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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 (GCA module), assembled in the fasted/diabetic liver,
integrates transcriptional coactivator activation and epigenetic changes on gluconeogenic gene
promoters, and therefore activates the gluconeogenic program and causes hyperglycemia in
diabetes. We recently identified two enzymes (X and Y) whose expressions are transcriptionally
induced through the GCA 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 long non-coding RNAs (IncRNAs) that transcriptionally regulate hepatic
metabolism through GCA module-mediated gene transcription. We reveal that epigenetic
regulation of energy metabolism is mediated by the GCA module, and finally identify novel drug
targets for treating lifestyle-related diseases. The progress of this research in 2017 is as follows:

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

Mice lacking X systemically exhibited improved insulin sensitivity and glucose tolerance due to
suppression of gluconeogenesis. This is not associated with reduced expression of gluconeogenic
genes, but with the impairment of X-mediated gluconeognic flux. The knockouts also exhibited
severe hypoglycemia after the ingestion of some sort of hexose. This was associated with acutely
blunted hepatic gluconeogenesis, not enhanced hepatic glucose uptake. The molecular mechanism
of hexose-dependent impairment of gluconeogenesis is under investigation using metabolomics
approaches.

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

Short hairpin RNA-mediated depletion of hepatic Y in mice inhibited gluconeogenic gene
expression and gluconeogenesis, leading to decreased blood glucose levels. Mechanistic analysis in
primary cultured hepatocytes revealed that Y activates gluconeogenic transcriptional coactivator
PGC-1a and suppressed cancer suppressor gene product p53. Giving that they are known to be
regulated by acetylation, we currently test whether Y affects acetylation of these transcriptional
regulators.

3. Identification and characterization of IncRNAs that regulate hepatic metabolism

From among 12 candidate IncRNAs, we selected one (hereafter G-Inc) whose expression is induced
by glucagon—cAMP-PKA pathway through the GCA module in fasted/diabetic liver. Mice lacking
G-Inc systemically were generated and analyzed in this year. Compared to control mice, the
knockouts showed higher blood glucose levels 15 min after glucose administration, suggesting
impaired first-phase insulin secretion. In G-lnc deleted hepatocytes, cAMP-dependent induction of
fasting metabolic response genes was attenuated. G-Inc may be a regulator of insulin secretion and

hepatic fasting metabolic response.
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Sirt2 facilitates hepatic glucose uptake
by deacetylating glucokinase regulatory
protein.
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