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Abstract

This research aims to elucidate the functional roles of hormone and nutrient responsive long
noncoding RNAs (IncRNAs) involved in metabolism regulation in the liver to contribute to
exploring new drug seeds for diabetes. Herein, we report about the functional roles involved in the
metabolic regulation of Lnc-FR1 which is one of the IncRNAs discovered by us.

(DFunctional roles involved in gene transcriptional regulation by Lnc-FR1 in hepatocytes
Lnc-FR1 is one of hormone and nutrient responsive IncRNAs obtained by using glucagon-cAMP
responsiveness and dependency on GCN5-CITED2 module in mouse primary hepatocytes and
fasting responsiveness in mouse liver as indicators. It is suggested that Lnc-FR1 functions to
regulate gene transcription as it localized to the nucleus. To clarify that Lnc-FR1 is involved in the
regulation of gene transcription, we performed the loss-of-function and gain-of-function
experiments in hepatocytes. CRISPR-mediated knockdown of Lnc-FR1 reduced the arginine
transporter CatX transcript levels, which CatX is one of the genes surrounding the Lnc-FR1 locus
in the mouse genome. In addition, CRISPR-mediated activation of Lnc-FR1 increased the CatX
transcript levels. These results revealed that Lnc-FR1 promoted the CatX gene transcription.
Next, to clarify the whole picture of gene transcriptional regulation by Lnc-FR1, we performed the
isolation of primary hepatocytes from Lnc-FR1 knockout mice and the comprehensive gene
expression analysis with DNA microarray. Then, we extracted a group of genes whose expression
decreased to less than 50 % by Lnc-FR1 knockout and performed the pathway analysis in silico. As
a result, we found that Lnc-FR1 knockout fluctuated highly the genes classified as "metabolic
pathway" in Lnc-FR1 containing enzyme genes such as gluconeogenesis and amino acids
catabolism. The validation by quantitative PCR method of DNA microarray data indicated that
Lnc-FR1 knockout decreased the expression of gluconeogenic enzyme genes such as G6pc, Pckl
and expression of amino acids catabolic enzyme genes such as Hal, Sds in hepatocytes. This result
revealed that Lnc-FR1 is also involved in promoting gene transcription of enzymes responsible for

fasting responses such as gluconeogenesis and amino acids catabolism.

@Functional roles involved in metabolic regulation by Lnc-FR1 in hepatocytes

We investigated the functional role of regulating metabolism by Linc-FR1 in hepatocytes. To clarify
whether Lnc-FR1-mediated the promotion of CatX gene transcription alters the arginine
transporter activity of CatX and promotes the arginine uptake into cells, we utilized the mTORC1
signals as readout, which is known that arginine activates the mTORC1 signals. In hepatocyte
under the amino acids starved condition, CRISPR-mediated knockdown of Lnc-FR1 attenuated the
phosphorylation of S6K, S6, 4E-BP1 protein which reflects the arginine dependent activation of
mTORCI1 signals compared with control cells. This result suggested that Lnc-FR1-mediated the
promotion of CatX gene transcription alters the arginine transporter activity of CatX and

promotes the arginine uptake into cells.
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