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Liver failure, which is caused mainly by viruses and chemicals, has emerged as a major public
health problem worldwide. The viral hepatitis may lead to chronic infection resulting in the
development of cirrhosis and hepatocellular carcinoma. D-galactosamine (D-GalN) is a
hepatotoxic agent and has been used as a model of human viral hepatic disease. Animal models for
D-GalN-induced liver injury should represent a series of events that may serve as a useful tool to
clarify the underlying mechanisms.

Macrophages and myofibroblasts have important roles in liver lesions as the key cells. After
tissue injury, M1-macrophages infiltrate at early stages and promote injury, and then
M2-macrophages appear for tissue repair or reparative fibrosis. M1-/M2-macrophage polarization
is attributable to liver failure development. In liver injury, hepatic stellate cells (HSCs) may
transdifferentiate into a-smooth muscle actin (a-SMA)-expressing myofibroblasts capable of
producing collagens; the cells contribute to reparative and progressive fibrosis. Understanding
the properties of macrophages and myofibroblasts in rat liver injury would provide a new avenue
for formulating cell specific therapeutic interventions.

A series of studies were conducted in order to investigate the immunophenotypical
characteristics of macrophages and myofibroblasts in D-GalN-induced acute rat liver injury. Based

on cellular properties of macrophages and myofibroblasts, the pathogenesis of D-GalN-induced



lesions could be partly clarified.

Chapter 1: Histopathological lesions and participation of autophagy in D-GalN-induced

acute rat liver injury

Section I: Histopathological lesions in D-GalN-induced acute rat liver injury
D-GalN is a well-known hepatotoxic agent that causes liver injury. Hepatic lesions were

induced in 6-week-old male F344 rats by a single intraperitoneal injection of D-GalN (800 mg/kg
body weight). Liver samples were obtained at 8 h and on 1, 2, 3 and 5 days after injection. Lesions
consisting of degeneration/sporadic foci of coagulation necrosis, inflammatory cell reaction, and
reparative fibrosis, as well as bile duct hyperplasia were seen on days 1 and 2. Upregulation of
apoptotic cells and regenerating cells were also observed mainly on days 1 and 2, respectively. On
days 3 and 5, the lesions recovered to control levels. This rat liver failure model was used in the

following experiments.

Section II: Participation of autophagy in D-GalN-induced acute rat liver injury

Autophagy is an intracellular degradation process, which is performed by forming
autophagosomes. LC3B (an autophagosome marker)-positive granules in hepatocytes were
increased on days 1 and 2; interestingly, irregularly vacuolated structures were often seen in the

lesions. Functionally abnormal autophagy might participate in the development of liver lesions.

Chapter 2: Characterization of heterogeneous macrophages in D-GalN-induced acute rat

liver injury

Section I: Immunophenotypical analysis of macrophages in relation to M1-/M2-polarization
in D-GalN-induced acute rat liver injury

Macrophages reacting to CD163 (for M2-macrophages) and CD68 (for M1-macrophages)
increased on days 1 and 2 in agreement with lesion development; the former appeared earlier that
the latter. Along with these M1-/M2-macropahges, M1-related inflammatory cytokines (TNF-a,
IL-6 and INF-y) and M2-related anti-inflammatory cytokines (TGF-f, IL-10, MCP-1 and IL-4)
were increased on days 1 and 2. Double immunofluorescence showed that 82% of
CD68-expressing M1-macrophages co-expressed with CD163. These findings indicated that CD68
M1- and CD163 M2-macrophages participated in the lesion development, with showing

simultaneous immunophenotypes.

Section II: Characterization of MHC class II- and CD204-expressing macrophages in
D-GalN-induced acute rat liver injury

Increased numbers of MHC class II- and CD204-expressing macrophages were observed on



days 1 and 2. In double immunofluorescence on day 2, MHC class II-expressing macrophages
reacted with CD68 (75%) or CD163 (65%), and approximately 95% of CD204-expressing

macrophages co-expressed with CD68 and CD163. Macrophages reacting to MHC class II and
CD204 took part in the lesion development, showing both functions of M1-/M2-macrophages.

Section II1: Possible derivation of macrophages in D-GalN-induced acute rat liver injury
CCR2 (a marker of blood monocytes) mMRNA was increased on days 1 and 2. The majority of

CD68-expressing M1- and CD163-expressing M2-macrophages on day 2 reacted simultaneously

to CCR2. Macrophages appearing in the D-GalN-induced liver lesions might be recruited mainly

from blood monocytes.

Chapter 3: Participation of mesenchymal cells and myofibroblasts in D-GalN-induced acute

rat liver injury

Section I: Immunophenotypical analysis of myofibroblasts in D-GalN-induced acute rat liver
injury

On days 1 and 2 when the most severe injury occurred, myofibroblasts reacting to a-SMA,
vimentin and desmin were diffusely or focally observed within the lobules, with the greatest
expressions on day 2; fibrosis-related cytokines such as TGF-B1, PDGF-B, Mmp2 and Timp2 were
also increased mainly on days 1 and 2. On day 2, approximately 82% and 92% of
a-SMA-expressing cells reacted simultaneously to vimentin and desmin, respectively; additionally,
approximately 86% of vimentin-expressing myofibroblasts co-expressed with desmin. Because
a-SMA expression is the most reliable marker for myofibroblasts, it was found that myofibroblasts

were formed, showing various cytoskeletons including vimentin and desmin.

Section Il: Characterization of glial fibrillary acidic protein (GFAP)-expressing
myofibroblasts in D-GalN-induced acute rat injury

GFAP-positive cells were increased mainly on days 1 and 2. On day 2, 64% and 79% of
GFAP-expressing cells co-expressed with vimentin and desmin, respectively; moreover, 74% of
GFAP-expressing cells also expressed a-SMA. Because GFAP-expressing cells in control livers
are regarded as HSCs, myofibroblasts seen in the liver lesions might be generated from

pre-existing HSCs, showing various cytoskeletons such as a-SMA, vimentin and desmin.

Section I11: Possible derivation of myofibroblasts from immature mesenchymal cells in
D-GalN-induced acute rat liver injury

Nestin and A3 were used for detection of immature mesenchymal cells in rats. There were
mesenchymal cells reacting to nestin and A3, with sporadic and focal distribution within the

affected liver lobules on days 1 and 2. In the lesion on day 2, GFAP-expressing myofibroblasts



co-expressed nestin and A3 at 67% and 76%, respectively. Moreover, Thy-1-reacting
mesenchymal cells were seen in and around the Glisson’s sheath. Since Thy-1 is also used as a
marker of immature mesenchymal cells, myofibroblasts might be derived from immature

mesenchymal cells or HSCs with immature nature.

Conclusions
In a series of studies, the participation of hepatic macrophages and myofibroblasts in

D-GalN-induced liver hepatotoxicity was investigated. Conclusions are as follows:

1. Histopathological lesions, characterized by regeneration/necrosis and inflammatory cell
reaction, and reparative fibrosis, as well as bile duct hyperplasia, were seen sporadically or
diffusely within the affected lobules. Apoptotic cells and regenerating hepatocytes occurred
in the injured areas.

2. D-GalN-treatment induced abnormal autophagy in hepatocytes, which might be related to
hepatotoxicity.

3. CD68 M1-and CD163 M2-macrophages participated in the liver lesion development, with
increased levels of M1- and M2-related cytokines. These macrophages also expressed MHC
class Il and CD204, simultaneously.

4. Because both M1- and M2-macrophages simultaneously expressed with CCR2 (a blood
monocyte marker), macrophages participating in the liver lesions might be derived mainly
from blood monocytes.

5. Mpyofibroblasts were formed, showing cytoskeletons such as a-SMA, vimentin and desmin, or
co-expression of each other cytoskeleton; the development was in agreement with increased
expression of fibrosis-related cytokines.

6. GFAP-expressing myofibroblasts reacted to a-SMA, vimentin and desmin or immature
mesenchymal cell markers (nestin, A3 and Thy-1), indicating possible derivation of
myofibrobalsts from mesenchymal cells with immature nature.

7. The present studies would provide useful information on macrophages and myofibroblasts for
understanding the pathogenesis of D-GalN-induced liver failure, which may lead to possible

insights for effective therapeutic strategies against liver injuries.
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