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Introduction

Liver is a crucia organ in the body, consisting of parenchymal hepatocytes and
non-parenchymal cells (Kupffer cells, hepatic stellate cells (HSCs), cholangiocytes and
endothelial cells). The relationship between these parenchymal and non-parenchymal
hepatic cells is important for the maintenance of liver functions and homeostasis.
Hepatic macrophages are considered a key player for initiating and shaping of immune
responses in liver through phagocytosis, cytokine production and antigen presentation.
Hepatic macrophages mainly include Kupffer cells; however, liver harbours hepatic
macrophages with different immunophenotypes such as exudative macrophages and
antigen presenting cells. In pathological condition, hepatic macrophages appear as M1
macrophages (classically activated macrophages) and M2 macrophages (alternatively
activated macrophages) based on the type 1 or 2 helper T-cell polarization.
Interestingly, depending on microenvironmental conditions, M1 macrophages could
shift into M2 phenotypes or vice versa. Therefore, it isinteresting to investigate which
type of macrophages may contribute to physiological and pathophysiological
adaptations including hepatotoxicity. Additionally, liver has a basal level of autophagy,
which is an evolutionarily conserved and strictly regulated lysosomal pathway for
intracellular degradation. Autophagy is characterized by the formation of



double-membrane vesicle termed autophagosome, demonstrable with LC3B
(microtubule-associated protein 1 light chain 3 beta, an essentia component of
autophagosome) immunohistochemistry. Autophagy contributes to hepatic homeostasis
and is also activated in a variety of liver diseases including hepatotoxicity.

To investigate the functional properties of hepatic macrophages and autophagy
in liver homeostasis and hepatotoxicity, a series of studies were carried out. These
functional properties were mainly histopathologically analyzed using rats under low
dose of lipopolysaccharide (LPS) or clodronate (CLD) treatment. The obtained datain
these studies would provide important information on heterogeneous macrophage
functions and autophagy participating in liver homeostasis and pathol ogy.

Chapter 1: Characterization of rat hepatic macrophages participating in liver
homeostasis

Section | : Effects of empty liposomes on hepatic macrophage populationsin rats

To identify the transient effects of empty liposomes on hepatic macrophages,
F344 rats were injected with liposome (10 ml/kg BW, iv). Serum and liver samples
were collected one day after injection. The numbers of hepatic macrophages reacting
to CD163, CD68 and MHC class Il were significantly increased in liposome-treated
rats. Although there were no changes in liver histoarchitecture, hepatocytes showed
increased proliferating activity with increased gene profiles related to cell cycle.
Interestingly, AST and ALT levels were significantly decreased, and mRNA expression
of MCP-1, IL-1b and TGF-b1 were significantly increased. It was found that hepatic
macrophages activated by liposomes influence liver homeostasis.

Section II: Immunophenotypes of depleting and repopulating hepatic
macrophagesin rats treated with CLD

To characterize the depleting and repopulating hepatic macrophages, F344 rats
were injected with liposomal CLD (50 mg/kg BW, iv). Serum and liver samples were
collected on post-injection (Pl) 1, 3, 5, 7, 9 and 12 days. Hepatic macrophages
detectable by different antibodies were decreased in varying degrees after CLD
injection. CD163" Kupffer cells were the most susceptible to CLD, which were almost
completely depleted on PI days 1-12. CD68" macrophages were transiently reduced on
Pl day 1 and then, recovered gradually until Pl day 12. MHC class II" macrophages
were moderately decreased during the observation periods. Histologically, no marked
changes were seen in the liver, excluding the increased proliferating activity of
hepatocytes on Pl day 1. AST, ALP, ALT, total bilirubin and g-GTP levels were
significantly elevated and factors for macrophage induction/activation (MCP-1, CSF-1,
IL-6 and IL-4) were increased transiently exclusively on Pl day 1, whereas
anti-inflammatory factors (IL-10 and TGF-B1) remain significantly decreased under
hepatic macrophage depletion. These findings showed the importance of hepatic



macrophages in liver homeostasis.

Chapter 2: Characterization of hepatic macrophages and autophagy under LPS
treatment in rats

Section |: Effects of low dose of LPS on hepatic macrophages and regulatory
inflammatory factorsin CLD-treated rats

To clarify pathophysiological effects of low dose of LPS on hepatic
macrophages and regulatory inflammatory factors, F344 rats were pretreated with CLD
(50 mg/kg BW, iv) (CLD+LPS rats) or vehicle liposome (Lipo) (Lipo+LPS rats) 24h
before LPS injection (0.1 mg/kg BW, ip) or saline. Serum and liver were collected on
LPS PI 0, 6, 12, 24, 48 and 72h. LPS injection did not alter histoarchitectures of the
liver, and changes of serum hepatic enzymes were not seen. Macrophages reacting to
CD163, CD68 and MHC class Il were stimulated to LPS in Lipo+LPS rats and effects
on repopulating Kupffer cells were not seen in CLD+LPS rats. Inflammatory-related
factors (IL-1b, IL-6, TNF-a and MCP-1) were dramatically increased at 6h after LPS
exposure in Lipo+LPS rats, which was attenuated by macrophage depletion in
CLD+LPS rats. On the contrary, anti-inflammatory factors (IL-4 and CSF-1) were
significantly elevated in CLD+LPS rats, but did not change in Lipo+LPS rats.
Activation of hepatic macrophages by low level of LPS could provide a significant
insight into the development of macrophage-based hepatotoxicity

Section Il: Characterization of cell specific autophagy in liver and hepatic
macrophages under treatment with low dose of LPS in CLD-treated
rats

Using the above model, LPS-induced autophagy in hepatocytes and
non-parenchymal cells were analysed. Localization of LC3B (autophagy marker) was
seen at basal level in hepatocytes, Kupffer cells, HSCs and cholangiocytes in normal
rat livers. LPS administration resulted in a markedly increased LC3B expression in
hepatocytes of Lipo+LPS and CLD+LPS rats at Pl 6h and 12h. In comparisons between
these groups, LC3B-positive hepatocytes were markedly lower in CLD+LPS rats.
However, LC3B reactivity was increased in GFAP-expressing HSCs in both groups
after LPS treatment. LPS injection also induced autophagy in CD163" Kupffer cells, as
well as CD68" and MHC class 11" macrophages in Lipo+LPS rats. At mRNA level,
LC3B and TLR-2 were significantly increased at Pl 6h or 12h in Lipo+LPS rats, while
these factors was significantly lower in CLD+LPS rats. Low dose of LPS could be used
as a potent autophagy inducer in rat livers.

Chapter 3: Roles of hepatic macrophages and autophagy in thioacetamine
(TAA)-induced hepatotoxicity in L PS-pretreated rats

Section |: Time dependent protection of LPSin TAA-induced acute liver injury in



rats

To investigate the effects of low dose of LPS in TAA-induced hepatotoxicity as
a protective phenomenon, F344 rats were pretreated with LPS (0.1 mg/kg BW, ip) at 2,
6, 12 and 24h before TAA injection (100 mg/kg BW, ip). Serum and liver were
collected one day after TAA injection. Histopathologically, TAA injection produced
centrilobular necrosis in liver. LPS-pretreated TAA-injected rats at 2h and 6h showed
little effect on the hepatic lesions, but the rats at 12h and 24h showed a markedly
reduced hepatic lesions. AST, ALP, ALT and total bilirubin values tended to be
decreased in LPS-pretreated TAA-injected rats at 12h or 24h. LPS pretreatment
showed hepatoprotection against TAA-induced liver lesions depending on time points
before TAA injection, particularly at 12h or 24h.

Section IlI: LPS-mediated cytoprotection in LPS-pretreated rat liver lesions
induced by TAA in terms of hepatic macrophages and autophagy

To investigate cytoprotective roles of hepatic macrophages and autophagy in
TAA-induced hepatotoxicity under LPS treatment, F344 rats were pretreated with LPS
(0.1 mg/kg BW, ip) at 2h and 24h before TAA injection (100 mg/kg BW, ip). Serum
and liver were collected on TAA PI 0O, 1, 2, and 3 days. Histopathologically, LPS
pretreatment at 2h did not reduce the hepatic lesions, whereas the pretreatment at 24h
markedly reduced hepatic injury, along with decreased serum hepatic enzymes levels.
CD68", CD163" and MHC class II" macrophages were significantly increased after
TAA administration, regardless of LPS pretreatment at 2h or 24h. Interestingly, MCP-1,
IL-1b and IL-4 were significantly decreased on day 1 in LPS-pretreated TAA-injured
livers at 24h, but were not changed in LPS-pretreated TAA-injured livers at 2h. The
autophagy was markedly increased in livers of LPS pretreatment at 2h or 24h. These
findings provide information that LPS pretreatment need at least 24h for preparing the
microenvironments for cytoprotection against TAA-induced liver injury. Activated
macrophages and autophagy may participate in the hepatoprotective mechanism.

Conclusions
Based on the obtained findings, the following conclusions are drawn;

1. Empty liposomes activated hepatic macrophages with different immunophenotypes

(mainly, CD68, CD163 and MHC class 1), without histopathological changes.

2. CLD injection successfully depleted hepatic macrophages with different
immunophenotypes in rat livers. Particularly, CD163" Kupffer cells were the most
susceptible to CLD.

3. Low dose of LPS treatment (0.1 mg/kg BW) activated hepatic macrophages without
liver lesions. Furthermore, the LPS administration effected liver

microenvironments via the increased production of inflammatory mediators.



4. Low dose of LPS treatment induced autophagy in hepatocytes and
non-parenchymal cells such as hepatic macrophages and HSCs. Additionally,
L PS-activated hepatic macrophages influenced autophagy functionsin liver.

5. LPS pretreatment protected development of TAA-induced acute liver lesions
depending on time points before TAA injection. Particularly, LPS pretreatment at
24h greatly protected TAA-induced hepatotoxicity, whereas LPS pretreatment at 2h
did not show such levels.

6. Hepatic macrophages with different immunopohenotypes and activated autophagy
might participate in the protective phenomenon against TAA-induced
hepatotoxicity.

7. Therefore, the present findings would provide useful information on the properties
of hepatic macrophages and autophagy in liver homeostasis and hepatotoxicity,
leading to possible insights underlying effective therapeutic strategies against liver
lesions.
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