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Hepatocyte nuclear factor 40 (HNF4a), a tissue-specific transcription factor that is a member of
the nuclear receptor superfamily, was identified in the liver, kidney, pancreas and intestine. To
investigate the function of HNF4a in the liver, whole body HNF4a-null mice and liver-specific
HNF4a-null mice were generated. Whole body HNF4a-null mice exhibited embryonic lethally and
liver-specific HNF4a-null mice exhibited many phenotypes associated with liver dysfunction.
Expression of HNF4a is suppressed in hepatocellular carcinoma (HCC) and overexpression of
HNF4a in HCC cells is known to induce redifferentiation of the cells. Thus, HNF4a is a master
regulator of the liver and a useful gene for the development of an artificial hepatocyte and for HCC
therapy.

Expression of mRNAs encoding several transcription factors was altered in liver-specific
HNF4a-null (Hnf4a®") mice. Interestingly, hepatic expression of hepatocyte nuclear factor 4y
(HNF4y), which is not expressed in a normal liver, was markedly upregulated in Hnf4a*" mice. The
increased HNF4y included two variants, a known short variant, designated HNF4y1, and a novel
long variant, designated HNF4y2. The expression levels of HNF4y1 and HNF4y2 mRNAs were
increased by about 10-fold compared with the levels in control mouse livers and were quite low
relative to the levels of HNF4o. mRNAs in control mice, indicating that increased expression of
HNF4y1 and HNF4y2 would not be sufficient to compensate for the loss of function caused by
reduced expression of hepatic HNF4a. in Hnf4a*"" mice. Since the functions of HNF4y variants
have not been examined in the liver and other tissues, we performed further analysis of HNF4y1/2
functions in the liver. HNF4a, HNF4yl, and HNF4y2 have the potential to form different
heterodimers among these HNF4 family members. HNF4y1l and HNF4y2 bound to the HNF4a
binding sites with similar affinity in the same way as HNF4o. The transactivation potential of
HNF4y2 was the strongest among these variants, but the potential of HNF4y1 was the lowest.
Furthermore, HNF4y2, but not HNF4y1, robustly induced expression of typical HNF4a target genes
to a greater degree than did HNF4a. Additionally, HNF4y2 induced critical hepatic functions more
strongly than did HNF40 and HNF4yl. These results reveal that HNF4y2 has the potential to
efficiently induce redifferentiation of HCC cells and thus should be explored for HCC therapy.

Pancreas- and intestine-specific HNF4a-null mice were also generated. Several studies have
indicated that HNF4a plays an essential role in the maintenance of specific function in these tissues.
However, kidney-specific HNF4a-null mice have not been generated, and regulation of
kidney-specific genes by HNF4o remains poorly understood. In the kidney, HNF4a is highly



expressed in proximal tubular epithelial cells (PTECs). Since the main function of the proximal
tubule is reabsorption of many substances, we aimed to identify novel HNF4o targets that are
highly expressed in PTECs. Expression of several SLC transporters and megalin was upregulated
by overexpression of HNF4o in human PTEC-derived HK-2 cells. Megalin plays an important role
in the reabsorption of many substances in a normal kidney, and it causes the development and
progression of chronic kidney disease (CKD) in a dysfunctional kidney. HNF4a was found to
transactivate the megalin gene and directly bind to an HNF4a binding site in the megalin promoter,
indicating that HNF4a plays an important role in the maintenance of reabsorption and metabolism
in PTECs by positive regulation of several SLC transporter and megalin genes at the transcriptional
level.

In the present study, we performed functional analysis of a novel HNF4y variant, HNF4y2, in
the liver and identified a novel HNF4a target gene, megalin, in kidney PTECs. Since HNF4y2
induced redifferentiation of HCC cells more strongly than did HNF4a, HNF4y2 may also play an
important role in tissue homeostasis by activation of HNF4a target genes in tissues other than the
liver. However, since HNF4y variants were slightly expressed in many tissues, further study is
needed to determine the transcriptional mechanism of each HNF4y variant and to identify HNF4y
variant-specific coactivators/corepressors.

HNF40 was also found to upregulate SLC transporter and megalin genes that are highly
expressed in PTECs. Further study is needed to determine HNF4a functions in proximal tubules by
investigation of other genes that are involved in reabsorption including other SLC transporters.



