp

Leu

Gly

Leu

Arg

60

Glu

Leu

Ile

Lys

Lys

140

Asp

Leu

Glu

Asp

Met
220

Gly

Ala

Glu

Asp

Thr

Leu

525

Asn

Lys

Glu

Ala

Ala

Ser

45

Val

Lys

Gln

Lys

Gly

125

Lys

Ile

Ala

Glu

Leu
205

Gln

Glu

Glu

Asn

Leu

Thr

510

Thr

Asp

Thr

Phe

Glu

Val

Val

Leu

Gly

Gly

Glu

110

Asp

Arg

Ser

Leu

Ala
190
Hisg

Leu

Glu

Leu

Glu

Arg

495

Glu

Ser

Met

Leu

Glu
575

Gln

15

Glu

Ala

Ser

Pro

Val

95

Ala

Tyr

Ile

Lys

Asn

175

Ile

Thr

Leu

Gly

Lys

Gln

480

2la

Ala

Glu

Ile

Arg

560

Ser

Ala

Lys

Tyr

Ser

Glu

80

Cys

Gly

Tyr

Ile

Lys

160

Phe

Ser

Leu

Arg

Gly
240
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-continued

40

Glu Ala Pro Gln Glu Pro Gln Ser

245

<210> SEQ ID NO 8

<211> LENGTH:

<212>» TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Glu Gln Val

1

Val

Leu

Ala

Val

65

Ala

Glu

Gln

Asn

Thr

145

Thr

Glu

Thr

Ala

225

Phe

Thr

Gly

Gly

Arg
305

Lys

Ala

Gly

Asp

Lys

50

Asp

Leu

Gly

Asn

Met

130

Leu

Lys

Thr

Glu

Lys

210

Leu

Asp

Asn

Asp

Arg
290

Phe

Lys

Tyr

Asn

Pro

35

Lys

Leu

Glu

Leu

Met

115

Pro

Leu

Pro

Leu

Glu

195

Pro

Lys

Thr

Met

Tyr

275

Glu

Gly

Tyr

Cys

Ile

Ile
20

His

Gly

Phe

Lys

100

Glu

Asn

Ser

Ser

Ser

180

Ile

Glu

Glu

Ala

Thr

260

Asn

Asn

Asn

Gln

340

Asn

543

8

Asn

5

Asp

Asn

Asp

Pro

Leu

85

His

Ala

Leu

Asp

Asp

165

Val

Ala

Pro

Lys

Leu

245

Tyr

Lys

Arg

Ser

Lys
325

Gln

Pro

Glu

Asp

His

Tyr

Asp

70

Asn

Glu

Arg

Tyr

Pro

150

Leu

Leu

Thr

Met

Glu

230

Lys

Ile

Cys

Glu

Tyr
310
Ser

Ala

Asp

Leu

Ala

Val

Gln

55

Trp

Arg

Ala

Leu

Gln

135

Thr

Gly

Leu

Pro

Glu

215

Leu

His

Thr

Arg

Asp

295

Phe

Leu

Glu

Leu

Lys

Leu

Leu

40

Lys

Gly

Phe

Asn

Ala

120

Lys

Tyr

Thr

Gly

Pro

200

Glu

Gly

Tyr

Asn

Glu

280

Tyr

Lys

Ala

Lys

Ala

Glu

Gln

25

Tyr

Ala

Lys

Glu

Asn

105

Glu

Leu

Arg

Lys

Val

185

Pro

Asp

Asn

Asp

Gln

265

Leu

Arg

Glu

Glu

Ile

345

Leu

Lys

10

Cys

Ser

Tyr

Gly

Glu

90

Pro

Arg

Glu

Glu

Leu

170

Asp

Pro

Leu

Asp

Lys

250

Ala

Cys

Gln

Glu

His
330

Leu

Glu

Gly

Tyr

Asn

Glu

Tyr

75

Ala

Gln

Lys

Ser

Leu

155

Gln

Leu

Pro

Pro

Ala

235

Ala

Ala

Glu

Ile

Lys
315
Arg

Lys

Glu

Asn

Ser

Arg

Asp

60

Ser

Lys

Leu

Phe

Asp

140

Ile

Asp

Gly

Pro

Glu

220

Tyr

Lys

Val

Lys

Ala

300

Tyr

Thr

Glu

Lys

Lys

Glu

Ser

45

Gly

Arg

Arg

Lys

Met

125

Pro

Glu

Pro

Ser

Pro

205

Asn

Lys

Glu

Tyr

Ala

285

Lys

Lys

Pro

Gln

Asn

Ala

Ala

30

Ala

Cys

Lys

Thr

Glu

110

Asn

Arg

Gln

Arg

Met

190

Lys

Lys

Lys

Leu

Phe

270

Ile

Ala

Asp

Asp

Glu
350

Lys

Leu

15

Ile

2la

Lys

2la

Tyr

95

Gly

Pro

Thr

Leu

Ile

175

Asp

Lys

Lys

Lys

Asp

255

Glu

Glu

Tyr

Ala

Val
335

Arg

Gly

Ser

Lys

Tyr

Thr

Ala

80

Glu

Leu

Phe

Arg

Arg

160

Met

Glu

Glu

Gln

Asp

240

Pro

Lys

Val

2la

Ile
320
Leu

Leu

Asn
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-continued

42

Glu

Glu

385

Ala

Cys

Arg

Asp

Ala

465

Ser

Gln

Lys

Gln

Cys

370

Ala

Ala

Glu

Lys

Val

450

Asp

Pro

Ile

Asp

Lys
530

355

Phe

Ile

Cys

Glu

Ala

435

Tyr

Gly

Glu

Met

Pro

515

Ile

Gln

Tyr

Cys

420

Ala

Gln

Tyr

Asp

Ser

500

Gln

Gln

Lys Gly Asp
375

Arg Asn Pro
390

Thr Lys Leu
405

Ile Gln Leu

Ala Leu Glu

Lys Ala Leu

455

Gln Arg Cys
470

Val Lys Arg
485

Asp Pro Ala

Ala Leu Ser

Lys Leu Met
535

<210> SEQ ID NO 9

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Arg Ser Leu

1

Leu

Ala

Gly

Glu

65

Val

Leu

Glu

Lys

Asp

145

Ile

Ala

Ala

Glu

Leu

50

Asn

Ser

Ser

Leu

Leu

130

Phe

Asn

Ala

Ala

Lys

35

Ala

Ile

Leu

Ala

Leu

115

Gly

Val

Phe

Gln

Glu

20

Leu

Phe

Leu

Gly

Glu

100

Arg

Ser

Arg

Arg

Thr
180

418

360

Tyr

Lys

Leu

Glu

Ala

440

Asp

Met

Arg

Met

Glu

520

Asp

Homo sapiens

9

Leu Leu Leu

Val Lys Lys

Ser Pro Lys

Ser Leu Tyr
55

Val Ser Pro
70

Gly Lys Ala
85

Gln Leu Arg

Ser Leu Ser
Arg Leu Tyr
135

Ser Ser Lys
150

Asp Lys Arg
165

Thr Asp Gly

Ser

Pro

Ala

40

Gln

Val

Thr

Asp

Asn

120

Gly

Gln

Ser

Lys

Pro

Asp

Glu

Pro

425

Met

Leu

Met

Ala

Arg

505

His

Val

Ala

Ala

25

Ala

Ala

Val

Thr

Glu

105

Ser

Pro

His

Ala

Leu
185

Gln

Ala

Phe

410

Thr

Lys

Asp

Ala

Met

490

Leu

Leu

Gly

Phe

10

Ala

Thr

Met

Val

Ala

90

Glu

Thr

Ser

Tyr

Leu

170

Pro

Ala

Lys

395

Gln

Phe

Asp

Ser

Gln

475

Ala

Ile

Lys

Leu

Cys

Ala

Leu

Ala

Ala

75

Ser

Val

Ala

Ser

Asn

155

Gln

Glu

Met

380

Leu

Leu

Ile

Tyr

Ser

460

Tyr

Asp

Leu

Asn

Ile
540

Leu

Ala

Ala

Lys

60

Ser

Gln

His

Arg

Val
140
Cys

Ser

Val

365

Lys

Tyr

Ala

Lys

Thr

445

Cys

Asn

Pro

Glu

Pro

525

Ala

Leu

Ala

Glu

45

Asp

Ser

Ala

Ala

Asn

125

Ser

Glu

Ile

Thr

His

Ser

Leu

Gly

430

Lys

Lys

Arg

Glu

Gln

510

Val

Ile

Glu

Pro

30

Arg

Gln

Leu

Lys

Gly

110

Val

Phe

Hisg

Asn

Lys
190

Tyr

Asn

Lys

415

Tyr

Ala

Glu

His

Val

495

Met

Ile

Arg

Ala

15

Gly

Ser

2Ala

Gly

2Ala

95

Leu

Thr

Ala

Ser

Glu

175

Asp

Thr

Arg

400

Asp

Thr

Met

Ala

Asp

480

Gln

Gln

Ala

2la

Thr

2la

Val

Leu

80

Val

Gly

Trp

Asp

Lys

160

Trp

Val
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-continued

44

Glu

Met
225
Gly

Glu

Gln
Ser
305

Leu

Leu

Asp
Asp
385

Leu

Glu

Arg

Trp

210

Val

Leu

Met

His

Leu

290

Leu

Ala

Ser

Ala

Ile

370

His

Phe

Leu

Thr

195

Asp

Thr

Tyr

Pro

Val

275

Lys

Pro

Gly

Arg

Thr

355

Tyr

Pro

Ile

Asp

Glu

Arg

Asn

Leu

260

Glu

Ile

Leu

Met

340

Ala

Gly

Phe

Gly

Gly Ala Leu
Lys Phe His
215

Ser Tyr Thr
230

Tyr Tyr Asp
245

Ala His Lys

Pro Leu Glu

Trp Met Gly

295

Gly Val Val
310

Gly Leu Thr
325

Ser Gly Lys

Phe Glu Leu

Arg Glu Glu

375

Ile Phe Leu
390

Arg Leu Val
405

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Ser Gly Phe

1

Tyr

Glu

Pro

65

Val

Ile

Cys

Val

Arg

Asp

Val

50

Leu

Ala

Pro

Cys

Cys
130

Val
Ile
35

Pro

Asn

Asn

Gln

Gly

115

Ala

Phe

20

Pro

Arg

Pro

Leu

Thr
100

Asp

Arg

289

Leu

200

His

Val

Asp

Leu

Arg

280

Lys

Glu

Glu

Lys

Asp

360

Leu

Val

Arg

Homo sapiens

10

Ser Thr Glu

Leu Lys Asn

Ile Tyr Ala

Trp Ser Asn
55

Ile Lys Gln
70

Phe Pro Tyr
85

Trp Glu Asp

Asn Asp Pro

Gly Glu Ile
135

Glu

Glu

Asp

40

Ala

Asp

Lys

Pro

Ile
120

Ile

Val

Lys

Gly

Glu

Ser

265

Leu

Met

Val

Ala

Asp

345

Thr

Arg

Arg

Pro

Arg

Lys

25

Lys

Lys

Val

Gly

Gly

105

Asp

Gly

Asn

Met

Val

Lys

250

Ser

Glu

Gln

Thr

Ile

330

Leu

Asp

Ser

Asp

Lys
410

Ala

10

Gly

Asp

Met

Lys

Tyr

90

His

Val

Val

Ala

Val

Met

235

Glu

Leu

Lys

Lys

His

315

Asp

Tyr

Gly

Pro

Thr

395

Gly

Ala

Gln

Val

Glu

Lys

75

Ile

Asn

Cys

Lys

Met

Asp

220

Met

Lys

Ile

Leu

Lys

300

Asp

Lys

Leu

Asn

Lys

380

Gln

Asp

Pro

Tyr

Phe

Ile

60

Gly

Trp

Asp

Glu

Val
140

Phe

205

Asn

Met

Leu

Ile

Leu

285

Ala

Leu

Asn

Ala

Pro

365

Leu

Ser

Lys

Phe

Ile

His

45

Ala

Lys

Asn

Lys

Ile
125

Leu

Phe

Arg

His

Gln

Leu

270

Thr

Val

Gln

Lys

Ser

350

Phe

Phe

Gly

Met

Ser

Ser

30

Met

Thr

Leu

Tyr

Hisg

110

Gly

Gly

Lys

Gly

Arg

Ile

255

Met

Lys

2la

Lys

2la

335

Val

Asp

Tyr

Ser

Arg
415

Leu

15

Pro

Val

Lys

Arg

Gly

95

Thr

Ser

Ile

Pro

Phe

Thr

240

Val

Pro

Glu

Ile

His

320

Asp

Phe

Gln

Ala

Leu

400

Asp

Glu

Phe

Val

Asp

Tyr

80

Ala

Gly

Lys

Leu
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-continued

46

Ala Met Ile Asp Glu Gly Glu Thr
145 150

Val Asp Asp Pro Asp Ala Ala Asn
165

Arg Leu Lys Pro Gly Tyr Leu Glu
180

Tyr Lys Val Pro Asp Gly Lys Pro
195 200

Glu Phe Lys Asp Lys Asp Phe Ala
210 215

Agp His Trp Lys Ala Leu Val Thr
225 230

Ser Cys Met Asn Thr Thr Leu Ser
245

Asp Ala Ala Arg Ala Ile Val Asp
260

Ala Cys Thr Val Pro Thr Asp Val
275 280

Asn

<210> SEQ ID NO 11

<21l> LENGTH: 127

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Met Ser Phe Ser Gly Lys Tyr Gln
1 5

Ala Phe Met Lys Ala Ile Gly Leu
20

Lys Asp Ile Lys Gly Val Ser Glu
35 40

Lys Phe Thr Ile Thr Ala Gly Ser
50 55

Val Gly Glu Glu Cys Glu Leu Glu
65 70

Thr Val Val Gln Leu Glu Gly Asp
85

Asn Ile Lys Ser Val Thr Glu Leu
100

Met Thr Leu Gly Asp Ile Val Phe
115 120

<210> SEQ ID NO 12

<211> LENGTH: 397

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

Met Ala Leu Leu Arg Gly Val Phe
1 5

Phe Gly Ala Tyr Gly Gly Leu Leu
20

Ser Glu Phe Ala Ala Lys Ala Ala
35 40

Glu Thr Val Asp Ser Val Ile Met

Asp

Tyr

Ala

185

Glu

Ile

Lys

Glu

Ala

265

Asp

Leu

Pro

25

Ile

Lys

Thr

Asn

Asn

105

Lys

Val
Lys
25

Leu

Gly

Trp

Asn

170

Thr

Asn

Asp

Lys

Ser

250

Leu

Lys

Gln

10

Glu

Val

Val

Met

Lys

90

Gly

Arg

Val
10
Asp

Ser

Asn

Lys

155

Asp

Val

Glu

Ile

Thr

235

Pro

Pro

Trp

Ser

Glu

Gln

Ile

Thr

75

Leu

Asp

Ile

Ala

Phe

Ala

Val

Val Ile Ala Ile

Ile

Asp

Phe

Ile

220

Asn

Phe

Pro

Phe

Gln

Leu

Asn

Gln

60

Gly

Val

Ile

Ser

Ala

Thr

Gly

Leu

Asn

Trp

Ala

205

Lys

Gly

Lys

Pro

His
285

Glu

Ile

Gly

45

Asn

Glu

Thr

Ile

Lys
125

Lys

Ala

Lys

45

Gln

Asp

Phe

190

Phe

Ser

Lys

Cys

Cys

270

His

Asn

Gln

30

Lys

Glu

Lys

Thr

Thr

110

Arg

Arg
Thr
30

Val

Ser

Val

175

Arg

Asn

Thr

Gly

Asp

255

Glu

Gln

Phe

15

Lys

His

Phe

Val

Phe

95

Asn

Ile

Thr
15
Asp

Ser

Ser

Asn

160

Lys

Arg

2la

His

Ile

240

Pro

Ser

Lys

Glu

Gly

Phe

Thr

Lys

80

Lys

Thr

Pro

Leu

Pro

Ser
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-continued

48

50

Asp Ala Ile Tyr
65

Lys Glu Thr Pro
Gln Ser Ile Val
100

Val Val Leu Cys
115

Val Arg Asn Val
130

Glu Asp Ser Leu
145

Met Ala Met Thr
Glu Glu Cys Asp
180

Ala Asn Asp Ala
195

Lys Thr Lys Lys
210

Pro Gln Thr Thr
225

Lys Asp Gly Thr
Ala Gly Ala Val
260

Phe Thr Pro Leu
275

Pro Ser Ile Met
290

Lys Lys Ala Gly
305

Glu Ala Phe Ala
Asp Ile Ser Lys
340

Pro Leu Gly Gly
355

Leu Arg Arg Arg
370

Gly Gly Gln Gly
385

<210> SEQ ID NO

Leu

Ala

85

Asn

Gly

Arg

Trp

Ala

165

Lys

Gly

Gly

Leu

Val

245

Ile

Ala

Gly

Leu

Pro

325

Thr

Ser

Gly

Ile

13

<211> LENGTH: 508

<212> TYPE: PRT

Ala

70

Leu

Gly

Gly

Phe

Val

150

Glu

Tyr

Tyr

Lys

Glu

230

Thr

Ile

Arg

Ile

Ser

310

Gln

Asn

Gly

Gly

Ala
390

55

Arg

Thr

Cys

Thr

Gly

135

Ser

Asn

Ala

Phe

Gln

215

Gln

Ala

Ala

Ile

Gly

295

Leu

Tyr

Val

Ser

Lys

375

Val

His

Ile

Gln

Glu

120

Thr

Leu

Leu

Leu

Asn

200

Thr

Leu

Gly

Ser

Val

280

Pro

Lys

Leu

Asn

Arg

360

Tyr

Ile

<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

13

Val

Asn

Glu

105

Ser

Lys

Thr

Ala

Gln

185

Asp

Met

Gln

Asn

Glu

265

Gly

Val

Asp

Ala

Gly

345

Ile

Ala

Ile

Gly

Arg

20

Ile

Met

Leu

Asp

Val

170

Ser

Glu

Gln

Lys

Ala

250

Agp

Tyr

Pro

Met

Val

330

Gly

Thr

Val

Gln

Leu

75

Leu

Cys

Ser

Gly

Gln

155

Lys

Gln

Met

Val

Leu

235

Ser

Ala

Phe

Ala

Asp

315

Glu

Ala

Ala

Gly

Ser
395

60

Arg

Cys

Val

Gln

Ser

140

His

His

Gln

Ala

Asp

220

Pro

Gly

Val

Val

Ile

300

Leu

Arg

Ile

His

Ser

380

Thr

Val

Gly

Lys

Ala

125

Asp

Val

Lys

Arg

Pro

205

Glu

Pro

Val

Lys

Ser

285

Ser

Val

Ser

Ala

Leu

365

Ala

Ala

Gly

Ser

Glu

110

Pro

Ile

Gln

Ile

Trp

190

Ile

His

Val

Ala

Lys

270

Gly

Gly

Glu

Leu

Leu

350

Val

Cys

Ile

Gly

95

Ala

Tyr

Lys

Leu

Ser

175

Lys

Glu

2la

Phe

Asp

255

His

Cys

Ala

Val

Asp

335

Gly

His

Ile

Pro

80

Phe

Glu

Cys

Leu

Pro

160

Arg

Ala

Val

Arg

Lys

240

Gly

Asn

Asp

Leu

Asn

320

Leu

His

Glu

Gly

Met Gln Arg Leu Leu Thr Pro Val Lys Arg Ile Leu Gln Leu Thr Arg

1

5

10

15

Ala Val Gln Glu Thr Ser Leu Thr Pro Ala Arg Leu Leu Pro Val Ala

20

25

30
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-continued

50

Thr

Ala

65

Ala

Ser

Leu

Val

Leu

145

Asp

Ala

Val

Gly

Ala

225

Phe

Leu

Tyr

Pro

Cys

305

Leu

Ala

Asp

Lys

Ser

385

Glu

Ala

Ser

Leu

Gln

Trp

50

Gln

Gly

Val

Met

Gly

130

Met

Thr

Asn

Cys

Gly

210

Leu

Tyr

Ser

Arg

Phe

290

Lys

Ser

Phe

Lys

Ala

370

Leu

Leu

Ala

Pro

Ala

Arg

35

Pro

Tyr

Lys

Gln

Glu

115

Thr

Glu

Thr

Trp

Gly

195

Ala

Glu

Lys

Ile

Lys

275

Thr

Met

Ala

Gly

Ala

355

Ser

Tyr

Ala

Ser

Leu

435

Ser

Phe

Val

Tyr

Glu

100

Arg

Glu

Leu

Asn

Met

180

Asp

Gly

Arg

Pro

Gln

260

Leu

Val

Ser

Gly

340

Leu

Leu

Gly

Gly

Phe

420

Asp

Arg

Ser

Asp

Asp

Thr

85

Asp

Ile

Thr

Phe

Ala

165

Glu

Ile

Ala

Gly

Asn

245

Cys

Ile

Asp

Gln

Ser

325

Leu

Leu

Tyr

Cys

Ser
405
Phe

Lys

Lys

Thr

Val

Gln

70

Val

Ile

Gln

Ile

Gln

150

Cys

Ser

Ala

Val

Leu

230

Leu

Tyr

Gln

Asp

Lys

310

Asp

Lys

Lys

Leu

Leu

390

Arg

Ser

Leu

Cys

Ala

Gly

55

Thr

Gly

Asn

Leu

Ile

135

Asp

Tyr

Ser

Val

Ala

215

Arg

Ala

Leu

Asn

Leu

295

Ser

Thr

Leu

Ala

Ser

375

Ala

Ile

Phe

Val

Val

Ser

40

Ile

Asp

Leu

Ser

Pro

120

Asp

Ser

Gly

Ser

Tyr

200

Met

Gly

Ser

Arg

Gln

280

Gln

Leu

Gln

Glu

Ser

360

Thr

Ser

Gly

Arg

Ser
440

Ser

Ala

Leu

Leu

Gly

Leu

105

Trp

Lys

Gly

Gly

Trp

185

Pro

Leu

Thr

Glu

Ala

265

Trp

Tyr

Ala

Thr

Asp

345

Gln

His

Leu

Ala

Val
425

Ser

Pro

Val

Ala

Glu

Gln

20

Cys

Asp

Ser

Asn

Thr

170

Asp

Ser

Ile

His

Tyr

250

Leu

Lys

Met

Arg

Ser

330

Thr

Asp

Asn

Leu

Phe
410
Ser

Thr

Glu

Pro

Leu

Lys

75

Thr

Leu

Ser

Lys

Thr

155

Ala

Gly

Gly

Gly

Met

235

Pro

Asp

Gln

Ile

Leu

315

Leu

Tyr

Met

Gly

Ser

395

Ser

Gln

Ser

Glu

Leu Ala Lys Thr

Glu

60

Tyr

Arg

Thr

Val

Ala

140

Asp

Ser

Arg

Asn

Pro

220

Glu

Ile

Arg

Ala

Phe

300

Met

Tyr

Thr

Phe

Asn

380

His

Tyr

Asp

Asp

Phe

45

Val

Asn

Met

Val

Gly

125

Val

Ile

Leu

Tyr

Ala

205

Lys

Asn

Val

Cys

Gly

285

His

Phe

Lys

Asn

Asp

365

Met

His

Gly

Ala

Leu
445

Thr

Tyr

Asn

Gly

Val

110

Arg

Lys

Glu

Phe

Ala

190

Arg

Ala

Val

Asp

Tyr

270

Ser

Thr

Asn

Gly

Lys

350

Lys

Tyr

Ser

Ser

Ala
430

Pro

Glu

Phe

Val

Phe

95

Gln

Leu

Thr

Gly

Asn

175

Met

Pro

Pro

Tyr

Gly

255

Thr

Asp

Pro

Asp

Leu

335

Asp

Lys

Thr

Ala

Gly
415
Pro

Lys

Ile

Asp

Pro

Glu

80

Cys

Arg

Glu

Val

Ile

160

Ala

Val

Thr

Leu

Asp

240

Lys

Ser

Arg

Phe

Phe

320

Glu

Leu

Thr

Ser

Gln

400

Leu

Gly

Arg

Met
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-continued

52

450

455

Asn Gln Arg Glu Gln Phe Tyr His Lys

465

470

Asp Thr Asn Ser Leu Phe Pro Gly Thr

485

Glu Gln His Arg Arg Lys Tyr Ala Arg

500

<210> SEQ ID NO 14

<21l> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Ala Ser Met

1

Ser

Ala

Glu

Ile

65

Arg

Tyr

Leu

Pro

Gln

145

Met

Met

Glu

Ser

Leu

225

Phe

Glu

Val

Gly

Ser
305

Tyr

Lys

Val

50

Gln

Gly

Ser

Lys

Ala

130

Ser

Ala

Trp

Leu

Ile

210

Ala

Asp

Phe

Glu

Ile
290

Asp

Arg

Val

35

Pro

Asn

Asn

Gln

Leu

115

Leu

Leu

Cys

Tyr

Glu

195

Leu

Thr

Trp

Val

Asp
275

Ile

Asp

Leu
20
Asp

Gly

Ala

Ile

100

Ile

Gly

Leu

Gly

Arg

180

Thr

Ser

Thr

Pro

Lys

260

Leu

Val

Phe

500

14

Leu

Leu

Val

Pro

Glu

Leu

85

Ser

Gln

Ile

Ser

Ser

165

Ser

Cys

Phe

His

Ile

245

Glu

Ile

Glu

Phe

Leu

Val

Glu

Arg

Ala

70

Val

Ser

Gln

Leu

Val

150

Lys

Met

Met

Ser

230

Ala

Asn

Val

Pro

Arg
310

Ala

Pro

Phe

Ser

55

Val

Asp

Val

Pro

Pro

135

Ala

Ser

Glu

Ile

Gly

215

Lys

Pro

Gln

Lys

Ile
295

Lys

Gln

Gly

Asp

40

Gln

His

Val

Pro

Gln

120

Pro

Pro

Asn

Arg

Asn

200

Ala

Ala

Phe

Gln

Tyr

280

Gln

Leu

505

Arg

Ser

25

Tyr

Glu

Phe

Asp

Ile

105

Asn

Glu

Lys

Glu

Gly

185

Gln

Phe

Ile

Pro

Glu

265

Arg

Ser

Arg

Val
Trp
490

Arg

Leu

10

Arg

Agp

Leu

Phe

Gly

90

Gly

Ala

Asn

Gly

Asn

170

Gln

Ala

His

His

Arg

250

Glu

Lys

Glu

Asp

Asn
475
Tyr

Pro

Ala

His

Gly

Met

Cys

75

Asn

Tyr

Ser

Phe

Met

155

Ala

Arg

Pro

Gly

Lys

235

Leu

Ala

Lys

Gly

Ile
315

460

Phe

Ser Pro Pro Gly

480

Leu Glu Arg Val Asp

Val

Cys

Ile

Pro

Lys

60

Asn

Arg

Ser

Met

Val

140

Ser

Leu

Gly

Gly

Arg

220

Ile

Lys

Arg

Lys

Gly
300

Ala

Ser

Ser

Leu

45

Gln

Tyr

Met

His

Phe

125

Glu

Gln

Lys

Phe

Cys

205

Thr

Asp

Tyr

Cys

Lys

285

Asp

Arg

Phe

Gln

30

Met

Leu

Glu

Leu

Pro

110

Val

Lys

Leu

Thr

Ser

190

Pro

Met

Ile

Pro

Leu

270

Thr

Asn

Lys

495

Gln

15

2la

Lys

Asn

Glu

Asp

95

Ala

Asn

Leu

Ile

Ile

175

Gln

Asp

Gly

Pro

Leu

255

Glu

Val

His

His

His

Ala

Thr

Ile

Ser

80

Leu

Leu

Arg

Arg

Thr

160

Phe

Glu

Tyr

Cys

Ser

240

Glu

Glu

2la

2la

Gly
320
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-continued

54

Cys

Lys

Met

Glu

Asp

385

Arg

Thr

Val

Ile

Gly

465

Arg

Ala

Ala

Phe

Thr

Phe

370

Pro

Glu

Gly

Arg

Arg

450

Gly

Asp

Asp

Phe

Trp

Phe

355

Arg

Ser

Asp

Leu

Gly

435

Asn

Cys

His

Phe

Leu
Ala
340

Ser

Pro

Leu
Leu
420

Arg

Gly

His

Lys
500

Val

325

His

Lys

Asn

Asn

Leu

405

Asp

Gly

Leu

Asp

Ala
485

<210> SEQ ID NO 15

<211l> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Pro Pro Val

1

Leu

Leu

Ala

Arg

65

Asp

Gln

Glu

Leu

Leu
145

Phe

Ser

Asn

Glu

Val

50

Ala

Lys

Glu

Gly

Ser

130

Glu

Glu

Gly

Ala

Lys

35

Glu

Gly

Leu

Asp

115

Cys

Val

His

Lys

Gly

20

Arg

His

Ser

Glu

Asn

100

Ala

Lys

Phe

Val

Pro
180

406

15

Gly

Glu

Gly

Pro

Asn

Asn

85

Glu

Leu

Ser

Met

Glu
165

Val

Asp

Glu

Lys

Ala

Leu

390

Asn

Leu

Thr

Ile

Lys

470

His

Gly

Ile

Tyr

Glu

Val

70

Arg

Ala

Val

Glu

Lys
150

Glu

Ala

Glu

His

Met

Pro

375

Leu

Asn

Gln

Phe

Leu

455

Ser

Leu

Lys

Val

Val

Ala

55

Met

Gly

Ala

Ala

Thr
135
Lys

Ala

Ala

Val

Trp

Met

360

Tyr

Leu

Ala

Ala

Cys

440

Ile

Ile

Phe

Lys

Ile

Lys

40

Val

Gln

Asn

Cys

Gly

120

Glu

Asn

Val

Thr

Gln

Gly

345

Thr

Arg

Ala

Ala

Arg

425

Ser

Ala

Arg

Leu

Ala

Gly

25

Ala

Arg

Thr

Tyr

Asp

105

Gly

Val

Val

Trp

Met
185

Thr

330

Leu

Gly

Ile

Glu

His

410

Tyr

Phe

Arg

Phe

Asn
490

Lys

10

Asp

Gly

Gln

Phe

Val

90

Ile

Val

Lys

Asp

Ala
170

Cys

Gly

Asp

Gly

Phe

Val

395

Ala

Pro

Asp

Asn

Arg

475

Ile

Lys

Gly

Pro

Leu

Thr

75

Leu

Ala

Ser

Lys

Phe
155

Val

Ile

Gly

Asp

Phe

Asn

380

Ile

Gly

Gln

Thr

Lys

460

Pro

Phe

Gly

Gly

Trp

His

60

Phe

Glu

Arg

Gln

Val

140

Leu

Glu

Gly

Gly Cys Thr

Pro

Phe

365

Thr

Asn

Lys

Phe

Pro

445

Gly

Thr

Ser

Ile

Phe

Thr

45

Arg

Tyr

Lys

Gln

Thr

125

Phe

Ile

Thr

Pro

Ala

350

His

Trp

Ile

Ala

Ile

430

Asp

Val

Leu

Asp

Leu

Val

30

Pro

Glu

Ala

Ile

Val

110

Pro

Leu

Ala

Leu

Glu
190

335

Asp

Lys

Leu

Ile

Leu

415

Ser

Asp

Val

Val

Ile
495

Glu

15

Phe

Glu

Phe

Ser

Ser

95

2Ala

Ser

Gln

Glu

Ile
175

Gly

Gly

Val

Glu

Gly

Lys

400

Leu

Arg

Ser

Leu

Phe

480

Leu

Arg

2la

2la

Leu

Glu

80

Gly

Asp

Tyr

Gln

Tyr
160

Ala

Asp
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55

56

-continued

Val Glu

200

Leu His Gly Pro Pro Ala Val

195

Gly Cys

205

Ala
210

Ile Ile Val

215

Gly Ser Gly Asn Cys His Phe Asp Pro

220

Thr Val Met Glu Leu Glu Ala

235

Leu
230

Leu
225

Lys Lys Lys Gly

Ala Met His Thr

245

Gln Ala

250

Lys His Leu Ser Pro Leu Tyr

Gln Phe Ile Pro Glu Phe Pro Phe

265

Asn Lys Gly Leu

260

Asp

Val
275

Ala Thr Ile Gln Ala

285

Pro Arg Arg Trp Asp

280

Lys Tyr

Asn Leu Val Ile

290

Tyr Gly Arg Tyr

295

Gly Gly Cys Cys

300

Gly

Ile Ala Ile

310

Ala Glu Glu Ala

315

Tyr His Leu Pro Glu

305

Arg

Ala Ser Ser

330

Ser Glu His

325

Leu Pro Pro Lys Gly Trp Gly

Thr Val Ala

345

Met His Lys Pro Ala

340

Trp Arg Arg Arg Lys

Glu Ile Ala Pro

365

Leu Ser Pro Asn

355

Asn Arg Gly

360

Arg Tyr

Val
375

Thr Thr Ala

380

Pro Glu

370

Lys Asp Gly Trp Gly Lys Gly

Gln
385

Glu Ala Thr Thr

390

Lys Glu Gln Gln Leu Lys Glu Leu

395

Gln Phe Ser Gln

405

Lys Lys

Arg Leu Val Lys

Thr

Ala

Pro

Gly

270

Arg

Phe

Arg

Gly

Glu

350

Ser

Leu

Phe

2la
Ile

Ser

Leu
240

Arg

Asp
255

Cys
Leu Glu
Glu Ala
Glu

Pro

Phe
320

Gly

Leu
335

Asp

Tyr Trp

Met Ser

Met Gln

Glu Lys

400

The invention claimed is:

1. A method for identifying biomarkers for cholangiocel-

lular carcinoma (CCC), comprising:

a) collecting tumorous tissue samples and non-tumorous
tissue samples from at least 5 patients with CCC;

b) comparing the tumorous tissue samples with the non-
tumorous tissue samples by two-dimensional differen-
tial in-gel electrophoresis (2D-DIGE) and thereby iden-
tifying a first set of biomarker candidates for CCC
showing different expression in tumorous tissue and
non-tumorous tissue determined by statistical analysis;

c) comparing the tumorous tissue samples with the non-
tumorous tissue samples by label-free liquid chroma-
tography-mass spectrometry (LC-MS) and thereby
identifying a second set of biomarker candidates for
CCC showing different expression in tumorous tissue
and non-tumorous tissue determined by statistical
analysis;

d) comparing the first set of biomarker candidates
obtained by 2D-DIGE according to step b) with the
second set of biomarker candidates obtained by label-
free LC-MS according to step ¢) and thereby identify-
ing a third set of biomarker candidates for CCC show-
ing different expression with both 2D-DIGE and label-
free LC MS; and

e) performing an immunohistochemical analysis of the
third set of biomarker candidates for CCC identified
from step d) by comparing the expression of a respec-
tive biomarker candidate in the tumorous tissue of a

40

45

50

55

60

65

subject with the expression of said respective bio-
marker candidate in non-tumorous tissue of the same
subject and selecting one or more biomarkers for CCC
that display a sensitivity of 40% or more.

2. The method of claim 1,

wherein the one or more biomarkers for CC selected from

step e) are:

a) proteins found to be up-regulated in the tumorous tissue

and are useful for the detection of CCC tumour cells; or

b) proteins found to be down-regulated in the tumorous

tissue and are useful for the detection of hepatocytes.

3. The method of claim 1, wherein the one or more
biomarkers for CCC selected from step €) comprises chlo-
ride intracellular channel protein 1, Tax1-binding protein 3,
gelsolin, apolipoprotein A-IV, pyruvate kinase isoenzymes
M1/M2, moesin, 14-3-3 protein sigma, stress-induced phos-
phoprotein 1, serpin H1, inorganic pyrophosphatase, fatty
acid-binding protein (liver), 3-ketoacyl-CoA thiolase (mito-
chondrial), hydroxymethylglutaryl-CoA synthase (mito-
chondrial), 4-aminobutyrate aminotransferase (mitochon-
drial), betaine-homocysteine S-methyltransferase 1, or
partial sequences or homologues of these proteins.

4. The method of claim 1, wherein the subject from which
the tumorous tissue and the non-tumorous tissue are used for
the immunohistochemical analysis of step e) is different
from the at least 5 patients with CCC from which the
tumorous tissue samples and the non-tumorous tissue
samples are collected in step a).
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