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REVIEW

Introduction

Members of the degenerin/epithelial Na+ channel (DEG/
ENaC) family of ion channels have been subjects of numer-
ous studies for more than 2 decades and significant progress 
has been made in understanding the physiological role of these 
channels, their regulation, and their gating mechanisms.1 In 
addition, the understanding of structure-function relation-
ships has been significantly advanced by the crystallization of 
chicken ASIC1a in the desensitized state 5 y ago.2

The function of DEG/ENaC channels ranges from Na+-
absorption and homeostasis through mechanosensation to 
neuronal transmission. Accordingly, diverse gating mecha-
nisms such as constitutive activity, mechanical activation and 
ligand activation have evolved within the channel family.3-5 
The functional heterogeneity within the DEG/ENaC family is 
a key feature and is in contrast to the high degree of structural 
similarity among the members of the family: each DEG/ENaC 
subunit is composed of 2 transmembrane segments linked by 

an extracellular domain, the N- and the C-terminal domains 
protrude into the cytosol.1

Concerning subunits from humans and rodents and based on 
the number of publications, the subunits of the epithelial Na+ 
channel (ENaC) and the acid-sensing ion channels (ASICs), 2 
subfamilies within the DEG/ENaC family, were the main focus 
of research. Only a few studies addressed another member of the 
family—the bile acid-sensitive ion channel (BASIC). However, 
over the last few years several studies were published that could 
intensify the interest in this channel. This short review summa-
rizes the recent progress made on BASIC, the “ignored cousin” 
of the ASICs and ENaC.

BASIC’s Place within the DEG/ENaC Gene Family  
of Ion Channels

In humans, 9 genes constitute the DEG/ENaC family.1 The 
genes ACCN1 to ACCN4 (Amiloride-sensitive Cation Channel, 
Neuronal) encode at least 8 proteins: ASIC1a and ASIC1b, 2 
splice variants of gene ACCN2, ASIC2a and ASIC2b, splice 
variants of gene ACCN1, ASIC3a, ASIC3b and ASIC3c, splice 
variants of gene ACCN3 and ASIC4.6-14 The genes SCNNA 
to SCNND (Sodium Channel, Non-Neuronal) encode the α-, 
β-, γ-, and δ-subunits of the epithelial Na+ channel (ENaC), 
respectively.3,15-17 ASIC subunits can form functional hetero- and 
homotrimeric channels9,12 while functional ENaCs are formed by 
heterotrimeric αβγ- or δβγ-subunit compositions.3,17 ASICs are 
activated by protons: a sudden increase in proton concentration 
leads to fast opening and rapid desensitization of ASICs.12 ENaC 
on the other hand is a constitutively active channel that is mainly 
regulated by proteolytic cleavage and surface expression.18-20

On a phylogenetic tree, members of the DEG/ENaC gene fam-
ily from human and rodents localize to three different branches 
(Fig. 1). The ASIC subunits form 1 branch, the ENaC subunits 
form the other major branch and BASIC represents the third 
branch. The BASIC protein is derived from the gene ACCN5 
and in public databases it is often referred to as ASIC5, reflecting 
the closer relationship of BASIC to ASIC subunits rather than 
ENaC subunits. However, BASIC is not sensitive to protons,21,22 
which is the key feature of most ASICs except ASIC2b and 
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The DEG/ENaC gene family of ion channels is characterized 
by a high degree of structural similarity and an equally high 
degree of diversity concerning the physiological function. In 
humans and rodents, the DEG/ENaC family comprises 2 main 
subgroups: the subunits of the epithelial Na+ channel (ENaC) 
and the subunits of the acid sensing ion channels (ASICs). 
The bile acid-sensitive channel (BASIC), previously known as 
BLINaC or INaC, represents a third subgroup within the DEG/
ENaC family. Although BASIC was identified more than a 
decade ago, very little is known about its physiological func-
tion. Recent progress in the characterization of this neglected 
member of the DEG/ENaC family, which is summarized in this 
focused review, includes the discovery of surprising species 
differences, its pharmacological characterization, and the 
identification of bile acids as putative natural activators.
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ASIC4.8,9 The amino acid sequence of BASIC is approximately 
30% identical to ASICs, but only approximately 20% identical 
to ENaC subunits.21 Among the BASICs from mouse, rat, and 
human, the degree of identity is relatively high: 97% between rat 
and mouse BASIC and 79% between human BASIC and rat or 
mouse BASIC.21,22

Cloning and First Electrophysiological 
Characterization of BASIC

The cloning of the degenerins from Caenorhabditis elegans 
by Driscoll and Chalfie4 and the independent cloning of the 
α-subunit of ENaC by Canessa et al.15 and Lingueglia et al.16 was 
the trigger for the identification of numerous further members 
of the DEG/ENaC family from different species with numbers 
still rising. In vertebrates the ASICs are probably the largest group 
within the DEG/ENaC family to date that was identified based on 
sequence homology to ENaC.12 While ENaC is expressed mainly 
in epithelia and crucial for vectorial Na+ transport, ASICs are 
expressed in the central and peripheral nervous system where they 
are involved in various neuronal processes including nociception, 
mechano- and chemosensation, neuromodulation and degenera-
tion.23 BASIC was first cloned in 1999 from rat and mouse brain 
cDNA libraries using degenerate oligonucleotides based on con-
served sequences of various known DEG/ENaC subunits.21 At the 
time of its initial cloning it was named brain-liver-intestine Na+ 
channel (BLINaC) according to its expression pattern as RT-PCR 
analysis from mouse tissues revealed that basic was predominantly 
expressed in the brain, the liver and the intestine. Furthermore 
basic expression was found in testis and to a weaker extent in heart, 
kidney, lung, and thymus. The basic expression in rat was very 
similar, however, it was absent from testis. basic was also present in 

isolated mouse and rat hepatocytes.21 Shortly after the cloning of 
mouse and rat BASIC, the human ortholog was described.22 It was 
cloned from a genomic library and the site of expression was stud-
ied by northern blot and RT-PCR. Interestingly the human basic 
transcript was only found along the intestinal tract, particularly in 
the small intestine, and to a lesser extent in testis but unlike mouse 
and rat, not in brain and liver. This channel was, therefore, named 
human intestine Na+ channel (hINaC).22 The different expression 
patterns of BASIC from human, rat, and mouse are summarized 
in Table 1.

The electrophysiological characterization of rat and human 
BASIC, respectively, proved to be difficult. On the one hand, 
when expressed in Xenopus oocytes only small constitutive inward 
currents were observed. Amiloride in millimolar concentrations 
only weakly blocked this current and the reversal potential was 
indicative of a pore, which is non-selective for Na+ over K+. On the 
other hand, when expressed in COS or SF9 cells no currents were 
observed.21,22 BASIC from mouse was not further characterized 
electrophysiologically by Sakai et al.21

The first electrophysiological recordings of rat BASIC in COS 
cells and Xenopus oocytes were enabled by the introduction of a 
gain-of-function mutation at the so-called deg-position (A443) 
shortly before the second transmembrane domain. This muta-
tion induced large constitutive currents that were fully inhibited 
by micromolar concentrations of amiloride and that were highly 
selective for Na+ over K+, typical characteristics of DEG/ENaC 
channels.21 This activation by mutation showed that BASIC 
had the potential of forming a functional homomeric ion chan-
nel. Nevertheless the physiological role of the channel could not 
be determined based on these findings. A similar mutational 
approach with human BASIC had the same result: the channel 
was active and highly selective for Na+ over K+ after introducing a 
mutation at the deg-position.22

Figure 1. BASIC represents a subgroup within the human DEG/ENaC gene family of ion channels. The phylogenetic tree of human DEG/ENaC gene 
family members displays the genetic distances of BASIC to ASIC and ENaC subunits. Branch lengths are proportional to the evolutionary distance. 
Support values are indicated. Scale bar illustrates amino acid substitutions per site. The tree was created by maximum likelihood (ML) analysis with 
TREEPUZZLE and edited with Dendroscope3. ML analysis is based on protein alignment using ClustalX with sequences of human BASIC, ASICs, 
and ENaCs. Highly divergent sequences were deleted for improving alignment results. Accession numbers: hASIC1a U78180, hASIC1b HM991481, 
hASIC2a U50352, hASIC2b NP_899233.1, hASIC3a NP_004760, hASIC3b NP_064717; hASIC3c NP_064718, hASIC4 AJ271643, hBASIC AJ252011, αhENaC 
X76180, βhENaC X87159, γhENaC X87160, δhENaC U38254.
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Channel Activity: A Question of Species

More than a decade after its cloning the first electrophysi-
ological study focusing on mouse BASIC was published.24 
Surprisingly the channel exhibited completely different electro-
physiological characteristics in comparison to its human and 
rat orthologs: mouse BASIC showed high constitutive activity 
while BASIC from rat and human showed only a weak consti-
tutive activity (Table 1). Current amplitudes of mouse BASIC 
recorded from Xenopus oocytes were in a similar range as cur-
rents recorded from oocytes expressing ENaC. Because mouse 
and rat BASIC share 97% of their amino acids this result was 
not expected. Using a chimeric approach with mouse and rat 
BASIC, one amino acid (position 387) in the extracellular 
domain was identified, which changed the properties of rat 
BASIC from a near silent, non-selective channel to a highly 
active, Na+-selective channel.24 In the crystal structure of the 
related chicken ASIC1a, the amino acid corresponding to that 
of position 387 — a serine in mouse BASIC and an alanine in 
rat BASIC—is localized to the palm domain and approximately 
50 Å above the pore domain. This excludes that changes in the 
pore region are responsible for the different electrophysiologi-
cal characteristics but suggests that the amino acid substitution 
between rat and mouse BASIC influences the electrophysi-
ological features of the channel by an allosteric mechanism.24 
Interestingly, the human BASIC has a serine at position 387 
like mouse BASIC, yet it is silent at rest like rat BASIC.

Pharmacological Characteristics of BASIC

BASIC from rat and human is inhibited by physiological 
concentrations of extracellular divalent cations, rendering the 
channels nearly silent. Consequently, the removal of divalent 
cations induces robust currents.24-26 Apparent affinities of rat 
BASIC for Ca2+ and Mg2+ are 13 and 79 μM,24,26 respectively, 
and of human BASIC 18 and 51 μM,25 respectively. Under nor-
mal physiological conditions these channels would always be in 

an inactive, nearly silent state. Removal of divalent cations not 
only increased the activity of rat and human BASIC but also 
increased the selectivity of the channel for Na+ over K+, simi-
lar to the introduction of the mutation at the deg-position.24,25 
In contrast, the constitutively active BASIC from mouse is not 
potently inhibited by physiological concentrations of extracel-
lular divalent cations, since its apparent affinity for extracel-
lular divalent cations is almost 250-fold lower compared with 
BASIC from rat and human. The difference in cation affinity is 
determined by the amino acid at position 387.24 Since divalent 
cations also stabilize the resting state of ASICs,27,28 the alloste-
ric control of gating by divalent cations seems to be conserved 
between these channels.

The inhibition by the diuretic amiloride is a hallmark fea-
ture of all DEG/ENaC channels.1 BASIC from mouse, rat and 
human, however, show interesting differences. While rat and 
human BASIC in their resting state are only weakly inhibited 
by millimolar concentrations of amiloride,21,22,24 mouse BASIC 
is already inhibited by low micromolar concentrations of 
amiloride.24 This pharmacological difference is also determined 
by the amino acid at position 387.24

BASIC from mouse, rat and human not only show strong 
differences in their pharmacological profile but also similari-
ties. They are potently inhibited by diarylamidines, a class of 
anti-protozoal molecules and the related substance nafamo-
stat.29 Apparent affinity of BASIC for diarylamidines and nafa-
mostat is in the low micromolar range and similar for mouse, 
rat, and human BASIC.29 Diarylamidines and nafamostat likely 
function as pore blockers as their block is voltage-dependent 
and they compete with amiloride for its binding site,29 which is 
in the pore region. These molecules do not inhibit the epithe-
lial Na+ channel,30 which makes them an ideal pharmacologi-
cal tool to distinguish between BASIC and ENaC currents and 
analyze BASIC’s physiological role in native tissue. The phar-
macological and biophysical properties of BASIC from human, 
rat and mouse are summarized in Table 1.

Another substance that was recently identified as a BASIC 
inhibitor is 4-aminopyridine (4-AP),31 a known blocker of 
voltage-dependent K+ channels (Kv channel), which is used to 

Table 1. Comparison of the expression pattern and the pharmacological and biophysical properties of BASIC from human, rat, and mouse

hBASIC (hINaC) rBASIC (rBLINaC) mBASIC (mBLINaC)

Expression intestine22 brain, liver (cholangiocytes33), intestine, 
heart kidney, lung, thymus21

brain, liver (cholangiocytes33), intestine, 
testis, heart kidney, lung, thymus21

Ph
ar

m
ac

ol
og

y

IC50 [Ca2+]e 20 μM25 2 μM24,26 2.3 mM24

IC50 AMI > 1 mM22 > 1 mM21,24 7 μM24

IC50 DIMI 3.4 μM25 3.5 μM29 2.1 μM29

EC50 BA »2 mM25 »2 mM26,33 n.a.

EC50 FFA »10 mM25 »1.5 mM29 n.a.

Bi
op

hy
si

ca
l 

pr
op

er
ti

es

constitutive activity low22,25 low21,24 high24

ion selectivity
• non-selective (whole oocyte)22,25

• Na+-selective in low [Ca2+]e
25

• Na+-selective in outside-out patch25

• non-selective (whole oocyte)21,24

• Na+-selective in low [Ca2+]e
21,24 • Na+-selective (whole oocyte)24

Abbreviations: [Ca2+]e, extracellular Ca2+; AMI, amiloride; DIMI, diminazene; BA, bile acids; FFA, flufenamic acid; n.a., not applicable
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target symptoms of the neuroinflammatory disease multiple 
sclerosis (MS).32 When applied to CHO cells expressing rat 
BASIC containing the gain-of-function mutation at the deg-
position, 4-AP inhibited BASIC currents. Apparent affinity for 
4-AP is 1.7 mM, and thus, significantly lower than the affin-
ity for diarylamidines or amiloride. Similar to the inhibition of 
BASIC by diarylamidines and amiloride, the block of BASIC 
by 4-AP is voltage-dependent.31

Ever since its cloning in 1999, it was suspected that BASIC 
requires the presence of an extracellular ligand in order to be 
activated. This suspicion was substantiated by the finding that 
fenamates, notably f lufenamic acid (FFA), induced large cur-
rents when applied at millimolar concentrations to oocytes 
expressing rat or human BASIC.25,29 Interestingly, similar to the 
removal of divalent cations, the selectivity for Na+ over K+ was 
increased by FFA. For mouse BASIC, FFA had no stimulatory 
effect.29

Are Bile Acids Natural Ligands of BASIC?

The activation of BASIC by the introduction of a muta-
tion at the deg-position and the properties of this mutated 
channel—high Na+-selectivity and high affinity inhibition 
by amiloride—tempted Sakai et  al. to speculate that BASIC 
could represent another ligand-gated DEG/ENaC channel.21 
The activation of BASIC by FFA supported this speculation.29 
However, several molecules including cholesterol, ATP, ADP, 
and acetylcholine were tested for a stimulatory effect on BASIC 
but failed to activate the channel. Similarly, peptides such as 
vasoactive intestinal peptide, calcitonin gene-related peptide, 
angiotensin II, N-formyl-methionyl-leucyl-phenylalanine 
(fMLP), FMRFamide, and related peptides did not activate 
BASIC, and neither did thrombin treatment, hypertonic stress, 
acidification, or mechanical membrane stretch.21

The immunohistochemical identification of cholangiocytes 
as main site of BASIC expression in the liver resulted in the 
identification of a new natural class of rat and human BASIC 
activators.33 Cholangiocytes are the epithelial cells of bile ducts 
and at their apical side, where BASIC can be found, they are in 
direct contact with bile and thus with millimolar concentra-
tions of various bile acids. After demonstrating that diluted pig 
bile had the potential to activate BASIC, bile acids were soon 
identified as the active compound in pig bile. The sensitivity for 
bile acids led to the renaming of the channel, previously termed 
BLINaC, to bile acid-sensitive ion channel - BASIC.33

A large variety of bile acids exist in nature and the composi-
tion of bile acids in bile varies between species. Hyodeoxycholic 
and chenodeoxycholic acid, two important bile acids in pig bile 
that are also present in rat bile, are the most potent activators of 
BASIC when applied alone. Half maximal activation of BASIC 
by HDCA was reached at 2.1 mM. Co-application of both bile 
acids has a potentiating effect. The predominant bile acid in rat 
bile, β-muricholic acid does not activate BASIC. Interestingly, 
HDCA only weakly but CDCA and deoxycholic acid (DCA) 
strongly activated human BASIC.25,33 Since HDCA is absent 

from human bile and CDCA and DCA are important human 
bile acids, it is tempting to speculate that the BASIC channel 
has adapted to the species-specific bile acid composition. The 
constitutively active mouse BASIC is not affected by bile acids.33

In a follow-up study, ursodeoxycholic acid (UDCA), which 
is used to treat various liver diseases including gallstones and 
primary biliary cirrhosis,34 was also shown to potently acti-
vate BASIC with a similar apparent affinity (EC

50
: 2.5 mM) 

as HDCA.26

In a recent study, human BASIC was characterized on the 
single channel level. Different from observations in whole 
oocytes, human BASIC was highly selective for Na+. Removal 
of divalent cations has 2 effects on BASIC: it increased single 
channel conductance and open probability. In contrast, bile 
acids mainly increased open probability. The increased open 
probability is primarily due to a reduction of the single channel 
closed time. Taken together these results suggest that bile acids 
and removal of divalent cations activate BASIC by destabilizing 
the closed state of the channel.25

Bile acids are natural compounds that activate BASIC in the 
Xenopus oocyte expression system, the question of whether they 
are also the natural endogenous ligand of BASIC is still await-
ing an answer.

Outlook

The physiological role of BASIC
What is the possible physiological role of BASIC in chol-

angiocytes and other tissues that express the channel? 
Cholangiocytes form a predominantly secretory epithelium 
mainly secreting HCO3-, Cl-, and water, which guarantees a 
constant bile f low and inhibits the precipitation of bile acid 
and thus gallstone formation.35,36 A Na+ channel like BASIC 
located at the apical membrane, which is activated by increasing 
concentrations of bile (acids), would allow Na+-absorption and 
thus counteract the secretory efforts of the biliary epithelium. 
Nonetheless it is possible that under certain circumstances, for 
example in the presence of somatostatin, a peptide hormone 
which can decrease secretory processes and even induce absorp-
tive processes in cholangiocytes,37 BASIC could be required for 
Na+-absorption.

In the intestine, Na+ can be reabsorbed by various mecha-
nisms including nutrient coupled Na+ absorption, electrogenic 
absorption and electroneutral absorption. Similar to ENaC 
in the colon38 BASIC could serve as an additional pathway of 
electrogenic Na+-absorption, which is dependent on the pres-
ence of bile acids. Since bile acids reach the intestine together 
with nutrients, bile acids might function as an indicator for 
the passage of nutrients and thus trigger Na+-absorption upon 
the passage of nutrients. Like ASIC1a, BASIC is also perme-
able for protons,24,39 which might contribute to its physiological 
function.

In rat and mouse, BASIC is also found in the brain.21 Bile 
acids do not reach concentrations in the brain that would 
be sufficient to activate BASIC in either physiological or in 
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pathophysiological conditions. However, molecules related to 
bile acids and cholesterol, such as the neurosteroids or interme-
diate molecules of the cholesterol synthesis pathway are known 
ion channel modulators40,41 and present in the brain. They 
could represent another class of BASIC activators.

Finally, the exact subcellular location of BASIC is not clear. 
In Xenopus oocytes, the channel reaches the plasma membrane 
but in other cells BASIC-specific currents could not be recorded 
so far. This could of course be due to silent channels located in 
the plasma membrane, as suggested by currents in COS cells 
after activation of BASIC by the gain-of-function mutation.21,22 
But it is also possible that the channel is mainly located and has 
a function within the cell and not in the plasma membrane. 
Such a phenomenon was only recently described for the related 
DEG/ENaC channel ASIC1a which was not only found in the 
plasma membrane but also in the mitochondria of cortical neu-
rons, where it is associated with adenine nucleotide translocase 
and possibly involved in mitochondrial permeability.42

The mechanism underlying the activation of BASIC
How do bile acids and artificial ligands activate BASIC? Is 

the channel ligand-gated and are bile acids its natural ligand? 
Are modifications of the membrane induced by bile acids 
responsible for the activation of BASIC and the channel, thus, a 
membrane-sensor? So far, no clear answers can be given to these 
questions. Several findings from related DEG/ENaC family 
members speak in favor of a direct ligand-based activation of the 
channel and just as many findings support the hypothesis that 
BASIC senses modifications of the membrane. In the DEG/
ENaC family, ligand-based activation can be found for example 
in the ASIC subgroup with the simplest form of ligand possible: 
protons.12 It is also found in HyNaCs (Hydra Na+ channels) 
from the freshwater polyp Hydra magnipapillata and in FaNaCs 

(FMRFamide-gated Na+ channel) from snails, which are acti-
vated by ligands far more complex: neuropeptides.43-45

Some DEG/ENaC channels are modulated by their membra-
nous environment. Cholesterol for example is required for full 
activity of αβγENaC46 and membrane-active substances like the 
lanthanoide gadolinium (Gd3+) and chlorpromazine have been 
shown to influence the activity of ENaC.47 Pharmacological 
approaches as well as biophysical approaches are currently being 
undertaken to reveal the mechanism of bile acid activation of 
BASIC. Sakai et  al. tested whether membrane stretch applied 
in the outside-out patch clamp configuration influences rat 
BASIC activity and did not observe any activation upon stretch 
application.21 This could mean that the bile acid activation of 
BASIC—assuming that it is mediated by membrane modifica-
tions—is indirect and does not involve lateral stretch but other 
membranous changes, for example alterations of the charges in 
the hydrophilic region of the plasma membrane.

BASIC: Forever a poor cousin?
Despite the fact that we are still far away from assigning 

BASIC a clear physiological function, compared with the estab-
lished roles for ENaC and to a certain degree also for ASICs, 
the recent progress shows that BASIC is an interesting target 
of research, suggesting that BASIC will not remain the poor 
cousin of the DEG/ENaC family.
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