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Abstract

It is remarkable that microarray technologies have nearly reached a pinnacle.
Establishment of further analysis and management of enormous data derived from
microarray technology is currently the highest priority. The heterogeneous functions
of cholangiocytes regulate the pathophysiology of the biliary epithelium regarding
secretory, proliferative and apoptotic activities. Distinct expression profiles of two
murine cholangiocytes lines, termed small and large were revealed by microarray
analysis. The features of the two cholangiocyte cell lines, categorized partly according
to gene ontology, indicate the specific physiological role of each cell lines. Namely large
cholangiocytes are characterized as “transport” and “immune/ inflammatory responses”.
In contrast to large, small cholangiocytes are associated with properties of limited
physiological functional ability and proliferating/migrating potential with specific
molecules like Eph receptors, comparable to mesenchymal cells: ’Omic study will be of
great help to understanding the heterogeneiety of cholangiocytes.

Introduction

Several research avenues have established novel scientific theories. We initially
examined phenotypic manifestations of various forms of induction, analogy and
abduction. Subsequent preliminary studies resulted in a firm-working hypothesis.
We then tested this hypothesis in order to establish our theoretical groundwork.
However, recent advances in the field of bioinformatics have become routine, especially
in regards to the initial speculative step in designing a rational approach. Since the
initial DNA microarray analysis experiment!, microarray has developed rapidly and is
now well established, with manufacturers meeting market demand2. The number of
scientific papers with “microarray” as a key word steadily increased on PubMed from
2001 to 2004, reaching a total of 8603 papers. Moreover, an enormous quantity of raw
data potentially contained in “microarray” papers is anticipated in the near future, and
the estimate is based on the number of the genes analyzed in each paper (e.g.
30000-40000 genes expressed in mammalian cells). Therefore, it is essential for future
advances to reliably preserve a database containing all of the raw data. The
establishment of the data analysis system as well as data mining and data sharing, is
anticipated to be the highest priority in this field. We will focus on such issues
pertaining to general microarray experiments as well as the methods and the results of
microarray analyses designed to the characterize cholangiocytes in this chapter.

Microarray analysis
We will simply give an overview of the current status, analytic method and data-sharing
aspects of microarray analysis, partly in accordance with the description of Knudsen3.
One of the currently popular microarray systems is the Affymetrix DNA Chip®, which
employs iIn situ oligonucleotide synthetic technology as well as mass-production
compatible to that of silicon chips. Several microarrays and expression analysis
services are commercially available from several companies including Amersham,
Clontech (TAKARA), Invitrogen and so on. As in other experiments, the quantity of
RNA samples should be standardized, otherwise correction steps will be necessary for
the evaluation of the results by “scaling” generally employing internal controls.
Moreover, verification of the linearity of spot intensity-sample quantity curves for all
applied spots is also necessary in microarray experiments. The companies supplying
ready-made products have overcome these problems and established quality control,
making their products popular with researchers applying commercial products to
limited numbers of samples. Although array technologies at the bench have nearly
reached a zenith during the past several years, there are some in silico systems under
development. The parametric t-test and non-parametric Wilcoxon’s rank-sum/
Mann-Whitney tests are the most popular methods applicable to test the significance of



differences between pairs of samples. The normality of each spot intensity for the
samples becomes an issue if the t-test or ANOVA is used with a routine microarray
having thousands of spots. The most conservative statistical method, Bonferroni’s
correction, which defines the level of significance more strictly according to the number
of tested items, might be applicable even to microarray experimentst. Even if we
employ other less conservative approaches’, we may need to verify the differential
expressions of the specific molecules by other methods in some cases. Several software
programs are available, including some that are free like  Cluster
(http1//rana.lb1.gov/EisenSoftware.htm)6, for analysis of microarray data. Cluster
analysis categorizes each gene into distinct clusters according to Euclidian distance
based on the variation among the samples at multiple time-points or under the different
conditions. Each gene in a cluster shows a similar expression pattern under different
conditions, which may indicate a common transcription pathway, RNA degradation
process, and/ or similarities of gene function in a cluster. In other words, microarray
technology holds promise for elucidating the complex regulatory mechanisms of RNA
transcription as well as unknown gene functions. Every gene is currently being
systematically defined, allowing organization according to gene ontology
(http://'www.geneontology.org/). The gene ontology project was originally designed to
create a thesaurus-like hierarchy of gene properties, based on molecular function,
biological processes and cellular components, in order to integrate databases in a
unified way. The combination of raw microarray data and this unified classification
will greatly facilitate developing the speculative groundwork for our experiments.
This approach differs from the usual methodology based on molecular properties
including domain structure, 3D structure, evolution or expression patterns. Therefore,
raw microarray data can be a source of new hypotheses, regardless of the original aim of
the experiment. This may make it difficult to share raw microarray data. The unified
approach, termed MIAME (h;ttp1//www.mged.org/Workgrouns/MIAME/miame.html), for
submission of microarray data is described in the guidelines of each paper contributing
of data to be shared and for peer review. The statement that “MIAME is neither a
dogma, nor a legal document - it assumes a cooperative data provider and a fair
reviewer” suggests a potential difficulty in data sharing, probably stemming from the
complexities of ownership and intellectual property rights to data. Microarray data is
clearly precious, even in the current era of non-sharing, and should be carefully stored
by each lab, organization or government. Such data should be viewed as common
property, with potential future benefits to mankind.

Features of cholangiocytes

Bile flows from canalicular spaces, encircled by hepatocytes, through the canals of
Hering, interlobular bile ducts (branches of which are 20-100um in diameter and lined
by cuboidal epithelium), and septal bile ducts (which are more than 100pm in diameter
and lined by a simple tall columnar epithelium) to hilar intrahepatic bile ducts?’. The
cholangiocytes that line the interlobular and bolder bile ducts? also contribute to bile
secretion® 9. The mechanism underlying this phenomenon, described elsewhere in
detail, is explained briefly by out-intraluminal vectorial passive transport of water
caused by the osmotic gradient which is formed by active transport of several substrates
driven by cholangiocytes!0. 11, Thig physiological function, conserved even in cultured
cell lines, characterizes the specialized cholangiocytes. Isolated rat cholangiocytes are
classified as large or small, depending on their size. Large cholangiocytes, regarded as
representative functional biliary epithelial cells in vivo, respond to secretin with
increased choleresis!2. In contrast, little is known about the properties of small
cholangiocytes. Cholangiocytes are sometimes altered in a disease-specific manner.
For example, primary biliary cirrhosis (PBC), a potentially fatal cholestatic disorder due



to ductopenia, is a representative disease characterized by specific destruction of
interlobular bile ducts. CD8+ cytotoxic T cells were suspected to play a major role in
this type of destruction. Tetramer technology revealed the existence of an E2 subunit
of the pyruvate dehydrogenase complex (PDC-E2)159-167-specific to autoreactive cytotoxic
T cells in PBC13. Hypothetically, there are several specific properties (e.g. adhesion
molecules, MHC antigens!4, specific autoantigens, variations in apoptosis and so on) of
cholangiocytes lining interlobular bile ducts, which make them vulnerable to attack by
cytotoxic lymphocytes. A novel disease etiology was proposed by Gershwin et al15, who
demonstrated that IgA class anti-mitochondrial antibodies, transported via transcytosis
from the basolateral to the apical surface co-localize with PDC-E2 in cholangiocytes.
Moreover, molecules that bind PDC-E2 monoclonal antibody are expressed on the apical
membranes of PBC cholangiocytes!5. These observations indicate the cytotoxicity
associated with functional impairment of cholangiocytes to be ‘caused by interaction
with IgA-PDC-E2. In this regard, the mechanism of transcytosis may specifically
dictate the underlying disease process. Such a hypothesis could be explained by
cholangiocytes heterogeneity based on the recognition that large and small
cholangiocytes are derived from bile ducts of corresponding diameters!é. The
susceptibility of bile ducts to pathological conditions (e.g. chronic ductopenic rejection!?,
GVHD!8, ischemic cholangitis!?, PBC or ductopenia resulting from other pathologies) is
due not only to the specific destruction of cholangiocytes but also to the difficulty of
regenerating the bile ducts i.e. with normal structures, in contrast to the rapid
regeneration of hepatocytes in cases with acute liver injury. The proliferation of
cholangiocytes that potentiates the regeneration of bile ducts occurs in a characteristic
manner, 1.e. secretin, somatostatin or bile duct ligation results in proliferation of large
cholangiocytes20, whereas chemical injury of bile ducts with CCls increases the numbers
of small cholangiocytes?l. 22.  Therefore, to clarify the mechanisms sustaining
cholangiocyte growth is essential to understanding the regulation of bile ducts
regeneration. We identified an Eph receptor, a membrane bound-type tyrosine kinase,
as one of the key molecules for reorganization/ proliferation of cholangiocytes, and a
subtype of this family, which is expressed mainly in small cholangiocytes?3. Thus, the
heterogeneous expression profiles of cholangiocytes are expected to facilitate further
study of these cells.

Analysis of heterogeneous cholangiocytes

For the evaluation of genes that are expressed by small and large cholangiocytes see
tablel. Several liver diseases, including non-alcoholic fatty liver disease24, liver
cirrhosis?5, hepatocellular carcinoma2. 27 and cholangiocellular carcinoma?8 have been
studied extensively using microarray techniques. Some studies have examined whole
liver samples, consisting of various cell types, probably for the purpose of disease
classification. Sample size is critical for the detection of subtle changes in the
expression of meaningful genes?9, a possible problem in assessing rare diseases.
Another problem in the study of biliary diseases like PBC by microarray is that
cholangiocytes account for only 3% of the cell population even in the normal liver3o,
Over 75% of the cell population is regarded as necessary to test the significance of
differences in expression levels?. Therefore, for the purpose of analyzing chlangiocytes,
isolation3! or microdissection3? is necessary prior to analysis. Our study goals were to
characterize the physiological role of biliary epithelia in the mouse and to analyze
cholangiocyte heterogeneity. Due to the complexities of the isolation steps,
maintaining quality control or reproducibility was possible when obtaining a large scale
of sample RNA from freshly isolated cholangiocytes. Moreover, given the necessity of
conducting further functional assays, we immortalized and subcloned the isolated
Balb-c mouse cholangiocytes by introducing the SV40 large T antigen3s. The



established large and small cholangiocyte cell lines were evaluated by their
morphologies and responsiveness to secretin. We revealed 230 genes (4.74%) showing
different expression patterns in the two cells lines, among 4800 genes tested by
combining two types of ready-made microarrays3¢. Our large cholangiocyte line was
characterized by gene ontology, transport and immune/inflammatory responses, which
were apparent, even without the statistical tests presented in the table. The term
“transport” includes movement of anions, water and bile acids, and thus represents the
physiological functions of bile ducts. These observations indicate a special feature of
large cholangiocytes which presumably play a role in local immune reactions. In
contrast, our small cholangiocytes are categorized into a subgroup characterized by
rapid cell cycle turnover of as well as poor physiological functional ability. In addition
to these fundamental properties, our small cholangiocytes are characterized by
abundant expressions of actin and vimentin and poor expression of E-cadherin.
Together with: rich spindle-type cell processes, small cholangiocytes have a feature in
common with mesenchymal cells probably originating from epithelial-mesenchymal
transition®.  This remains controversial issue. Another measure feature of
cholangiocyte is the capability of the responsiveness to hormones and neuropeptides.
Specifically, estrogen receptor3¢ and receptor for IGF-1(insulin like growth factor 1)37,
NGF(nerve growth factor)38 and acetylcholine (M3)39 have been shown to play a major
role in modulating cholangiocyte proliferation.  Estrogen receptor expresses at
minimal level in amount in both types of cell lines. In contrast, IGF receptor was
preferentially expressed in large cholangiocyte line in our microarray study. The
expression of estrogen receptor inducible under pathological conditions like bile duct
injury® may explain the discrepancy between the experiments results. Predominant
expression of IGF receptor in large cholangiocytes may be a marker of differentiated
biliary epithelial cells as well as a proliferating effector of maturated cholangiocytes.

Concluding remarks

Microarray is a powerful tool for elucidating functional cholangiocyte heterogeneity.
Although the evaluation of some crucial biological regulatory processes like protein
modification requires methodologies other than microarray, the potential of microarray
technology is anticipated to grow with the development of data-analysis theory for the
comprehension of complex networks.
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Legends of the table
Differences in cDNA expression between small and large cholangiocyte lines
The entire dataset obtained from the Atlas Glass Array mouse (Clontech, Takara Bio
Inc., Shiga, Japan) was analyzed by ArrayGauge software (Fuji Photo Film Co., Ltd.,
Tokyo). 1): gene ontology, 2), 3): spot intensities of all samples from small or large
cholangiocytes
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