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Abstract: The appearance of proliferating bile ductular structures, which is called the “atypical ductular reaction”
is frequently observed in various chronic liver diseases associated. However, the origin of these increased bile
ductules has been a matter of controversy. In this study, we investigated the origin of ductular cells as an aspect of
relation between epithelial to mesenchymal transition (EMT) and epithelial members of liver parenchyme, such as
hepatocyte and cholangiocyte by immunohistochemical staining of human liver. Thirteen specimens of surgically
resected liver with biliary cirrhosis were selected. Three sets of double immunohistochemical stains were done;
Hep-Par 1 - cytokeratin 19 (CK19), Hep-Par 1 - a-sm ooth mus cle actin (a-SMA) and CK19 - a-SMA. As a result, we in-
vestigated the dual expression of the markers of hepatocyte and cholangiocyte in the same cell; in ductular cell and
surrounding hepatocyte. However, there seems to be no dual expression of markers for EMT with epithelial markers.
This study suggests a possibility of phenotypic change of mature hepatocyte into cholangiocyte. Future studies will
be necessary to determine the role that proliferating cholangiocytes play in the pathogenesis of biliary fibrosis and
how cholangiocytes interact with other cell types of the liver such as hepatic stellate cells or Kupffer cells.
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Introduction

The liver is mainly composed of two types of
epithelial cells, hepatocytes and cholangio-
cytes. Cholangiocytes line the intrahepatic and
extrahepatic bile duct system of the liver. The
bile ductules and ducts are comprised of a
branched system of interconnected tubes [1]
which collect bile secreted at the canalicular
membranes of hepatocytes [2], and deliver it to
the gallbladder or the small intestine [3].
Although cholangiocytes represent a small pro-
portion (3 to 5%) of the liver cells [3], these
cells play an important pathophysiological role
in the modification of the composition of bile
during the transit through the bile ducts, which
involves the secretion and absorption of water,
electrolytes, and other organic solutes from
hepatocellular bile [3].

Cholangiocytes are the target cells of a number
of diseases termed cholangiopathies [4].
Cholangiopathies are predominantly character-
ized by a bile duct-directed inflammatory
response that leads to bile duct injury associ-

ated with biliary proliferation in the early stage
of the disease course [5]. If the biliary injury is
chronic there will be an increased biliary fibro-
sis, loss of bile duct structures, and an increase
in the incidence of bile duct cancer (i.e., cholan-
giocarcinoma) [5].

The appearance of proliferating bile ductular
structures is frequently observed in various
chronic liver diseases associated, including
chronic hepatitis and cirrhosis [6, 7]. This pro-
cess is called the “atypical ductular reaction”.
This ductular reaction gradually replaces the
hepatic parenchyma and causes a gradual
decrease in mature hepatocytes in the hepatic
lobules or regenerative nodules [8].

It is important to precisely understand the ori-
gin and pathogenesis of the atypical ductular
reaction because the prevention of its progres-
sion can be beneficial maintaining the proper
functions of the liver [9]. However, the origin of
these increased bile ductules has been a mat-
ter of controversy [8]. The cellular changes
might be due to hepatic stem/progenitor cell
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Figure 1. Microscopic findings well-defined regenerative nodules surrounded by thick fibrous septa with collagen
deposition are seen in H & E (A) and Masson'’s trichrome (B) stain. Cholangiocytes of bile ductule proliferate in sep-
tal area (C) demonstrated with CK7 immunohistochemically (D). In control cases, well-formed portal triads which
consist of vein (portal vein), artery (hepatic artery) and biliary tract are seen (E). Collagen deposition is observed
only in portal area and its close periphery (F). (A, C, E) Hematoxylin and eosin; (B, F) Masson’s trichrome; (A and B)
x 4; (Cto F) x 200.

activation, proliferation of preexisting cholan- embrace the notion that the ductular reaction
giocytes, or ductular metaplasia of mature represents regenerative proliferation of bipo-
hepatocytes [6, 10]. While most investigators tential hepatic stem/progenitor cells [11, 12],
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there is no definitive evidence to support this
[8].

Some recent studies have announced a new
concept for the origin of ductular cells that the
ductular reaction is one part of epithelial mes-
enchymal transition (EMT) process of hepato-
cyte or cholangiocyte during liver fibrosis. EMT
is a process that is normally observed in embry-
onic stages of development, organ fibrosis, or
wound healing, and it has recently been investi-
gated as a mechanism of cancer cell migration
and metastasis [13, 14]. It is characterized by
the loss of epithelial characteristics (E-cadherin)
and the acquisition of a mesenchymal pheno-
type (vimentin, fibronectin and a-smooth mus-
cle actin (x-SMA)) [15, 16]. Because the liver is
an organ prone to fibrosis and the origin of
fibroblastic cells in fibrotic liver is still being
debated, the possibility that liver epithelial cells
participate in the fibrosis by EMT is appealing
[17, 18].

The aim of this study is to investigate the origin
of ductular cells that might be transitioning
from hepatocytes to cholangiocytes by immu-
nohistochemical staining of human liver with
ductular proliferation.

Materials and methods
Specimen selection

Biliary cirrhosis, known as cirrhotic liver with
proliferation of bile ductular structure, was
enrolled in this study. Cirrhosis was diagnosed
by vascular septa formation and regenerative
nodules. The vascular septum and ductular
proliferation were confirmed by Masson’s tri-
chrome stain and immunohistochemical stain
of cytokeratin (CK)7, respectively. Fibrosis in
subcapsular area and fibrous capsule forma-
tion of peritumoral lesions were excluded from
this study.

Surgically resected liver specimen with no
pathologic abnormality, such as traumatic lac-
erated liver, was used as negative control.

The histologic features from all specimens were
reviewed by two pathologists. The histologic
data were obtained from the pathologic report
and microscopic review of Hematoxylin and
Eosin (H & E) stained slides.

Altogether, 13 specimens of surgically resected
liver were gathered from the Department of
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Surgical Pathology in Daegu Catholic Medical
Center. The patients’ biological data and per-
sonal information were collected by reviewing
the medical records such as sex, age, previous
or present diagnoses of underlying liver dis-
ease, and date of operation.

The patient consent was not required because
this research was a retrospective chart review
and personal identifiable information were not
included.

Immunohistochemistry

The formalin-fixed paraffin embedded tissues
were cut into 4 um sections and deparaffinized.
Immunohistochemical staining using the
BOND-MAX slide stainer (Leica Biosystems,
Germany) was carried out in accordance with
the manufacturer’s instructions. Hep-Par 1
(1:400, Dako-patts, Copenhagen, Denmark),
CK19 (1:200, BioGenex, Netherland), CK7
(1:500, BioGenex, Netherland), and o-SMA
(1:500, Dako-patts, Copenhagen, Denmark)
were applied to the sections. Simple immuno-
histochemical stain of CK7 was done using
Bond polymer refine detection kit (DAB,
3,3-diaminobenzidine tetrahydrochloride, Lei-
ca Biosystems, Germany). Three sets of double
immunohistochemical stains were done; Hep-
Par 1 - CK19, Hep-Par 1 - a-SMA and CK19 -
o-SMA. The double immunohistochemical
stains were done by combination of Bond poly-
mer refine detection kit and Bond primer Ap
Red detection kit (fast red, Leica Biosystems,
Germany).

Cytoplasmic staining of granular pattern was
interpreted as positive for Hep-Par 1, and dif-
fuse cytoplasmic staining was interpreted as
positive for CK19, CK7, and a-SMA. Any other
patterns of nuclear staining were regarded as
false positive.

The stained sections were reviewed without
any knowledge of the clinical data of patient
cohort.

Results
Clinicopathological characteristics of patients

A total of 13 cases of biliary cirrhosis were ana-
lyzed from 11 men and 2 women with ages
ranging from 36 to 64 years (mean, 54.1 years;
median, 64.0 years). Etiologic factors of cirrho-
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Figure 2. Expression of Hep-Par 1 and CK19. Ductular cells in perilobular (A) and centrilobular (B) area express Hep-
Par 1 (red) or CK19 (brown), sometimes both in the same cell (arrows) (x 200).

A

Figure 3. Expression of a-SMA compared to Hep-Par 1 and CK19. a-SMA is expressed in fibrous extracelluar space
and in muscular cells of vascular wall, but not in ductular cells. The expression of a-SMA is not overlapped with Hep-
Par 1 (A) or CK19 (B). (A) Hep-Par 1 (red), a-SMA (brown); (B) CK19 (brown), a-SMA (red), all x 200.

sis were hepatitis B viral (HBV) hepatitis in 11
patients, during the other 2 cases were caused
by alcoholism and autoimmune response,
respectively. Steatosis was observed in 2
cases; one case was associated with alcohol-
ism and the other was associated with HBV.

Microscopic findings

All selected experimental cases showed well-
defined regenerative nodules surrounded by
thick fibrous septa with collagen deposition.
The vascular septa bridge portal to central,
which is normally connected only via the sinu-
soids (Figure 1A and 1B). The inflammatory
infiltrates are variable and are predominantly
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composed of lymphoid and histiocytic cells in
periportal, perilobular and sometimes centri-
lobular areas. The proliferation of flattened
small cells with or without luminal space is
observed in septal or intralobular area, which is
called ductular reaction (Figure 1C and 1D).
There is no visible bile in cytoplasm of the duct-
ular cells.

In control cases, well-formed portal triads
which consist of vein (portal vein), artery (hepat-
ic artery) and biliary tract are seen (Figure 1E).
Two or three bile ducts/ductiles exist in portal
area. The ductular system is composed of
short/low columnar or cuboidal cells with uni-
form round nuclei that are evenly spaced in
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basal nuclear location, which make round to
oval or tubular luminal space. Collagen deposi-
tion is observed only in portal area and its close
periphery (Figure 1F).

Expression of Hep-Par 1 and CK19

Most of the ductular cells show positive immu-
noreactivity for CK19. A few ductular cells have
positivity for Hep-Par 1 and these cells are
scattered in solitary or in small clusters of 2 or
3 cells. The cells which express CK19 and Hep-
Par 1 are mixed together in mosaic pattern.
Especially, the Hep-Par 1-positive ductular cells
are found more frequently in perilobular or cen-
trilobular area than in the intraseptal space.
The dual expressions of Hep-Par 1 and CK19 in
the same cell have also been observed (Figure
2).

Expression of a-SMA compared to Hep-Par 1
and CK19

The immunohistochemical stain of a-SMA was
shown positive in myofibroblast, vascular wall
of vein and artery in portal area and quiescent
and reactive hepatic stellate cells (HSCs) in
lobular space, in both experimental and control
group. The hepatocytes, cholangiocytes or
ductular cells show negative immunoreactivity
for a-SMA. The expression of a-SMA is not over-
lapped with those of Hep-Par 1 or CK19 (Figure
3).

Discussion

A number of studies have defined three types
of cholangiocyte proliferation: “typical”, “atypi-
cal”, and oval cell proliferation [19]. Firstly, “typ-
ical” cholangiocyte proliferation is a hyperplas-
tic reaction, which induces an increase in the
number of intrahepatic bile ducts (with a well-
defined lumen) confined to portal areas [3, 20].
In animal models, “typical” cholangiocyte pro-
liferation is achieved by a number of experi-
mental manoeuvres, including bile duct ligation
(BDL) [3], partial hepatectomy [21], acute car-
bon tetrachloride (CCl4) treatment [22, 23] and
chronic feeding of alpha-naphthyl isothiocya-
nate (ANIT) [24], or bile salts [25]. “Typical”
cholangiocyte proliferation is usually found in
acute obstructive cholestatic liver disease,
extrahepatic biliary atresia, or early phase of
chronic cholestatic liver disease in human [26].
“Atypical” cholangiocyte proliferation, so called
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“(atypical) ductular reaction”, is an irregular
proliferation of intrahepatic bile ducts sprout-
ing into periportal and parenchymal regions
and occasionally forming anastomosing cords
with the adjacent hepatocytes [7, 27]. These
proliferated cholangiocytes are characterized
by poorly formed lumen, edema and inflamma-
tory infiltrates [26]. The “atypical” cholangio-
cyte proliferation/ductular reaction is common-
ly seen in patients with alcoholic liver disease,
long standing extrahepatic bile duct obstruc-
tion, focal nodular hyperplasia [26], as well as
prolonged cholestatic liver diseases such as
primary biliary cirrhosis or primary sclerosing
cholangitis [7, 26, 27]. Although there are some
evidences that the “atypical” cholangiocyte
proliferation is a course of metaplasia or transi-
tion from hepatic cord to bile ductule, and not a
proliferation of ordinary ductule cells [28], most
of the studies support the hypothesis that this
is the proliferation of pre-existing bile ductules
or putative hepatic progenitor cells [6]. Lastly,
oval cell proliferation is observed in the early
stage of carcinogenesis induced by many
chemicals such as ethionine in rat liver [6].

The origin of ductular cell and pathogenesis of
ductular reaction are not clearly established. In
this study, we investigated the dual expres-
sions of markers of hepatocyte (Hep-Par 1) and
cholangiocyte (CK19) in one cell; ductular cell
and surrounding (mature) hepatocyte. This
result suggests a possibility of phenotypic
change of a mature hepatocyte into a cholan-
giocyte. Although it has been postulated that
the hepatocytic phenotype is fixed once the
cells are terminally differentiated, some investi-
gators have demonstrated that hepatocytes
are able to transdifferentiate into bile ductule/
duct-like cells [28-32]. Nishikawa and his
coworkers reported that the mature hepato-
cytes could be differentiated into bile ductular
cells by culturing in a type | collagen gel matrix
with the presence of insulin and epidermal
growth factor (EGF) or hepatocyte growth factor
[29]. This phenotypic change is characterized
by a loss of hepatocytic differentiation markers
and the expression of bile ductular markers
such as CK19, but it is not associated with the
re-expression of markers of hepatic progenitor
cells [8]. They also suggested that hepatocytic
and bile ductular phenotypes may be mutually
reversible [9]. They demonstrated that the
transdifferentiated hepatocytes in vitro could
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recover the original hepatocytic phenotypes if
they were placed in a more physiological envi-
ronment [9]. The transdifferentiated cells
retrieved from the collagen gel matrix sponta-
neously formed spheroidal aggregates on
Matrigel-coated surfaces. In their preliminary
experiments, cells plated with a serum-contain-
ing medium were spread across the surface
without forming spheroids, and there was no
recovery of DsRed2 fluorescence [9]. The recov-
ery of albumin expression in transdifferentiated
hepatocytes was enhanced by Dex, which has
been shown to increase albumin and TAT
expression in spheroidal aggregate cultures of
newborn rat hepatocytes [33] and decrease
CK19 mRNA expression in monolayer-cultured
rat hepatocytes [28]. Other investigators have
also reported similar findings regarding the
ductular transdifferentiation of hepatocytes
both in vitro and in vivo [30, 32, 34]. These
studies demonstrated the phenotypic plasticity
of mature hepatocytes and suggested that the
bile ductular transdifferentiation might be
involved in ductular reaction [8].

The hepatic progenitor cell is a bipotential cell
that has ability to differentiate into both hepa-
tocyte and cholangiocyte. While most investiga-
tors embrace the notion that the ductular reac-
tion represents regenerative proliferation of
bipotential hepatic stem/progenitor cells [11,
12], there is no definitive evidence for this [8].
Noteboom et al [35] showed that the organiza-
tion of the transplanted embryonic day 14
hepatocytes into the spleen of adult syngeneic
rats was accompanied by the formation and
maturation of bile ducts around these develop-
ing lobules. The morphological differentiation
of the emerging bile ducts was accompanied by
a gradual loss of hepatocyte markers and a
gradual acquisition of cholangiocyte markers,
with markers identifying a large-cholangiocyte
phenotype appearing the latest. However,
these evidences are only for the development
of fetal cells in embryology, and not in adult tis-
sue or human tissue. Because the methodolo-
gy of our study was designed around a retro-
spective study which uses formalin fixed
paraffin embedded specimen, the works for
hepatic progenitor cells were not composed in
our study.

Because the liver is an organ prone to fibrosis

and the origin of fibroblastic cells in fibrotic liver
is still being debated, the possibility that the
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liver epithelial cells participate in fibrosis by
EMT is appealing [17, 18]. However, there are
conflicting data on whether or not EMT occurs
in tissue fibrosis [36]. Many studies of EMT in
fibrosis have failed to define EMT rigorously or
to differentiate between the transition to a
mesenchymal (EMT) versus a myofibroblast
(EMyT) phenotype [16, 37]. Nevertheless, sur-
rogate fibroblast markers have often been used
to identify EMT, most notably fibroblast-specific
protein-1 (FSP-1), despite some data suggest-
ing that it is nonspecific [38, 39]. However the
assumption that liver epithelial cells undergo
EMT in liver fibrosis cannot be ruled out for bili-
ary epithelial cells. Indeed, the biliary epithelial
cell EMT could represent a cellular mechanism
supporting histological observations [38].
“Ductular reaction” (i.e. “reactive cholangio-
cytes”) expresses a variety of pro-fibrogenic
growth factors and cytokines and are likely to
contribute to fibrosis and inflammation by pro-
moting activation, proliferation, and collagen
synthesis in the surrounding pro-fibrogenic
cells [40-43]. Nevertheless, the possibility of a
direct contribution of cholangiocytes to fibrosis
via EMT was suggested by Omenetti and his
colleagues [44], by showing in vitro a complete
EMT in an immature cholangiocyte cell line
treated with activated HSC conditioned medi-
um. Irrespective of the underlying etiology, bili-
ary epithelial cells from ducts associated with
the ductular reaction were positive for FSP-1
and vimentin [45]. In biliary atresia, a disease
defined by a destructive inflammatory oblitera-
tive cholangiopathy with portal tract fibrosis
and ductular proliferation [46], biliary epithelial
cells were shown to express FSP-1 and vimen-
tin, while hepatocytes were not. Moreover, the
authors of this study showed that the expres-
sion of mesenchymal markers in biliary epithe-
lial cells is observed in all liver disease with a
ductular proliferation component [47]. In mice
submitted to BDL, which is the experimental
liver fibrosis model that induces strong ductular
reaction, the biliary epithelial cells undergo
EMT as shown by a-SMA and type | collagen
expression [48].

In our study, however, we were not able to
observe any epithelial cells with the dual
expressions of the epithelial cell marker (Hep-
Par 1 or CK19) and mesenchymal cell marker
(x-SMA). This finding is different from the previ-
ous studies. The previous studies were con-
ducted with chronic obstructive cholestatic
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models or mature/immature cholangiocytes,
and these models mainly showed type 1 typical
cholangiocyte proliferation. It should be noted
that type 2 atypical ductular proliferation was
mostly observed in our study using chronic liver
disease cases. This suggests a possibility of
occurrence of different pathogenesis in atypi-
cal ductular reaction from typical proliferation,
such as a phenotypic change of mature hepato-
cytes into ductular cells, not a process of EMT.
The future work should focus on better under-
standing of the direct contribution of dysfunc-
tional epithelial cells to liver fibrosis, as well as
determining the mechanistic relationships
between fibrogenesis and the progenitor cell
activation, which are found in the ductular reac-
tion. This will ultimately require the develop-
ment of animal models of biliary fibrosis that
will better reflect human diseases.

This ductular reaction gradually replaces the
hepatic parenchyma and causes a gradual
decrease in mature hepatocytes in the hepatic
lobules or regenerative nodules [8]. It is typi-
cally seen in liver diseases associated with
increased deposition of collagenous matrices
produced by activated HSCs [11, 49]. In such
liver diseases, Kupffer cells are also activated
to produce various inflammatory cytokines,
such as tumor necrosis factor-a (TNF-«), which
is thought to play important pathogenetic roles
[50, 51]. Nishikawa et al showed that the
inflammatory cytokines exert distinct effects
on hepatocyte differentiation, indicating that
TNF-a is unique among these cytokines in its
ability to suppress the hepatocytic phenotype
[8]. Their results indicated that TNF-a also has
a profound influence on the differentiation sta-
tus of hepatocytes [8]. They have shown, within
a collagen-rich matrix, that TNF-o strongly
enhances the bile ductular transdifferentiation
of hepatocytes, especially through the suppres-
sion of hepatocytic differentiation and enhance-
ment of ductular morphogenesis [8]. In trans-
differentiated hepatocytes induced by TNF-q,
there was an increase in the phosphorylation of
JNK and c-Jun, but the phosphorylation of NFkB
was almost unchanged [8]. The experiments
using the specific JNK inhibitor (SP600125)
suggested that the JNK-c-Jun pathway might be
involved in branching morphogenesis [8]. Their
results suggest that TNF-a might suppress the
differentiation status of hepatocytes and stim-
ulate their transformation into bile ductular

4082

cells, thereby contributing to the functional
deterioration in chronic liver diseases. Its direct
effects on hepatocyte differentiation might be
involved in the pathogenesis of hepatic dys-
functional characteristic of the chronic liver
injury associated with fibrosis [8].

In summary, we investigated the dual expres-
sions of Hep-Par 1 and CK19 in ductular reac-
tion (atypical ductular proliferation) of biliary
fibrosis in human liver, so called ‘ductular cell’.
This result demonstrated the phenotypic plas-
ticity of mature hepatocytes and suggested
that bile ductular transdifferentiation might be
involved in ductular reaction. Future studies will
be necessary to determine the role of prolifer-
ating atypical ductular cells in the pathogene-
sis of biliary fibrosis and how ductular cells
interact with other cell types of the liver such as
HSCs or Kupffer cells during cholestatic liver
diseases in the aspects of microenvironmental
effects of inflammation. Our developing knowl-
edge of the fundamental factors that control
ductular reaction will aid in the development of
a new therapeutic approach targeted on ductu-
lar reaction in chronic liver diseases.
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