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Non-alcoholic fatty liver disease accompanies the rise in the prevalence of obesity, diabetes and the
tendency toward high-fat dietary habits. Specifically, the higher prevalence of non-alcoholic fatty liver
disease in men and postmenopausal women seems to be caused by the protective effects of estrogen
against liver fibrosis, or lack thereof. There are no effective preventive therapies for liver diseases be-
cause the mechanisms underlying the progression of fatty liver diseases to chronic liver diseases and
the protective effects of estrogen against fibrogenesis remain unclear. Recently, it has been reported
that the hedgehog signaling pathway plays an important role in the progression of chronic liver
diseases. Hedgehog, a morphogen regulating embryonic liver development, is expressed in injured liv-
ers but not in adult healthy livers. The level of hedgehog expression parallels the stages of liver
diseases. Hedgehog induces myofibroblast activation and hepatic progenitor cell proliferation and
leads to excessive liver fibrosis, whereas estrogen inhibits the activation of hepatic stellate cells to my-
ofibroblasts and prevents liver fibrosis. Although the mechanism underlying the opposing actions of
hedgehog and estrogen on liver fibrosis remain unclear, the suppressive effects of estrogen on the ex-
pression of osteopontin, a profibrogenic extracellular matrix protein and cytokine, and the inductive
effects of hedgehog on osteopontin transcription suggest that estrogen and hedgehog are associated
with liver fibrosis regulation. Therefore, further research on the estrogen-mediated regulatory mecha-
nisms underlying the hedgehog-signaling pathway can identify the mechanism underlying liver fibro-
genesis and contribute to developing therapies for preventing the progression of fibrosis to chronic

liver diseases.
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Fig. 1 Effects of hedgehog and estrogen on osteopontin (OPN) expression. (a) The binding of Hh ligands with Ptc releases Smo,
which allow Glis to translocate into the nucleus. The translocated Glis binds to the promoter of OPN, a profibrogenic ex-
tracellular matrix protein and cytokine, or to the Hh gene. Hepatic OPN and Hh expression contribute to liver fibrosis. (b)
Although the mechanism underlying the suppressive effects of estrogen on OPN expression remains unclear, 2 mechanisms
have been hypothesized and are as follows: Left panel, binding of estrogen with the estrogen receptor stimulates Glis phosphor-
ylation and inhibits Glis-induced OPN transcription. Right panel, Competition between estrogen and Glis for binding to the
OPN promoter reduces OPN expression. In each case, estrogen influences Hh signaling either directly or indirectly and even-
tually prevents the progression of liver fibrosis to cirrhosis.
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Alcoholic fatty liver disease (AFLD), alcoholic steatohepa-

titis (ASH), chicken ovalbumin upstream promoter tran-
scription factor II (Coup-TF II), chemokine (C-X-C motif)
ligand 16 (CXCL 16), desert hedgehog (Dhh), epi-
thelial-to-mesenchymal transition (EMT), estrogen receptor
(ER), glioblastoma (Gli), hepatocellular carcinoma (HCC),
(HCV), hedgehog (Hh), hedge-
hog-interacting protein (Hip), hepatic stellate cell (HSC), in-
sulin-like growth factor-1 (IGF-1), indian hedgehog (Ihh), in-
terleukin-13 (IL-13), monocyte chemoattractant protein-1
(MCP-1), myofibroblast (MFB), nonalcoholic fatty liver dis-
ease (NAFLD), nonalcoholic steatohepatitis (NASH),
National Health and Nutrition Evaluation Survey
(NHANES), natural killer T cell (NKT cell), osteopontin
(OPN), primary billiary cirrhosis (PBC), platelet derived
growth factor-BB (PDGF-BB), patched (Ptc), quiescent hep-
atic stellate cell (Q-HSC), sonic hedgehog (Shh), smoothened
(Smo), transforming growth factor-B (TGEF-B)

hepatitis C virus
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