Biochimica et Biophysica Acta 1862 (2017) 496-512

Contents lists available at ScienceDirect

Biochimica et Biophysica Acta

journal homepage: www.elsevier.com/locate/bbalip

Review

The interrelationship between bile acid and vitamin A homeostasis

@ CrossMark

Ali Saeed *¢, Mark Hoekstra ¢, Martijn Oscar Hoeke ?, Janette Heegsma *°, Klaas Nico Faber **

2 Department of Gastroenterology and Hepatology, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands
b Laboratory Medicine, Center for Liver, Digestive, and Metabolic Diseases, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands
€ Institute of Molecular biology & Bio-technology, Bahauddin Zakariya University, Multan, Pakistan

ARTICLE INFO ABSTRACT

Article history:

Received 21 September 2016

Received in revised form 4 January 2017
Accepted 18 January 2017

Available online 19 January 2017

Vitamin A is a fat-soluble vitamin important for vision, reproduction, embryonic development, cell differentia-
tion, epithelial barrier function and adequate immune responses. Efficient absorption of dietary vitamin A de-
pends on the fat-solubilizing properties of bile acids. Bile acids are synthesized in the liver and maintained in
an enterohepatic circulation. The liver is also the main storage site for vitamin A in the mammalian body,
where an intimate collaboration between hepatocytes and hepatic stellate cells leads to the accumulation of
retinyl esters in large cytoplasmic lipid droplet hepatic stellate cells. Chronic liver diseases are often characterized

Keywords:
Vit};‘;vnin A by disturbed bile acid and vitamin A homeostasis, where bile production is impaired and hepatic stellate cells lose
Bile acid their vitamin A in a transdifferentiation process to myofibroblasts, cells that produce excessive extracellular ma-

trix proteins leading to fibrosis. Chronic liver diseases thus may lead to vitamin A deficiency. Recent data reveal
an intricate crosstalk between vitamin A metabolites and bile acids, in part via the Retinoic Acid Receptor (RAR),
Retinoid X Receptor (RXR) and the Farnesoid X Receptor (FXR), in maintaining vitamin A and bile acid homeo-
stasis. Here, we provide an overview of the various levels of “communication” between vitamin A metabolites
and bile acids and its relevance for the treatment of chronic liver diseases.
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1. Introduction

Efficient absorption of fat-soluble nutrients in the intestine requires
the action of bile acids. Bile acids are synthesized in the liver and actively
secreted into bile. Bile is collected in the gallbladder, which contracts
upon intake of a meal and releases bile in the proximal small intestine.
Bile acids form mixed micelles with phospholipids and these structures
incorporate fat-soluble nutrients to allow their absorption in the intes-
tine. Simultaneously, bile acid-phospholipid micelles also carry fat-

soluble metabolites, like cholesterol, and toxins that need to be secreted
from the body. One group of nutrients that depend on bile acids for their
efficient absorption are the fat-soluble vitamins A, D, E and K. In contrast
to water-soluble vitamins (B, C), the fat-soluble vitamins can be stored
in various tissues to buffer periods of low intake. Vitamin A is predom-
inantly stored in the liver and humans can maintain adequate levels of
serum retinol for months to years even if intake is minimal. Still vitamin
A deficiency is the most common micronutrient deficiency in the world,
particularly in many third-world countries because intake is too low.
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Vitamin A deficiency is also a common condition in patients with liver
disease, especially if this includes impairment in bile flow, e.g. cholesta-
sis. Not only is vitamin A uptake affected under cholestatic conditions,
but chronic liver injury also leads to loss of hepatic vitamin A stores
that disappear from hepatic stellate cells when they transdifferentiate
to myofibroblasts that leads to liver fibrosis. Bile acids and vitamin A-
metabolites, in particular retinoic acids, are high-affinity ligands for
the transcription factors Farnesoid X Receptor (FXR), Retinoid X Recep-
tor (RXR) and Retinoic Acid Receptor (RAR), which act, in part as obli-
gate partners in regulating bile acid, lipid and glucose metabolism.
There is a wealth of information and excellent reviews that specifically
focus on the function, metabolism and signaling functions of vitamin
A-metabolites, e.g. retinoic acids, on the one hand or on bile acids on
the other hand [1-3]. By no means, this review can cover all the de-
tails of the physiological actions of these molecules. Here, we aim
to provide an overview of how bile acid and vitamin A metabolism
are interrelated and may have implications for the treatment of
(chronic) liver diseases.
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1.1. Function of vitamin A and its active metabolites

The term “vitamin A” is a generic descriptor for compounds that
have the biological activity of retinol or its metabolic products. Vita-
min A-derivatives fulfill numerous important functions in the mam-
malian body, including roles in vision, maintenance of epithelial
surfaces, immune competence, reproduction and embryonic
growth and development. Dietary sources of vitamin A are provita-
min A carotenoids (mainly p-carotene, from plant sources),
preformed vitamin A (retinyl esters from animal sources) and pre-
cursors of retinol [4]. Mammals depend on dietary intake of (pro-
Jvitamin A as they cannot synthesize this vitamin themselves. The
recommended daily intake of vitamin A is approximately 700 and
900 pg for adult women and man, respectively. Dietary intake of
solely p-carotene may be inadequate to maintain normal levels of
vitamin A. Retinyl esters should therefore be considered as an es-
sential component of a healthy diet [5]. Approximately 80% of the
total body pool of vitamin A is stored in the liver as retinyl esters
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Fig. 1. Chemical structures of key compounds in vitamin A and bile acid homeostasis and their effect on the nuclear recepotors RAR, RXR and FXR. A) Structure of retinoids (3-carotene,
retinyl-palmitate, retinol, all-trans retinoic acid, 9-cis retinoic acid, and 9-cis-13,14 dihydroretinoic acid, B) structure of cholestrol and primary bile acids (cholic acid, chenodeoxycholic
acid), C) nuclear receptors RAR, RXR and FXR cross talk to regulate vitamin A homeostasis and bile acid synthesis and/or transport. D) RXRa forms homodimers and is an obligate
partner for RAR and FXR. Each of those dimers binds to specific DNA sequences as indicated in panel D.
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