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Abstract
Rats with chimeric livers were generated by using the protocol of injecting hepatocytes from
dipeptidyl peptidase IV (DPPIV)-positive donors into retrorsine-treated DPPIV-negative recipients
subjected to partial hepatectomy. Rats with established chimeric livers were subjected to bile duct
ligation, with or without pretreatment with the biliary toxin methylene diamiline (DAPM). Ductules
bearing the donor hepatocyte marker DPPIV were seen at 30 days after bile duct ligation. The
frequency of the ductules derived from the donor hepatocytes was dramatically enhanced (36-fold)
by the pretreatment with DAPM. In conclusion, our results show that hepatocytes can function as
facultative stem cells and rescue the biliary epithelium during repair from injury when its proliferative
capacity is being compromised.

Hepatocytes and biliary epithelium are the two mature epithelial cells of the adult liver. They
both derive from the hepatoblasts of the embryonic liver during embryogenesis. During
postnatal life, injury to the liver combined with arrest of proliferation of hepatocytes leads to
proliferation of cells known as “oval cells” (in rodent injury models), which transform into
hepatocytes and restore the loss of hepatic parenchyma.1–6 The same cell types have been
called “ductular hepatocytes” (from studies of histopathology of human disease).7–9 These
cells express genes associated with both hepatocytes and biliary cells and appear in many
human diseases, from fulminant hepatitis to primary biliary cirrhosis.10–12 Experimental
studies with rodent models have shown that oval cells derive from progenitor cells that have
properties of biliary epithelium.13,14 The precursors of oval cells may be the cells residing in
the canals of Hering. The latter are small ductules lined by biliary epithelium, and they
constitute the first defined ductular system carrying newly synthesized bile from the bile
canaliculi of the hepatocytes to the portal biliary ductules. Canals of Hering are in close
proximity to hepatocytes. Recent studies have defined the length and dimensions of the canals
of Hering and have demonstrated that these canals penetrate deep inside the lobules.15–18
Partial hepatectomy followed by administration of N-2 acetyl-aminofluorene (AAF) is a
protocol often used to generate large populations of oval cells.2 Partial hepatectomy (PHx)
stimulates hepatocyte proliferation, as part of the normal process leading to regeneration of the
hepatic tissue. AAF inhibits hepatocyte proliferation. Oval cells appear within 3 to 5 days after
PHx in the periportal areas of the hepatic lobule. Studies using this model have shown that, in
addition to the canals of Hering, epithelial cells of the biliary ductules may also contribute to
the precursor pool of oval cells. Hepatocyte-associated transcription factors appear in the nuclei
of biliary epithelial cells of the portal ductules within 1 to 2 days after AAF-PHx, suggesting
that these cells actively transdifferentiate to precursors of the oval cells.19 Previous studies
from our laboratory have shown that injury to the biliary epithelium by administration of the
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biliary toxin methylene dianiline (DAPM) before the AAF-PHx protocol inhibits formation of
the oval cells.20 This finding also showed that oval cells derive from biliary precursors. Studies
from many other laboratories have shown the close connection between oval cells and biliary
epithelium. Recent studies by Strain et al. have shown that oval cells in human liver biopsy
specimens express an array of biliary markers as well as Bcl-2 and neural adhesion molecules.
21 Oval cells produce alpha-fetoprotein and transform into small hepatocytes producing
albumin and other hepatocyte-associated markers within 6 to 8 days after PHx. These small
hepatocytes incorporate themselves into the histological architecture of the lobule and allow
restoration of the lost hepatic mass. The precise timetable of the cellular events varies between
studies. Oval cells and their transformation to hepatocytes appear later if chemical injury is
administered instead of PHx.22

These studies show that in situations in which hepatocytes are unable to proliferate after loss
of hepatic tissue, biliary cells will function as facultative stem cell for hepatocytes and lead to
restoration hepatic mass. The opposite pathway, that is, the transdifferentiation of hepatocytes
to biliary epithelial cells, has not been clearly shown in whole animal or human disease models.
There is suggestive evidence that this occurs from studies of human liver. Strain et al. have
shown that OV6, a marker expressed in rodent oval cells as well as the ductal plate cells and
hepatoblasts of the human liver, also appears in clusters of human hepatocytes in many hepatic
diseases, including biliary atresia and alpha-1-antitrypsin deficiency, primary biliary cirrhosis,
and primary sclerosing cholangitis.10,11,21

We recently showed that hepatocytes can convert to biliary epithelial cells in organoid cultures.
23 In that study, we used Fisher rats with chimeric livers. In these livers, a part of the hepatocyte
population is derived from donor dipeptidyl peptidase IV (DPPIV)-positive Fischer rats, in
which hepatocytes express the enzymatic marker DPPIV. This marker is not expressed in the
recipient DPPIV-negative Fischer rats, neither in hepatocytes nor in biliary epithelial cells. The
histology of the chimeric livers has been extensively described by Laconi et al.24 and Shafritz
et al.25,26 Biliary epithelial cells positive for the hepatocyte marker DPPIV were seen in the
organoid cultures derived from the chimeric livers, thus providing proof of principle that biliary
epithelial cells can derive from hepatocytes.

In the current study, we use the same Fischer rat DP-PIV chimeric liver model, to examine the
potential contribution of hepatocytes to formation of biliary epithelium in the whole animal.
We used the chronic biliary injury model of bile duct ligation. Previous studies have shown
that bile duct ligation is followed by intense proliferation of biliary epithelial cells, forming
multiple ductules in the portal triads.27,28 Our results show that when proliferation of biliary
epithelial cells is compromised by toxic injury (induced by DAPM), large-scale conversion of
hepatocytes occurs adjacent to the portal areas into biliary ductules.

Materials and Methods
Animals

Fisher 344 male rats, DPPIV positive, were obtained from Charles River Laboratories,
Frederick, Maryland. A colony of German Fisher 344 DPPIV-negative rats was obtained from
founders donated by Dr. Bryon Petersen, University of Florida. The colony is maintained in
the Animal Facility of the University of Pittsburgh School of Medicine. The animal husbandry
and all procedures performed on the rats employed for these studies were approved under the
IACUC protocol #0699068A-1 and conducted according to National Institute of Health
guidelines.
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Generation of Rats With Chimeric Livers
The protocol established by Laconi et al.24 was employed for the studies. Male German Fisher
rats (DPPIV negative), weighing 200 g, were given two intraperitoneal injections with
retrorsine, 30 mg/kg body weight, dissolved in water. The injections were given 15 days apart.
A month after the last injection, the rats were subjected to PHx, as described by Higgins and
Andersen.29 During the PHx operation, the rats were also injected directly into the portal
circulation (via a peripheral branch of the superior mesenteric vein) with 3.5 million
hepatocytes. These cells were isolated by collagenase perfusion of the liver23 immediately
before the operation, from DPPIV-positive Fisher 344 male rats (200 g body weight). The
animals were left to recover and were not subjected to any other experimental procedures for
the next 3 months. Assessment of the degree of engraftment was made under direct microscopic
observation of sections from the chimeric livers, stained for DPPIV. The percentage of DPPIV-
positive and negative cells was estimated at 40× magnification in optic fields that included at
least one portal triad and one central vein. The percentage of DPPIV-positive cells varied from
one lobule to another. The range of engraftment per optic field (as defined above) within each
animal varied from 30% to 60%. Variation was also seen from one lobe to another.

Bile Duct Ligation
The animals were subjected to a mid-abdominal incision 3 cm long, under general anesthesia.
The common bile duct was ligated in two adjacent positions approximately 1 cm from the porta
hepatis. The duct was then severed by incision between the two sites of ligation.

Administration of DAPM
The biliary toxin DAPM (4,4′-Methylenedianiline, Sigma Chemicals, St. Louis, MO) was
dissolved in dimethylsulfoxide at a concentration of 50 mg/mL. A group of rats were given an
intra-peritoneal injection of 50 mg/kg 2 days before the bile duct ligation. No added mortality
or any evident symptomatology was observed from this treatment.20

Animal Sacrifice and Tissue Processing
The animals were sacrificed at 30 days after bile duct ligation. The livers were removed and
preserved for histology. Parts of each lobe were placed in formalin or processed for frozen
sectioning.

Immunohistochemistry for CK7 was performed on paraformaldehyde-fixed frozen sections,
using primary antibodies from Dako Cytomation, Glostrup, Denmark. OV6 monoclonal
antibody, reactive against oval cells and biliary cells, was provided by Dr. Douglas Hixson,
Director, Molecular Carcinogenesis Laboratory, and Professor of Pathology, Brown
University.

DPPIV Histochemistry
Staining for DPPIV was performed as previously described.23 The tissues were frozen and
sectioned by using a cryostat. Sections of 4- to 5-μm thickness were used for histological
analysis. Immunostains for proliferating cell nuclear antigen (PCNA) and hepatocyte-specific
antigen marker (HEPPAR) were performed as previously described.30

Results
Histology of Chimeric Livers Before Bile Duct Ligation

Chimeric livers of Fisher rats were examined at 3 months after injection of hepatocytes and
performance of PHx. The degree of colonization by DPPIV-positive hepatocytes varied from
animal to animal within a range of colonization from 30% to 60% of the total lobular surface.
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Variation was also seen within different areas of the hepatic lobes and from lobule to lobule.
DPPIV-positive hepatocytes were arranged in clusters. Portal triads varied in terms of their
contact with the DPPIV-positive hepatocyte clusters. Most triads were adjacent to some
clusters of DPPIV-positive hepatocytes, with a variation of contact from minimal to being
completely surrounded. Others (approximately 25% of the triads) did not have any evident
proximity to DPPIV-positive hepatocyte clusters at the plane of section. Portal triads were
examined in animals sacrificed without performing bile duct ligation, and the bile ductules in
the portal triads were examined by DPPIV histochemistry. Only portal triads that had direct
proximity to some DPPIV-positive hepatocyte clusters were included in this part of the study.
There was not a single DPPIV-positive bile duct epithelial cell in 45 portal triads examined in
sections taken randomly and stained by histochemistry for DPPIV. A typical appearance of the
histology of a portal triad in the DPPIV chimeric livers not subjected to bile duct ligation is
shown in Fig. 1.

Effects of Bile Duct Ligation and DAPM at Day 30 of the Protocol
Animals were harvested at 30 days after bile duct ligation. The overall histology, examined by
hematoxylineosin stain, was typical of that described in the literature for this model of biliary
injury. Expanded portal triads containing multiple bile ductules are shown in Fig. 2A. A higher-
power magnification of such ductules is shown in Fig. 2B. Occasional inflammatory cells and
some individual hepatocytes are seen, surrounded by the proliferating ductules. There was no
noticeable difference in any aspect of histology at 30 days after bile duct ligation between livers
of animals that had or had not been treated by DAPM.

Many of the otherwise indistinguishable, normal proliferating ductules were positive for the
marker DPPIV. As discussed (Fig. 1), in the chimeric livers constructed for this study and
following the protocols established in the literature, DPPIV is seen only in hepatocytes and
not in biliary epithelium. Examples of DPPIV ductules are shown in Fig. 3. This finding
suggests that some of the proliferating ductules induced by the reaction to the bile duct ligation
derive from hepatocytes. The distribution of the DPPIV-positive ductules varied between portal
triads. In some, all of the ductules were DPPIV positive (Fig. 3A–B) or all negative (Fig. 3D).
In most portal triads, however, there was partial replacement of some of the ductules (Fig. 3C)

Immunohistochemical stain for the hepatocyte-specific antigen marker HEPPAR showed that
only hepatocytes were positive, with none of the biliary ductules staining positive for this
marker. Two hepatocytes, however, are forming a ductular structure (Fig. 4A). The ductules
had nuclei positive for PCNA in the range of 60% to 90% (Fig. 4B). Many hepatocytes were
also positive for PCNA, as previously described. All ductules generated by the protocol were
indistinguishable by any histological technique other than DPPIV. Figure 4C and 4D
demonstrate that two groups of ductules, one positive and one negative for DPPIV, were
equally positive for the biliary marker CK7. At the end of the DAPM–bile duct ligation (BDL)
protocol (day 30), no differences are seen in cell or nuclear size between the DPPIV-positive
and -negative ductules.

The percentage of DPPIV-positive biliary cells and of the triads carrying DPPIV-positive
ductules in the DAPM-treated and control groups are shown in Fig. 5. DAPM treatment resulted
in a striking difference in both assay endpoints. There was a 36-fold increase in DPPIV-positive
biliary epithelial cells and portal triads containing DPPIV-positive biliary ductules (DAPM-
treated: n = 4, untreated: n = 3).

Sequence of Cellular Changes in the Liver During the Experimental Protocol
1. Biliary toxicity after administration of DAPM: As previously described,

administration of DAPM causes necrosis of the biliary epithelium within 1 day after
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administration. The necrotic phase lasts from day 1 to day 3, with signs of repair
appearing after that time. The degree of biliary cell necrosis is not uniform in all the
ducts throughout the liver. Some of the ducts were only partially affected. Several
ducts ruptured and generated “bile infarcts” at days 2 to 4 after DAPM. Some of the
histological changes are shown in Fig. 6. We have shown in previous studies20 that
the toxic effects of DAPM last up to 5 to 7 days, with no residual histological damage
seen after that point.

2. Changes in periportal hepatocytes associated with the biliary transformation: These
studies were carried out in regular (nonchimeric) rats, subjected to the identical
protocol (DAPM followed by BDL) used for the chimeric rats. Small hepatocytes
seen in the immediate periportal location assumed expression of biliary markers
during the study. Changes recognizable by simple hematoxylineosin stain were seen
as early as 7 days after BDL. Some of the hepatocytes were intercalated into ductular/
acinar structures populated in part by biliary cells (Fig. 7A). Other small hepatocytes
assumed a ductular configuration, as shown in Fig. 7B. The oval cell and biliary
marker OV6 was expressed in hepatocytes in the periportal region from day 2 after
DAPM and at all times thereafter (Fig. 8A). CK7 (Fig. 8B) was seen in the immediate
periportal hepatocytes after day 9 after BDL and was not spread as much into the rest
of the lobule as the reactivity for OV6. Overall, there was no expansion of oval cells.

3. Connections of the hepatocyte-derived ductules: We used the DPPIV marker to trace
connections between the newly formed hepatocyte-derived ductules and the other
components of the biliary compartment. Connections were readily seen between
newly formed ductules and the bile canaliculi of donor-derived DPPIV-positive
hepatocytes (Fig. 9A). Connections with portal ductules draining into the biliary
system are tentatively established by demonstrating the location of the DPPIV
ductules in close proximity to the portal triads (Fig. 9B).

Discussion
The data presented are an extension of our recent previous study in which we showed that
hepatocytes can transdifferentiate into biliary epithelium in organoid cultures.23 Our current
results show that hepatocytes are capable of converting into biliary epithelial cells not only in
culture but also in the liver in vivo, in situations of severe biliary injury (BDL), in which the
capacity of the biliary cells to repair injury is compromised (by DAPM). Although the
conditions used are experimental and thus drastic, in many aspects of human liver disease bile
ductules are gradually destroyed, and thus their proliferative capacity is presumably
compromised. This is often seen as a result of chronic immune attack, as, for example, in
primary biliary cirrhosis or primary sclerosing cholangitis.

Previous studies of human pediatric and adult liver with biliary pathological changes (e.g.,
primary biliary cirrhosis, primary sclerosing cholangitis) have documented the presence of the
oval cell marker OV6 in hepatocytes.10, 11 Expression of bile duct–associated cytokeratins,
including CK7, has been noted in cholestatic disease in humans.31 Additional studies with
experimental models in the rat (choline-deficient diet or exposure to the biliary toxin ANIT)
have demonstrated hepatocytes expressing biliary markers, suggesting a bidirectional
differentiation of progenitor cells.32 Studies with experimental injury models using transgenic
mice have also suggested that hepatocytes may give rise to cells with the properties of oval
cells.33 The described studies have shown evidence that hepatocytes can express biliary cell–
associated markers, suggesting that hepatocytes in rodents and humans have the capability to
transdifferentiate into biliary epithelial cells.
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The protocol (bile duct ligation plus DAPM) used for these studies bears resemblance to the
protocol of PHx + AAF used to induce the phenotypic conversion that occurs in the opposite
direction, the conversion of biliary epithelial cells into hepatocytes through the oval cell
pathway. In situations associated with loss of hepatic parenchyma (e.g., PHx, recovery from
CCl4-induced chemical injury), regeneration of the liver proceeds through a limited set of
proliferative events in which hepatocytes generate more hepatocytes, biliary cells generate
more biliary cells, and so forth.34 The hepatic mass is restored at the end of the regenerative
process. When, however, the capacity of hepatocytes to proliferate is impaired (e.g., after
administration of AAF, retrorsine, etc.), then oval cells appear in the periportal areas and
eventually transdifferentiate into hepatocytes. All evidence suggests that oval cells derive from
the biliary compartment. The summary of the evidence is as follows:

1. Oval cells express markers of biliary cells before converting to small hepatocytes.
35,36

2. Hepatocyte-associated transcription factors become elevated in the biliary ductules
soon after PHx plus AAF.19

3. Administration of the biliary toxin DAPM immediately after PHx plus AAF
eliminates the appearance of oval cells.20

The precise location within the biliary tree of the cell population giving rise to oval cells (canals
of Hering vs. portal ductules) has been debated. Canals of Hering and intraportal biliary
ductules have been considered as non–mutually exclusive alternatives.19,37–40

In our current study, BDL was used as the stimulus to elicit biliary cell proliferation, and DAPM
was used to inhibit (via selective toxicity) the proliferation of the biliary epithelial cells. In
symmetry with the results of the PHx + AAF protocol (biliary cells transdifferentiate into
hepatocytes), we observe that in the BDL + DAPM protocol hepatocytes become biliary cells.
The percentage of biliary ductules derived from hepatocytes presented in this study is an
underestimate of the total, because only the DAPM-positive ductules can be identified and
counted. At least half of the hepatocytes throughout the chimeric livers were DPPIV negative.
The recipient-derived DPPIV-negative hepatocytes mayalso contribute to some extent toward
formation of biliary ductules, which cannot be traced because of lack of markers. Note,
however, that the contribution of the DPPIV-negative (recipient) hepatocytes toward ductular
differentiation may be limited by the fact that they had been treated with retrorsine, thus
restricting their proliferative potential.24

We examined the histology of the ductules at the end of the study (30 days after bile duct
ligation), and we did not observe any differences between the portal ductules that would suggest
a dual phenotype, even though (in the DAPM-BDL protocol) almost half were derived from
hepatocytes. This is illustrated by studying expression of CK7, in Fig. 4C–D. However,
transitional changes were seen in the hepatocytes of the periportal region, and especially in the
hepatocytes immediately adjacent to the portal triad. These cells expressed OV6 very early in
the protocol, within days after administration of DAPM. Expression of CK7, a biliary marker,
was also enhanced in the cells, albeit at a later time, starting at approximately day 7 after BDL.
These changes were restricted to the periportal region. We did not see proliferation of cells
with oval cell characteristics as a distinct cell population, as seen with the AAF-PHx protocol
for generation of oval cells. The findings in Figs. 7 and 8 suggest that the immediately periportal
hepatocytes undergo gradual transdifferentiation as some of them convert into biliary epithelial
cells. The formation of a ring of cells around the portal triad with phenotypic characteristics
of both hepatocytes and biliary cells (Fig. 8A) is reminiscent of the ductal plate observed during
embryology.9
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It is conceivable that at the time of injection of the DPPIV-positive hepatocytes into the
retrorsine-treated and hepatectomized livers, some biliary cells or cells with stem cell
properties might have been injected as contaminants. It may also be argued that some of the
DPPIV-positive ductules seen in the animals not subjected to DAPM may derive from such
contaminant cells. This, however, is not likely to be the case in the animals treated with DAPM.
The latter is a well-documented biliary toxin and would have likely caused the death of the
contaminant biliary cells present within the lobular areas. The issue of stem cells in the liver
is more complex because such cells have not been conclusively shown to exist. Oval cells are
the closest identified cell type in liver with progenitor cell properties. We have previously
shown that treatment with DAPM eliminates development of oval cells.20 Because oval cells
share many phenotypic markers with biliary epithelium (bile ductules or canals of Hering), it
is also highly likely that treatment with DAPM would be toxic to these cells as well. The
dramatic rise of the number of DPPIV-positive ductules after DAPM administration clearly
suggests that the origin of the DP-PIV-positive ductules is not from a small number of potential
biliary or oval cell contaminants surviving after injection in the liver lobule; the increase in
DPPIV-positive ductules associated with DAPM clearly suggests that these DPPIV-positive
ductules must derive from hepatocytes, known to be resistant to the DAPM treatment.

In summary, our findings have implications for regenerative biology of the liver. Several
studies have aimed to identify committed stem cells in adult rodent liver, with the expectation
that these stem cells would be available constantly and on a stand-by basis to replenish
hepatocytes or biliary epithelium, as the need arose. Our results suggest that the most likely
regenerative scheme in nonstandard regenerative conditions is that hepatocytes and biliary
epithelium are facultative stem cells for each other. The term “facultative stem cells”16 is used
to denote cellular populations who, under conditions of tissue quiescence, have a specific
function related to the mission of the tissue. These cells, however, are capable of
transdifferentiating into other cell types to provide progenitor cells and replace cell populations
incapable of doing so on their own. The canals of Hering are thought to be a source of such
facultative stem cells for hepatocytes. Canals of Hering are the vanguard of biliary epithelium
in contact with hepatocytes, and they have been shown to penetrate deeply into the lobule.
15,40 Our studies show that adult hepatocytes can also function as facultative stem cells for
the biliary epithelium. We presume that these hepatocytes are likely to reside in the periportal
areas, but the possibility of hepatocytes in other areas potentially contributing to this process
cannot be excluded.
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AAF  

N-2 acetyl-aminofluorene

PHx  
2/3 partial hepatectomy

DAPM  
methylene dianiline

DPPIV  
dipeptidyl peptidase IV

PCNA  
proliferating cell nuclear antigen

HEPPAR  
hepatocyte-specific antigen marker

BDL  
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Fig. 1.
DPPIV histochemistry of chimeric liver before bile duct ligation. Bile canaliculi of donor
hepatocytes stain red (positive) for DPPIV. Bile ductules in portal triads of the recipient liver
(arrows) are uniformly negative for DPPIV (original magnification ×200).
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Fig. 2.
Hematoxylineosin stain of livers at day 30 after bile duct ligation. (A) Portal triads are expanded
with numerous bile ductules (arrows). (original magnification ×200). (B) High-power view
of a cluster of bile ductules (original magnification ×400). There was no detectable difference
in histology between livers exposed to DAPM versus controls.

Michalopoulos et al. Page 12

Hepatology. Author manuscript; available in PMC 2007 March 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3.
(A) DPPIV histochemistry shows multiple clusters of DPPIV-positive (red) ductules (thick
arrows). The canaliculi of the donor hepatocytes also stain positive for DPPIV (thin
arrows) (original magnification ×200). The area surrounded by a square is magnified in panel
B (original magnification ×400). (C) A portal triad with a portion of the ductules being DPPIV-
positive (red) (thick arrows), whereas another portion has ductules that are DPPIV-negative
(thin arrows). (original magnification ×300). (D) A portal triad in which all ductules are
negative for DPPIV (original magnification ×200). BDE, bile duct epithelium.
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Fig. 4.
A DAPM-BDL protocol at day 30. Immunohistochemical stain for the hepatocyte marker
HEPPAR. (A) All hepatocytes stain positive (brown), whereas biliary ductules are negative.
(original magnification ×400). Two hepatocytes, however, are arranged in a ductular
configuration (arrows). (B) Day 30 of the DAPM-BDL protocol. Immunohistochemical stain
for PCNA, indicating presence of cells in the cell cycle. Numerous nuclei of both hepatocytes
(thin arrows) and biliary epithelial cells (bile duct, thick arrows) are positive for PCNA.
(original magnification ×400). (C–D) Two groups of bile ductules are shown in panel C, of
which one is positive and the other negative for DPPIV. Panel D demonstrates that, regardless
of the DPPIV expression, both groups of ductules are indistinguishable in terms of CK7.
(original magnification ×200). BD, bile duct.
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Fig. 5.
Quantification of (A) the percentage of DPPIV-positive bile duct epithelial cells and (B) the
percentage of portal triads bearing DPPIV-positive ductules. Data were derived from 3 rats not
treated with DAPM and 4 rats treated with DAPM. Three sections were taken randomly from
each rat liver. A total of 50 portal triads per rat liver were randomly assessed to derive the data
indicated. Each bar represents the mean (± SE) derived by statistical analysis of the data derived
from the animals in each group.
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Fig. 6.
Histological changes after administration of DAPM. (A) Section of a portal triad at day 2 after
administration of DAPM. The bile ductule is devoid of biliary epithelium. (original
magnification ×400). (B) An area of hepatocyte necrosis (BI) in immediate proximity to a
ruptured bile ductule, at day 4 after DAPM. (original magnification ×100). PV, portal vein
branch; HA, hepatic artery branch; BD, interlobular bile ductile; BI, bile infarct.
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Fig. 7.
Hematoxylineosin stain of liver sections at day 12 of the DAPM-BDL protocol (original
magnification ×200). (A) Two hepatocytes (short arrows) are intercalated into the structure
of a bile ductule (long arrows). (B) Hepatocytes are arranged in a ductular configuration
(short arrows). PV, portal vein.
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Fig. 8.
(A) Immunohistochemistry for OV6. This antibody stains positive in oval cells and biliary
epithelium. Hepatocytes immediately adjacent to the portal triad (arrows) become positive for
OV56 at day 3 of the DAPM-BDL protocol (original magnification ×100). (B) Day 9 of the
DAPM-BDL protocol. Hepatocytes immediately adjacent to the portal triad (short arrows)
become moderately positive for CK7. The bile ductules of the same triad (long arrows) are
intensely positive for CK7 (original magnification ×200).
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Fig. 9.
DAPM-BDL protocol at day 30. (A) Connections between the lumen of the bile ductules
(short arrows) and bile canaliculi of hepatocytes (long arrows). (original magnification
×400). (B) DPPIV-positive bile ductules (red) are arranged linearly within a complex of
DPPIV-negative ductules (blue-gray) draining into a portal triad (original magnification
×100).
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