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Abstract: Cystic fibrosis (CF) is most commonly caused by deletion of Phe508 in the cystic
fibrosis transmembrane conductance regulator protein (AF508 CFTR). The misfolded AF508
CFTR protein is retained in the endoplasmic reticulum (misprocessed mutant) and is rapidly
degraded. Studies on misprocessed mutants of P-glycoprotein (P-gp), a sister protein of CFTR,
however, have shown that specific substrates and modulators can act as specific chemical/
pharmacological chaperones to rescue the protein. A major goal in CF research is the
identification of compounds that can be used at low concentrations to rescue misprocessed
CFTR mutants. Here, we show that a novel quinazoline derivative, 4-cyclohexyloxy-2-{ 1-[4-(4-
methoxy-benzenesulfonyl)piperazin-1-yllethyl} quinazoline (CF¢,-325), rescued AF508 CFTR.
Incubation of BHK cells stably expressing human AF508 CFTR with 1—10 uM CF¢-325 resulted
in maturation and delivery of a functional molecule to the cell surface as determined by the
iodide efflux assay. The misprocessed CFTR mutants R258G, S945L, and H949Y were also
rescued by CF¢,-325 in either BHK or HEK 293 cells. CF¢,-325 appeared to be specific for
AF508 CFTR because another quinazoline derivative, prazosin, did not rescue the misprocessed
CFTR mutants. CF¢-325 could also rescue misprocessed mutants of P-gp. The compound
was a P-gp inhibitor as it inhibited vinblastine-stimulated ATPase activity. P-gp-mediated
vinblastine resistance was also reduced about 10-fold with 300 nM CF,-325. These results
show that CF,-325 is a particularly important lead compound for treatment of CF because low
concentrations can be used to rescue many misprocessed CFTR mutants.

Keywords:  CFTR; cystic fibrosis; CF corrector; chemical/pharmacological chaperone; protein
trafficking; drug rescue; protein folding

Introduction CFTR is a cAMP-dependent chloride channel located at

Cystic fibrosis (CF) is a lethal inherited disorder that is the cell surface that regulates salt and fluid transport across
caused by mutations in the gene coding for the cystic fibrosis the cell membrane of epithelial cefldDeletion of Phe508
transmembrane conductance regulator (CFTRhe most (AF508) is the most common CF mutation as it is found on
serious clinical manifestation of CF is accumulation of thick, at least one chromosome in 90% of affected individdals.
dehydrated mucus in the airways that ultimately results in The misfoldedAF508 CFTR protein does not reach the cell
lung failure due to chronic bacterial infections and inflam- surface but is retained in an inactive férim the endoplasmic
mation?2 reticulum (ER) by the cell’s quality control mechanism and
is rapidly degrade8.® An important observation, however,
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is that theAF508 CFTR can still exhibit substantial channel Experimental Section

activity if it can be coaxed to the cell surface by expression  Expression of Mutants. Wild-type, AF508, H139R,

at low temperature (27C)° or by nonspecific osmolytes such  G149R, R258G, S945L, and H949Y CFTR cDNAs were
as glycerol and TMAG?! Such methods to induce proper inserted into the pcDNA3 (Invitrogen, Oakville, ON) vector
folding of AF508 CFTR are useful tools for studying CFTR as described previoushy* Wild-type and mutant G268V

in vitro but are not clinically applicable because of the P-gp cDNAs were inserted into the pMT21 vector (Genetics
conditions of hypothermia or high concentrations of os- Institute) as described previousfyBaby hamster kidney
molytes that would be required. An alternative approach to (BHK) cells stably expressing CFTR or P-gp were generated
correct processing defects is to use a drug-rescue methody cotransfection with cONA and pWL-neo (Stratagene,

that has been used with great success to correct processinggggrsce;eiz;ﬁ)' (éi%_SR'rgf';tantvcvzﬁn;gzr\]’:i:reedss Iesclziqei?d
defects in CFTR'’s sister protein, P-glycoprotein (P-§p). b 9 9p y subJ

. . . . .. ing the cells to immunoblot analysis with rabbit polyclonal
Therefore, an important goal in CF research is to identify antibody against CFTR or P-gp” BHK cells expressing
compounds that can be used at low concentrations to promotecg1R or P-gp were then expanded and used in the drug-
proper folding and trafficking oAF508 CFTR to the cell g5cye assays.

surface at physiological temperatures. Effect of CFe-325 on Misprocessed Mutants BHK

In this study we studied the ability of a novel quinazoline Cells stably expressing wild-type CFTRF508 CFTR, wild-
derivative, 4-cyclohexyloxy-21-[4-(4-methoxy-benzene- YP€ P-gp, or G268V P-gp were grown to about 50%
sulfonyl)piperazin-1-yl]ethylquinazoline (Ckr325), to pro- confluence in 6-well plates in Dulbecco’s modification of

) . . 0
mote maturation and trafficking of misprocessed CFTR and Eagle S med!um (DMEM.) with 10% (/) calf serum at 37

C. For transient expression, HEK 293 cells were transfected
P-gp mutants to the cell surface.

with cDNAs of wild-type or mutant CFTR and P-gp as
described previoushE After 24 h, medium was replaced with
Opti-MEM medium (Invitrogen, Oakville, ON) containing
2% (v/v) calf serum and various concentrations of.6&F

(2) Guggino, W. B.; Banks-Schlegel, S. P. Macromolecular interac-
tions and ion transport in cystic fibrosiém. J. Respir. Crit. Care

Med. 2004 170, 815-820. 325 (Vertex Pharmaceuticals, San Diego, CA) or prazosin
(3) Goodman, B. E.; Percy, W. H. CFTR in cystic fibrosis and (Sigma-Aldrich, Mississauga, ON) at 3 under 5% CQ

cholera: from membrane transport to clinical practiéely. The cells were harvested after-248 h and solubilized with

Physiol. Educ2005 29, 75-82. 2x SDS sample buffer (125 mM Tris-HCI, pH 6.8, 20%

(4) Akabas, M. H. Cystic fibrosis transmembrane conductance regula- (v/v) glycerol, 4% (w/v) SDS, and 4% (v/v) 2-mercaptoet-
tor. Structure and function of an epithelial chloride chandel. hanol) containing 50 mM EDTA. Samples were then

Biol. Chem.200Q 275, 3729-3732. . .
(5) Chen, E. Y.; Bartlett, M. C.; Clarke, D. M. Cystic fibrosis SUbJeCted to SDSPAGE (5'5% acrylamlde gels) and

transmembrane conductance regulator has an altered structurémmunObIOt analysis with rabbit polyclonal antibody against
when its maturation is inhibitediochemistry200Q 39, 3797— CFTR or P-gp®t’
803. Measurement of cAMP-Stimulated lodide Efflux.

(6) Cheng, S. H.; Gregory, R. J.; Marshall, J.; Paul, S.; Souza, D. Equivalent numbers of BHK cells stably expressing wild-

W.; White, G. A.; O'Riordan, C. R.; Smith, A. E. Defective  yna or AF508 CFTR were grown in triplicate to 50%
intracellular transport and processing of CFTR is the molecular

basis of most cystic fibrosiCell 199Q 63, 827-834.
(7) Kartner, N.; Augustinas, O.; Jensen, T. J.; Naismith, A. L.; (13) Seibert, F. S.; Linsdell, P.; Loo, T. W.; Hanrahan, J. W.; Riordan,

Riordan, J. R. Mislocalization of delta F508 CFTR in cystic J. R.; Clarke, D. M. Cytoplasmic loop three of cystic fibrosis

fibrosis sweat glandNat. Genet1992 1, 321—327. transmembrane conductance regulator contributes to regulation
(8) Pind, S.; Riordan, J. R.; Williams, D. B. Participation of the of chloride channel activityd. Biol. Chem.1996 271, 27493

endoplasmic reticulum chaperone calnexin (p88, IP90) in the 27499,

biogenesis of the cystic fibrosis transmembrane conductance (14) Seibert, F. S.; Loo, T. W.; Clarke, D. M.; Riordan, J. R. Cystic

regulator.J. Biol. Chem.1994 269 12784-12788. fibrosis: channel, catalytic, and folding properties of the CFTR
(9) Denning, G. M.; Anderson, M. P.; Amara, J. F.; Marshall, J.; protein.J. Bioenerg. Biomembid 997, 29, 429-442.

Smith, A. E.; Welsh, M. J. Processing of mutant cystic fibrosis (15) Loo, T. W.; Clarke, D. M. Prolonged association of temperature-

transmembrane conductance regulator is temperature-sensitive. sensitive mutants of human P-glycoprotein with calnexin during

Nature 1992 358 761-764. biogenesisJ. Biol. Chem.1994 269, 28683-28689.

(10) Sato, S.; Ward, C. L.; Krouse, M. E.; Wine, J. J.; Kopito, R. R.  (16) Chen, E. Y.; Bartlett, M. C.; Loo, T. W.; Clarke, D. M. The
Glycerol reverses the misfolding phenotype of the most common {Delta} F508 Mutation Disrupts Packing of the Transmembrane
cystic fibrosis mutationJ. Biol. Chem.1996 271, 635-638. Segments of the Cystic Fibrosis Transmembrane Conductance

(11) Brown, C. R.; Hong-Brown, L. Q.; Biwersi, J.; Verkman, A. S.; RegulatorJ. Biol. Chem2004 279, 39620-39627.

Welch, W. J. Chemical chaperones correct the mutant phenotype (17) Loo, T. W.; Clarke, D. M. P-glycoprotein. Associations between
of the delta F508 cystic fibrosis transmembrane conductance domains and between domains and molecular chaperdrigsl.
regulator proteinCell Stress Chaperonek996 1, 117-125. Chem.1995 270, 21839-21844.

(12) Loo, T. W.; Clarke, D. M. Correction of defective protein kinesis (18) Loo, T. W.; Clarke, D. M. Functional consequences of proline
of human P-glycoprotein mutants by substrates and modulators. mutations in the predicted transmembrane domain of P-glyco-
J. Biol. Chem1997 272, 709-712. protein.J. Biol. Chem.1993 268 3143-3149.
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confluence in 6-well plates. The medium was then replaced
with Opti-MEM with 2% (v/v) calf serum and with or with- N_(ll 0
out 3uM CF.~325. After 48 h at 37C, the medium was Q/\ _@
removed and the cells were loaded with sodium iodide for 1 “:° N N\)
h at 20°C. lodide efflux was then monitored using an iodide- \l/
specific electrode (Analytical Sensors and Instruments, Sugarcy,o N
Land, TX) after stimulation with 1M forskolin in the
presence of 0.2 mM 3-isobutyl-1-methylxanthine (IBMX) NH,
and 0.5 mM chlorophenylthio-cAMP as described previotsly.  Prazosin:

Measurement of P-gp-Mediated Drug Resistancé8HK 1-(4-amino-6,7-dimethoxy-2-quinozolinyl)-4-(2-furoyl)piperazine
cells stably expressing wild-type P-gp were incubated in
Opti-MEM with 2% (v/v) calf serum and various concentra- o
tions (0-1 uM) of vinblastine in the absence or presence of K\N_ﬂ
300 nM CR,-325. After 6 days at 37C, cell growth was N \) ”Q
determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe- N o}
nyltetrazolium bromide assay as described previotfsly. =N

Isolation of P-gp Mutants and Measurement of Drug-
Stimulated ATPase Activity. Histidine-tagged P-gp was o
isolated by nickel-chelate chromatography as described
previously?%21 An aliquot of the isolated histidine-tagged
P-gp was then mixed with an equal volume of 10 mg/mL
sheep brain phosphatidylethanolamine (Type II-S, Sigma)
that had been washed and suspended in TBS. The P-gp/lipid
mixture was then sonicated, and a sample of the mixture CFeor-325: o
was incubated with various concentrations-(0mM) of 4-cyclohexyloxy-2-{1-[4-(4-methoxy-benzenesulfonyl)-piperazin-
CFo325 for 15 min at 20C. ATPase activity was initiated 1-yll-ethyl}-quinazoline
by addition of an equal volume of ATPase buffer containing Figure 1. Structures of the quinazoline derivatives prazosin
100 mM Tris-HCI, pH 7.5, 100 mM NaCl, 20 mM Mggl and CF-325.

and 10 mM ATP with and without 108M vinblastine. A a sister protein of CFTR Deletion of Tyr490 AY490) in

final Icodn_centrat_mnlof S_QM&;n_Ik_)rI]astme V\I/as saturgtm%an% P-gp (equivalent to Phe508 in CFTR) also caused the mutant
restiited in maximal activatiof. The Sampies were incubate protein to be retained in the ER.The folding defect in

for 30 min at 37°C, and the amount of inorganic phosphate AY490 P-gp, however, was corrected by carrying out

released was determinéd. expression in the presence of drug substrates and modulators
of P-gp. The rescuedY490 P-gp was trafficked to the cell

Reshults ¢ ific chemical/nh loaical ch surface and was functional. Unfortunately, compounds such
The use of specific chemical/pharmacological chaperones 5 .ansaicin, cyclosporin A, verapamil, or vinblastine that

to correct folding and trafficking defects (protein kinesis) are specific for P-gp could not rescué-508 CFTRL225
was first demonstrated with misprocessed mutants of P-gp, High-throughput screening has been used to identify

potential candidate compounds that may resé&€508

(19) Loo, T. W.; Bartlett, M. C.; Clarke, D. M. The dileucine motifat CFTR?2% Recently, Vertex Pharmaceuticals (San Diego, CA)
the COOH terminus of human multidrug resistance P-glycoprotein with support from the Cystic Fibrosis Foundation used high-
is important for folding but not activityd. Biol. Chem2005 280, throughput assays to identify compounds that could be useful
2522-2528. in CFTR research’ CF.,+325, a quinazoline derivative that

(20) Loo, T. W.; Clarke, D. M. Rapid purification of human P- is similar to prazosin (Figure 1), was identified as a potential
glycoprotein mutants expressed transiently in HEK 293 cells by P 9 ! P

nickel-chelate chromatography and characterization of their drug-

OCH;

stimulated ATPase activitied. Biol. Chem1995 270, 21449~ (24) Hoof, T.; Demmer, A.; Hadam, M. R.; Riordan, J. R.; Tummler,

21452. B. Cystic fibrosis-type mutational analysis in the ATP-binding
(21) Loo, T. W.; Bartlett, M. C.; Clarke, D. M. Disulfiram metabolites cassette transporter signature of human P-glycoprotein MDR1.

permanently inactivate the human multidrug resistance P-glyco- J. Biol. Chem.1994 269, 20575-20583.

protein.Mol. Pharm.2004 1, 426-433. (25) Loo, T. W.; Bartlett, M. C.; Clarke, D. M. Thapsigargin or
(22) Loo, T. W.; Clarke, D. M. Identification of residues in the drug- curcumin does not promote maturation of processing mutants of

binding domain of human P-glycoprotein: Analysis of transmem- the ABC transporters, CFTR, and P-glycoproteBiochem.

brane segment 11 by cysteine-scanning mutagenesis and inhibition Biophys. Res. CommuB004 325, 580-585.

by dibromobimaned. Biol. Chem.1999 274, 35388-35392. (26) Ma, T.; Vetrivel, L.; Yang, H.; Pedemonte, N.; Zegarra-Moran,
(23) Chifflet, S.; Torriglia, A.; Chiesa, R.; Tolosa, S. A method for O.; Galietta, L. J.; Verkman, A. S. High-affinity activators of cystic

the determination of inorganic phosphate in the presence of labile fibrosis transmembrane conductance regulator (CFTR) chloride

organic phosphate and high concentrations of protein: application conductance identified by high-throughput screeniagBiol.

to lens ATPasesAnal. Biochem1988 168 1—4. Chem.2002 277, 37235-37241.
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|. '| .‘ .. h.| .. x.._[mmm“fﬁ Figure 3. Measurement of cAMP-stimulated iodide efflux.

lodide efflux assays were performed in BHK cells stably
expressing wild-type or AF508 CFTR and treated with or
without 3 uM CF..-325 for 48 h as described in the Experi-
mental Section. Time 0 is the start of stimulation through
addition of 10 uM forskolin.

Figure 2. Effect of quinazoline derivatives on maturation of
misprocessed CFTR mutants. BHK cells stably expressing
wild-type or AF508 CFTR were incubated for 48 h in the
presence of 0—10 uM CF¢-325 (A) or prazosin (B). (C) BHK
cells expressing misprocessed CFTR mutants H139R, G149R,
R258G, S945L, H949Y, or wild-type CFTR were incubated an antihypertensive agent, is also a quinazoline derivative
for 48 h with (+) or without (=) 3 uM CFco-325. Whole cell (Figure 1). It is relatively hydrophobic and also inhibits cell
extracts were_subjectegl to immunoblot ang_ly5|s with a rabbit growth at concentratiorr 10 uM (data not shown). BHK
polyt_:lonal antibody agalnst_CF_TR. The positions of the mature cells stably expressingF508 CFTR were grown for 48 h
and immature CFTRs are indicated. in the presence of-910uM prazosin. Figure 2B shows that
corrector of the defects iMF508 CFTR (unpublished ~ Prazosin did not promote maturation of the protein.
structure, Vertex Pharmaceuticals, San Diego, CA). We then tested whether the rescutB508 CFTR was
The effect of CE,~325 on maturation of human wild-type ~ trafficked to the cell surface in an active form where channel
andAF508 CFTRs stably expressed in BHK cells was tested. activity could be measured. lodide efflux assays were used
BHK cells were used because they do not express detectabléather than chloride channel measurement because very few
endogenous CFTR. CFTR uses two N-glycosylation sites, channels other than CFTR can conduct iodide fns.
and its maturation can be monitored by SEFAGE as the ~ Accordingly, we measured cAMP-stimulated iodide efflux
core-glycosylated immature CFTR has a higher mobility than By CFTR. BHK cells stably expressing-508 CFTR were
the mature form of the protein. Accordingly, BHK cells treated with or without 3:M CFco-325 for 48 h. The cells
stably expressingF508 CFTR were incubated with various Were then loaded with sodium iodide, and iodide efflux was
concentrations of CE-325 for 48 h. Whole cell SDS extracts measured. BHK cells stably expressitg508 CFTR grown
were then subjected to immunoblot analysis. Figure 2A Without Cko-325 showed no stimulation of iodide efflux in
shows that Ck,-325 promoted maturation &F508 CFTR the presence of forskolin (Figure 3). The addition of forskolin
in a dose-dependent manner. In the absence §-GE5,
the immatureAF508 CFTR migrates with an apparent mass (27) Van Goor, F.; Singh, A.; Neuberger, T.; Hadida, S.; Cao, D.;
of 160 kDa. The presence of matutd508 CFTR with an Straley, K.; Stack, J.; Panchenko, V.; Olson, E.; Makings, L.;

apparent mass of 190 kDa could be detected 1CFE Miller, M.; Tung, R.; Negulescu, P.; Grootenhuis, P. Rescue of
PP a cor AF508-CFTR function by small molecules in human bronchial

325, with maximum levels of the mature protein opserved epithelia isolated from CF patient8ediatr. Pulmonol2004 27,

at 3 and 1QuM CF~325. By contrast, Ck~325 had little S247.

effect on BHK cells stably expressing wild-type CFTR (28) Cheng, S. H.; Fang, S. L.; Zabner, J.; Marshall, J.; Piraino, S.;
(Figure 2A). Concentrations of G325 greater than 10M Schiavi, S. C.; Jefferson, D. M.; Welsh, M. J.; Smith, A. E.
inhibited cell growth (data not shown). These results show Functional activation of the cystic fibrosis trafficking mutant delta

; : ; e X 624.
increase in folding efficiency rather than through an increase
9 y 9 (29) Gupta, J.; Evagelidis, A.; Hanrahan, J. W.; Linsdell, P. Asym-

in transcription of the CFTR gene as seen with sodium metric structure of the cystic fibrosis transmembrane conductance

butyrate?® regulator chloride channel pore suggested by mutagenesis of the
To test whether drug rescue afF508 CFTR by Ckr twelfth transmembrane regio®iochemistry2001, 40, 6620~
325 was specific we used prazosin as a control. Prazosin, 6627.
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to BHK cells expressing wild-type CFTR, however, resulted A CF,,-325

in a large stimulation of iodide efflux that reached a maxi- o5 8 S
mum after 2 min. Similarly, BHK cells stably expressing G263V P- 170 kDa
AF508 CFTR that were treated with EF325 also exhibited gp | 50 kDa

maximum iodide activity at 2 min, but maximum efflux ac-

tivity was about 30% of that observed with wild-type CFTR
(Figure 3). These results show that 8325 increased the 120 —
number of activeAF508 CFTR channels at the cell surface. ~
lodide efflux activity was not significantly inhibited or % 100 —
stimulated when @M CF,~-325 was included in the sodium };{
iodide loading and wash buffers (data not shown). It is -5 80—
possible, however, that G&325 could have subtle effects _‘_;
on the gating properties of CFTR that could not be detected = gy —
in the iodide efflux assay. E
The AF508 mutation is in the NHterminal nucleotide- S 404
binding domain (NBD). We wanted to test whether G+ C’f
325 could promote maturation of other misprocessed CFTR 3 20 —
mutants with mutations in other domains. BHK cells express-
ing mutants H139R, G149R, and R258G in the first trans- 0_l — - i
membrane domain (TMD3)or mutants S945L and H949Y Control Control ~ P-gp P-gp
in TMD2*3 were treated with or without 8M CF.,~325 for CF._-325 - + _ 1
—Lor—

48 h. Whole cell SDS extracts were then subjected to immuno-

blot analysis. The presence of &F325 significantly enhanc-  Figure 4. Effect of CF¢,-325 on expression of misprocessed
ed maturation of mutants R258G, S945L, and H949Y (Figure P-gp mutant G268V and on P-gp-mediated drug resistance.
2C). By contrast, Cf5-325 had little effect on mutants HI39R  (A) BHK cells stably expressing P-gp mutant G268V were
or G149R. Similar results were observed when HEK 293 treated for 48 h with 0—10 uM CF.,-325. Whole cell extracts
cells were transiently transfected with these mutant cDNAs were then subjected to immunoblot analysis with rabbit
and treated with Ck-325 (data not shown). Therefore, GF polyclonal antibody against P-gp. The positions of the mature
325 can promote maturation of some CFTR mutants that (170 kDa) and immature (150 kDa) P-gps are shown. (B) BHK
have mutations in different domains in different cell lines. Cells stably expressing wild-type P-gp (P-gp) or mock-

An explanation for the ability of CE-325 to promote tr.ansfeclted .BHK cells (control) were incubated with 0—1 uM
. . - . vinblastine in the presence (+) or absence (—) of 300 nM
folding and trafficking of misprocessed CFTR mutants is .
that it diff d into the ER and directly int ¢ ith th CFc-325. After 6 days, the number of viable cells was
atit d usg én (.) te)' an . |recby N e:jac -ShWF;l € determined. The concentration of vinblastine that inhibited cell
mutant protein ‘_J“”Q logenesis as observe W'F_ '@b' growth by 50% (LDso) was then determined. Each value is
Another e_xplana_'uon is that G325 has a nonspecific effect o average of triplicate assays.
on protein folding similar to that observed when low

temperature or osmolytes such as glycerol or trimethylamine moted by growth at low temperature (2Z) or by osmolytes
N-oxide are used to rescue misfolded protéitfsTo test  sych as glycerol and trimethylamiméoxide (unpublished
whether Ck,-325 had a direct or indirect effect on protein  gpservations). Maturation of mutant G268V to yield active
folding, we used the P-gp processing mutant G268V as aenzyme at the cell surface, however, can be achieved by car-
control®* We used the G268V P-gp mutant, rather than yying out expression in the presence of drug substrates or
mutantAY490 P-gp (equivalent tdF508 in CFTR), as a  modulators Accordingly, BHK cells stably expressing P-gp
control because maturation of the G268V mutant is not pro- mytant G268V were incubated with-0.0 uM CF.o~325 for
48 h. Immunoblot analysis of whole cell SDS extracts show-
(30) Seibert, F. S.; Jia, Y.; Mathews, C. J.; Hanrahan, J. W.; Riordan, ed that the presence 0f-30uM CF,-325 caused a large in-
J. R.; Loo, T. W.; Clarke, D. M. Disease-associated mutations in Crease in the relative amount of the mature 170 kDa protein
cytoplasmic loops 1 and 2 of cystic fibrosis transmembrane (Figure 4A). These results show that the concentration of

conductance regulator impede processing or opening of the CF,,-325 in the ER was sufficient to act directly on the
channel Biochemistry1997 36, 11966-11974. protein.

(31) Loo, T. W.; Clarke, D. M. Superfolding of the Partially Unfolded
Core-glycosylated Intermediate of Human P-glycoprotein into the
Mature Enzyme Is Promoted by Substrate-induced Transmem- (33) Loo, T. W.; Clarke, D. M. Functional consequences of glycine

brane Domain Interactiond. Biol. Chem.1998 273 14671 mutations in the predicted cytoplasmic loops of P-glycoprotein.
14674. J. Biol. Chem1994 269, 7243-7248.

(32) Loo, T. W.; Clarke, D. M. The transmembrane domains of the (34) Loo, T. W.; Clarke, D. M. The human multidrug resistance
human multidrug resistance P-glycoprotein are sufficient to P-glycoprotein is inactive when its maturation is inhibited:
mediate drug binding and trafficking to the cell surfadeBiol. potential for a role in cancer chemotherapASEB J.1999 13,
Chem.1999 274, 24759-24765. 1724-1732.
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The ability of Cko-325 to rescue P-gp mutant G268V
suggested that it was a substrate or modulator of P-gp. We
then tested the ability of GR-325 to stimulate the ATPase
activity of P-gp. Most drug substrates of P-gp will stimulate
or inhibit the ATPase activity of P-gf. Histidine-tagged
wild-type P-gp was isolated, mixed with lipid, and then
incubated with various concentrations of &825. The
ATPase activity was then measured in the presence or
absence of vinblastine. The ATPase activity of P-gp was not
stimulated with 1 mM CEk-325, but the vinblastine-
stimulated ATPase activity was inhibited by GF325 (1Go
of 7.4uM) (data not shown). The inhibitory nature of GF
325 was further confirmed by its ability to inhibit P-gp-
mediated drug resistance. BHK cells stably expressing wild-
type P-gp were incubated with various concentratiorsl(0
uM) of vinblastine and with or without 300 nM G§&-325.
Figure 4B shows that the presence of.(B25 caused about
a 10-fold reduction in the ability of P-gp expressing cells to
confer resistance to vinblastine.

Discussion

The results show that the presence of relatively low
concentrations (310 uM) of CF.325 could enhance
maturation of both misprocessed mutants of CFTR and P-gp.
It was possible to promote maturation of some mutants that
had mutations in different domains of CFTR including NBD1
(AF508), TMD1 (R258G in the second intracellular loop),
and TMD2 (S945L and H949Y in the third intracellular
loop). All of these mutants have been shown to possess
channel activity when they reach the cell surface, although
they often show altered gating propertfé:°

The iodide efflux activity of maturdF508 CFTR rescued
with CF.~325 did not reach the levels observed with wild-
type CFTR (Figure 3) because maturation was still less
efficient than that of wild-type CFTR. Could partial rescue
of misprocessed CFTR mutants be useful in the treatment
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