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Thesis abstract
Signal transduction mechanism for serotonin-induced DNA synthesis and
proliferation in primary cultures of adult rat hepatocytes

Kota Naito

The liver is the largest glandular organ in humans; it accounts for 2% of the adult body weight. It has more
than 500 functions and is a pivotal organ in metabolism. Specific functions of the liver include carbohydrate,
lipid and protein metabolism, the synthesis and secretion of plasma proteins, biligenesis, and detoxification.
Furthermore, the liver has very high autonomous proliferation potency, which is not observed in any other
organ. For example, if 70% of a liver is surgically removed from a rat, the remaining portion of the liver
undergoes mitogenesis and can recover to the original liver weight and function by approximately 10 days
after the hepatectomy; this phenomenon is known as liver regeneration.

Studies on liver regeneration have been advancing rapidly since the establishment of the 70% partial
hepatectomy in vivo model by Higgins and Anderson in the first half of the twentieth century. Since then, it
has been clarified that liver regeneration after partial hepatectomy involves numerous growth factors, such
as hepatocyte growth factor and transforming growth factor (TGF)-a, and cytokines, such as tumor necrosis
factor-a and interleukin-6. Moreover, adding of these factors, it is involved hormone and autacoid and
minutely interacted by numerous factors to accomplish. However, since it is difficult to elucidate the detailed
mechanism of liver regeneration by growth factors, hormones, and cytokines in an in vivo model, an in vitro
model of cell growth has also been developed; this model allows the mechanism of each factor to be studied
individually in parallel to the in vivo model. Primary cultures of hepatocytes, which are parenchymal cells
that make up the majority of the liver, are typically used for in vitro models. In particular, the in situ
collagenase perfusion method reported by Seglen et al. enables steady hepatocyte isolation. Using primary
cultured hepatocytes, the mechanism of mitogenesis and how proliferative signaling pathways are regulated
by growth factors and cytokines can be clarified. More recently, serotonin (5-hydroxytryptamine; 5-HT), a
kind of autacoid, has been studied to determine how it is involved as a mitogen in liver regeneration; however,
it remains unclear how serotonin induces hepatocyte proliferation through intracellular signaling pathways.
The present study aimed to elucidate the effect of 5-HT on hepatocyte proliferation and the detailed
mechanism of proliferation from a pharmacological and biochemical approach.

The 5-HT is presented in platelet following the intestinal tract in peripheral tissue. The physiological action
of 5-HT varies: it controls the movement of the intestine and the emetic response, and it can promote blood
clotting. When liver tissue is injured by resection, platelets accumulate in the wounds and initiate the blood-
clotting reaction. 5-HT is released from the platelets to promote blood clotting. Furthermore, since liver
regeneration is delayed by the inhibition of 5-HT biosynthesis, platelet-derived 5-HT appears to contribute

to hepatic tissue repair. Thus, 5-HT is an important factor involved in liver regeneration.



In the present study, I investigated the effects of 5-HT as well as a 5-HT, receptor subtype agonist and
antagonist using a modified Seglen’s method. I found that 5-HT and selective 5-HT, receptor agonist
BW723C86 independently induced hepatocyte DNA synthesis and proliferation in a time- and dose-
dependent manner. Next, by investigating the effects of specific signal transduction inhibitors on 5-HT- or
BW723C86-induced hepatocyte proliferation, I determined the involvement of growth-related signal
transduction factors. Furthermore, to more thoroughly examine the detailed intracellular growth signal
transduction mechanism, I determined the phosphorylation patterns of epidermal growth factor (EGF)/TGF-
o receptor tyrosine kinase (RTK), mitogen-activated protein kinase (MAPK), and ribosomal p70 S6 kinase
(p70S6K) by 5-HT. The results showed that the proliferative effect of 5-HT in hepatocytes involved the 5-
HT2s receptor/phospholipase C (PLC)/Ca?>* and EGF/TGF-o RTK/phosphoinositide 3-kinase
(PI3K)/extracellular signal-regulated kinase (ERK)2/mammalian target of rapamycin (mTOR)/p70S6K
pathways. Additionally, the activation of the pathways was abolished by somatostatin, which inhibits
mitogen-activated exocytosis. Results confirmed that 5-HT induced a significant increase in the TGF-a
concentration through the 5-HT g receptor/PLC/Ca?* pathway.

These results suggested that stimulation of the 5-HT g receptor by 5-HT initiates hepatocyte DNA synthesis
and proliferation, and transmit to a downstream of the signal such as PLC. Consequently, the activation of
PLC increases the intracellular Ca?* concentration, which then triggers the extracellular secretion of stored
TGF-a in the hepatocytes. The TGF-o subsequently activates a second pathway by binding to EGF/TGF-a
receptor, phosphorylated RTK, and transmits a succession of growth signals to the PI3K, ERK2, mTOR and
p70S6K pathway. As a result, DNA synthesis and proliferation are increased in the hepatocytes.

5-HT has many biological functions that have been studied extensively for the elucidation of their
mechanisms. In recent years, there have been many reports on the effects of 5-HT on the proliferation of a
variety of cell types. In the present study, | uncovered the detailed mechanism of hepatocyte proliferation
induced by 5-HT. Autocrine secretion of TGF-a in hepatocytes induced by 5-HT is a kind of growth factor,
perform really important role of liver regeneration accomplishment. Therefore, the data on 5-HT gained from
the present study will contribute to the development of breakthrough liver regeneration-accelerating agents
as well as the elucidation of the remaining unclear aspects of liver regeneration. Notably, this study found
that the proliferative mechanism of action of 5-HT is mediated mainly through a 5-HTg receptor/Gg/PLC-
stimulated increase in the autocrine secretion of TGF-a from primary cultured hepatocytes. In the future, it
will be necessary to develop more highly selective 5-HT2g receptor agonists and to investigate efficient drug
delivery systems targeting hepatocytes. Furthermore, since approximately 30% of hepatoma patients have an
elevated expression level of 5-HT.g receptor in cancer cells, these studies will also contribute to the
elucidation of the mechanism of the consecration, the development of carcinostatic agents, and investigations
on the applicability of the tissue repair system, all of which are expected to have important clinical

applications.
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