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Role of Pertussis Toxin-Sensitive G-proteins in
Intracellular Ca®" Release and Apoptosis Induced
by Inhibiting Cystic Fibrosis Transmembrane
Conductance Regulator (CFTR) CI~ Channels in
HepG2 Human Hepatoblastoma Cells
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Abstract Previously, we have reported that inhibition of cystic fibrosis transmembrane conductance regulator
(CFTR) CI~ channels by glibenclamide induced intracellular Ca®" release from IPs-sensitive stores and apoptosis in
HepG2 human hepatoblastoma cells (Kim JA, Kang YS, Lee SH, Lee EH, Yoo BH, Lee YS. 1999. Biochem Biophys Res
Commun 261:682-688). In this study we investigated the upstream signals involved in the mechanism of these actions
of glibenclamide. Treatment with glibenclamide initiated production of inositol 1,4,5-trisphosphate (IP3) in a dose- and
time-dependent manner. The glibenclamide-induced formation of 1P was significantly inhibited by CFTR activators
(levamisole and bromotetramisole). The intracellular Ca*" release and apoptosis induced by glibenclamide were
significantly suppressed by treatment with phospholipase C (PLC) inhibitors (U-73122 and manoalide) or by
pretreatment with pertussis toxin (PTx). In addition, PTx-catalyzed ADP-ribosylation of GTP-binding proteins (G-
proteins) was markedly enhanced by treatment with glibenclamide in a time-dependent manner. Taken together, these
results suggest that PTx-sensitive G-proteins coupled to PLCB may mediate the intracellular Ca®* release and apoptosis
induced by inhibiting CFTR CI™ channels in HepG2 cells. These results further suggest that the PTx-sensitive G-proteins
may be a valuable target for the therapeutic intervention of human hepatomas. J. Cell. Biochem. 81:93-101, 2001.
© 2001 Wiley-Liss, Inc.
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Apoptosis is a highly organized cell death
process characterized by early and prominent
condensation of nuclear chromatin, loss of
plasma membrane phospholipid asymmetry,
activation of proteases and endonucleases,
enzymatic cleavage of the DNA into oligonu-
cleosomal fragments, and segmentation of the
cells into membrane-bound apoptotic bodies
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[Kidd, 1998]. Apoptosis plays an important role
in the maintenance of tissue homeostasis by
the selective elimination of excessive cells
[Song and Steller, 1999]. Particularly, genetic
mutations resulting in the disruption of apop-
tosis or derangement of apoptosis-signaling
pathways are likely to be critical components
of carcinogenesis [Wang, 1999; Lowe and Lin,
2000]. In addition, apoptosis induction of
cancer cells appears to be useful for cancer
treatment [Kornblau, 1998] including che-
motherapy [Kamesaki, 1998] and radiation
therapy [Crompton, 1998]. However, signaling
pathways for the induction of apoptosis are not
completely understood.

Cystic fibrosis transmembrane conductance
regulator (CFTR) proteins are expressed in
epithelial cells that line organs such as the
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lungs and intestines, and act as C1~ channels,
thereby regulating the water and salt balance
in these cells [Kelley et al., 1992]. CFTR is
mutated in cystic fibrosis (CF) patients, which
results in malfunction in Cl~ secretions, lead-
ing to numerous complications including ser-
ious lung infections, and ultimately death of
these patients [Aitken, 1996]. Recently, we
have reported that inhibition of CFTR CI™
channels by glibenclamide [Sheppard and
Robinson, 1997] induces apoptosis in HepG2
human hepatoblastoma cells [Kim et al., 1999al].
In previous research done by our laboratory
[Kim et al., 1999a], we have also demonstrated
that the apoptosis induced by glibenclamide is
due to a sustained increase in the level of
intracellular Ca®*. The source of Ca®" mediat-
ing the apoptotic events following glibencla-
mide treatment was only the internal release
from inositol 1,4,5-trisphosphate (IPj3)-sensi-
tive stores. This conclusion was based upon
the fact that the Ca®" increase was not altered
by EGTA, an extracellular Ca®" chelator, but
completely inhibited by dantrolene or TMB-8,
blockers of Ca®" release from IPs-dependent
pools. In addition, these blockers completely
suppressed the apoptosis induced by gliben-
clamide. However, the mechanisms by which
CFTR inhibition perturbs intracellular Ca®"
homeostasis, and in turn induces apoptosis, are
currently unknown.

Thus, the main purpose of the present study
was to determine the upstream mechanism of
intracellular Ca2?" changes by inhibition of
CFTR CI™ channels. To this end, we investiga-
ted (1) whether phospholipase C (PLC) whose
activation releases IP3 [Exton, 1997], is invol-
ved in the glibenclamide-induced intracellular
Ca?" release, and (2) whether GTP-binding
proteins (G-proteins) are possibly involved in
the PLC-Ca®" signaling pathway activated by
glibenclamide in HepG2 cells.

MATERIALS AND METHODS
Materials

The powders for Eagle’s minimum essential
medium (MEM) and Earle’s basal salt solution
(EBSS), trypsin solution, levamisole, manoa-
lide, sodium pyruvate, probenecid, propidium
iodide (PI), ribonuclease A and all salt powders
were obtained from Sigma Chemical Co. (St.
Louis, MO). Bromotetramisole was from Alex
Bichem. (San Diego, CA). Glibenclamide, diaz-

oxide, pinacidil, pertussis toxin (PTx) and 1-(6-
((17B-3-methoxyestra-1,3,5(10)-trien-17-yl)
amino)hexyl)-1H-pyrrole-2,5,-dione (U-73122)
were from RBI (Natick, MA). 1-(2,5-Carboxy-
oxazol-2-yl-6-aminobenzfuran-5-oxyl)-2-(2'-
amino- methylphenoxy)-ethane-N,N,N’,N'-tet-
raacetoxylmethyl ester (Fura-2/AM) was from
Molecular Probes, Inc. (Eugene, OR). [¢->2P]Ni-
cotinamide adenine dinucleotide (NAD) and
myo-[2-*HlJinositol were from DuPont NEN
(Boston, MA) and Amersham Pharmacia Bio-
tech, respectively. Fetal bovine serum (FBS)
and antibiotics (penicillin and streptomycin
mixture) were purchased from GIBCO (Grand
Island, NY). The stock solutions of drugs were
sterilized by filtration through 0.2 pm disc
filters (Gelman Sciences: Ann Arbor, MI).

Cell Lines and Cell Culture

The HepG2 human hepatoblastoma cell line
was purchased from American Type Culture
Collection (Rockville, MA). Cells were grown at
37°C in a humidified incubator under 5% COy/
95% air in a MEM supplemented with 10%
FBS, 1 mM sodium pyruvate and 200 IU/ml
penicillin and 200 pg/ml of streptomycin. The
culture medium was replaced every other day.
After attaining confluence the cells were sub-
cultured following trypsinization with 0.25%
trypsin—EDTA solution.

Determination of Inositol Trisphosphate

Cells were labeled by incubating with MEM
containing myo-[2->H]inositol (1 pCi/ml) for 48
h. Thereafter, the medium was removed and
the cells were washed twice with HEPES-MED
to remove free [*Hlinositol. Cells were incu-
bated for 30 min in HEPES-MEM containing
10 mM LiCl. The cells were further incubated
for a designated time in the absence or the
presence of drugs. Reaction was stopped by
the addition of 0.5 ml ice-cold methanol. After
cells were harvested, phosphoinositides were
separated using ion exchange chromatography
[Berridge et al., 1983]; inositol monophosphate
(IP,), inositol diphosphate (IP3) and inositol
trisphosphate (IP3) were serially eluted with
0.1 M formic acid, 0.2 M ammonium for-
mate; 0.1 M formic acid, 0.5 M ammonium
formate; and 0.1 M formic acid, and 1 M
ammonium formate, respectively. Production
of [*'H]IP; was measured by liquid scintillation
counting.
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Flow Cytometry Assays

For flow cytometry analysis, HepG2 cells
were collected and washed twice with PBS
buffer (pH 7.4). After fixing in 80% ethanol for
30 min, cells were washed twice, and resus-
pended in PBS buffer (pH 7.4) containing 0.1%
Triton X-100, 5 pg/ml PI and 50 pg/ml ribonu-
clease A for DNA staining. Cells were then
analyzed by a FACScan (BIO-RAD, Hercules,
CA). At least 20,000 events were evaluated.
All histograms were analyzed using WinBryte
software (BIO-RAD) to determine the percen-
tage of nuclei with hypodiploid content indica-
tive of apoptosis [Bombeli et al., 1997].

Intracellular Ca®" Measurement

Aliquots of the HepG2 cells were washed in
EBSS. Then, 5 uM Fura-2/AM was added, and
the cells were incubated for 30 min at 37°C.
Unloaded Fura-2/AM was removed by centri-
fugation at 150 x g for 3 min. The cells were
resuspended at a density of 2 x 10° cells/ml in
Krebs—Ringer buffer containing 125 mM NaCl,
5 mM KCI, 1.3 mM CaCls, 1.2 mM KH,PO,, 1.2
mM MgSO,, 5 mM NaHCO3, 25 mM HEPES, 6
mM glucose, and 2.5 mM probenecid (pH 7.4).
Fura-2/AM-loaded cells were maintained at
25°C for 90 min before fluorescence measure-
ment. For each experiment, a 0.5 ml aliquot
of Fura-2/AM-loaded cells was equilibrated to
37°C in a stirred quartz cuvette. Fluorescence
emission (510 nm) was monitored with the
excitation wavelength cycling between 340 and
380 nm using a Hitachi F4500 fluorescence
spectrophotometer. At the end of an experi-
ment, fluorescence maximum and minimum
values at each excitation wavelength were
obtained by lysis of cells with 20 pg/ml digi-
tonin (maximum) and then adding 10 mM
EGTA (minimum). With the maximum and
minimum values, the 340:380 nm fluorescence
ratios were converted into free Ca®" concentra-
tions using a software, F-4500 Intracellular
Cation Measurement System, provided by
Hitachi.

Preparation of Plasma Membranes

For the preparation of plasma membranes,
cells were harvested, washed twice with PBS
(pH 7.4), and homogenized with a hand-held
type homogenizer in ice-cold TE buffer (25 mM
Tris—HCl, 0.1 mM EDTA, pH 7.5) containing
protease inhibitors (1 mM PMSF, 10 pug/ml

pepstatin A, 10 pg/ml leupeptin and 1 pg/ml
aprotinin) at 4°C. The homogenate suspension
was centrifuged at 500 x g for 10 min, and
the pellet containing nuclei and unbroken cells
was discarded. The supernatant was spun at
40,000 x g for 10 min. The supernatant and the
homogenized pellet were recombined, centri-
fuged at 40,000 x g for 60 min, and the pellet
was resuspended in 25 mM Tris buffer contain-
ing the protease inhibitors to a final protein
concentration between 2 and 4 mg/ml, and
stored at —80°C.

ADP Ribosylation of G-proteins in Membranes

ADP-ribosylation of G-protein substrates was
assayed using PTx-catalyzed incorporation of
[32P]-ADP-ribose from [>*?P]NAD. PTx was pre-
activated by incubation of 50 mM Tris—HCl
buffer (pH 7.6) containing 20 mM DTT and
0.1 mM ATP for 30 min at 37°C. Membranes (2
mg protein/ml) were resuspended in a 30 pl of
ADP-ribosylation cocktail containing 20 pg/ml
activated PTx, 20 mM Tris—HCI (pH 7.6), 2 mM
ATP, 6 mM MgCly, 2 mM EDTA, 2 mM DTT,
2 uM NAD, 200 pM GTP, 20 mM thymidine,
and 200 puCi/ml [0->?P]NAD, and incubated for
60 min at 37°C. The ADP-ribosylation reactions
were stopped by ice-cold 10% TCA. The mixture
was centrifugated at 12,000 x g at 4°C for 20
min. The pellet was resuspended in 10 pl of
Laemmli buffer, boiled for 5 min and applied
to 11% SDS-PAGE, and the gels were auto-
radiographed.

Data Analysis

All experiments were performed four times.
Data were expressed as mean + standard error
of the mean (SEM) and were analyzed using
one-way analysis of variance (ANOVA) and
Student—Newman—Keul’s test for individual
comparisons. P-values less than 0.05 are con-
sidered statistically significant.

RESULTS

Glibenclamide Produces IP; Through
Inhibition of CFTR CI~ Channels

The effect of glibenclamide on the production
of IP5 in HepG2 cells was examined. Gliben-
clamide produced IP3 in a concentration- and
time-dependent manner as shown in Figure 1A
and 1B, respectively. A significant increase in
the IP3 level compared to control was induced
by glibenclamide at a concentration of 500 puM.
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This effect of glibenclamide was most effective
for the first 20 sec, and gradually declined after
that time. These effects of glibenclamide seem
to be mediated by its pharmacological actions,
inhibition of ATP-sensitive K™ (Kyrp) channels
[Luzi and Pozza, 1997] and/or CFTR CI™
channels [Sheppard and Robinson, 1997]. To
verify which type of channels is involved, the
reversing effects of agonists of these channels
against the antagonistic activities of glibencla-
mide were evaluated. In these experiments
diazoxide and pinacidil were used as agonists of
Karp channels [Bray and Quast, 1992], and
levamisole and bromotetramisole were used as
agonists of CFTR Cl™ channels [Becq et al.,
1996]. Treatment with CFTR Cl- channel
activators (1 mM levamisole or 1 mM bromote-
tramisole) significantly inhibited the IP3 pro-
duction induced by glibenclamide (1 mM),
whereas Karp channel openers (500 pM diaz-
oxide or 25 uM pinacidil) did not significantly
alter the effects of glibenclamide, as shown in
Figure 1C. These results indicate that glib-
enclamide increased IP3 levels not through
inhibition of Katp channels, but through inhibi-
tion of CFTR Cl™ channels in the HepG2 cells.

PLC Mediates the Glibenclamide-Induced
Intracellular Ca®>" Release and Apoptosis

To examine the role of PL.C in these actions of
glibenclamide, the effects of PLC inhibitors on
the glibenclamide-induced intracellular Ca?"
release and apoptosis were investigated. Treat-
ment with either U-73122 (50 uM), a specific
PLC inhibitor [Jin et al., 1994], or manoalide
(20 pM), a non-specific inhibitor of PLC and
phospholipase A; [Bennett et al., 1987], signi-
ficantly suppressed the glibenclamide (1 mM)-
induced intracellular Ca®" release measured
by Fure-2 fluorescence technique as illustrated
in Figure 2A. These PLC inhibitors also
completely prevented the apoptosis induced
by glibenclamide (1 mM) assessed using flow
cytometry, as depicted in Figure 2B. These
results imply that PL.C may mediate the gliben-
clamide-induced intracellular Ca®" release
through liberation of IP5;, which ultimately
results in the induction of apoptosis.

PTx-Sensitive G-Proteins are Involved in the
Glibenclamide-Induced Intracellular
Ca’" Release and Apoptosis

To determine the possible involvement of G-
proteins in the glibenclamide-induced PLC
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Fig. 1. CGlibenclamide, an inhibitor of CFTR CI~ channels,
increases IP; production in a concentration- (A) and time-
dependent manner (B) in HepG2 human hepatoblastoma cells.
Cells were labeled with myo—[3H]inosit0| for 48 h, followed by
treatment with or without glibenclamide (1 mM). Then,
production of [HIIP; was measured as described in Materials
and Methods. The results are expressed as the percentage
increase in [*H]IP; for treated cells above basal levels obtained
from untreated cells. In the experiments of (A) and (B),
glibenclamide was treated at each concentration for 20 sec,
and at the concentration of T mM each time, respectively. In the
experiments of (C) activators of CFTR CI™ channels (1 mM
levamisole and T mM bromotetramisole) and Karp channel
activators (500 uM diazoxide and 25 pM pinacidil) were treated
simultaneously with glibenclamide (1 mM) for 20 sec. Data
represent the mean values of four replications with bars
indicating SEM. *P < 0.05 compared to control condition in
which the cells were incubated without glibenclamide.
#P< 0.05 compared to glibenclamide alone.
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Fig. 2. PLC mediates the glibenclamide-induced intracellular lular Ca®* changes with time. The arrows show the time points

Ca®" release (A) and apoptosis (B) in HepG2 human hepato-
blastoma cells. Intracellular Ca®" concentration and apoptosis
were assessed by Fura-2 fluorescence technique and flow
cytometry, respectively. In the experiments of (A) PLC inhibitors,
U-73122 (50 uM) and manoalide (20 pM) were added 5 min
before glibenclamide application. The data represent intracel-

activation and intracellular Ca®" release, we
observed the effects of preincubation of PTx
(500 uM) for 24 h. This experimental protocol
can effectively inhibit the coupling actions of
PTx-sensitive G-proteins to the effector pro-
teins, such as PLC [Post and Brown, 1996]. The
results showed that pretreatment with PTx
significantly inhibited the glibenclamide-
induced intracellular Ca®" release as depicted
in Figure 3A. Under these conditions the gli-
benclamide-induced apoptosis was also pro-
foundly prevented as shown in Figure 3B.
These results indicate that the PTX-sensitive
G-proteins may couple the glibenclamide-
induced inhibition of CFTR to the activation
of PLC, which is responsible for intracellular
Ca”" release and apoptosis.

for addition of glibenclamide (1 mM). In the experiments of (B),
glibenclamide (1 mM) was treated for 4 h. U-73122 (50 uM) and
manoalide (20 uM) were added 30 min before glibenclamide
treatment. In bar graphs the data represent the mean values of
four replications with bars indicating SEM. *P < 0.05 compared
to control. *P < 0.05 compared to glibenclamide alone.

Glibenclamide Inhibits PTx-Catalyzed ADP
Ribosylation of G-Proteins

To verify the direct involvement of PTX-
sensitive G-proteins in these glibenclamide-
induced actions, we examined whether PTx-
catalyzed ADP-ribosylation of G-proteins is
sensitive to treatment with glibenclamide. As
shown in Figure 4, in a basal condition in which
the cells were incubated without glibencla-
mide, ~41 kDa proteins were ribosylated by
PTx (500 uM). The size of these proteins is
matched with inhibitory G-proteins (G;) in
human hepatoma cells [McKillop et al., 1998].
Treatment with glibenclamide markedly en-
hanced the PTx-catalyzed ADP-ribosylation of
the G-proteins in a time-dependent manner,
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Fig. 3. Pretreatment with PTx inhibits the glibenclamide-
induced intracellular Ca>* release (A) and apoptosis (B) in
HepG2 human hepatoblastoma cells. Data presentation is the
same as in Fig. 2. In these experiments PTx (500 pM) was
preincubated for 24 h to inhibit the action of G-proteins. In the
experiments of (A) PTx was added 5 min before glibenclamide
application. The arrows show the time points for addition of
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Fig. 4. Effect of glibenclamide on PTx-catalyzed [*?PJADP
ribosylation of G-proteins (~41 kDa) in membrane preparation
of HepG2 human hepatoblastoma cells. Membranes were
extracted from the cells incubated in the absence or presence
of glibenclamide (1 mM) at each time, and then further
incubated with PTx and [*?PINAD as described in Materials
and Methods section. The proteins were separated by SDS-
PAGE and processed by autoradiography. A representative
autoradiograph of three experiments performed is shown.

glibenclamide (1 mM). In the experiments of (B) the cells were
treated with glibenclamide (1 mM) for 4 h. PTx were added 24 h
before glibenclamide application. In bar graphs the data
represent the mean values of four replications with bars
indicating SEM. *P < 0.05 compared to control. *P < 0.05
compared to glibenclamide alone.

and implies that PTx-sensitive G-proteins may
be directly involved in these glibenclamide-
induced effects.

DISCUSSION

Intracellular Ca®" has been shown to act as
a common mediator of apoptosis [McConkey
and Orrenius, 1996]. Particularly, in HepG2
human hepatoblastoma cells, an intracellular
Ca®" signal appears to play an essential role
in the mechanism of apoptosis induced by a
variety of agents including tamoxifen [Kim
et al., 1999b], 4-aminopyridine (a K" channel
inhibitor) [Kim et al.,, 2000a], and ¢-butyl
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hydroperoxide (an organic peroxide) [Kim et al.,
2000b]. Moreover, inhibition of CFTR Cl™
channels by glibenclamide resulted in the
apoptosis of the HepG2 cells in which intracel-
lular Ca®" was also involved in the mechanism
of its action [Kim et al., 1999a]. Although
further studies are needed for complete under-
standing, the downstream signals of elevated
intracellular Ca?* leading to apoptosis have
been previously characterized. One of the
targets of increased intracellular Ca®"' is the
activation of the Ca®"-dependent protein
kinases and phosphatases [Bonnefoy-Berard
et al., 1994] which has been frequently seen
during apoptosis [Shibasaki et al., 1997]. Direct
activation of enzymes, such as Ca?"-dependent
proteinase [Squier and Cohen, 1997], Ca®"/
Mg®"-dependent endonuclease [Cohen and
Duke, 1984; Wyllie et al., 1984], and Ca®'-
dependent transglutaminase [Fesusetal., 1987;
Melino et al., 1994], may represent another
target for intracellular Ca®" action in apopto-
sis. However, the exact source of intracellular
Ca®" elevation associated with the induction
of apoptosis was different depending on the
agents used, either from Ca®" influx [Kim et al.,
1999b, 2000a, 2000b] or intracellular Ca®"
release [Kim et al., 1999a]. These findings
suggest that the routes of Ca®" increase may
not be important for the induction of apoptosis.

In the present study we tried to determine
the detailed mechanism of elevation of intra-
cellular Ca®" tightly linked to apoptosis indu-
ced by the inhibition of CFTR Cl~ channels
in the HepG2 cells [Kim et al., 1999a]. The
intracellular Ca®" release through inhibition
of CFTR by glibenclamide appears to be due to
the activation of the IPs-sensitive intracellular
Ca?" release channels [Kim et al., 1999a).
Indeed, glibenclamide increased IP3 levels in
a dose- and time-dependent manner (Fig. 1A,
B). In addition, the glibenclamide-induced IP;
production was significantly inhibited not by
activators of Kap channels (diazoxide or pina-
cidil), but by activators of CFTR CI™ channels
(levamisole or bromotetramisole) (Fig. 1C).
These results further demonstrate that in spite
of multiple pharmacological actions of gliben-
clamide [Luzi and Pozza, 1997], the glibencla-
mide-induced IP3 liberation may be the result
of the inhibition of CFTR Cl~ channels.

IP3; is produced by members of the PLC
family of enzymes which hydrolyze phosphati-
dylinositol (4,5)-bisphosphate (PIP5), generat-

ing IP3; and diacylglycerol [Singer et al., 1997].
The glibenclamide-induced intracellular Ca®"
increase was completely prevented by PLC
inhibitors (U-73122 or manoalide) (Fig. 2A),
indicating that PLC is definitely involved in the
mechanism of glibenclamide-induced intracel-
lular Ca®" mobilization. In addition, significant
inhibition of the glibenclamide-induced apop-
tosis by these PLC inhibitors (Fig. 2B), sug-
gests that PLC activation may be necessary for
this apoptotic process.

The PLC family is further classified into
three subgroups: B, v, and 4. PLCy is most com-
monly activated by protein tyrosine kinases
(receptor kinases or cytoplasmic kinases), and
PLCPB by heterotrimeric G-proteins [Singer
et al.,, 1997], which are composed of three
subunits (¢py) and which include four families:
Gs, Gi, Gy, and Gz [Sternweis and Smrcka,
1993]. PLCp can be activated by the o subunits
of G4 family, which includes four members:
Gy Gi1, Gia, and Gy5/Gy, or by the By sub-
units associated with any of the o subunit
families [Singer et al., 1997]. In this study
the glibenclamide-induced Ca®" release was
completely inhibited by pretreatment with PTx
(Fig. 3A), indicating that this action of glib-
enclamide may be mediated by PLCp coupled to
G; family members G; and G,, which are sen-
sitive to PTx [Simon et al., 1991; Birnbaumer,
1993]. Interestingly, in the HepG2 cells used
in this study, only Gj, not G, proteins were
identified by immunoblotting [Schaak et al.,
1997]. Therefore, the PTx-sensitive G; proteins
may be involved in these actions of glibencla-
mide. In fact, G; proteins couple to PLCf in
many types of cells [Mattera et al., 1998;
Murthy and Makhlouf, 1998]. Additionally, pre-
treatment with PTx significantly suppressed
the glibenclamide-induced apoptosis (Fig. 3B),
further supporting the fact that PTx-sensitive
G; proteins play an essential role in the apop-
totic mechanism of glibenclamide.

The results of this study that PTx-catalyzed
ADP-ribosylation of G;i-proteins was markedly
enhanced by glibenclamide (Fig. 4), further
demonstrate that these types of G-proteins
may be directly involved in the effects of gli-
benclamide. Activation of G; proteins as an
upstream signal of the PLC-IP3 mechanisms
may occur via their interaction with CFTR C1™
channels, rather than nonspecific actions of
glibenclamide, since the glibenclamide-induced
increase in IP3 levels was completely prevented



100 Kim et al.

by the activators of CFTR Cl~ channels (Fig.
1C). However, the exact mechanism by which
the glibenclamide-induced inhibition of CFTR
Cl™ channels interact with the PTx-sensitive G;
proteins, is currently unknown, and remains to
be determined. Although speculated, the acti-
vation of G-proteins may be the result of
altered intracellular C1~ concentration, because
intracellular CI™ levels appear to influence the
activity of G-proteins [Toyoshige et al., 1996;
Lenz et al., 1997]. Indeed, glibenclamide-indu-
ced inhibition of CFTR Cl~ channels induced
increase in intracellular Cl~ concentration
[Kim et al., 1999a]. Another possibility may
also exist. Glibenclamide-induced increase in
intracellular Cl- concentration shifted mem-
brane potential to more negative [Kim et al.,
1999a]. Since alteration of membrane potential
has also been associated with the activation of
G-proteins [Anis et al., 1999], the glibencla-
mide-induced hyperpolarization may possibly
activate G;. In addition, CFTR proteins have
been shown to regulate the activity of out-
wardly rectified epithelial C1™ channels in asso-
ciation with PTx-sensitive G-proteins [Ismailov
et al., 1996]. Thus, the possibility that CFTR
proteins bound to glibenclamide directly inter-
act with G;, regardless of changes in intracel-
lular C1™ concentration or membrane potential,
cannot be excluded. However, these possibili-
ties should be tested in the future studies for an
understanding of the exact mechanism.

In conclusion, PTX-sensitive G; proteins
coupled to PLCB may mediate the intracellular
Ca®" release and apoptosis induced by inhibit-
ing CFTR Cl™ channels in HepG2 cells. These
results further suggest that the PTx-sensitive
G; proteins may be a valuable target for the
induction of apoptosis that is importantly invol-
ved in cancer treatment.
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