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Thesis abstract
Signal transduction mechanism for S-allyl-L-cysteine-induced proliferation in primary cultures of
adult rat hepatocytes
Kazuki Kurihara

Living-donor liver transplantation has been established as a treatment for end-stage liver disease, and its
record of performance in operations has been improving ; however, following the procedure, about 40% of
donors feel anxiety about their future health condition. The development of drugs for liver regeneration is
expected to improve or improve the quality of life of donors and recipients.

The liver is an organ that plays a central role in metabolism. In addition, the liver has a high regenerative
capacity, known as liver regeneration. However, the detailed mechanisms underlying liver regeneration
remain unclear. Since Higgins and Anderson established a partial hepatectomy animal model of liver
regeneration, liver regeneration after partial hepatectomy has been shown to involve growth factors such as
hepatocyte growth factor and transforming growth factor-o. and cytokines such as tumor necrosis factor-a
and interleukin-6. Moreover, hormones and autacoids are related to the liver regeneration, which is
completed by the complex interaction of various growth factors. However, it remains difficult to elucidate
the detailed mechanism of liver regeneration by growth factors in an in vivo model. Therefore, details have
been examined using primary cultured hepatocytes in an in vitro model, which has made it possible to
elucidate the detailed cell proliferation mechanism, such as growth factors, involving hepatic parenchymal
cells, with the results confirming that liver regeneration is affected by growth factors and cytokines.
Furthermore, liver regeneration has been shown to be affected by nutrients such as amino acids. In addition,
L-cysteine, a sulfur-containing amino acid, has also been reported to have a hepatoprotective effect. S-allyl-
L-cysteine (SAC), a sulfur-containing amino acid contained in aged garlic, has also been reported to exhibit
hepatoprotective, anti-inflammatory, and anticancer effects, and been confirmed to have a proliferative effect
on fibroblasts. Therefore, attention has been increasingly focused on the effects of SAC in recent years.
However, while SAC has been reported to have a proliferative effect on the liver, the mechanism underlying
its effect on hepatocytes remains unclear. Therefore, we investigated the effect of SAC on the proliferation
of hepatic parenchymal cells by using 70% partially hepatectomized rats in an in vivo model and primary
cultured hepatocytes in an in vitro model. The results revealed that SAC-induced proliferative effects
promote hepatocyte DNA synthesis and increase liver weight in a dose-dependent manner owing to an
increase in the expression level of insulin-like growth factor (IGF)-1 mRNA, and that SAC induces time-
and dose-dependent cell proliferation in primary cultures of adult rat hepatocytes. Next, we investigated the
growth-related signal transducers involved in cell proliferation by examining the effects of growth-related
signal transducer inhibitors on the SAC-induced proliferative effects. The results suggested the involvement
of phospholipase C (PLC), intracellular Ca?*, receptor tyrosine kinase (RTK), phosphoinositide 3-kinase
(PI3K), extracellular signal-regulated kinase (ERK) kinase (MEK), and mammalian target of rapamycin
(mTOR). Furthermore, I measured the phosphorylation activity of RTK, ERK, and ribosomal p70 S6 kinase
(p70S6K) in hepatic parenchymal cells and investigated the intercellular signal pathway mechanism by SAC
in more detail. The results revealed that Janus kinase 2 (JAK2) was first phosphorylated by SAC, followed



by RTK, ERK2, and p70S6K, in that order. The results also showed that the proliferative effects of SAC in
hepatocyte involved the JAK2/PLC/Ca?’* and IGF-1 RTK/PI3K/ERK2/mTOR/p70S6K pathways.
Additionally, activation was suppressed by somatostatin, which inhibits mitogenic-activated exocytosis. This
result suggested that some growth factors were autocrine from hepatic parenchymal cells. Therefore, when
anti-growth factor antibody and anti-growth factor receptor antibody were used in combination with SAC,
monoclonal antibodies against growth hormone receptor (GHR), IGF-1, and IGF-1 receptor (IGF-1 R), the
proliferative effects of SAC were completely suppressed. This result suggested the involvement of IGF-1
and its receptors, as well as GHR, in the proliferative effects of SAC on hepatic parenchymal cells. Therefore,
I hypothesized that the GHR/JAK2/PLC and IGF-1 RTK/PI3K/ERK 2/mTOR/p70S6K pathways are related
via IGF-1 and its concentration in the culture medium. As a result of measurement using an ELISA kit, it
was confirmed that the IGF-1 concentration in the culture medium increased rapidly because of the
stimulation of SAC. At the same time, IGF-1 in hepatic parenchymal cells was measured by fluorescent
immunostaining and IGF-1 depletion in hepatocytes was observed by the stimulation of SAC. An inverse
correlation was observed between the increase in IGF-1 concentration in the culture medium and IGF-1 in
the hepatic parenchymal cells.

These results suggest that stimulation of the GHR by SAC initiates proliferation and downstream signal
transmission. Consequently, the activation of the JAK2/PLC pathway increases the intracellular Ca?*
concentration, which triggers the extracellular secretion of stored IGF-1 in hepatocytes. IGF-1 then activates
a second pathway by binding to IGF-1 R and phosphorylated RTK and transmits successive growth signals
to the PI3K/ERK2/mTOR/p70S6K pathway.

The results of this study clarified the detailed mechanisms underlying the proliferative effects of SAC
on hepatic parenchymal cells was clarified. SAC is a small molecule and water-soluble amino acid that can
be orally administered. Therefore, the findings obtained in this study could be expected to contribute to the
development of inexpensive, safe, and secure SAC-based liver regeneration promoters, and to be useful for
elucidating the phenomenon of liver regeneration. In addition, since SAC is inexpensive and high drug costs

are known to contribute to increased medical costs, SAC could contribute to a reduction in medical expenses.
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