Int J Physiol Pathophysiol Pharmacol 2017;9(5):153-156
www.ijppp.org /ISSN:1944-8171/1JPPPO067563

Original Article
Protective roles of hepatic GABA signaling in liver injury
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Abstract: In addition to functioning as a neurotransmitter, y-aminobutyric acid (GABA) generates signals, via its type
A or type B receptors (GABA,Rs or GABA_Rs), in various types of cells. Studies, including ours, show that GABA,R-
mediated auto- and paracrine GABAergic signaling occurs in rodent hepatocytes and cholangiocytes, protecting
the liver against toxic injuries. This short article briefly introduces the GABA signaling system in rodent livers and

discusses potential mechanisms by which the hepatic GABA signaling protects the liver function.
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Gamma-aminobutyric acid (GABA) is the prima-
ry inhibitory neurotransmitter in the adult cen-
tral nervous system (CNS) [1] and it is produc-
ed from glutamic acid by decarboxylation th-
rough the catalytic activity of glutamic acid
decarboxylase (GAD) [2]. GABA generates bio-
logical signaling through activation of its iono-
tropic type A or metabotropic type B receptors
(GABA,Rs or GABA_ Rs). To date, 19 GABA,R
subunits («1-6, B1-3,y1-3, d, €, i1, 6, and p) have
been identified in mammals. GABA Rs are pen-
tameric CI channels with various subunit com-
binations [3]. In neurons of the adult CNS,
GABA,Rs primarily mediate CI* influx causing
membrane hyperpolarization and hence inhi-
bition [4]. In the embryonic brain, however, GA-
BA,Rs mediate CI efflux inducing membrane
depolarization and Ca?* entry through voltage
gated Ca?* channels thus regulating the prolif-
eration, migration, and differentiation of neuro-
progenitors [5-7].

GABA R-mediated signaling also exists in non-
neuronal cells of visceral organs [8-10] and
their physiological and pathophysiological roles
have been investigated. For example, our stud-
ies have demonstrated that GABAergic signal-
ing mechanisms are present in epithelial cells
of the lung [7, 8, 11] and the intestines [12],

involving in allergic responses. Minuk and col-
leagues identified sodium-independent but bi-
cuculline-sensitive  GABA,Rs in hepatocytes
[13] and they proposed that alterations in
hepatic GABAergic signaling may contribute to
the pathogenesis of hepatocellular carcinoma
[14]. In addition, another group reported that
GABA protects hepatocytes against ethanol
cytotoxicity through unknown mechanism(s)
[15]. Notably, GABA R-mediated signaling also
occurs in the intrahepatic biliary epithelium,
where GABA may stimulate small cholangiocyte
differentiation into large cholangiocytes [16,
17].

Most recently we studied the role of hepatic
GABAergic signaling system in liver functions
under normal conditions and in disease mo-
dels of liver injury [18, 19]. Specially, we found
that auto- and/or paracrine GABAergic signal-
ing systems exist in rat hepatocytes and chol-
angiocytes as evidenced by the expression of
both GABA,R subunits and GAD [18]. It is kn-
own that acute D-galactosamine (GalN) [18]
or excessive ethanol [20] exposure causes ap-
optotic injuries in the liver. Interestingly, the
expression of GABA synthesizing enzyme GAD
and GABA,R subunits is up-regulated in the
rodent livers following administration of GalN
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[18] or excessive ethanol [19]. Moreover, pre-
treating the rodents with GABA or the GABA R
agonist muscimol, but not the GABA_R agonist
baclofen, greatly protects hepatocytes from the
“toxin”-induced apoptosis and reserves the
liver function [18, 19]. These results indicate
that GABAergic signaling in hepatocytes func-
tions to protect the cells against toxic injures,
as shown in pancreatic B-cells [21, 22].

Administration of GalN induces formation of
pseudo-bile ductules and islet-like structures
by cholangiocytes in the portal and periportal
areas in the rat liver [18]. Our immunohisto-
chemical assays show that a GABA R signaling
mechanism also exists in cholangiocytes of
the GalN-induced pseudo-bile ductules. Nota-
bly, systemic administration of the GABA R ago-
nist muscimol fundamentally inhibits the pseu-
do-duct formation in GalN-treated rats [18].
This finding supports the notion that intrahe-
patic GABAergic signaling restrains liver cell
proliferation [23]. We propose that GABA R sig-
naling in cholangiocytes confines the overex-
pansion of pseudo-bile ductules and prevents
biliary flow obstruction, hence protecting hepa-
tocytes from bilirubin toxicity.

What is the mechanism by which GABA R sig-
naling restrains the cellular phenotypic trans-
formation and proliferation? A recent study in
the Lu laboratory [24] may provide a hint for
answering this question. Specifically, the Lu
laboratory found that following administration
of the pancreatic B-cell toxin streptozotocin
(STZ) to mice, some pancreatic B-cells contain-
ing extremely low level of immunoreactivity to
insulin start expressing aldehyde dehydroge-
nase 1 family member A3 (ALDH1a3), a marker
of mesenchymal progenitor cells [25]. This re-
sult suggests that an epithelial-mesenchymal
transition (EMT)-like phenotypic transforma-
tion occurs in some of the STZ-injured pancre-
atic B-cells. Remarkably, pretreating the mice
with GABA essentially prevents the STZ-
induced expression of ALDH1a3 and signifi-
cantly reserves the mass of B-cells that display
normal immunoreactivity of insulin [24]. It is
known that adult pancreatic a-cells have the
potential to transform into B-cells [26] and that
GABA R signaling inhibits cell proliferation but
fosters cell differentiation [5]. Indeed, a recent
study reported that long-term treatment of
GABA greatly increases the mass of pancreatic
B-cells in mice by fostering the transfor-

mation of pancreatic a-cells to B-cells [27].
Together, available data suggest that GABA R
signaling facilitates cell differentiation to de-
veloped phenotypes but restricts EMT-like
transformations of differentiated cells.

Cholangiocyte proliferation leads to “ductular
reaction”, a major characteristic of liver patho-
logical conditions [28-30]. On the other hand,
cholangiocyte proliferation may contribute to
liver regeneration. These proliferating progeni-
tor cells in rodent livers are often referred to as
“oval cells” that are derived from epithelial cells
of the canals of Hering in the periportal region
[31]. In relation to this notion, GABA,R signal-
ing facilitates the o-to-B cell genesis [27] by
increasing the duct epithelium originated gen-
esis of new o-like cells and then B-like cells
[32]. Therefore, the role of GABA signaling in
regulating oval cell proliferation at the canals
of Hering and in liver regeneration should be
explored in future studies.

Address correspondence to: Dr. Wei-Yang Lu, De-
partment of Physiology and Pharmacology, Uni-
versity of Western Ontario, 1151 Richmond St. N.,
London, ON, N6A 5B7, Canada; Robarts Research
Institute, University of Western Ontario, 1151 Ri-
chmond St. N., London, ON, N6A 5B7, Canada. Tel:
519-931-5777 Ext. 24282; Fax: 519-931-5789;
E-mail: wlub3@uwo.ca

References

[1] Olsen RW, Tobin AJ. Molecular biology of GAB-
AA receptors. FASEB J 1990; 4: 1469-1480.

[2] Roberts E, Frankel S. y-aminobutyric acid in
brain: its formation from glutamic acid. J Biol
Chem 1950; 187: 55-63.

[3] Watanabe M, Maemura K, Kanbara K, Tamaya-
ma T, Hayasaki H. GABA and GABA receptors in
the central nervous system and other organs.
Int Rev Cytol 2002; 213: 1-47.

[4] Zollner G, Fickert P, Zenz R, Fuchsbichler A,
Stumptner C, Kenner L, Ferenci P, Stauber RE,
Krejs GJ, Denk H, Zatloukal K, Trauner M. Hep-
atobiliary transporter expression in percutane-
ous liver biopsies of patients with cholestatic
liver diseases. Hepatology 2001; 33: 633-46.

[5] Andang M, Hjerling-Leffler J, Moliner A, Lund-
gren TK, Castelo-Branco G, Nanou E, Pozas E,
Bryja V, Halliez S, Nishimaru H, Wilbertz J, Are-
nas E, Koltzenburg M, Charnay P, El Manira A,
Ibanez CF, Ernfors P. Histone H2AX-dependent
GABA (A) receptor regulation of stem cell prolif-
eration. Nature 2008; 451: 460-4.

154 Int J Physiol Pathophysiol Pharmacol 2017;9(5):153-156



(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

(14]

[15]

[16]

[17]

155

Hepatic GABA signaling

Ganguly K, Schinder AF, Wong ST, Poo M. GABA
itself promotes the developmental switch of
neuronal GABAergic responses from excitation
to inhibition. Cell 2001; 105: 521-32.

Hirota JA, Budelsky A, Smith D, Lipsky B, Ellis
R, Xiang YY, Lu WY, Inman MD. The role of inter-
leukin-4 Ralpha in the induction of glutamic
acid decarboxylase in airway epithelium follow-
ing acute house dust mite exposure. Clin Exp
Allergy 2010; 40: 820-30.

Xiang YY, Chen X, Li J, Wang S, Faclier G, Mac-
donald JF, Hogg JC, Orser BA, Lu WY. Isoflurane
regulates atypical type-A gamma-aminobutyric
acid receptors in alveolar type Il epithelial
cells. Anesthesiology 2013; 118: 1065-75.
Dong H, Kumar M, Zhang Y, Gyulkhandanyan
A, Xiang YY, Ye B, Perrella J, Hyder A, Zhang N,
Wheeler M, Lu WY, Wang Q. Gamma-aminobu-
tyric acid up- and downregulates insulin secre-
tion from beta cells in concert with changes in
glucose concentration. Diabetologia 2006;
49: 697-705.

Opara EC, Hubbard VS, Burch WM, Akwari OE.
Characterization of the insulinotropic potency
of polyunsaturated fatty acids. Endocrinology
1992; 130: 657-62.

Xiang YY, Wang S, Liu M, Hirota JA, Li J, Ju W,
Fan Y, Kelly MM, Ye B, Orser B, O’'Byrne PM,
Inman MD, Yang X, Lu WY. A GABAergic system
in airway epithelium is essential for mucus
overproduction in asthma. Nat Med 2007; 13:
862-7.

Li Y, Xiang YY, Lu WY, Liu C, Li J. A novel role of
intestine epithelial GABAergic signaling in reg-
ulating intestinal fluid secretion. Am J Physiol
Gastrointest Liver Physiol 2012; 303: G453-
60.

Minuk GY, Bear CE, Sarjeant EJ. Sodium-inde-
pendent, bicuculline-sensitive [3H]GABA bind-
ing to isolated rat hepatocytes. Am J Physiol
1987; 252: G642-7.

Minuk GY. GABA and hepatocellular carcino-
ma. Mol Cell Biochem 2000; 207: 105-8.
Norikura T, Kojima-Yuasa A, Opare Kennedy D,
Matsui-Yuasa |. Protective effect of gamma-
aminobutyric acid (GABA) against cytotoxicity
of ethanol in isolated rat hepatocytes involves
modulations in cellular polyamine levels. Ami-
no Acids 2007; 32: 419-23.

Mancinelli R, Franchitto A, Gaudio E, Onori P,
Glaser S, Francis H, Venter J, Demorrow S, Car-
pino G, Kopriva S, White M, Fava G, Alvaro D,
Alpini G. After damage of large bile ducts by
gamma-aminobutyric acid, small ducts replen-
ish the biliary tree by amplification of calcium-
dependent signaling and de novo acquisition
of large cholangiocyte phenotypes. Am J Pathol
2010; 176: 1790-800.

Mancinelli R, Franchitto A, Glaser S, Meng F,
Onori P, Demorrow S, Francis H, Venter J, Car-

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

pino G, Baker K, Han Y, Ueno Y, Gaudio E, Alpi-
ni G. GABA induces the differentiation of small
into large cholangiocytes by activation of
Ca(2+)/CaMK I-dependent adenylyl cyclase 8.
Hepatology 2013; 58: 251-63.

Wang S, Xiang YY, Zhu J, Yi F, Li J, Liu C, Lu WY.
Protective roles of hepatic GABA signaling in
acute liver injury of rats. Am J Physiol Gastroin-
test Liver Physiol 2017; 312: G208-G218.
Wang SL, Liu ZY, Peng C, Liu J, Luo D, Fan XH,
Liu CY, Lu WY. Protective roles of hepatic GABA
signaling in acute ethanol exposure induced
liver injury. J Appl Toxicol 2017 Oct 17. doi:
10.1002/jat.3544. [Epub ahead of print].

Gao B, Bataller R. Alcoholic liver disease: pa-
thogenesis and new therapeutic targets. Gas-
troenterology 2011; 141: 1572-85.

Soltani N, Qiu H, Aleksic M, Glinka Y, Zhao F,
Liu R, Li Y, Zhang N, Chakrabarti R, Ng T, Jin T,
Zhang H, Lu WY, Feng ZP, Prud’homme GJ,
Wang Q. GABA exerts protective and regenera-
tive effects on islet beta cells and reverses dia-
betes. Proc Natl Acad Sci U S A 2011; 108:
11692-7.

Wang S, Luo Y, Feng A, Li T, Yang X, Nofech-
Mozes R, Yu M, Wang C, Li Z, Yi F, Liu C, Lu WY.
Ethanol induced impairment of glucose me-
tabolism involves alterations of GABAergic sig-
naling in pancreatic beta-cells. Toxicology
2014; 326: 44-52.

Minuk GY, Gauthier T. The effect of gamma-
aminobutyric acid on hepatic regenerative ac-
tivity following partial hepatectomy in rats.
Gastroenterology 1993; 104: 217-21.

Feng AL, Xiang YY, Gui L, Kaltsidis G, Feng Q, Lu
WY. Paracrine GABA and insulin regulate pan-
creatic alpha cell proliferation in a mouse mod-
el of type 1 diabetes. Diabetologia 2017; 60:
1033-1042.

Zhang W, Liu Y, Hu H, Huang H, Bao Z, Yang P,
Wang Y, You G, Yan W, Jiang T, Wang J,Zhang
W. ALDH1A3: a marker of mesenchymal phe-
notype in gliomas associated with cell inva-
sion. PLoS One 2015; 10: e0142856.

Thorel F, Népote V, Avril |, Kohno K, Desgraz R,
Chera S, Herrera PL. Conversion of adult pan-
creatic alpha-cells to beta-cells after extreme
beta-cell loss. Nature 2010; 464: 1149-54.
Ben-Othman N, Vieira A, Courtney M, Record F,
Gjernes E, Avolio F, Hadzic B, Druelle N, Na-
politano T, Navarro-Sanz S, Silvano S, Al-Hasani
K, Pfeifer A, Lacas-Gervais S, Leuckx G, Mar-
roqui L, Thévenet J, Madsen OD, Eizirik DL,
Heimberg H, Kerr-Conte J, Pattou F, Mansouri
A, Collombat P. Long-term GABA administra-
tion induces alpha cell-mediated beta-like cell
neogenesis. Cell 2017; 168: 73-85, el11.
Alvaro D, Mancino MG, Glaser S, Gaudio E,
Marzioni M, Francis H, Alpini G. Proliferating
cholangiocytes: a neuroendocrine compart-

Int J Physiol Pathophysiol Pharmacol 2017;9(5):153-156



[29]

[30]

156

Hepatic GABA signaling

ment in the diseased liver. Gastroenterology
2007; 132: 415-31.

Lemire JM, Shiojiri N, Fausto N. Oval cell prolif-
eration and the origin of small hepatocytes in
liver injury induced by D-galactosamine. Am J
Pathol 1991; 139: 535-52.

Kuhlmann WD, Wurster K. Correlation of histol-
ogy and alpha 1-fetoprotein resurgence in rat
liver regeneration after experimental injury by
galactosamine. Virchows Arch A Pathol Anat
Histol 1980; 387: 47-57.

(31]

(32]

Paku S, Schnur J, Nagy P, Thorgeirsson SS. Ori-
gin and structural evolution of the early prolif-
erating oval cells in rat liver. Am J Pathol 2001;
158: 1313-23.

Weir GC, Bonner-Weir S. GABA signaling stimu-
lates beta cell regeneration in diabetic mice.
Cell 2017; 168: 7-9.

Int J Physiol Pathophysiol Pharmacol 2017;9(5):153-156



