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Abstract : Impaired metabolic gene transcription frequently causes metabolic derangement

in obesity-related diseases such as type 2 diabetes. We have previously shown that the
GCN5-CITED2-PKA signaling module (GCP module) is assembled in the fasted/diabetic liver,
integrates transcription coactivator activation and epigenetic changes on gluconeogenic gene
promoters, and therefore activates the gluconeogenic program and prevents fasting hypoglycemia
or induces hyperglycemia in diabetes (Nat Med. 18:612-7,2012; Nat Commun.7:13147,2016). We
recently identified two enzymes (X and Y) whose expressions are transcriptionally induced
through the GCP module. In this study, we seek to elucidate the physiological and
pathophysiological roles of the enzymes in the regulation of energy metabolism in vitro and in vivo.
Additionally, we explore non-coding RNAs (ncRNAs) that transcriptionally regulate hepatic
metabolism through GCP module-mediated gene transcription. We reveal the epigenetic
regulation of energy metabolism mediated by the GCP module, and finally identify novel drug

targets for treating lifestyle-related diseases. The progress of this research in 2016 is as follows:

1. Elucidation of the role of enzyme X in the regulation of hepatic metabolism

We generated mice lacking X systemically by CRISPR/Cas9-mediated gene editing. The mice that
are homozygous for the knockout allele are phenocopies of patients carrying the homozygous
loss-of-function mutated allele of this gene, suggesting successful gene editing. Gene expression
analysis of hepatocytes revealed that deletion of X affects the expression of glycolytic genes, but

not gluconeogenic genes, suggesting that X regulates hepatic glucose flux.

2. Elucidation of the role of epigenome-modifying enzyme Y in the regulation of liver metabolism

We generated mice lacking Y either systemically or specifically in the liver. The former exhibited
partial embryonic lethality with hydrocephalus, but the latter were normal in gross appearance.
We are conducting phenotypic analyses of these mice. In Y knockout hepatocytes compared to that
in control hepatocytes, induction of fasting response genes by glucagon-cAMP signaling was
impaired, indicating that Y regulates the fasting response. Similar, rather pronounced, changes
were observed in shRNA-mediated Y knockdown hepatocytes, indicating that Y directly regulates

such gene transcription, and its acute Y depletion is optimal to disrupt its function.

3. Identification and characterization of ncRNAs that regulate hepatic metabolism

We explored ncRNAs whose expressions are regulated by hormones, nutrients, feeding status,
body mass, and the GCP module, and obtained 12 candidates in mouse liver and isolated
hepatocytes. From among these candidates, we selected several ncRNAs that might have human

orthologs, and generated mice lacking each of them systemically or liver-specifically.
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