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Effect of vitamin K on bile acid metabolism via nuclear receptors
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It was found that VK defficiency is commonly observed in cholestatic liver disease. However,the
mechanism of the effect of VK on cholestasis-related liver disease is not revealed yet. This
research could reveal the validation of VK treatment on cholestatic liver disease.

The purpose of the current study was to reveal the mechanism of Vitamin K on
bile acids (BA) metabolism via human PXR. I found that cholic acid (CA) administration for 1 or 2
weeks causes damage to the liver of hPXR female mice. Though ALP level was increased
insignificantly, ALT, LAP, AST, total bilirubin, and BA levels were increased significantly in the
serum due to CA treatment. Moreover, MK-4 treatment tends to reduce the serum level of ALT, AST,
LAP, and total BA in these mice. | found no significant effect of MK-4 treatment on the expression
of BA-related genes in these CA-treated mice.
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1. WFERMA LRI DO &

One of the fat—soluble vitamins, vitamin K (VK), acts as a cofactor of gamma—glutamyl
carboxylase and plays an important role in blood clotting and bone metabolism. There
are 2 types of VK (VK1 and VK2) in nature, VK1 (phyloquinone) is synthesized in green
plants, and VK2 (menaquinone) is produced mainly by microorganisms. VK2 has isoprene
side chains of varying lengths (from 1 to 15), while menaquinone-4 (MK-4), which has
a geranyl group (4 isoprene units), is the most detected VK2 in animal tissues,
including humans [Shirakawa, 2014]. MK-4 in this tissue is known to be formed by the
side chain dislocations of VK in the diet after absorption and the introduction of
geranyl—geranyl groups derived from the mevalonic acid pathway. MK-4, like other VKS,
has a unique role as a cofactor of carboxylase, and has unique activities such as
inhibition of osteoclast differentiation and apoptosis induction, and inhibition of
osteoblast apoptosis. It is used as a preventive and therapeutic agent for osteoporosis
in Japan and other Asian countries. Furthermore, it was shown that MK-4 acts as a
ligand for the nuclear receptor PXR (pregnane X receptor) and regulates the expression
of several genes at the transcriptional level [Tabb, 2003]

PXR is one of 48 nuclear receptor superfamily in humans and is activated by various
fat—soluble substances such as pharmaceuticals, food ingredients, and foreign bodies

and is involved in the expression control of many metabolism—related proteins including
drug metabolic enzymes [Watkins, 2003; Zhou, 2009]. PXR has different ligand
specificity depending on the species. For example, rifampicin, an anti—tuberculous
drug, strongly activates human PXR, but does not activate mouse or rat PXR. On the
other hand, the synthetic steroid pregnane 16 a—carbonitrile functions as a ligand for
rodent PXR, but does not activate human PXR [Jones, 2000]. These differences in ligand
specificity have led to the inability to accurately assess PXR—mediated responses in
rodent-based drug efficacy and toxicity tests. To overcome this problem, genetically
modified animals have been created in which human PXR is introduced [Igarashi, 2012].
The authors report that MK-4 is administered to human PXR mice and changes are observed
in the expression of PXR-dependent genes, but not in wild-type mice [Sultana, 2018]

This suggests that extensive preclinical studies on the effects of VK in rodents have
shown that PXR-mediated pathways have not been accurately evaluated, and that the
effects of VK should be re—evaluated using humanized PXR animals. In addition, I found
that MK-4 controls the expression level of bile acid (BA) synthase Cyp7al and Cyp8bl
mRNA in human PXR mice [Sultana, 2018]

BA are physiological surfactants necessary for the absorption of lipids in the diet

such as fat—soluble vitamins [Chiang, 2009]. BA, secreted into the intestinal tract,
are metabolized by intestinal bacteria into secondary BA such as deoxycholic acid and
litocholic acid. The mRNA expression of BA synthesis and related transporters are
regulated by a variety of transcription factors, including PXR [Jung, 2006]. Excessive

synthesis of BA and hyposecretion into the intestinal tract cause liver damage due to



their toxicity. Cholestasis is a disorder of the secretion of bile, which eventually
causes liver fibrosis, cirrhosis, and even liver cancer. In cholestasis model mice
with bile duct ligation, PXR deficiency cause more severe liver damage than wild-type
mice [Stedman, 2005]. In addition, the administration of PXR ligand reduces bilirubin
and BA in the blood by increasing the expression of BA metabolic enzymes, and reduces
liver damage [Wagner, 2005]. In addition, PXR has been reported to have anti-
fibrillation and anti-inflammatory effects in addition to anti-cholestasis

As mentioned earlier, MK-4 may act as a ligand for human PXR, negatively regulating BA
synthesis and protecting against cholestasis. Furthermore, when human PXR mice were
fed a VK-deficient diet for 4 weeks, BA content in the liver increased, and it was
estimated that the effect was due to changes in the expression of BA transporters by
PXR. These results suggest that VK converts into MK-4 in the tissues, activates PXR,
and is involved in the homeostasis of BA metabolism, and that high doses of MK-4 may
lead to the development of new drugs for cholestasis. By clarifying the role of MK—4

mediated PXR activation in cholestasis, it is possible to show a new role of VK.

2. WHEOHEM

As mentioned earlier, PXR has a significant difference in ligand specificity by species
and previous studies on the action of VK in rats and mice have not accurately evaluated
the pathway through PXR. By using human PXR mice, this study is an unprecedented study
that clarifies the action of VK and its mechanism of action, which was not revealed in
previous studies. This study had the following specific goals

(1) Investigation of the effect of menaquinone—4 administration on cholestasis liver
injury model

(2) Investigation of the effect of VK deficiency on cholestasis liver injury model

(3) Investigation of the effects of intestinal bacteria on cholestasis during VK
deficiency (experiment was not done)

We planned to create human type PXR mice without enterobacteria to reveal the
involvement of enterobacteria in bile accumulation in the liver due to a VK-deficient
diet.

(4) Investigation of the effect of menaquinone—4 on bile acid metabolism using human
liver—derived and gastrointestinal-derived cells (experiment was not done)

Using human PXR-positive cells, we planned to analyze the effect of menaquinone-4 on

the expression of bile acid synthesis and transport-related proteins

3. WHEED Tk
(1)Effect of VK administration on cholestasis hepatic disorder model

Human PXR mice and wild-type mice were fed a 1% cholic acid diet with different VK
content and kept for 4 weeks. After feeding, the amount of VK in the liver is measured
by fluorescent HPLC method, and the amount of bile acid in the liver is measured by

LC-MS/MS method. In addition, liver damage markers (plasma AST, ALT activity,



bilirubin), and expression levels of inflammatory cytokines in the liver were performed
Furthermore, the mechanism of bile acid accumulation is analyzed by quantitative RT-—
PCR analysis of genes related to bile acid synthesis and transporters in the liver and
ilium.

(2)Effect of VK deficiency on humanized PXR mice and wild type mice

Human PXR mice and wild-type mice were fed a VK-deficient diet for 4 weeks. The effect
of VK deficiency was analyzed in humanized PXR mice and wild type mice by analyzing
the expression of genes related to bile acids synthesis and transporters in liver and

intestine using RT-PCR.

4. WFFERR

In the first year of the project, I have found that cholic acid treatment for both 1
and 2 weeks causes damage to the liver of hPXR female mice. Though ALP level was
increased insignificantly, ALT, LAP, AST, total bilirubin, and BA level were increased
significantly in the serum due to cholic acid treatment. Furthermore, I have found
that administration of menaquinone—4 (type 2 VK) tends to reduce the serum level of
ALT, AST, LAP, and total BA in these mice. I analyzed the expression of genes related
to bile acid synthesis and transporters in the liver and ilium. Unfortunately, I have
found no significant effect of menaquinone -4 treatment on the expression of genes

related to BA in these CA treated mice

In this second year of the project, I had a plan to focus on finding the effect of VK
deficiency on hPXR mice compared to the WT mice by analyzing BA metabolism—related
proteins and transporters. Furthermore, I had a plan to analyze the effects of
menaquinone—4 on mRNA and proteins related to BA synthesis and transport in human

liver—derived cells (HepaRG) and colon—derived cells (Caco—2)

However, though I found that VK deficiency changed several genes related to the BA
metabolism, I could not continue this project research since I moved to another

laboratory in Tohoku University
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