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Abstract

Gamma-amino butyric acid (GABA) is a ubiquitous four-carbon, non-protein amino with diverse physiological actions in

various types of cells throughout the body. Studies, including ours, show that type A GABA receptor (GABAaR)-mediated

auto- and/or paracrine GABAergic signaling exists in rodent liver, protecting the liver against toxic injuries. This short

article briefly introduces the hepatic GABA signaling system and discusses the potential mechanism underlying GABA

regulation of cell proliferation and regeneration in the liver.
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Introduction

It has long been known that y-amino butyric acid
(GABA) is the primary inhibitory neurotransmitter in the
adult central nervous system (CNS) [1]. Functioning as a
signal transmitter, GABA generates biological actions in
cells through its ionotropic type-A or metabotropic type-B
receptors (GABAARs or GABAgRs). GABAsRs are
pentameric channels permeable to chloride ions. To date,
totally 19 subunits (a1-6, $1-3,vy1-3, 8, €, m, 6, and p1-3) of
GABAAR have been cloned in different mammalian cells
[2]. For a specific type of mammalian cells only certain
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subunits are expressed, and GABAsRs composed of
different subunits exhibit diverse physiological and
pharmacological properties. Due to the disparity in
expression levels of chloride-intruding and chloride-

extruding transporters, the intracellular chloride
concentrationdiffers among cell types. Therefore,
activation  of = GABAaR-channels  either  causes

chlorideinflux (membrane hyperpolarization) or results
inchlorideefflux (membrane depolarization), differently
regulating the calcium entry hence the function of a
specific type of cells.

Studies in the last two decades revealed that GABA is
produced by various non-neuronal cells of visceral organs,
such as pancreatic endocrine 3-cells, epithelial cells in the
intestine, the airway and the intrahepatic biliary duct, and
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immune cells as well [3-9]. In these non-neuronal cells,
GABA is formed by a pathway referred to as the GABA
shunt, a closed-loop metabolic process occurring in
mitochondria with the dual purpose of producing and
conserving the supply of GABA [10]. The first step in the
GABA shunt is the transamination of o-ketoglutarate
formed from glucose metabolism through the
tricarboxylic acid cycle, by GABA/a-oxoglutarate
transaminase, into L-glutamic acid. The latter is catalyzed
into GABA by decarboxylation via the enzymatic activity of
glutamic acid decarboxylase (GAD), of which two isoforms
(GAD65 and GAD67) have been identified.

Early studies hinted a GABAergic signaling in the liver.
In 1987, Minuk and colleagues described a bicuculline-
sensitive GABAAR signaling in the liver, and this group
proposed that alterations in hepatic GABAergic activity
may contribute to hepatic regeneration and the
pathogenesis of hepatocellular carcinoma [11-13]. Later,
another group reported that GABAsR-mediated signaling
also exists in the intrahepatic biliary epithelium, where
GABA may stimulate small cholangiocyte differentiation
into large cholangiocytes [14,15]. However, the precise
role of this GABAergic system in hepatocyte regeneration
and cholangiocyte proliferation and differentiation
remains unclear.

Our recent studies indicate that a GABAsR mediated
auto- and/or paracrine signaling system exist in rodent
hepatocytes and cholangiocytes as evidenced by the
expressions of both the GABA synthesizing enzyme GAD
and various GABAsR subunits [7]. Interestingly,
pretreating the animals with GABA or the selective
GABAAR agonist muscimol, but not the GABAgR agonist
baclofen, protected hepatocytes from apoptotic injuries
induced by acute and excessive exposure to D-
galactosamine (GalN) or ethanol and hence maintained
the integrity of liver function [7,16]. Moreover, our study
revealed a GABAsR-mediated signaling mechanism in
intrahepatic cholangiocytes of the GalN-induced pseudo-
bile ductules and islet-like structures within the portal
and periportal areas of the rodent liver [7]. Remarkably,
treating the animal with muscimol fundamentally
inhibited the pseudo-duct formation. Our results are in
agreement with a previous study showing that a GABAAR-
mediated autocrine signaling in embryonic stem cells
inhibits the cells’ proliferation but promote their
differentiation [17]. Considering that these proliferating
cholangiocytes (also known as oval cells) in rodent livers
may contribute to liver regeneration, we propose that
GABAAR signaling in the liver may play a role in
phenotypic differentiation of oval cells hence regulating
liver regeneration [18].

Lu W, et al. GABA in Hepatic Proliferation and Regeneration. Adv Clin Toxicol 2018, 3(2):

000130.

Advances in Clinical Toxicology

How does the GABA signaling regulate cell proliferation
and phenotypic differentiation/transformation? Anovel
study recently published in Cell journal shows that long-
term treatment with GABA causes a transformation of
pancreatic glucagon-producing o-cells into a large
population of insulin-producing -like cells in mice [19].
Given that the small population of a-cells in normal
pancreatic islets can’t account for the genesis of so many
B-like cells in the GABA-treated mice, it is proposed that
the GABA-induced neogenesis of o-to-f cells originates
from the exocrine duct epithelium [20]. In this regard, a
more recent study in the Lu laboratory also revealed that
treating the type 1 diabetic mice with GABA restricts
pancreatic B-cell dedifferentiation but facilitates o-to-f3
cell transformation [21]. These combined data suggest
that the GABAaR-mediated signaling facilitates
differentiation of stem cells (or progenitor cells) and
confines dedifferentiation of mature cells. It has been
proposed that the hepatocytic progenitor cells (oval cells),
whose proliferation underlies “ductular reaction” in
pathological conditions of the liver, are derived from
epithelial cells of the canals of Hering in the periportal
region [18,22,23]. Therefore, the role of hepatic GABA
signaling in phenotypic transformation of epithelial cells
at the canals of Hering during liver regeneration should be
studied in the future.
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