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Abstract. Increasing evidence is now accumulating for 100 um glibenclamide reversibly reducét) from 0.88 +
the involvement of the cystic fibrosis transmembrane0.03 to 0.09 + 0.02 (wasH?, = 0.85 £ 0.1) in CFTR
conductance regulator (CFTR) in the control of the out-cells and from 0.89 + 0.05 to 0.08 + 0.05 (was$ty; =
wardly rectifying chloride channel (ORCC). We have 0.87 + 0.1) inAF508 cells. In nhon-CFTR expressing
examined the sensitivity of ORCC to the sulfonylureacells, glibenclamide (10@.m) was without effect orP,
drug glibenclamide in Hi-5Trichoplusia n) insect cells  (control: P, = 0.89 %= 0.09, glib.:P, = 0.86 = 0.02;
infected with recombinant baculovirus expressing eithewash:P, = 0.87 + 0.05). These data strongly suggest
wild-type CFTR, AF508-CFTR orE. coli B galactosi- that the expression of CFTR confers glibenclamide sen-
dase cDNA and in control cells either infected with virus sitivity to the ORCC in Hi-5 cells.

alone or uninfected. lodide efflux and single channel

patch-clamp experiments confirmed that forskolin andkey words: Trichoplusia niinsect cells (Hi-5) — Bacu-
1-methyl-3-isobutyl xanthine (IBMX) or 7-methyl-1,3 |ovirus — Cystic fibrosis transmembrane conductance
dipropyl xanthine (DPMX) activate CFTR channels (uni- regulator (CFTR) chloride channel — Glibenclamide —

tary conductance: 9.1 + 1.6 pS) only in cells express-Qutwardly rectifying chloride channel (ORCC)
ing CFTR. In contrast, we identified 4-acetamide-4

isothiocyanatostilbene-2 2lisulfonic acid (SITS)-sensi- ]

tive ORCC in excised membrane patches in any of thdntroduction

cells studied, with similar conductance (22 + 2.5 pS at o _

-80 mV; 55 + 4.1 pS at +80 mV) and properties. In the The cystic fibrosis transmembrane conductance regulator
of ORCC was reversibly reduced to 0.05 + 0.01 in channel located in the apical membrane of epithelial cells
CFTR-cells, to 0.07 + 0.02 in non-CFTR expressing cellswhere it plays a crucial role in cAMP and hormonal-
and to 0.05 + 0.02 iMF508-cells. In Hi-5 cells that did dependent anion secretion (Riordan et al., 1989). The
not express CFTR, glibenclamide failed to inhibit ORCC regulation and permeation properties of the CFTR chan-
500 wM SITS reversibly inhibited ORCC. In contrast in €t al., 1995). .

cells expressing CFTR 0AF508, glibenclamide dose CFTR_ can also f_unctlon as a regulator.of other cel-
dependently (IG, = 17 pm, Hill coefficient 1.2) and lular functions as originally proposed by Riordan et al.

reversibly inhibited ORCC. Cytoplasmic application of (1989). Increasing evidence is now accumulating for the
involvement of CFTR in the regulation of amiloride-

sensitive Na channels (Stutts, Rossier & Boucher,
*Present address:aboratoire de Physiologie des @éations Cellu- 1997), epithelial K conductance (Loussouam. et al,
laires, UMR 6558, Universitde Poitiers, 40 avenue du Recteur Pineau, 1996) and Cl channels (Egan e_t al., 1992; Gabriel et al.,
86022 Poitiers, France. 1993; Jovov et al., 1995; Schwiebert et al., 1995). Other

studies have also suggested that CFTR regulates posi-
Correspondence tdF. Becq tively ATP transport (Schwiebert et al., 1995) and pH
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regulation (Barasch et al., 1991). In this regard the redransfer vector the initiator ATG codon of polyhedrin was removed by
lation between CFTR and the outwardly rectifying chlo- changing G to T and &gl Il cloning site was introduced at position
ride channel (ORCC) is of particular interest (Egan et al +34 (+1 is the first nucleotide of the polyhedrin initiator ATG codon)

1992; Schwiebert et al., 1995) since ORCC was Ol’igi-‘and residues +34 to +407 were deleted. InglEnAC21#esidues —8

. ; . " to +502 were deleted andByl Il site was introduced just downstream
na”y considered to be the chloride channel defective Myt position —=8. Such a deletion in the promoter region has been shown
cystic fibrosis (Frizzell, Rechkemmer & Shoemaker, o decrease expression levels. Two oligonucleotides (GATCTAA-
1986; Welsh & Liedtke, 1986; for a revieseeGuggino, GCTAGCTAAGGCCTAAGAGCTCGGTACCAGGATCC-
1993) before the CF gene was cloned (Riordan et al ACTGCAGAAG and ATTCGATCGATTCCGGATTCTCGAGC-
1989). CATGGTCCTAG GTGACGTCTTCCTAG) were hybridized and in-

The sulfonylurea drugs inbencIamide and toibuta_serted in thé3gl Il site. The 4.5 kb fragment encoding CFTRAJ¥508

. was excised respectively from pTG5960 and pTG5962 (Transgene,
mide are blockers of Krp channels (AShCI’Oft & Ash- Strasbourg, Fr.) and was ligated irfac | Pst Isite modified transfer

Fro_ft:_ 1990). R_ecenﬂy, these drugs have been shown tGector. Restriction analysis was used to control for proper orientation
inhibit the activity of CFTR (Sheppard & Welsh, 1992; of coding nucleotide sequence towards polyhedrin promoter.

Schultz et al., 1996; Venglarik et al., 1996; Sheppard &
Robinson, 1997). It was then found that glibenclamide
also inhibits the activity of ORCC in HT29 and T84 cells
(Rabe, Disser & Fnmter, 1995) and M-1 mouse cortical 1o optain recombinant viruses, Sfo cells were cotransfected with
collecting duct cells (Volk, Rabe & Korbmacher, 1995). pGmAc115Tor pGmAc217containing the coding regions of CFTR or
In mammalian cardiac myocytes, glibenclamide inhibitsAF508 and with purified DNA from wild typéAutographa California
swelling-activated- and G#activated chloride channels nuclear polyhedrosis viru¢AcMNPV) using a liposome (DOTAP,

(Sakaguchi, Matsuura & Ehara, 1997; Yamasaki &Boehringer Mannheim) mediated technique (Royer et al., 1991; Gay-
Hume 1997') ' ’ mard et al., 1996). The recombinant viruses were purified by several

rounds of plaque purification and namguGmAcl15T-CFTR,

_ Baculovirus has been used to express CFTR in thggmaci15TaF508, pGmAc217-CFTRNdpGMAC217AF508. They
insect cells Hi-5 (Yang et al., 1997) and Sf9 cells (Larsenyere amplified to 18 plaque forming units/ml and used for protein

et al., 1996). The outwardly rectifying chloride channel expression. A wile-type virus (mock) and recombinant baculovirus
is endogenously expressed in Hi-5 cells (Yang et al.gxpressing the E. coft galactosidase gene were used as controls.
1997). Therefore, these cells are well suited to evaluate
Fhe interactions betw_een CFTR_ and ORCC._ We haquMUNOEﬂ_OT
infected these cells with recombinant baculovirus to ex-
press wild type CFTR, CFTR bearing the most COmmOnHi-5 cells were layered at a density of 80° cells/ml and infected with
CF-associated mutatioAF508 andBgal to study the recombinant baculovirus at a multiplicity of infection of 5 (m.o.i.).
glibenclamide Sensitivity of the endogenous ORCC. WeMock-infected and wild-type baculovirus were used as controls. After
did not find any evidence of inhibition of ORCC by 2 days of incubatiop at 28°C, cellular extracts were gnalyzed on an 8%
glibenclamide in uninfected Hi-5 cells, mock-infected EDS PAGE. Protelr_ls were e!ectroblottieq onto a nltrgcellulose mem-
. . rane at 0.8 V/crhin a solution containing 25 m Tris, 192 mu
cells orpgal gxpressmg cells. By contrast, inhibition of glycine, 0.1% SDS and 20% methanol. Membranes were blocked in
ORCC by glibenclamide was observed when CFTR 0rrs (20 mu Tris-Cl, pH 7.5, 150 m NaCl) containing 5% nonfat milk
AF508 proteins were expressed in Hi-5 insect cells. Theor 1hr at room temperature. Primary antibody raised against the C-
stilbene derivative SITS, which did not affect the activity terminus of CFTR (Genzyme, Cambridge, MA) diluted in TS contain-
of CFTR, reversibly inhibited ORCC irrespective of the ing 0-1% Tween 20 (TS-T) was bound overnight at 4°C. After a 15
cell used. The results show that the inhibition of the™n Wash in TS-T anti mouse IgG, secondary antibody coupled to
ORCC by glibenclamide but not by SITS is dependent Orgeromdase (Slgma,_St. Louis, MO) diluted in the same buffer was
. . . dded. Blots were incubated 2hr at 37°C and washed as described
the expression of CFTR. The possible molecular inter4pove. peroxidase activity was detected using a chemiluminescent
actions between CFTR and ORCC are discussed. method (Super Signal Pierce).

ProDUCTION OF RECOMBINANT BACULOVIRUSES

Materials and Methods DETERMINATION OF |ODIDE EFFLUX

Hi-5 cells were seeded in 24-well plates and infected 3 days later at 3
m.o.i. for 2 days. Experiments were performed as previously described
(Becq et al., 1996). The iodide efflux medium contained (in)mL40

NacCl, 1.0 MgC}, 1.0 CaCl, 5.5 glucose and 10 MES, pH 6.5. After
loading solution (0.5.Ci/ml of **9K; 60 min) was removed, cells
layers were washed and media containing stimulators were added and
removed sequentially at 1-min time intervals over a 6-min period.

CELL CULTURE

Spodopterae frugiperdéSf9) andTrichoplusia ni(Hi-5) insect cells
were grown at 28°C in TC 100 media supplemented with 5% de-
complemented calf serum.

PLasMID CONSTRUCTION Experiments were performed in triplicate at room temperature. Efflux
curves were constructed by plotting the percent of cellular content
Two baculovirus transfer vectors were uggamAc115TRoyer et al., accumulated in the medium versus time. The efflux rate constlnts (

1991) andpGmAc217(Gaymard et al., 1996). In theGmAc115T  min %) were determined by fitting efflux curves to monoexponential
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functions using linear regression of Neperian logarithms of the efflux 1 2 3 4 5 6 lane
data (expressed as % of iodide incorporated at time 0). Data are ex
pressed as meanssh andF test was used to determine significanPe ( kDa
< 0.05). i
212
170
SINGLE-CHANNEL PATCH-CLAMP RECORDING g, . 116
Hi-5 cells were plated on coverslips, cultured at 28°C and infected 3 !" - =
days later at 5 m.o.i. for 2 days before use. Single-channel current 8 — 94

were recorded from cell-attached and excised inside-out patches. T
stimulate CFTR channels, cells were exposed to forskolinu¢tpand
7-methyl-1,3 dipropyl xanthine (DPMX, 250m, Chappe et al., 1998).
Experiments were performed at room temperature. Results were dig
played conventionally with inward currents (outward flow of anions)
indicated by downward deflections. In all the figures, dashed lines give|™=— -
the zero current baselines when the channels were in the closed staf
Potentials are expressed as the bath potential minus the patch electro
potential. The pipette solution contained 150 MaCl, 2 mv MgCl,,

and 10 nv TES (pH 7.4); the bath contained 14%mlaCl, 4 mv KClI, ) ) ) o
2 mm MgCl, and 10 nm TES (pH 6.5). Channel open probabilit,j Fig. 1. Expression pf wild type and\FSOSCFTR in Hi-5 cells. The

or NP, were calculatedN is the number of channels in the membrane PlOt was probed using an antibody directed against the C-terminus of
patch andP, the time averaged open probability of an individual chan- CFTR. Proteins (28Qug: lanes 1, 2, 3, 4; 7ug: lanes 5, 6) were

nel. Other experimental details are given in Becq et al. (1993) andEXtracted f_rom Hi-5 ceI‘Is infected with (lanes 1, 2, 5, 6) or without (lane
Chappe et al. (1998). Data are presented as the meapfn separate 3) baculovirus recombinant for CFTR (lanes 1, 561508 (lanes 2, 6)

experiments and statistical analyses were performed usingtésé. CDNA and using low gGmAc217lanes 1, 2) or highfGmAc115T
lanes 5, 6) promotors. Lane 4: mock-infected cells.

. e

— 67

CHEMICALS

infected cells (Fig. 1pGmMACc115TAF508, lane 6;pG-
Forskolin was from Calbiochem (San Diego, CA). DPMX was from mAc217AF508, lane 2) but not in noninfected (Fig. 1,
Research Biochemicals International (RBI, Natik, MA). All inhibitors |ane 3) and mock-infected cells (Fig. 1, lane 4). In cells

were prepared freshly before experiments and dissolved in dimethy . . .
sulfoxide (DMSO). The final concentration of DMSO in the experi- Infected WIthpGmACllST_CFT%Combmam virus, for-

ments was less than 0.1% and was found to have no significant effec‘i’kOIin (10 p.v) added together with IBMX (25Quwm)

on iodide efflux or membrane currents. Other chemicals were fromincreased the rate constari, (nin_l) of iodide efflux
Sigma Chemical (St. Louis, MO). from 0.086 + 0.005 min* to 0.133 + 0.010 mift* (n =

18, Fig. A, P < 0.05). Similar results were obtained
with pGmAc217-CFTRecombinant virusr{ot showi).

In CFTR-infected Hi-5 cells, the cAMP-stimulated io-
CFTR = Cystic Fibrosis Transmembrane Conductance Regulator;dide efflux was lower than observed with CHO cells
ORCC = Outwardly Rectifying Chloride Channel; SITS 4-acet-  Stably transfected with CFTR (Chappe et al., 1998). This

ABBREVIATIONS

amido-4-isothiocyanatostilbene-2,2isulfonic acid; IBMX = difference may be explained by the temperature used for
1-methyl-3-isobutyl xanthine; DPMX= 7-methyl-1,3 dipropyl xan-  insect cells (25°C instead of 37°C for mammalian cells).
thine. The properties of single CFTR channels were than

analyzed using the cell-attached patch-clamp configura-
tion. In the absence of cCAMP agonists, no spontaneous
chloride channel activity was recorded (noted basal in
Fig. 2B). After the simultaneous addition to the bath of
ExPressioN OFCFTR IN HI-5 CELLs forskolin (10Mm) and DPMX (250um) chloride channel
activity with characteristics of CFTR was observed in
Hi-5 insect cells were infected with wild-type baculovi- both pGmAc115T-CFTRand pGmAc217-CFTHnfected
rus or viruses recombinant f@gal, CFTR pGmAc115T- cells (Fig. B). Since both constructs gave similar re-
CFTR, pGmACc217-CFTRr AF508 pGmAC115TAF508,  sults, we pooled the data and these two cells are there-
pGmACc217AF508) cDNA. pGmAc217-CFTRvas ob-  after noted CFTR-expressing cells. CFTR channels were
tained using a transfer vector that contained a deletion imot observed in uninfected Hi-5, mo@gal- or AF508
the promotor region designed to decrease the level oinfected Hi-5 cells (Fig. B). Typical CFTR activity in a
expression of foreign sequences. Antibody raisedcell-attached membrane patch from an infected cell ex-
against the C terminus of CFTR detected a characteristiposed to forskolin (1Quv) and DPMX (250uM) is pre-
140-kDa band in CFTR-infected cells (Fig AGmMAc115T- sented in Fig. €. The chloride channel activated in cell-
CFTR, lane 5;pGmAc217-CFTRlane 1) andAF508- attached patches, had a linear current-voltage relation-

Results
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Fig. 2. Activity of cystic fibrosis transmembrane conductance regulator (CFTR) chloride channels in cell-attached patches from Hi&j cells. (
Histograms showing the rate constant of the iodide efflux in Hi-5 expressing CFTR in the absence (empty bar, noted basal) and pregence of 10
forskolin and 25Qum IBMX (filled bar, noted forskolin). The number of experiments is given at the top of eachB)aBummary of experiments
performed in cell-attached patch-clamp configuration on uninfected Hi-5 cells (noted Hi-5) or cells infected with baculovirus alone (noted mock)
or containingBgal (noteddgal), AF508 (notedAF508) or CFTR (noted CFTRGmMAc115Tand CFTRpGmAc21Y cDNA. In black, the cells were
stimulated with a cAMP cocktail (noted cAMP) containing A forskolin and 250.m DPMX. The number of experiments is given at the top

of each bar. €) Example recordings of CFTR chloride channel activity in a cell-attached experiment performgaGonAc115T-CFThhfected

cell in the presence of the cAMP cocktail describedBnOpen channel current levels are indicated by lines to the left of the trabgs. (
Current-voltage relationship of CFTR channel activated in cAMP-treated CFTR-expressing Hi-5 cells.

ship (Fig. D) and unitary conductance (9.1 + 1.6 p5, CFTR (Fig. 38). Figure X shows representative current
= 13) consistent with that of CFTR reported in Hi-5 recordings from an excised inside-out patch held at vari-
(Yang et al., 1997) and Sf9 cells (Kartner et al., 1991;0ous potentials in CFTR expressing cells. The chloride
Egan et al., 1992; Larsen et al., 1996) and also similar tehannels detected in the five different cells had similar
those described for other preparations (Gray et al., 1983%;onductances and pronounced outward rectification (uni-
Dalemans et al., 1991; Tabcharani et al., 1991; Becqtary conductances, 22 + 2.5 pS at -80 mV and 55 + 4.1
Hollande & Gola, 1993; Hanrahan et al., 1995). pS at +80 mV,n = 34, pooled data in Fig.3). All
these properties are characteristic of the signature of

ORCC described in other cells (Egan et al., 1992; Rabe
OUTWARDLY RECTIFYING CHLORIDE CHANNELS (ORCC) ¢t g1 1995; Schwiebert et al., 1995: Volk et al., 1995).
IN HI-5 CELLS

Except for CFTR, no chloride channel activity was de- SITS AND GLIBENCLAMIDE ARE INHIBITORS OF ORCC N
tected in cell-attached patches either in the presence &¢FTR-EXPRESSINGCELLS

absence of cAMP agonists. In inside-out patches how-

ever, the activity of large conductance chloride channeldVe examined the sensitivity of ORCC in Hi-5 cells ex-
was recorded, either spontaneously or following depopressing CFTR to SITS and glibenclamide using excised
larization (Fig. 3\), irrespective of the expression of inside-out membrane patches. Addition of SITS (500
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Fig. 3. Activity of outwardly rectifying chloride channels in excised inside-out patches of Hi-5 cél}sExperiment performed in the excised
inside-out configuration showing the activation of large conductance outwardly rectifying chloride channels (ORCC) in uninfected HBG cell. (
Summary of experiments performed in cell-attached and inside-out patch-clamp configuration with uninfected Hi-5 or cells infected with baculo-
virus alone or containinggal, AF508 or CFTR cDNA. The cells were stimulated with a cAMP cocktail (hoted cAMP) containingvlirskolin

and 250pm DPMX. The number of experiments is given at the top of each Wgr.Example recordings of ORCC activity in an inside-out
experiment performed on a CFTR-expressing cél). Current-voltage relationship of ORCC in inside-out configuration in the five different cells
studied as indicated.

wMm) to the bath induced a reversible inhibition of ORCC from 0.88 + 0.03 1§ = 10) to 0.09 + 0.02rf = 10;P <
activity in 10 out of 10 experiments (FigAd. Previous 0.001; washP, = 0.85 £ 0.1,n = 10). Similarly, P,
reports (Rabe et al., 1995; Volk et al., 1995) have showrwas reversibly reduced to 0.05 + 0.0 & 10; P <
that glibenclamide blocked ORCC in T84 and M-1 0.001) in the presence of 5 SITS.

mouse cortical collecting duct cells. Figur® 4hows

that in Hi-5 cells expressing CFTR, glibenclamide (100

uMm) fully and reversibly inhibited ORCC activity in 10 SITS But NOT GLIBENCLAMIDE INHIBIT ORCC N

out of 10 experiments and caused a flickery channeMNINFECTED HI-5 CELLS

block. The type and magnitude of the inhibition was

independent of the membrane potentédta not showp  Since ORCCs were detected in patches excised from
Figure 4C shows an experiment in which glibenclamideboth Hi-5 expressing CFTR and uninfected cells, we in-
(100 M) then SITS (50Qum) were sequentially added to  vestigated the effect of glibenclamide upon the activity
the solution bathing an excised inside-out patch withof ORCC in uninfected Hi-5 cells. However gliben-
active ORCCsif{ = 3). The reverse experiment gave a clamide (100um) was without effect on the activity of
similar result 6 = 2, not showl). These observations ORCC in these cells in 12 out of 12 experiments (Fig.
further confirmed that both drugs acted as reversible inbB—D). Moreover, the repetitive addition of gliben-
hibitors of ORCC. Exposure to glibenclamide caused aclamide (100um) had no effect on the channel activity
reversible reduction of the channel open probabiflty  (NP,) whereas the addition of both glibenclamide (100
with an half maximal inhibition of 17um (Fig. 4D). pm) and SITS (50QuMm) reversibly inhibited the ORCC
Best fit to Hill function gave a Hill coefficienh = 1.2  activity in the patch (Fig. 6). As shown in Fig. B, the

+ 0.3. Cytoplasmic application of 10Qm gliben-  activity of ORCC in uninfected Hi-5 cells was inhibited
clamide reversibly reduced channel open probabify ( in the presence of SITS in the bath (5061, n = 10).
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Fig. 4. Effect of SITS and glibenclamide on the activity of ORCC in excised inside out patches from Hi-5 cells expressing CFTR. Reversible
inhibition of ORCC by 50Qum SITS (A) and 100um glibenclamide B, noted Glib.). InA andB, V = +40 mV; two channels were present in the
patch. C) An experiment showing the reversible inhibition by SITS and glibenclamide on ORCC activity evaluai®), éseeMaterials and
Methods).NP, is plotted as function of time to show the effect of the sequential addition ofud0@libenclamide and 50Q.m SITS. Note that

during the washing periods ORCC were reactivatey.Concentration-dependent inhibition of ORCC activity by glibenclamide, evaluated. as

V = +30 mV.

Furthermore, glibenclamide used at concentrations ranghis hypothesis, we performed additional experiments
ing from 1 to 100uMm have no effect on ORCC channel with mock andpgal-infected cells. Glibenclamide was
open probability (Fig. B, n = 3). Cytoplasmic appli- again unable to inhibit ORCC in either mock- (4 out of
cation of 100uMm glibenclamide was without effect d?, 4 experiments, Fig. B and C) or Bgal-infected cells (4
(control: P, = 0.89 £ 0.09n = 12; glib.:P, = 0.86 £+ out of 4 experiments, Fig.A~C). Because the lack of
0.02,n = 12; wash:P, = 0.87 = 0.05,n = 12). In  effect of glibenclamide on ORCC might be due to alter-
contrast,P, was reversibly reduced to 0.07 = 0.02 € ation of the protein within the patch membrane, we sys-
10; P < 0.001) in the presence of SITS (5M). tematically verified the channel sensitivity to SITS. As
shown Figs. 8 andB and B, SITS (500uMm) reversibly
blocked channel activity in mock argbal cells 6 = 4

for each cell). These data indicated that ORCCs, al-
though not affected by glibenclamide, were still sensitive
dto stilbene derivatives.

GLIBENCLAMIDE FaiLs To INHIBIT ORCCIN MOCK AND
BGAL HI-5 CELLs

We were surprised to observe that glibenclamide faile
to inhibit the activity of ORCC in uninfected Hi-5 cells.
Glibenclamide solutions were prepared fresh before exGLIBENCLAMIDE INHIBITS ORCCIN AF508-EXPRESSING
periments and tested on both CFTR and non-CFTR exHI-5 CELLs
pressing cells during the same set of experiments and we
used cell cultures of similar age and similar infection The experiments reported above strongly suggested that
procedures. Since the same aliquots of glibenclamid¢he expression of CFTR is required for the inhibition of
were found effective on ORCC in CFTR expressing cellSORCC activity by glibenclamide. The effect of SITS on
but were ineffective in uninfected Hi-5 cells, we elimi- the contrary appeared to be independent on the expres-
nated the possibility of solution contamination. sion of CFTR, since SITS inhibited ORCCs in any of the
Alternatively, the blocking effect of glibenclamide cells tested. We then tested whether the most common
might have been due to the baculovirus itself. To testCF mutationAF508 (Riordan et al., 1989), might have
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Fig. 5. Effect of SITS and glibenclamide on the activity of ORCC in excised inside-out patches from uninfected Hi-#&lsvérsible inhibition

of ORCC by 500um SITS. B) No effect of 100um glibenclamide (noted Glib.) on the activity of ORC@\)(and B) Experiments performed in
inside-out configuration &/ = +50 mV. Two channels were present in the pat€). An experiment showing the reversible inhibition by SITS
and glibenclamide on ORCC activity evaluatedN#g, (seéMaterials and MethodsNP, is plotted as function of time to show the effect of the
sequential addition of 10@m glibenclamide and 50Qm SITS+ 100um glibenclamide. D) Concentration-dependent relationship of ORCC activity
in the presence of increasing doses of glibenclamide evaluatBg, & = +30 mV. Note thatP, was not affected.

altered the glibenclamide- and/or SITS-sensitivity ofthe glibenclamide sensitivity of ORCC is under the con-
ORCC. We first observed that ORCCA#508-infected  trol of CFTR.
cells was reversibly inhibited by SITS (5@04, 4 out of
4 experiments, Fig. B). Figure 8 shows that gliben-
clamide (100um) reversibly inhibited ORCC activity in  OUTWARDLY RECTIFYING CHLORIDE CHANNELS:
AF508-infected cells (3 out of 3 experiments). Block NHIBITION BY STILBENE DERIVATIVES
was fast and voltage-independenb{ show. Inhibi-
tion resulted from a flickery type block (FigA3 similar  In the first part of our study, we confirmed the existence
to that observed in CFTR-expressing cefiedFig. 4B). of ORCC and the absence of CFTR in the parental insect
In the presence of 10am g|ibenc|amidePo was 0.08 + cell line Hi-5 (Yang et al., 1997). Stilbene derivatives
0.05 (control:P, = 0.89 + 0.05; washP, = 0.87 + 0.1, such as DIDS or SITS did not affect the activity of CFTR
Fig. 88, P < 0.01). when added to the extracellular side of the membrane
(Gray et al., 1989; Tabcharani et al., 1990; Kartner et al.,
1991; Fuller & Benos, 1992; Becq et al., 1993). On the
Discussion other hand, these compounds reversibly inhibited ORCC
as previously demonstrated in a variety of cells (Frizzell
In this study, we demonstrate for the first time that glib- et al., 1986; Li et al., 1988; Tabcharani et al., 1990;
enclamide inhibits the activity of outwardly rectifying Singh et al., 1991; Becq et al., 19%%e alsoruller &
chloride channels in excised patches only when CFTR i8enos, 1992). However, a recent study by Linsdell &
expressed. The blocking action of glibenclamide is re-Hanrahan (1996) showed that DNDS and DIDS, two
versible, concentration dependent and not voltage-deperstilbene derivatives, are effective voltage-dependent
dent. The glibenclamide sensitivity of ORCC is pre- blockers of CFTR channels stably expressed in baby
served in cells expressink~508-CFTR. In contrast, the hamster kidney cells when applied to the cytoplasmic
stilbene disulfonate derivative SITS inhibits ORCC ac-face of the membrane. These compounds are neverthe-
tivity even in the absence of CFTR suggesting that onlyless accepted to be relatively ineffective at blocking
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Fig. 6. Effect of glibenclamide and SITS on the activity of ORCC in ’0 ) // ‘ : ‘ :
excised inside out patches from Hi-5 cells infected with the baculovirus 0 106 10 104

alone (mock-cells). ) Reversible inhibition of ORCC by 50Qm
SITS. B) No effect of 100pm glibenclamide (noted Glib.) on the
activity of ORCC. #) and @) Experiments performed in inside-out fig 7. Effect of glibenclamide and SITS on the activity of ORCC in
configuration at = +30 mV; three channels were present in the patch. oycised inside-out patches from Hi-5 cells expresgbuml. (&) No

(C) Concentration-dependent relation of ORCC activity in the presencesffect of 100um glibenclamide (noted Glib.) on the activity of ORCC.
of increasing doses of glibenclamide evaluate®ad\ote thatP, was (B) Reversible inhibition of ORCC by 50fm SITS. Note that glib-

not affected. enclamide (10Qum) was present before, during and after the perfusion
of SITS. Only the presence of 5¢v SITS induced the inhibition of

) ORCC, which was again reversibleA)(and @) Experiments per-
CFTR from the extracellular side of the membrane (for aformed in inside-out configuration a = +30 mV, 4 to 5 channels

review seeFuller & Benos, 1992). were present in the patchC) Concentration-dependent relation of
In Hi-5 cells, we observed a high density of ORCC ORCC activity in the presence of increasing dose of glibenclamide

in all the cells tested, irrespective of the absence or pres2valuated ag,; V = +30 mV. Note thalP, was not affected.

ence of high fGmAc115T} or low (pGmAc217) ex-

pression of CFTRdeeFig. 3B). The activity of ORCC 1998) showin . .

LT TR \ g that the Bablock is CFTR-independent.
wa_sb_rte_vers;blyhllnh_|é)|tedhby SIITSb'n aItI_IEeIIs t(ejstgd.t_The Thus, some intrinsic properties of ORCC (i.e., its sensi-
Ir?asl b'é‘ér; gxtgns‘i’\r/'e@ Sftugir‘e” deasn d{; ;i;eft”bem dﬁ]révgf%eesstivity to SITS) and Kir6.1 (i.e., its sensitivity to B%) are
drugs to the ORCC protein has been suggested (Singﬁreserved regardless of the presence of CFTR.
Venglarik & Bridges, 1995). This hypothesis is consis-
tent with our results since SITS inhibited ORCC irre- OUTWARDLY RECTIFYING CHLORIDE CHANNELS:
spective of the cell studied and of the expression ofiNHIBITION BY GLIBENCLAMIDE
CFTR.

Similarly, in cells coexpressing Kir6.1 and CFTR Glibenclamide inhibits ORCC in M-1 mouse cortical
and in those expressing only Kir6.1, the" ikhannel collecting duct cells (Korbmacher et al., 1993; Volk et
Kir6.1 was inhibited by B&" (Ishida-Takahashi et al., al., 1995). Cytoplasmic application of 1Qv gliben-

glibenclamide mol/l
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clamide reversibly reduced channel open probabify (A AFS08 Hizs cells 50mV
from 0.92 to 0.24 in M-1 cells (Volk et al., 1995). Simi-

larly, in Hi-5 cells expressing CFTR tHe, was reduced

from 0.88 to 0.09 in the presence of 1@ gliben-

clamide (this study). The Ig for the inhibition of
ORCC by glibenclamide was 1jZm in outside-out con-
figuration and 34uM in inside-out configuration in HT29
cells (Rabe et al., 1995), 36m in M-1 mouse cortical
collecting duct cells (Volk et al., 1995), and L in
Hi-5 cells expressing CFTR (this study).

We were surprised to observe that glibenclamide
failed to inhibit ORCC both in noninfected Hi-5 cells,
and in mock- and3gal-infected cells. This result was
unexpected since other investigators report the inhibition 600 ms
of such channels by glibenclamide (Rabe et al., 1995;
Volk et al., 1995). However, it is important to keep in B
mind that the HT29 cell line used in the study of Rabe et

Glibenclamide (100 uM)

al. (1995) expresses a high level of CFTR (Riordan et al., 10 1 e

1989). 038
The fact that glibenclamide failed to inhibit ORCC 06 |

activity in cells infected or not with wild-type baculovi-

rus or by virus recombinant fgdgal cDNA exclude the 04 1

possibility that virus infection alone could cause the in- 02 =4 3

hibition. 0.0 [ e —
The glibenclamide inhibition of ORCC is not abso- control Glibenclamide SITS

lutely linked to CFTR channel activity since (i) inhibi-

tion occurred in excised patches devoid of detectabléig. 8. Effect of glibenclamide and SITS on the activity of ORCC in
CFTR activity, (ii) it was observed in Hi-5 cells infected €xcised inside-out patches from Hi-5 cells expressik$08-CFTR.
with viruses recombinant fakF508-CETR in which we (A) Reversible inhibition of ORCC by 10am glibenclamide. Experi-

ere unable to record channel activity. Our results usin ments performed in inside-out configuration \ét= +50 mV. (B)
W u vity. Qu ufts usl Q-Iistograms showing the open probability of ORCC in the presence of

CQlIS expr.es'sing the_ mutanf~508 do not exclude pro- spg v SITS or 100um glibenclamide. Both drugs blocked ORCE (
tein-protein interactions at the membrane level because 0.01 for inhibitorv. control).

this mutation is temperature-sensitive (Denning et al.,

1992) At 37°C,AF508 is mislocalized, retained in the oocytes or macrophages (Becq et a|_, 1997; Hamon et a|_,
ER and degraded (Cheng et al., 1990) but when cellg997). ABC proteins in plants are also sensitive to glib-
expressingA\F508 are cultured at reduced temperaturesenclamide (Leonhardt et al., 1997). Finally, gliben-
some AF508 protein is delivered to the plasma mem-clamide is well known to interact with the % channel
brane (Denning et al., 1992). The blocking action ofthrough the binding to the ABC protein SUR (Inagaki et
glibendamide on ORCC occurs in the absence of ATP Ora|_’ 1995; Shyng, Ferrigni & NiChOIS, 1995) Therefore,
PKA in the bath solution, which suggests that activationthe glibenclamide-sensitivity of ABC proteins appears to
of CFTR and/or phosphorylation of CFTR is not neces-pe widely distributed in humans, animals and plants sug-
sary. These observations are also reminiscent of the rgyesting the conservation of a binding site within ABC
cent observations of McNicholas et al. (1996) whoproteins. Such a mode of interaction may also explain
showed that the channel activity of CFTR was also notrecent results from our laboratory which show that the
necessary to observe the inhibition of ROMK2 Channel%nion transport mediated by the ABC transporter ABC1

by glibenclamide. and the interleukin ILB transport capability of macro-
phages expressing ABC1 are both dose-dependently in-

ABC TRANSPORTERS ANDGLIBENCLAMIDE hibited by glibenclamide (Becq et al., 1997; Hamon et
al., 1997).

Since the discovery by Sheppard and Welsh (1992) that -
glibenclamide and other kGp channel modulators affect Agc TransPORTERSCONFER

the activity of CFTR, several investigators have first Con-g \sencLAMIDE -SENSITIVITY TO A VARIETY OF 1ONIC

firmed these observations using various cell preparationg,,ayneLs. A POTENTIAL MOLECULAR ASSOCIATION

(Shultz et al., 1996; Sheppard & Robinson, 1997;BETWEEN ORCCAND CETR

Chappe et al., 1998) and then extended them to other

ABC proteins. Glibenclamide has been shown to be aVe provide evidence in this study that CFTR mediates
potent inhibitor of ABC1 (Becq et al., 1997) Xenopus  sulfonylurea inhibition of the ORCC in baculovirus in-
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fected Hi-5 cells. Our results, taken together with those Q 19_91. Defective acidification of intracellular organelles in cystic
obtained by others on the relationship between the sul- fibrosis. Nature 352:70-73
fonylurea receptor SUR and.&e channel (Inagaki etal., Be¢% F. Fanul, M., Mahieu, |, Berger, Z., Gola, M., Hollande, E.
1995: Sh t al. 1997). bet CETR d th . 1992. Anion channels in a human pancreatic cancer cell line (Ca-
theli ’I K+ynf? e al',ROMK)’Z (:/ster;] | tanl lgeggpl_ pan-1) of ductal originPfluegers Arch420:46-53

elha channe ( cNicholas et al., . » Becq, F., Hamon, Y., Bajetto, A., Gola, M., Verrier, B., Chimini, G.
1997) and between CFTR and thg- channel Kir6.1 1997. ABC1, an ATP binding cassette transporter required for
(Ishida-Takahashi et al., 1998), suggest that CFTR by phagocytosis of apoptotic cells, generates a regulated anion flux
itself confers glibenclamide sensitivity to several chan- after expression inXenopuslaevis oocytes.J. Biol. Chem.
nels such as ROMK2, K-» and ORCC through a similar  2722695-2699 _
mechanism. A striking observation was made by Fu_Becq, F., Hollande, E., Gola, M. 1993. Phosphorylation-regulated low-

. . conductance Clchannel in a human pancreatic duct cell line.
rukawa et al. (1993) who compared the glibenclamide Pfluegers Arch425:1-8

and stilbene derivatives sensitivity ofJi, channel in gecq, F., Verrier, B., Chang, X.-B., Riordan, J.R., Hanrahan, J.W.

guinea pig ventricular myocytes. These authors showed 1996. cAMP- and Ci-independent activation of cystic fibrosis

that stilbene derivatives, including SITS block thgK transmembrane conductance regulator channels by phenylimidazo-

channel by binding to their target site with one-to-one  thiazole drugsJ. Biol. Chem271:16171-16179

stoichiometry. Thus, two different channels ORCC andChappe, V.. Mettey, Y. Vierfond, J.M., Hanrahan, J.W., Gola, M.,

K xrp channel are both sensitive to SITS and glibencl-  Yermer: B Beca, F. 1998. Structural basis for specificity and po-
. . tency of xanthine derivatives as activators of the CFTR chloride

amide, the latter property being dependent on CFTR eX-  cannelgrit. J. Pharmacol.123683-693

pression (this study and Ishida-Takahashi et al., 1998).cheng, s.H.. Gregory, R.J., Marshall, J., Paul, S., Souza, D.W., White,
An interesting hypothesis would be that gliben- G.A., O'Riordan, C.R., Smith, A.E. 1990. Defective intracellular

clamide, through the binding to an ABC protein (perhaps transport and processing of CFTR is the molecular basis of most

on specific binding sites) affects the activity of other  cystic fibrosis.Cell 63:827-834

transporters located in the vicinity of the ABC protein. Dalemans, W., Barbry, P., Champigny, G., Jallat, S., Dott, K., Dreyer,

Based on a kinetic study, Sheppard and Robinson (1997) D €vstal R.G., Pavirani, A,, Lecocg, J.P., Lazdunski, M. 1991.

. . . . Altered chloride ion channel kinetics associated wAff508 cystic

suggested that gllbenclam|d§ anc_i chloride ioNs May  fiyrosis mutation Nature 354:526-528

compete for a common binding site located within apenning, .M., Anderson, M.P., Amara, J.F., Marshall, J., Smith, A.E.,

large intracellular vestibule that is part of the CFTR pore.  welsh, M.J. 1992. Processing of mutant cystic fibrosis transmem-

The binding of sulfonylureas to CFTR has also been brane conductance regulator is temperature-sensitilaure

proposed by Venglarik et al. (1996) and Schultz et al. 350:761-764 N

(1996). These authors concluded that glibenclamid&9a" M.E., Flotte, T., Alfone, S., Solow, R., Zeitlin, P.L., Carter, B.J.,

blocks CFTR by a closed—open—blocked mechanism. Guggino, W.B. 1992. Defective regulation of outwardly rectifying

. . CI” channels by protein kinase A corrected by insertion of CFTR.
Based on the functional analysis of mutant forms of |\ .i.re358581_584

SUR, Shyng et al. (1997) proposed that SUR sensitizegyizzell, R.A., Rechkemmer, G., Shoemaker, R.L. 1986. Altered regu-
the Kyrp channel to ATP inhibition, and nucleotide hy- Iation of air way epithelial cell chloride channels in cystic fibrosis.
drolysis at the nucleotide binding folds blocks this effect.  Science233:558-560
When Coup|ed to the channel Subunit, SUR exerts a hyEuIIer, C.M., Benos, D.J. 1992. CFTRAm. J. Physiol.263:C267—
persensitizing effect on channel activity, which is abol- €286 _ _ _ _
ished when the channels are treated with trypsin (Shyngurg!‘awa’ T., Virag, L., Sawanobori, T., Hiraoka, M. 1993. Stilbene
isulfonates block ATP-sensitive *Kchannels in guinea pig ven-

etal., 1997). . . . . . . tricular myocytesJ. Membrane Biol136:289—-302

In conclusion, considering the diversity of proteins gapriel, S E., Clarke, L.L., Boucher, R.C., Stutts, M.J. 1993. CFTR and
that have been reported to be influenced by CFTR outward rectifying chloride channels are distinct proteins with a
(EnaC, Kyrp, ROMK2, ORCC . . ), it seems more likely regulatory relationshipNature 363:263-266
that those channels interact with some intermediate proSaymard, F., Cerutti, M., Horeau, C., Lemaillet, G., Urbach, S., Rav-

tein rather than directly binding to CFTR. allec, M., Devauchelle, G., Sentenac, M., Thibaud, J.B. 1996. The
baculovirus/insect cell system as an alternativ¥éoopusoocyte.

First activation of the AKT1 K channel fromArabdopsis thaliana.
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