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We demonstrated that histone modification proteins Hdac1 and Kdm1a regulate differentiation of liver
progenitor cells to hepatocytes or biliary epithelial cells via the Hdac1-Sox9 axis and the Hdac1-Cdk8-
Fbxw7-Notch3 axis, respectively, in the liver regeneration process using zebrafish model. These pathways
might be manipulated to induce liver regeneration for treatment of patients with advanced liver disease.
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BACKGROUND & AIMS: Upon liver injury in which hepatocyte
proliferation is compromised, liver progenitor cells (LPCs),
derived from biliary epithelial cells (BECs), differentiate into
hepatocytes. Little is known about the mechanisms of LPC
differentiation. We used zebrafish and mouse models of liver
injury to study the mechanisms. METHODS: We used trans-
genic zebrafish, Tg(fabp10a:CFP-NTR), to study the effects of
compounds that alter epigenetic factors on BEC-mediated liver
regeneration. We analyzed zebrafish with disruptions of the
histone deacetylase 1 gene (hdac1) or exposed to MS-275 (an
inhibitor of Hdac1, Hdac2, and Hdac3). We also analyzed
zebrafish with mutations in sox9b, fbxw7, kdm1a, and notch3.
Zebrafish larvae were collected and analyzed by whole-mount
immunostaining and in situ hybridization; their liver tissues
were collected for quantitative reverse transcription polymer-
ase chain reaction. We studied mice in which hepatocyte-
specific deletion of b-catenin (Ctnnb1flox/flox mice injected
with Adeno-associated virus serotype 8 [AAV8]-TBG-Cre)
induces differentiation of LPCs into hepatocytes after a

choline-deficient, ethionine-supplemented (CDE) diet. Liver
tissues were collected and analyzed by immunohistochemistry
and immunoblots. We performed immunohistochemical ana-
lyses of liver tissues from patients with compensated or
decompensated cirrhosis or acute on chronic liver failure (n ¼
15). RESULTS: Loss of Hdac1 activity in zebrafish blocked
differentiation of LPCs into hepatocytes by increasing levels of
sox9b mRNA and reduced differentiation of LPCs into BECs by
increasing levels of cdk8 mRNA, which encodes a negative
regulator gene of Notch signaling. We identified Notch3 as the
receptor that regulates differentiation of LPCs into BECs. Loss
of activity of Kdm1a, a lysine demethylase that forms repres-
sive complexes with Hdac1, produced the same defects in dif-
ferentiation of LPCs into hepatocytes and BECs as observed in
zebrafish with loss of Hdac1 activity. Administration of MS-275
to mice with hepatocyte-specific loss of b-catenin impaired
differentiation of LPCs into hepatocytes after the CDE diet.
HDAC1 was expressed in reactive ducts and hepatocyte buds of
liver tissues from patients with cirrhosis. CONCLUSIONS:
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