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Ductal plate in hepatoblasts in human fetal livers: I.
ductal plate-like structures with cytokeratins 7 and 19
are occasionally seen within human fetal hepatoblasts
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Abstract: The author has studied the organogenesis of human intrahepatic bile duct in fetal livers. The developmental
studies of the liver have focused mainly on the development of intrahepatic bile ducts including the ductal plate
(DP). The DP is a single or double layered structures composed of small cuboidal cells and located in the interface
between the hepatoblasts and portal mesenchyme. Herein, the author discovered the DP within the parenchymal
hepatocytes. The DP-like structures within the hepatoblasts were found in 17 human fetal livers out of the 32
human fetal livers. The gestational ages of the 17 fetal livers were as follows: 7, 8, 9, 10 (n=2), 11, 12, 13, 14
(n=2), 15, 16, 17, 18, 19, 21, and 23 weeks. The presence of intraparenchymal DP-like structures were mainly
found in the fetus of early gestational ages. Morphologically, the DP-like structures within the hepatoblasts were
composed of small cuboidal epithelial cells with normal chromatin patterns. The cytoplasm was scant and relatively
basophilic. The nuclei were small and round, and had no nucleoli. These cells formed the DP-like structures. The DP-
like structures frequently formed cords, tubules, and duplicating patterns. These DP-like structures were scattered
and the remaining hepatoblasts are normal hepatoblasts. The density of these DP-structures was low (one or two
per 5 low power fields), but varied from case to case and area to area in the same case. The overall appearances
were very similar to the true DP. Comparative observations of HE and CK immunostaining were performed. The DP-
like structures within the hepatoblasts were positive for biliary-type CK7 and CK19. They were also positive for CK8
and CK18 that are expressed in both hepatocyte and biliary lineages. The true DP was positive for biliary-type CK7
and CK19. They were also positive for CK8 and CK18. Thus, the intraparenchymal DP-like structures were the same
as the true DP located in the interface. Thus, the author discovered the intraparenchymal DP in the human fetal
livers. This discovery should be confirmed by other researchers. If it is true, many studies of the functions of these
intraparenchymal DPs are need.
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Introduction

The author has investigated the fetal
development of intrahepatic bile ducts (IBDs) in
humans [1-16]. The similar studies of fetal
development of IBDs in humans have been
reported by Desmet's group [17-20] and
Gerber’s group [21-23]. The author’s studies
[1-16] and other studies [17-23] have revealed
that the IBDs are derived from fetal ductal plate
(DP) which is a double layered cylindrical
structures located in the interface between
hepatoblasts and portal mesenchyme [1-23].
The DP undergoes remodeling, giving rise to
the emergence of future IBDs. The remnants of

DP disappear by apoptosis [7]. The remodeled
DP further give rise to mature IBDs resembling
adult 1BDs [1-23]. The author demonstrated
that intrahepatic peribiliary glands, which were
discovered by the author [24-36], are also
derived from DP in human livers [1, 5]. The
author also proved that pancreatic acinar cells
clusters may be derived from remodeling DP
and remodeled DP in human fetal livers [1, 5,
6]. The author demonstrated that the normal
development of the human fetal IBDs involves
many molecules and molecular mechanisms
including apoptosis, apoptosis-related proteins,
DP cell proliferation, pancreatic digestive
enzymes such as a-amylase, trypsinogen and
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lipase, some proteinases including matrix
metalloproteinases and tissue inhibitors of
matrix metalloproteinases, peribiliary vascular
plexus, carbohydrate structures of many
glycoproteins, MUC apomucin expression,
expression of cytokeratin (CK), E-cadherin-
catenin  systems, double-stranded RNA-
activated protein kinase, midkine, truncated
midkine, type IV collagen, laminin, tenascin,
trypsin, chymotrypsin, transforming growth
factor-a and its receptor, and pancreatic amy-
lase mRNA [1-16].

The developmental failures of these human
fetal IBDs of DP give rise to the persistence of
biliary structures in the postnatal human livers.
Such structures are called DP malformations
(DPM) or hepatobiliary fibropolycystic disease,
which is seen in congenital hepatic fibrosis,
polycystic diseases (adult and infantile) of the
liver and kidneys, congenital biliary atresia,
von-Meyenburg complex, and Caroli’'s disease
[17-20, 37-42]. DP is also seen in ductular
reactions [43-45] and DPM in some liver
hamartoma [44] and cholangiocarcinoma [46].
The DP in ductular reaction of focal nodular
hyperplasia interestingly may express KIT [45],
a receptor of stem cell factor [47].

However, little attention has been given in the
primitive hepatocytes (hepatoblasts). The
ductal plate (DP) is a single or double layered
structure of the human fetal livers and is
present in the interface between hepatoblasts
and portal mesenchyme. The mesenchymal
and stromal interactions may play an important
role in the formation of DP. DP is progenital
cells of IBDs; it becomes mature IBD cells via
remodeling and remodeled processes [1-23].
The DP give rise to intrahepatic peribiliary
glands [24-36] and pancreatic acinar cells [1,
5, 6, 31] in human fetal livers [1-16]. Recently,
Carpentier et al [48] have suggested, in mouse,
that mouse embryonic DP cells give rise to
cholangiocytes, periportal hepatocytes
(hepatoblasts), and adult liver progenitor cells.
However, this hypothesis has not been
investigated in humans.

During the author’'s observations of human
fetal livers for more than 20 years, the author
recently noticed the presence of DP-like
structures in the parenchymal hepatoblasts,
not in the portal interface and not in the
periportal areas. This prompted the author to
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examine the DP-like structures within the
parenchymal hepatoblasts in the human’s
livers.

Herein, the author shows there are occasional
DP-like structures within the hepatocytes. The
DP-like structures in the parenchyma are
morphologically very similar to the DP present
in the interface of the parenchyma and portal
mesenchyme. The author also demonstrates
that DP-like structures in the hepatoblasts
express biliary-type cytokeratin (CK) (CK7 and
CK19).

Materials and methods

The author collected 32 human fetal livers at
various hospitals. They were abortions
(spontaneous and artificial), intrauterine fetal
death, and autopsies. The gestational ages
(weeks) of the 32 fetal livers were as follows: 7,
8, 9 (n=2), 10 (n=3), 11 (n=2), 12 (n=3), 13
(n=2), 14 (n=2), 15 (n=2), 16 (n=2), 17, 18, 19,
21, 23, 24, 26, 29, 30, 36, 38, and 40 week.
The sex was unclear. Informed consent was
obtained from each mother. The fetal liver
specimens thus obtained were immediately
fixed in formalin and embedded in paraffin.
Many 3um thin sections were cut, and they
were subjected to hematoxylin and eosin (HE)
stain and an immunohistochemical analysis for
cytokeratin (CK) 7, CK8, CK18, and CK19.

An immunohistochemical study was performed
with the use of Dako Envision method (Dako
Corp, Glostrup, Denmark) as previously
described [49, 50]. The antibodies used were
as follows CK7 (clone OV-TL, Dako Corp, dilution
= 1:200), CK8 (Clone 35bH11, Dako Corp,
dilution = 1:150), CK18 (clone DC10, Dako
Corp, dilution = 1:200), and CK19 (clone BA17,
Dako Corp, dilution = 1:100). Microwave
pretreatment was performed by each
immunohistochemical run.

The author observed all the HE slides of the 32
human fetuses and all the CK-stained slides. A
competitive observation of HE and immunos-
taining was done. Morphologically, the process-
es of the human IBD development were catego-
rized into four stages; DP, remodeling DP,
remodeled DP, and mature IBDs. The DP was
composed of single or double-layered cylindri-
cal structures located in the interface between
primitive hepatocytes (hepatoblasts) and mes-
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Figure 1. Histological features of intraparenchymal ductal plate within the hepatoblasts. Four examples are shown
(arrows; A-D). The DP-like structures within the hepatoblasts were composed of small cuboidal epithelial cells with
normal chromatin patterns. The cytoplasm was scant and relatively basophilic. The nuclei were small and round,
and had no nucleoli. These cells formed the DP-like structures. DP-like structures frequently formed cords, tubules,
and duplicating patterns. These DP-like structures were scattered with the background of normal hepatoblasts. The
density of these DP-structures was low (one or two per 5 low power fields), but varied from case to case and area to
area in the same case. The overall appearances were very similar to the true DP (Figure 2A and 2B). A-D: HE, x300.

enchyme of the portal tracts. The remodeling
DP showed disappearance of some cells of the
DP and development of tubular structures of
future bile ducts, which was moving into the
portal mesenchyme. The remodeled DP was
characterized by almost disappearance of DP
and the tubular structures moved into the por-
tal mesenchyme. The mature IBDs were mature
duct similar to adult IBDs. These presses pro-
gressed from the hilar IBDs to peripheral IBDs.
The periods of these processes in the portal
tracts near the hepatic hilus were as follows:
the DP stages, 7-10 gestational weeks; the
remodeling DP stage 11-15 gestational weeks;
the remodeled DP stage, 16-24 gestational
weeks; the mature IBDs stage, 26-40 weeks.
However, these stage periods differed from
case to case as well as from portal tract to
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another. Interestingly, differentiation of intrahe-
patic peribiliary glands and pancreatic acinar
cells from the remodeling and remodeled DP
were seen frequently and occasionally in the
hilar areas, respectively.

Results

The DP-like structures were found in 17 fetal
livers of the 32 human fetal livers. The gesta-
tional ages of the 17 fetal livers were as follows:
7, 8,9, 10 (n=2), 11, 12, 13, 14 (n=2), 15, 16,
17, 18, 19, 21, and 23 weeks.

Morphologically, the DP-like structures within
the hepatoblasts were composed of small
cuboidal epithelial cells with normal chromatin
patterns (Figure 1A-D). The cytoplasm was
scant and relatively basophilic. The nuclei were
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Figure 2. The ductal plated. Two examples are shown (arrows, A and B). The ductal plate is a single or double layered
structure composed of cuboidal small cells, and is located exclusively in the interface between hepatoblasts and
portal mesenchyma in the human fetal livers. The resemblance of these true DP (Figure 2) and intraparenchymal
DP-like cells (Figure 1) is apparent. Compare Figures 1 and 2. A, B: HE, x300.

small and round, and had no nucleoli. These
cells formed the DP-like structures. The DP-like
structures within the hepatoblasts frequently
formed cords, tubules, and duplicating pat-
terns (Figure 1A-D). The overall appearances
were very similar to the true DP (Figure 2A and
2B). These DP-like structures were scattered
and the remaining hepatoblasts are normal
hepatoblasts. The density of these
DP-structures was low (one or two per 5 low
power fields), but varied from case to case and
area to area in the same case.

Comparative observations of HE and CK immu-
nostaining were performed. The DP-like struc-
tures were positive for biliary-type CK7 (Figure
3A) and CK19 (Figure 3B). They were also posi-
tive for CK8 and CK18 (Figure 3C) that are
expressed in both hepatocyte and biliary lin-
eages. The true DP was positive for biliary-type
CK7 (Figure 3D) and CK19 (Figure 3E). They
were also positive for CK8 (Figure 3F) and
CK18.

Discussion

The studies of human liver development have
been focused on the fetal development of the
IBD including DP [1-23], and little attention has
been given to other cells types. In the present
study, the author observed the primitive hepa-
tocytes (hepatoblasts), the major component of
the human fetal livers.

The author for the first time found that DP-like
structures were present within the hepato-
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blasts in the human fetal livers. These DP-like
structures were found in 17 (53%) out of the 32
human fetal livers. The gestational ages of the
fetal livers containing the DP-like structures are
7-23 weeks, spearing fetuses of 24-40 weeks.
Thus, the DP-like structures appears in the rela-
tively early stages of hepatoblastic
differentiation.

Morphologically, the DP-like structures within
the hepatoblasts were composed of small
cuboidal epithelial cells with normal chromatin
patterns. The cytoplasm was scant and baso-
philic. The nuclei were small and round, and
had no nucleoli. The DP-like structures fre-
quently formed cords, tubules, and duplicating
patterns. The DP-like structures were scattered
among the remaining hepatoblasts. The densi-
ty of the DP-structures was low, and varied from
case to case and area to area in the same case.
The overall appearances very resembled the
true DP. The formations of tubular, cords and
duplications are entirely almost the same as
the true DP. This high resemblance can be con-
firmed by comparison as shown in the Figures.
The DP-like structures are not the DP which is
located in the interface between hepatoblasts
and portal mesenchyme. The DP-like structures
were shown to morphologically correspond to a
kind of DP located within the hepatoblasts.

To confirm the nature of these DP-like struc-
tures, the author performed the immunohisto-
chemistry of CK. As is well known, CK7 and
CK19 are expressed only in the cholangiocytic
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Figure 3. Immunohistochemical findings of cytokeratins. The DP-like structures within the hepatoblasts were posi-
tive for biliary-type CK7 (A) and CK19 (B). They were also positive for CK8 and CK18 (FC) that are expressed in both
hepatocyte and biliary lineages. The true DP was positive for biliary-type CK7 (D), CK19 (E), CK8 (F) and CK18. All,
immunostaining, x300.

element including DP in the human liver [1-23].
CK8 and CK18 label both biliary cells and hepa-
toblasts in human livers [1-23]. Therefore, CK7
and CK19 are markers of the biliary element
including DP and IBDs in human livers.

In the present study, the DP-like structures
were positive for biliary-type cytokeratins (CK7
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and CK19), strongly suggesting that the DP-like
structures in the hepatoblasts have biliary lin-
eage. These findings strongly suggest that the
DP-like structures within the hepatoblasts are
true DP. They also showed hepatocyte-type
cytokeratins (CK8 and CK18), suggesting that
they also show hepatoblastic characteristics. In
any way, the positive and strong expression of
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CK7 and CK19 in the DP-like structures almost
indicates that they are true DPs located within
the hepatoblasts. It can be concluded that the
DP-like structures are true DPs located within
the hepatoblasts.

The origin of the DP within the hepatoblasts is
not known. It may be originated from hepato-
blasts or DP located in the interfaces. Now, it is
well known that DP can differentiated into
peribiliary glands, pancreatic acinar cells,
hepatic stem/progenitor cells, and periportal
hepatocytes in addition to IBD in human and
mouse fetal livers [1-23, 48].

These observations of the presence of the DP
within the hepatic parenchyma (hepatoblasts)
in fetal livers are entirely new findings. The
author wants that other researches will also
examine these intraparenchymal DP in the fetal
livers of humans and mouse. It is well known
that the DP plays an important role in the mor-
phogenesis of the liver. The DP may be the
hepatic stem/progenitor cells and give rise to
stem cells, cholangiocytes, hepatocytes, pan-
creatic acinar cells, peribiliary glands, and
other elements [1-23, 48]. Many studies await
the functions of these intraparenchymal (hepa-
toblastic) DPs.

In summary, the author discovered intraparen-
chymal DP located within the hepatoblasts in
human fetal livers.
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