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Abstract

AIM: To elucidate the interaction between non-
parenchymal cells, extracellular matrix and oval cells
during the restituting process of liver injury induced by
partial hepatectomy (PH).

METHODS: We examined the localization of oval
cells, non-parenchymal cells, and the extracellular
matrix components using immunohistochemical
and double immunofluorescent analysis during the
proliferation and differentiation of oval cells in N-2-
acetylaminofluorene (2-AAF)/PH rat model.

RESULTS: By day 2 after PH, small oval cells began
to proliferate around the portal area. Most of stellate
cells and laminin were present along the hepatic
sinusoids in the periportal area. Kupffer cells and
fibronectin markedly increased in the whole hepatic
lobule. From day 4 to 9, oval cells spread further into
hepatic parenchyma, closely associated with stellate
cells, fibronectin and laminin. Kupffer cells admixed
with oval cells by day 6 and then decreased in the
periportal zone. From day 12 to 15, most of hepatic
stellate cells (HSCs), laminin and fibronectin located
around the small hepatocyte nodus, and minority of
them appeared in the nodus. Kupffer cells were mainly
limited in the pericentral sinusoids. After day 18, the
normal liver lobule structures began to recover.

CONCLUSION: Local hepatic microenvironment may
participate in the oval cell-mediated liver regeneration
through the cell-cell and cell-matrix interactions.
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INTRODUCTION

The capacity of hepatocytes and cholangiocytes to
contribute to their own maintenance has long been
recognized. They transiently enter the cell cycle and
proliferate to restore the lost liver mass after parenchymal
damage“’zj. If the proliferation of hepatocytes is inhibited
or blocked (such as by viral infection or chemicals), or
if liver damage is extensive and chronic, putative liver
progenitor cells are activated to proliferate into mature
liver cells®”. Liver progenitor cells are evident in both
human pathologic ductular reactions and experimental
animal models during hepatocarcinogenesis or as a
part of the restituting response to liver injury®'". After
liver injury was induced by N-2-acetylaminofluorene
(2-AAF)/partial hepatectomy (PH) in rodent models,
the best candidate for liver progenitor cells would be
the “oval cell” population, which is oval in shape, with a
darkly staining nucleus and scant, basophilic cytoplasm.
These cells radiate out from terminal biliary ductules,
proliferate and migrate from portal regions into the
parenchyma until liver regeneration is completed.

In recent years, attention has focused on the influence
of the hepatic microenvironment on hepatic oval cell
activation and proliferzltion[“13
comprises the extracellular matrix, epithelial and non-
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epithelial resident liver cells, and recruited inflammatory
cells as well as the variety of growth-modulating
molecules. It is conceived as a restricted locale in an organ
that regulates liver progenitor cell division through
microenvironmental signaling, supporting their self-
renewal, inhibiting or maintaining normative baseline
differentiation in normal physiological states, and
promoting proliferation and differentiation in response
to injury"*'”. The modulation factors for oval cell
proliferation and differentiation are now being identified.
Although great progress has been made in the research
of multiple growth modulators (priming factors, growth
factors, inflammatory cytokines, chemokines and growth
inhibitory factors) involved in oval cell regulationm,
the role of individual non-parenchymal cells and
hepatic extracellular matrix in oval cell-mediated liver
regeneration remains unclear.

In the present work, we present a detailed immuno-
histochemical analysis of the involvement of non-
parenchymal cells, hepatic extracellular matrix components
and the interaction of these elements with oval cell and
hepatocytes in oval cell-mediated liver regeneration
induced by partial hepatectomy after 2-AAF treatment.
To obtain detailed morphological assessment, the
samples were analyzed under traditional light microscopy
and confocal microscopy. The results indicated that
different non-parenchymal cells and extracellular
matrix component proliferation and migration were
accompanied with the “ductular” periportal oval cell
response. The local hepatic microenvironment may
influence the oval cell response through the production
of growth factors, expression of growth factor receptors
and remodeling the hepatic extracellular matrix during
the restitution process.

MATERIALS AND METHODS

Animal models

Male Sprague Dawley (SD) rats (8-9 wk of age; 120-150 g
of body weight) were used. They were fed standard
pelleted chow and had access to water ad /ibitum. Rats
were maintained in a temperature-controlled room with a
12-h light/dark illumination cycle. To inhibit hepatocyte
proliferation, all rats received daily oral gavage of 2-AAF
(Sigma Chemical Co) at a dosage of 15 mg/kg body
weight for 4 d before and up to 7 d after PH. 2-AAF
was dissolved in dimethyl sulfoxide (DMSO, Sigma
Chemical Co). After the first four daily gavages, all rats
were anesthetized, and two-thirds partial hepatectomy
was performed by surgical removal of the left and
median liver lobes; no dosing was performed on the
day of surgery. Three rats were killed at 2, 4, 6, 9, 12,
15, 18 and 21 d after PH. Formalin-fixed and paraffin-
embedded serial liver tissue sections (4 um) were used for
immunohistochemical and double immunofluorescent
analysis. All procedures were conducted in accordance
with the Guide for the Care and Use of Laboratory
Animals and approved by the Institutional Animal Care
and Use Committee.

Immunohistochemistry

Paraffin sections of formalin-fixed liver tissues were
stained with mouse monoclonal antibody to ov-6
(MAB2020, R&D Systems, Inc), a marker of hepatic
oval cells in ductular reaction; mouse monoclonal
antibody to desmin (DE-R-11, DAKO Denmak), a
marker of stellate (Ito) cells, smooth muscle cells,
periportal fibroblasts; mouse monoclonal antibody
to ED1 (MCA341GA, Serotec Ltd) recognizing the
cytoplasmic antigen in circulating monocytes and small
Kupffer cells in the liver; and polyclonal rabbit anti-
laminin (20097, DAKO, Denmark) or polyclonal rabbit
anti-fibronectin (A0245, DAKO Denmark). Tissue
sections were rehydrated at descending concentrations
of ethanol and endogenous peroxidase activity was
blocked with 3% hydrogen peroxide in methanol.
Tissues used for ov-6 and desmin immunohistochemistry
wete microwaved to boiling for 15 min in 10 mmol/L
Ttis buffer, 1 mmol/L ethylenediamine tetra-acetic acid
(EDTA), pH 9.0, for antigen retrieval. The sections
labeled ED1, laminin or fibronectin were digested
with Proteinase (10 pg/L, 5 min, 37°C). After antigen
retrieval, the tissue sections were blocked with 10%
normal serum from the donor species of the secondary
antibodies for 15 min at room temperature, followed
by incubation with primary antibodies overnight at 4°C.
Primary antibody dilutions were as follows: anti-ov-6,
1:10; anti-desmin, 1:50; anti-ED1, 1:50; anti-laminin,
1:100 and anti-fibronectin, 1:50. After rinsing with
phosphate buffered solution (PBS), primary antibodies
were detected by incubation for 30 min with biotinylated
rabbit anti-mouse or goat anti-rabbit immunoglobulins.
After further rinsing with PBS, sections were incubated
with horseradish peroxidase conjugated streptavidin/
biotin complex (85-9843, Histostain Plus Kits, Zymed
Laboratories Inc.). Peroxidase activity was developed
with 0.05% diaminobenzidine and 0.03% H:Oz. Finally,
sections were counterstained for 5 min in hematoxylin,
dehydrated through graded alcohols, and mounted under
glass coverslips.

Double immunofluorescent analysis

After deparaffinization and hydration, liver sections
were microwaved for 15 min in 10 mmol/L Tris buffer,
1 mmol/L EDTA, pH 9.0, for antigen rettieval. Proteinase
digestion was added if the second primary antibodies
were laminin, ED1 or fibronectin. Five pairs of double
labeling (ov-6/desmin, ov-6/laminin, ov-6/ED1, ov-6/
fibronectin, desmin/laminin) were performed. We used
a vector Mouse-On-Mouse (MOM) immunodetection
kit (FMK2201, Vector Labotatories Inc.) when both
primary antibodies came from mice. After rinsing with
PBS, tissue sections were incubated for 5 min in working
solution of MOM™ diluent, followed by incubation
with primary antibodies overnight at 4C. Working
solution of MOM biotinylated anti-mouse IgG was used
as secondary antibodies. Then, sections were incubated
with fluorescein avidin DCS for 5 min. Before incubating
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the second primary antibodies, both the avidin/biotin
blocking step and the mouse Ig blocking step must be
done to prevent the interaction of the second set of
labeling reagents with the first set of labeling reagents
if the two mouse monoclonal primary antibodies were
used. If two primary antibodies came from different
species, only the avidin/biotin blocking step was
necessary. After the protein blocking step, sections were
incubated with the second primary antibodies for 1 h
at 37°C, followed by incubation with working solution
of MOM biotinylated anti-mouse or anti-rabbit IgG
(BA-1000, Vector Laboratories Inc.) for 10 min, then
Texas Red Avidin DCS (A-2016, Vector Laboratories
Inc.) for 10 min. All samples were analyzed by confocal
laser-scanning microscopy using the Nikon Digital
ECLIPSE C1 system (Nikon Corporation, Japan).

RESULTS

Ductular oval cell response

In the normal liver, ov-6 strongly labeled pre-existing
intraportal bile ducts, ductules and terminal duct cells.
There was no change from normal in the distribution
and the expression pattern of the ov-6 (+) cells on
day 1 after PH. On day 2 after PH, small cells with
high nuclear/cytoplasmic ratio (oval cells) were evident
in and around the portal area. Oval cells were close to
hepatocytes at limiting plates (Figure 1A). On day 4 after
PH, ov-6 positives cells could be seen protruding into
the parenchyma. Pre-existing ducts stained more strongly
than new ducts (Figure 1B). By day 0, there is further
extension of ductular structures across the hepatic
lobule. On day 9 after PH, multiple strings of ductular
cells spread further into the midzone (Figure 1C). By

Figure 1 Ov-6 immunoreactivity
of ductular cell reaction following
PH of rats treated with AAF. A:
Oval cells (short arrow) close to
hepatocytes at limiting plates on day
2 after PH show much lighter labeling
than pre-existing bile duct cells (long
arrow) (x 200); B: On day 4 after PH,
strongly stained cells are beginning
to move into the parenchyma (x
200); C: On day 9 after PH, apparent
long cords of ductular oval cells are
fanning outward from each portal
area (x 100); D: On day 15, the ov-6
(+) ductular structures are restricted
to the periphery of small hepatocyte
nodus (x 100).

day 12 and beyond, the periportal areas were colonized
by small hepatocyte nodus, though small strings of
ductular cells could still be discerned at the periphery
of hepatocytes. Many ductular profiles exhibited what
looked like clear intestinal differentiation. On day 15
after PH, there was a significant decrease in the ductular
structure and increase in the new small hepatocyte nodus
(Figure 1D). From day 18 to 21 after PH, small ov-6 (+)
cells further decreased or disappeared. The normal liver
lobule structures recovered.

Non-parenchymal cell response and interaction with
oval cells

Desmin stained smooth muscle cells of the blood vessels
and dendpritic cells around the bile ducts and vessels,
but not sinusoidal cells as in normal rat liver. Howevet,
by day 2 after PH, hepatic stellate cells (HSCs) were
activated and expressed desmin. At this moment, a few
oval cells began to proliferate from the portal areas. Most
desmin (+) cells were located in the portal areas and
minority of the HSCs were small interlobular sinusoidal
cells (Figure 2A). There were no desmin (+) cells in
the central zone. From day 4 to 6 after PH, desmin (+)
cells could be seen protruding into the parenchyma
and formed the organized meshwork arrangement
(Figure 2B). As time elapsed, HSCs spread further into
the parenchyma and reached the mid zonal parenchyma.
The number of desmin (+) periportal stellate cells peaked
on day 9 and 12 after PH and decreased afterward.
During the course of proliferation, HSCs appeared to
be closely associated with the oval cells. They appeared
to admix with oval cells in the periportal zone and
tightly surrounded the long strings of ductular oval cells
(Figure 2C). Along with the formation of the small
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hepatocyte nodus, most of the desmin (+) cells were

located around the nodus. There were few activated
HSCs in the nodus (Figure 2D). In addition, increasing
numbers of desmin (+) cells wete seen in the intetlobular
sinusoidal zone. On day 15 after PH desmin (+) cells
became far less prominent and accompanied with the
ductular structure around small hepatocyte nodus
(Figure 2E). The number of stellate cells decreased more
significantly than the ductular oval cells. On day 18 after
PH, the number of desmin (+) stellate cells further
decreased or vanished completely (Figure 2F).

ED1 stained the small rounded or spindle-like
macrophages in the sinusoids with a cytoplasmic staining
pattern in normal liver (Figure 3A). The number of ED1
(+) cells sharply increased not only in the pericentral
zone but also in the periportal zone by day 2 after PH.
At this time, no obvious ductular structures spread into
the parenchyma (Figure 3B). On day 4, ED1 (+) cells
began to decrease in both portal and central zones with
an increase of the ductular oval cells. Infiltration of
ED1 labelled macrophages into the ductular structures
was seen in the periportal areas. A few scattered ED1

Figure 2 HSCs response and
correlation with oval cell following
PH of rats treated with AAF. A:
Increase in number of desmin positive
stellate cells in the portal areas. Very
few of HSCs were small interlobular
sinusoidal cells on day 2 after PH (x
200); B: Further increase in number
of stellate cells at the periphery of
the portal areas at day 6 after PH (x
200); C: Double immunofluorescent
labelling for ov-6 (red) and desmin
(green) on day 9 after PH. The strings
of ductular oval cells are closely
surrounded by the mesh-like desmin
(+) stellate cells (x 400); D: On day
12 after PH, dash line marks the edge
of a regenerative small hepatocyte
focus. Desmin (+) cells are present
around the focus, and occasionally
in the focus (x 200); E: Double
immunofluorescent labelling for ov-6
(red) and desmin (green) on day 12
after PH. Desmin (+) cells accompany
the ductular structure around small
hepatocytes focus. There are few
HSCs in the focus negative for ov-6
(x 200); F: By day 18 after PH, the
number of desmin (+) portal stellate
cells is further decreased ( x100).

(+) cells around the portal zone appeared to admix with
oval cells (Figure 3C and D). From day 6 to 9, there
appeared to be different fate for central zone and portal
zone macrophages. The number of ED1 (+) cells in the
petiportal zone decreased more markedly than in the
pericentral zone as the ductular oval cells spread further
into the mid zone (Figure 3E). On day 12, ED1 staining
was limited to a few pericentral sinusoidal macrophages.
There were very few ED1 (+) cells in the expanding
ductular cells (Figure 3F). After day 15, ED1 (+) cells
were seen mainly located between the central veins and
small hepatocyte nodus as oval cells differentiated into
small hepatocyte-like cells.

Extracellular matrix changes and interaction with oval
cells

Laminin normally stained around the bile ducts, blood
vessels, and in the sinusoids. On day 2 after PH, laminin
appeared along the hepatic sinusoids in the peirportal
areas and in the cytoplasm of few nonparenchymal
cells, as well (Figure 4A). During the course of oval cell
proliferation, laminin-containing basement membrane
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surrounded the undifferentiated oval cells (Figure 4C).
The cylinder formed by the basement membrane had
an open end plugged by hepatocytes (Figure 4B), and
desmin-positive stellate cells were accompanied with the
ductular structures outside the basement membrane.
In addition, laminin was found in the cytoplasm of
many desmin (+) fusiform stellate cells (Figure 4D).
No cells penetrating through the basement membrane
could be observed. The maximum laminin staining was
from day 9 to 12 after PH and decreased afterwards.
The paucity or complete lack of laminin staining was
characteristic of nodus as oval cells differentiated into
small hepatocyte nodus on day 12 after PH. Numerous
undifferentiated oval cells located outside nodus were
still outlined brightly by laminin staining. After day 15,
the ductular oval cells further decreased and the small
hepatocyte-vascular relationship and hepatic architecture
began to be restored. Straps of laminin were present in
the periportal hepatocyte cluster in which there was no
intervening sinusoids or extracellular matrix (ECM) in
the early stage of regeneration (Figure 4E).

In normal liver, fibronectin is present in the
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Figure 3 Kupffer cell response
and correlation with oval cells
following PH of rats treated with
AAF. A: Normal rat liver. Small
round or spindle-like cells in the
sinusoids are labelled (x 200); B:
On day 2 after PH, there is marked
increase of ED1 (+) cells in periporal
and interlobular sinusoids. No oval
cells are seen in the poral areas (x
200); C: on day 4 after PH, number
of pericentral and periportal ED1
(+) cells decreased along with the
ductular oval cells(arrows) (x 100); D:
double immunofluorescent labelling
for ov-6 (green) and ED1 (red) at day
4 after PH. A few scattered ED1 (+)
cells around the portal appeared to
admix with ov-6 (+) oval cell (x 400);
E: on day 9 after PH, very few ED1 (+)
cells are visualized in the periportal
ductular oval cells (x 200); F: double
immunofluorescent labelling for ov-6
(green) and ED1 (red) on day 12 after
PH. Dash line marks the edge of a
regenerative small hepatocyte nodus.
ED1 (+) cells are situated around the
small hepatocte nodus and ductular
ov-6 (+) cells (x 100).

perisinusoidal space and codistributed with collagens
in the ECM of the subcapsular region, portal triad, and
central vein regions. In general, the cellular staining
for fibronectin in the normal liver is very similar to
that of ED1. On day 2 after PH, fibronectin staining
became more prominent in sinusoidal cells and in the
periportal and pericentral regions (Figure 5A). By day 4,
fibronectin (+) cells increased further in the periportal
areas accompanying with ductular oval cells as
oval cells began to spread into the parenchyma,
and there was a marked decrease of fibronectin
staining in the sinusoids of the mid zone and the
pericentral areas (Figure 5B). From day 6 to 9,
fibronectin admixed with the proliferating ductual
oval cells expanded further into the pericentral areas.
The clumps of oval cells were closed associated
with desmin, and fibronectin as well (Figure 5C).
On day 12, fibronectin (+) cells were seen around the
small hepatocyte nodus in the periportal areas and very
little fibronectin was detected within the hepatocyte
clusters (Figure 5D). The number of fibronectin (+)
cells among the expanding ductules decreased as oval
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Figure 4 Laminin distribution and correlation with oval cell following PH of rats treated with AAF. A: On day 2 after PH, laminin is present along hepatic
sinusoids in peirportal areas and in the cytoplasm of few nonparenchymal cells in the lobule (arrows) (x 200); B: On day 6 after PH, laminin positivity around the
ductular oval cells. The proximal part of the ductule has continuous laminin staining, whereas distally the basement membrane is fragmented or absent (arrows) (x
400); C: Periportal area stained for OV-6 (green) and laminin (red) 12 d after PH. The bifurcating ductule strongly positive for OV-6, is surrounded by continuous
basement membrane (x 200); D: Portal area 15 d after PH, stained for laminin (red) and desmin (green). Some of the desmin-positive cells are positioned closely
to the laminin (+) basement membrane of ductules (long arrows). Some of the laminin-positive ductules also stained positively for desmin (short arrows). The focus
(dash line marks the edge) is negative for laminin except some oval cell ductules enclosed in the focus (arrow head) (x 400); E: On day 15 after PH, most laminins are
present around the focus, some laminins invading the hepatocyte clusters (arrows) (x 100).
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Figure 5 Fibronectin distribution and correlation with oval cell following PH of rats treated with AAF. A: On day 2 after PH, there is a marked increase of
fibronectin in the periportal, pericentral areas and interlobular sinusoids (x 100); B: On day 4 after PH, there is a decrease in number of fibronectin in pericentral zone
and increase of fibronectin in periportal areas (x 200); C: Double immunofluorescent labelling for ov-6 (green) and fibronectin (red) on day 9 after PH. The ductular
oval cells fanning outward from portal area were closely surrounded by fibronectin (x 200); D: On day 12 after PH, dash line marks the edge of a regenerative small
hepatocyte focus. Fibronectin was present around the focus, very few in the nodus (x 200); E: On day 15 after PH, there is notable decrease of fibronectin during
recovery of normal hepatic architecture (x 100).
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cells differentiated into the hepatocytes on day 15
(Figure 5E). Recovery of normal sinusoidal fibronectin
expression occurred after day 18.

DISCUSSION

In this paper, we describe the proliferation of non-
parenchymal cells and extracellular matrix components
in the oval cell-mediated liver regeneration in a 2-AAF/
PH rat model. In addition, the interaction of these
elements with oval cell and hepatocytes was studied
through confocal double immunofluorescent labeling,
Our results show that the reconstitution of the liver
patenchymal following 2-AAF/PH treatment involves
not only the ductular oval cells but the Kupffer cells,
hepatic stellate cells and ECM components (laminin and
fibronectin). A close anatomical relationship among the
hepatic oval cells, non-parenchymal cells and ECM was
observed during the restituting process. These results
suggest that ECM remodeling and production of growth
factors and expression of growth factor receptors by
non-parenchymal cells play an important role in the oval
cell-mediated liver regeneration.

The effect of HSCs on oval cell proliferation and
differentiation is complex, including elaboration and
secretion of specific paractine stimuli to proliferation in
the early phase after partial hepatectomy, inhibition of
proliferation in the later phase and matrix remodeling;
During oval cell growth and ductule formation, HSCs
are closely associated with oval cells, as suggested by
Alison ¢z a/'”. Both HSCs and oval cells produce and
have receptors for a variety of overlapping growth
factors'"”. Liver stem-like cells can differentiate into
hepatocytes induced by coculture with hepatic stellate
cells. These results suggest that, besides growth factors,
cell-cell interaction through extracellular matrices
produced by HSCs is also important for the induction
of hepatocytic differentiation'"”. Another impotrtant
role of HSCs is matrix remodeling by combination
of proteolytic degradation of ECM and extracellular
matrix synthesis. HSCs exhibit collagenase, stromelysins,
metalloelastase and gelatinase A activity. Tissue
inhibitors of metalloproteinases, also HSC derived,
balance these activities. Matrix components, including
laminins, fibronectins, collagens and proteoglycans, are
largely but not exclusively HSC derived™. Our results
show that after ductular oval cells differentiate into small
hepatocyte nodus, the HSCs extend into the hepatocyte
clusters without intervening sinusoids or ECM. HSCs
gradually disappear as the normal liver lobule structures
are restored. These results indicate that HSCs may
play an important role in the restoration of normal
hepatocyte-vascular relationships and overall hepatic
architecture in the later stages of regeneration.

Concomitant with periportal oval cell proliferation,
there is an increase in ED1 (+) Kupffer cells. Kupffer
cells are mainly phagocytic cells also synthesize and
secrete a number of cytokines, including tumor necrosis
factor-a. (TNF-q), IL-1 and IL-6""?". Inhibition of

TNF signaling results in a reduced progenitor cell
response and impaired liver regeneration™. In our
study, there was a quick increase in ED1 (+) Kupffer
cells in the whole hepatic lobule by day 2 after PH,
before obvious ductular structures were observed.
From these results, we can speculate that Kupffer
cells may play a crucial role in priming the oval cells
and inducing DNA synthesis by secreting the priming
factors (TNF-a and 11.-6) in the eatly phase of oval
cell-mediated liver regeneration. After 4 d, as the oval
cells spread further into the liver parenchyma, Kupffer
cells appeared to admix with the expanding oval cell
population. The structural relationship of the interaction
of the responding cells implies that there may also be
a functional interaction. Takeishi ez «/*" demonstrated
that Kupffer cells play a stimulatory role in liver
regeneration by enhancing hepatocyte growth factor
(HGF) expression. In addition, studies indicate that
HGF accelerates the proliferation of hepatic oval cells
and promotes the differentiation to hepatocytes™ .
Apart from secreting growth factors, Kupffer cells may
also produce metalloproteases, clastase, collagenase and
fibronectin®®”. Thus, Kupffer cells and HSCs may act
together to contribute to the dissolution of basement
membrane around small ductules, perhaps allowing
ductular oval cells to move into the adjacent hepatic
lobe, providing mitogenic growth factor and remodeling
ECM during the proliferation and differentiation of
oval cells. Kupffer cells also play a role in terminating
the surge of replication after partial hepatectomym].
One of powerful inhibitors of hepatocyte replication is
TGF-B, produced most prominently by hepatic stellate
cells and Kupffer cells. TGF-f has been proposed to
play similar modulatory roles in oval cell-mediated liver
regeneration

The extracellualr matrix is a dynamic complex of
macromolecules and plays a role not only in structural
support, but also in cell proliferation, migration, and
differentiation™. The morphological observations
described above suggest a link between stroma in the
hepatic microenvironment and the oval cell response.
We speculate that ECM (laminin and fibronectin)
may affect the oval cell response by: (1) Providing
the growth factors for oval cells in the early stage of
regeneration. The upregulation of urokinase-type
plasminogen activator (uPA) mRNA accompanying
oval cell proliferation has been reported, and infusion
of uPA enhanced the mitogenic response of cells
located near bile ducts”™. uPA has been shown to
initiate the degradation of the ECM through activation
of metalloproteinase and the degradation leads to the
release of bound HGF with a subsequent increase in
serum HGF concentration™". Several growth factors
involved in oval cell regeneration may be also regulated
by this system"". Together, these findings support the
overall concept of ECM remodeling as an important
step in the growth phase of oval cell-mediated liver
regeneration. (2) Influencing the differentiation state
of the oval cell. Our results show that there is a distinct
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continuous laminin staining around the oval cells, and
the disappearance of the basement membrane (BM) that
surrounds the oval cell ductules is closely associated with
initiation of the differentiation into hepatocytes. Yin
et alpzjreported that isolated hepatic stem cells expressed
biliary or hepatocytic phenotypes in culture, depending
on the presence or absence of basement membrane
matrix (Matrigel). Matrigel was also found to play an
important role in maintaining the biliary phenotype
in tissue culture in other experimental systems'™",
Recently Leite e/ a/”) demonstrate that fibronectin and
laminin can induce expression of islet cell markers in
hepatic oval cells in culture. (3) Affecting the migration,
proliferation and attachment of oval cells. Sanchez
et al”® demonstrate that fibronectin might regulate
morphology, cell organization and gene expression of
rat fetal hepatocytes in primary culture. Other studies
show that the apparent affinity of hepatocytes to
laminin increases during the prereplicative phase of
rat liver regeneration and laminin is one of the most
effective substrates in supporting the responstiveness of
hepatocytes to the growth stimulus®™", (4) Playing a role
in the development of the hepatic sinusoidal vasculature.
We obsetrved that both laminin and fibronectin are
present in the periportal hepatocyte cluster and when
the maturation of the sinusoidal vasculature is complete,
the expression is repressed. A resynthesis of the
previously degraded perisinusoidal ECM is required for
full regeneration. Epithelial cells require contact with
ECM to inhibit detachment-induced apoptosis, and the
reconstitution of a perisinusoidal ECM therefore will
stabilize the newly formed hepatocyte population””.

In summary, our results indicate that there is a close
relationship between the non-parenchymal cells (HSCs
and Kupffer cells), ECM components (laminin and
fibronectin) and oval cells during the restitutive repair
in 2-AAF/PH model, providing evidence that the local
hepatic microenvironment may participate in the oval
cell-mediated liver regeneration through the cell-cell
and cell-matrix interactions. Furthermore, our results
also suggest that the production of growth factors
and extracellular matrix remodeling may be required to
regulate the migration, proliferation and differentiation
of oval cells and the process of liver regeneration.
Further studies should focus on providing the direct
evidence of hepatic microenvironment in regulating
to oval cells via in vitro experiments and elucidating the
molecular mechanisms.

COMMENTS

Background

Oval cells are thought to be the progeny of stem cells in adult liver, which
are able to differentiate bipotentially into mature hepatocytes and billary
epithelial cells when the proliferation of mature hepatocytes is inhibited or
blocked. In recent years, attention has focused on the influence of the hepatic
microenvironment on hepatic oval cell activation and proliferation.

Research frontiers

Although great progress has been made in the research of multiple growth
modulators involved in oval cell regulation, the role of individual non-
parenchymal cells and hepatic extracellular matrix in oval cell-mediated liver
regeneration remains unclear.

Innovations and breakthroughs

The current study demonstrated that the local hepatic microenvironment may
influence the oval cell response through the production of growth factors,
expression of growth factor receptors and remodelling the hepatic extracellular
matrix during the restitution process.

Applications

By observing the interaction of hepatic microenvironment with oval cells
in oval cell-mediated liver regeneration, the existence and importance of
liver stem cell niche have been further confirmed. This study has laid a
foundation for researchers to elucidate the molecular mechanisms of hepatic
microenvironment in regulating oval cells.

Terminology

Stem cell niche is conceived as a restricted locale in an organ that regulates
stem cell division through microenvironmental signaling, supporting their self-
renewal, inhibiting or maintaining normative baseline differentiation in normal
physiological states, and promoting proliferation and differentiation in response
to injury.

Peer review

The authors reported a close anatomical relationship between the hepatic
oval cells, non-parenchymal cells and extracellular matrix (ECM), and they
suggested that ECM remodeling and production of growth factors and
expression of growth factor receptors by non-parenchymal cells may play an
important role in the oval cell-mediated liver regeneration. Overall, the data are
well presented, although some conclusions could not be supported as this is
only aimmunohistochemical and a double immunofluorescent analysis.
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