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ABSTRACT Tracheobronchial glands were isolated and
cultured from a patient with cystic fibrosis (CF). Cultured
epithelial cells were transformed with pSVori—. All trans-
formed cell lines express cytokeratin filaments and at early
passages express the junctional complex molecule cellCAM
120/80, indicating their epithelial origin. Several gland cell
lines express antigens that localize to secretory cells in vivo. C1~
transport measured by 36Cl efflux shows that CF gland epi-
thelial cells, like CF surface airway and nasal polyp epithelial
cells, are unable to respond to increases in intracellular cAMP.
However, they do produce an increase in intracellular cAMP
after treatment with isoproterenol or forskolin. One CF gland
cell line shows increased intracellular calcium in response to a
number of agents and increased Cl~ efflux comparable to that
observed in a non-CF airway surface epithelial cell line after
addition of calcium ionophore. All cell lines express CF trans-
membrane conductance regulator mRNA, as measured by
PCR amplification of first-strand cDNA. The CF tracheobron-
chial gland cell lines described here are compound heterozy-
gotes, having a single copy of the AF508 mutation.

Cystic fibrosis (CF) is a recessive genetic disorder, affecting
=~=1/2500 Caucasian live births (1). Epithelia from individuals
with CF, particularly of sweat glands, intestines, pancreas,
and airways, have altered Cl~ transport and secretion (2). In
airways, this results in production of thick, viscous mucus
secretion that appears to be a determinant in CF-associated
lung disease. The gene defective in CF has been cloned and
sequenced and encodes a protein of 1480 amino acids, the CF
transmembrane conductance regulator (CFTR) (3). About
70% of CF chromosomes contain a 3-base-pair (bp) deletion
that results in loss of a phenylalanine at amino acid 508 (AF508)
(4). Protein structure comparisons suggest that the CFTR gene
encodes a membrane protein similar to the multidrug-
resistance protein (P-glycoprotein) (3, 5). While transfection
with constructs containing CFTR cDNA confers the ability to
generate cAMP-activated Cl~ currents on both CF epithelial
cells (6, 7) and nonepithelial cells (8, 9), these studies do not
preclude other roles for the CFTR gene product.

It is not clear whether abnormal mucus present in airways
of CF patients is due to defective regulation of airway
secretory cells or is a secondary effect of altered epithelial
cell ion transport (1). One recent study suggests that it is a
consequence of defective acidification of intracellular organ-
elles in CF (10). To fully understand the relationship between
the CF defect and mucus secretion, it will be necessary to
study cells that are responsible for airway secretions. The
tracheobronchial submucosal glands are lined with secretory
mucous and serous epithelial cells and may be responsible for
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the majority of airway secretions (11). Gland cells have been
isolated and cultured in vitro, producing cell monolayers with
a mixed serous/mucous cell phenotype (12). These cultures
retain tight junctions and directional, stimulated ion transport
(13), while cultures of CF gland cells show altered ion
transport (14). We describe here properties of CF airway
gland cells transformed with pSVori~.

METHODS

Cells and Cell Transformation. Tracheobronchial gland
cells were isolated and cultured as described (12). Nontrans-
formed gland, surface airway, and nasal polyp cells from
different individuals with CF were grown in modified serum-
free LHC-9 medium (MLHC-8¢) on tissue culture plastic that
had been precoated with fibronectin/collagen/bovine serum
albumin (15, 16). Pure cultures of gland epithelial cells were
transfected as described (16). Cells grown in 100-mm pre-
coated tissue culture dishes to 70-80% confluence were
transfected with linearized pSVori~, a plasmid containing a
replication-deficient simian virus 40 (SV40) genome (17) via
the calcium phosphate precipitation method. Transfected
cultures were grown in MLHC-8e medium at 37°C under 5%
C0,/95% air until cells with altered growth characteristics
appeared. Colonies of transformants were isolated and ex-
panded for further characterization.

To enhance the ability of cells to survive crisis (generally,
=15 passages posttransfection), cells were transferred before
crisis to Eagle’s minimum essential medium (MEM) supple-
mented with 10% fetal bovine serum (FBS) and antibiotics.
Subsequently, all colonies of pSVori~ transformants (CF and
non-CF) were grown in supplemented MEM as described
above.

Immunocytochemical Staining. Cells were grown on well
slides (Lab-Tek) coated with fibronectin/collagen/bovine
serum albumin to various stages of confluence. After wash-
ing, fixing, and drying, the slides were rehydrated and stained
for immunofluorescence as described (18). Primary antibod-
ies used in these studies were the L19 monoclonal antibody
against the SV40 large tumor antigen (T antigen) (19), the
AE1/AE3 anti-cytokeratin antibody (Boehringer Mann-
heim), and the E9 monoclonal antibody against the junctional
complex adhesion protein, cellCAM 120/80 (20). SV40 T
antigen is expressed only in successfully transformed cells.
Cytokeratin and cellCAM 120/80 are expressed only in
epithelial cells.

For light microscopic immunocytochemistry, slides were
fixed as described (12). Staining was by a modification of a

Abbreviations: CF, cystic fibrosis; CFTR, CF transmembrane con-

ductance regulator; FBS, fetal bovine serum; SV40, simian virus 40;

T antigen, large tumor antigen.

ITo whom reprint requests should be addressed at: Cardiovascular
Research Institute, SU203, Box 0911, University of California, San
Francisco, CA 94143-0911.



5172 Medical Sciences: Cozens et al.

biotin/avidin procedure (21). Primary antibodies used in
these studies included monoclonal antibodies that recognize
antigens expressed by goblet, serous, and mucous airway
secretory cells (22) and polyclonal antibodies against lacto-
ferrin (Sigma) and lysozyme (DAKO, Santa Barbara, CA).

AF508 Mutation Analysis. Analysis of cells for the presence
of the AF508 mutation was carried out as described by Kerem
et al. (4). Genomic DNA was prepared from transformed
epithelial cell lines and amplified by PCR with a Gene Amp kit
(Perkin-Elmer/Cetus). Oligonucleotide primers C16B (5'-
GTTTTCCTGGATTATGCCTGGGCAC-3') and C16D (5'-
GTTGGCATGCTTTGATGACGCTTC-3') (4) were used for
amplification of the CFTR region around the AF508 deletion
site. DNA was amplified for 28 cycles with the following
cycle times: denaturation for 60 s at 94°C, annealing for 45 s
at 62°C, and extension at 72°C, starting with 120 s and
increasing to 7 min on the final cycle. The PCR products were
separated on 1.4% agarose gels and transferred to Gene-
ScreenPlus membranes (DuPont/NEN). Oligonucleotide
probes (10 ng each) for normal CFTR DNA (5'-CACCAAA-
GATGATATTTTC-3’) and for the AF508 deletion (5'-
AACACCAATGATATTTTCTT-3') were labeled with
[v-32P]ATP. Filters were hybridized overnight at 37°C with
labeled oligonucleotide in a solution containing 6xX SSC (1x
SSC is 150 mM NaCl/15 mM trisodium citrate), 1% SDS, 1
g of Ficoll per liter, 1 g of bovine serum albumin fraction V
per liter, 1 g of polyvinylpyrrolidone 6000 per liter, and 100
ug of sonicated salmon sperm DNA per ml. Membranes were
washed twice with 2x SSC at room temperature for 5 min,
twice at 45°C in 2x SSC/0.1% SDS for 30 min, and once at
room temperature in 0.1x SSC for 30 min. Positively hybrid-
izing bands were visualized autoradiographically.

CFTR mRNA Expression by PCR Amplification of First- .

Strand ¢cDNA. Cytoplasmic RNA was prepared from 106 to
108 cells (23). RNA (1 ug) was denatured by heating to 95°C
for 2 min and then reverse transcribed with the PCR RNA
GeneAmp Kkit, according to the manufacturer’s instructions
(Perkin-Elmer/Cetus). First-strand cDNA was amplified
with oligonucleotide designed to span intron—-exon bound-
aries, thereby eliminating amplification of contaminating
genomic DNA. These were 5'-ACTTTAAAGCTGT-
CAAGCCGTG-3' and 5'-CTGTATTTTGTTTATTGCTC-
CAA-3', giving a predicted 627-bp product (nucleotide posi-
tions 622-1248 of the CFTR gene). Thirty-five cycles of PCR
amplification were used, with cycle times as follows: dena-
turation 30 s at 94°C, annealing 30 s at 55°C, and extension 1
min at 72°C. The extension time was increased by 5 s per
cycle. The amplification products were separated by elec-
trophoresis on 1.5% agarose gels.

CAMP Analysis. Intracellular cAMP levels were measured
as described (18). Cells were grown to confluence in
MLHC-8e medium or in FBS supplemented MEM. Produc-
tion of cAMP was stimulated by addition of 10 uM isopro-
terenol or 10 uM forskolin. After a 1-min incubation at 37°C,
the medium was replaced with ice-cold 10% trichloroacetic
acid. Cells were harvested, sonicated, and centrifuged for 25
min at 5000 X g at 4°C. The pellet was dried to measure total

protein. An aliquot of supernatant was extracted with water-

saturated ether and then evaporated to dryness at 75°C. The
cAMP content of each sample was measured with a DuPont/
NEN cAMP ['25]] RIA kit. Results were adjusted to account
for a 95% efficiency of recovery of cAMP from the sample.

Intracellular Calcium Measurements. 2CFSMEo~ or
9HTEo~ cells were incubated with acetoxymethyl ester,
fluo-3 (1-3 uM), and pluronic acid at room temperature for 40
min. Cultures were washed and the fluorescence of individual
cells was visualized with a Zeiss standard microscope
equipped with transmitted illumination (Zeiss 6 V, 15 W
illuminator and epi-illumination; Zeiss 50 W dc high-pressure
mercury lamp). Incident light traverses an iris, neutral den-
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sity filters, an interference filter (480-490 nm), and a fluo-
rescein filter [Zeiss interference filter (450-490 nm) and
dichroic filter (510 nm)). Fluorescence was passed through an
520-nm emission filter and an iris adjusted to the cell diam-
eter. The emission signal was measured with a photomulti-
plier [Hamamatsu (Middlesex, NJ); model R464S]. The cy-
tosolic concentration of calcium was calculated from the K4
value of the fluo-3 and the difference between fluorescence
observed in a calcium-free medium versus a millimolar cal-
cium medium in the presence of the calcium ionophore
A23187 (20 uM). All studies were carried out at 37°C.

CI- Efftux. Cl~ transport was measured by radioactive 36Cl~
efflux (24-26). Cells were grown to confluence in MEM with
10% FBS. Cultures were rinsed twice with 2 ml of efflux buffer
(140 mM NaCl/3.3 mM KH,P0O,/0.83 mM K,HPO,/1 mM
CaS0O,/1 mM MgSQ,/10 mM Hepes, pH 7.4/10 mM glucose).
Fresh efflux buffer (1 ml) with 2 uCi of 36Cl- per ml (1 Ci =
37 GBq) was added to each dish and incubated for 2 h at 37°C.
Dishes were washed by dipping each into 200 ml of efflux
buffer for a wash time of 8-10 s. After washing, 1 ml of efflux
buffer was added, and cells were again incubated at 37°C.
Samples were removed at 1-min intervals and replaced with
fresh buffer. After 3 min, 1 ml of efflux buffer containing 10 uM
isoproterenol, forskolin, or A23187 or 0.5 uM ionomycin was
added. Additional samples were removed and replaced at
1-min intervals. The 36Cl~ remaining in the cells was extracted
with 0.1 M HC1 (1 ml) overnight at 4°C. Samples were counted
in scintillation cocktail. The percentage efflux per 1-min time
point was calculated as follows (24): % efflux/min = [(cpm for
sample)/(average cpm in the cells for that minute)] X 100. The
average cpm/1-min time interval = (cpm, + cpm,_,)/2, where

_ cpm, is the cpm for the sample at min # and cpm, - is the cpm

for the sample the preceding minute.

RESULTS

Four transformed cell lines were isolated from CF tracheo-
bronchial gland cells. The origin and nomenclature of all

. transformed cell lines used in this study are summarized in

Table 1. Immunocytochemical staining showed the SV40 T
antigen in the nucleus (Fig. 14). All cell lines showed

_ cytoplasmic staining with an anti-keratin antibody (Fig. 1B),

although the pattern is more diffuse in most postcrisis clones.
Precrisis cells showed characteristic pericellular staining
with the E9 monoclonal antibody directed against the cell-
CAM 120/80 epithelial cell adhesion molecule (20), suggest-
ing the presence of junctional complexes (Fig. 1C). The

Table 1. Colony characteristics

cAMP/Cl- Ca?*/Cl-
Cell line Tissue origin AF508 transport transport
- 2CFSMEo~ Airway + - +
6CFSMEo—* submucosal + - -
21CFSMEo—* gland + NT NT
3ACFSMEo—* + NT NT
12CFBE220~* Bronchus .= - -
CFNPE9o- Nasal polyp - - +
- CFNPEl40—* Nasal polyp + NT NT
3HTEo~ Trachea - - +
9HTEo~ Trachea - + +
56FHTES80~ Fetal trachea - + +
T84 Colon - + +
) carcinoma

With the exception of T84, numbers preceding the lettering indi-
cate colony number and number following the letters denotes tissue
sample number. The o~ indicates that the cells were transformed
with an origin of replication-deficient SV40 genome. *, One AF508
allele is present; cAMP/Cl—, cAMP-dependent Cl- transport; Ca2*/
Cl-, calcium-dependent C1~ transport; NT, not tested.

*Cell lines not previously described.
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presence of antigens that localize to mucous or serous cells”
in vivo was detected in individual cell lines indicating secre-
tory cell-specific properties (Table 2). In some cases, expres-
sion of specific secretory antigens was lost postcrisis.
Presence of the AFS508 deletion was determined from
Southern blot hybridization of PCR amplified genomic DNA
probed with normal or AF508 specific radiolabeled oligonu-
cleotides (Fig. 2). DNA from individuals known to be ho-
mozygous or heterozygous for the AF508 mutation was
included as a control. Cell lines 2CFSMEo—, 21CFSMEo-,
3ACFSMEo~, and 6CFSMEo~ and nontransformed nasal
polyp cells from another individual with CF (CFNPE14) are

Fic. 1. Immunocytochemical staining of immortalized CF cells.
Cells were stained with primary antibodies raised against SV40 T
antigen (A), cytokeratin (B), or adhesion molecule cellCAM 120/80
(C). Cell lines are 2CFSMEo~ (4), 6CFSMEo~ (B), and 12CFBE220~
(C). Note that in the 12CFBE220~ cell line only patches of cells retain
expression of the cellCAM 120/80 antigen, even at early passages.

Proc. Natl. Acad. Sci. USA 89 (1992) 5173

Table 2. Antibody staining

In vivo
Antibody 2CFSMEo~ 3ACFSMEo~ 6CFSMEo~ localization
AlD3 <25/0 <25 <25/0 G,M, S
AlE1ll <25/0 0 0/NT G, M
B6ES8 0/0 <25 0/NT G, M
B6G6 NT/0 0 <25/0 G, M
B8C3 NT/0 100 0/0 G,S
B1F8 100/0 100 <25/<25 M
ASE4 <25/<25 NT NT/0 M
A2E7 100/0 100 NT/100 S
A3B7 100/100 0 <25/NT S
Lactoferrin  <25/<25 0 100/NT S
Lysozyme NT/<25 0 100/NT S

Immunoperoxidase staining of individual clones of pSVori~ trans-
formed tracheobronchial gland epithelial cells with antibodies that
recognize cell secretory products. Data are expressed as percentage
of cells staining in precrisis/postcrisis cells. Data for 3ACFSMEo~
are for precrisis cells only. G, goblet cell; M, mucous cell; S, serous
cell; NT, not tested.

heterozygous for the AFS508 mutation. Nasal polyp
(CFNPE90) and surface airway (CFBE22) epithelial cells do
not have the AF508 mutation.

Expression of CFTR mRNA in 2CFSMEo~ and 6CFS-
MEo~ gland cell lines has been investigated. Both cell lines
express CFTR message as confirmed by the presence of the
predicted 627-bp fragment spanning exons 5-7 (Fig. 3). This
is compared with amplified first-strand cDNA from both
non-CF and surface airway CF cell lines. Thus, the CFTR
mutations in the CF gland cell lines do not eliminate produc-
tion of CFTR mRNA.

CF nasal polyp and gland cells were assayed for production
of intracellular cAMP in response to the B-adrenergic agonist,
isoproterenol, and forskolin, an activator of adenylyl cyclase.
When cells were grown in MEM with 10% FBS, this analysis
showed that tracheobronchial gland epithelial cells elevated
cAMP in response to both isoproterenol and forskolin (Fig.
4), similar to that in nasal polyp (CFNPE90~) and non-CF
transformed airway epithelial cells (18). However, response
to isoproterenol and forskolin was greatly attenuated in cells
grown in MLHC-8e, which contains 2.7 uM epinephrine (15,
16) (Fig. 4).

The 36Cl- efflux assay was used to measure Cl~ transport
(Table 3). Neither CF submucosal gland cells QCFSMEo~
and 6CFSMEo~) nor surface airway epithelial cells
(12CFBE220") nor nasal polyp (CFNPE9%0~) responded to
isoproterenol or forskolin, as would be expected for CF cells.
However, transformed non-CF cells responded very poorly
to these agents. Surface epithelial cells BHTEo™) were
unable to increase Cl~ efflux above background after addition
of isoproterenol or forskolin, while fetal airway epithelial
cells (S6FHTE80~) showed increased Cl— efflux after expo-
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Fi1G. 2. Allele-specific oligonucleotide hybridization for detec-
tion of the AF508 mutation. Amplified DNA around the site of the
AF508 mutation. was hybridized to radiolabeled oligonucleotides
specific to either the AF508 (AF) or non-AF508 (N) sequence at this
region of the CFTR gene. DNA samples were prepared from known
AF508/non-AF508 heterozygous individuals (lanes 1 and 2), a known
AF508 homozygous CF patient (lane 3), non-CF cell lines, for
comparison (lanes 4-8), and CF cell lines 2CFSMEo~ (lane 9),
6CFSMEo~ (lane 10), 3ACFSMEo~ (lane 11), 21CFSMEo~ (lane
12), CFNPE9%0~ (lane 13), CFNPE14 (lane 14), and CFBE22 (lane
15).
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Fic. 3. CFTR mRNA expres-
sion in immortalized CF cell lines.
First-strand cDNA was prepared
and amplified by PCR with prim-
ers from exons S and 7 of the
CFTR gene. Amplification prod-
ucts were separated by electro-
phoresis on a 1.5% agarose gel and
stained with ethidium bromide.
Arrow, predicted product (for a
nonmutant CFTR gene) of 627 bp,
spanning nucleotides 622-1248 of
the CFTR gene. Lanes: 1, non-CF
cell line S6FHTE80~ shown for
comparison; 2, 2CFSMEo—; 3,
6CFSMEo—; 4, 12CFBE220-; 5,
CFNPE9%0~.

Miz2 3.4 .5

sure to isoproterenol. When assayed by whole-cell patch
clamp, both of these non-CF cell lines showed increased Cl1~
current in response to an increase in intracellular cAMP
(J.A.W., unpublished results).

Elevation of intracellular calcium was measured in re-
sponse to a number of biological mediators. In 2CFSMEo~
cells, histamine produced a sustained increase in internal
calcium, while carbachol showed a wave-like pattern in
internal calcium (Fig. 54). Bradykinin produced a single
spike of internal calcium (Fig. 5A). Three of six cells re-
sponded to 20-50 uM carbachol, five of five cells responded
to 20-50 uM histamine, and four of four cells responded to
0.5-1 puM bradykinin. Similar results were obtained in
9HTEo™ cells, although the repetitive ‘‘spike’’ of calcium
release was more pronounced in these cells (Fig. 5B) (car-
bachol, 16/24; histamine, 16/17; bradykinin, 8/10) and in
normal primary tracheal cells (carbachol, 2/3; histamine,
4/4; bradykinin, 1/1) (data not shown).

CF gland cells, CF nasal polyp, and non-CF surface airway
cells increased 36Cl~ efflux in response to calcium ionophore
A23187 or ionomycin, agents that increase intracellular cal-
cium concentration. However, the 122CFBE220™ cell line did
not respond in this fashion (Table 3).

DISCUSSION

Analysis of the biochemical defect in CF has been hampered
by the availability of suitable tissue. Isolated airway and
sweat gland epithelial cells have a reduced permeability to
Cl~ (1, 2). In the airways, this is believed to cause increased
water uptake from the lumen, leading to production of
characteristic thick, underhydrated mucus (1, 2). Cl~ secre-
tion can be stimulated in normal, but not in CF, cells by
increasing intracellular cAMP (27-29), even though accumu-
lation of intracellular cAMP after stimulation is normal in CF
cells (27, 28, 30). Regulation of calcium-dependent Cl~ cur-
rents is apparently unaffected in CF (24, 27-31). One type of
calcium-dependent Cl~ current distinct from cAMP-

Table 3. Cl~ transport

Proc. Natl. Acad. Sci. USA 89 (1992)
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FiG. 4. Accumulation of intracellular cAMP in immortalized CF
cells, grown either in serum-containing medium (MEM/10% FBS)
(A) or in serum-free medium (MLHC-8e¢) (B) after a 1-min stimulation
with either forskolin or isoproterenol. cAMP was measured by RIA
and normalized to cell protein content, assuming a recovery of 95%.

dependent current is activated via multifunctional calcium/
calmodulin-dependent protein kinase (31).

Recently, several groups have described the immortaliza-
tion of CF epithelial cell lines from nasal polyps (32-35), a
pancreatic adenocarcinoma (36), sweat glands (35), bronchus
(37), and genital duct (38). Here we describe in vitro trans-
formation and immortalization of CF and non-CF epithelial
cells from the airway. These cell lines do not maintain tight
junctions postcrisis, so ion transport analysis that requires a
monolayer with tight junctions to generate a transepithelial
resistance was not possible. Instead, the 3Cl- efflux assay
was used and indicated that tracheobronchial gland cell lines
retain the CF phenotype, since they do not respond to
intracellular increases in cCAMP. The non-CF surface airway
epithelial cells GHTEo™) also did not respond to isoprotere-
nol or forskolin in this assay, while the fetal epithelial cells
derived from tracheal explants (S6FHTE80~) responded only
to isoproterenol. Two other cell lines, IHAEo~ (39) and
16HBE140~ (unpublished observations), respond well to
isoproterenol and forskolin in this assay, as does the colon
carcinoma cell line T84. The poor responsiveness in the
3HTEo~ and the S6FHTE8o0™ cell lines correlates with low
levels of CFTR mRNA evident only by PCR. CFTR mRNA
in 1IHAEo~, 16HBE140~, and T84 cells can be detected by
Northern blot hybridization of total cellular RNA (unpub-
lished observations).

The whole-cell patch clamp assay measures ion currents in
single cells and has been used to demonstrate the presence of
Cl~ currents in human airway epithelial cells (40). In this
assay, both 2CFSMEo~ and CFNPE9%0~ cells fail to respond
to the lipid-soluble cAMP analogue 8-(4-chlorophenylthio)-
cAMP (CPT-cAMP) (31). In contrast, 1IHAEo~ and 3HTEo™

Cl~ efflux, % efflux per min

Cell line Baseline Isoproterenol Forskolin A23187 Ionomycin
2CFSMEo~ 13715 13.6 = 0.7 13.1 £ 0.3 12.8 = 0.7 20.7 £ 0.5*
6CFSMEo~ 198 14 19.6 = 0.3 18.7 = 0.5 NT 25.2 + 0.04
12CFBE220~ 8.2*1.0 8.9 +0.3 7.8 0.9 NT 9.3+ 0.7
CFNPE9%o~ 14.2 = 0.7 13.4 = 0.8 13.2 £ 0.2 19.7 = 0.3 17.1 = 1.0*
3HTEo~ 12.4 = 0.8 13420 11.2 = 0.8 224+14 NT
S6FHTES80~ 6.9 + 0.6 13.5 24 7.6 £0.3 NT 17.8 + 2.0

NT, not tested. Data were collected in the first minute after addition of the drug. Numbers are means

+ SD (n = 3).

*Separate experiment, where baselines for 2CFSMEo~ and CFNPE90~ ionomycin data are 9.4 + 0.2

and 6.6 * 0.8, respectively.
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Fi1G. 5. Increase in intracellular calcium as measured in response

to carbachol (20-50 pM), histamine (20-50 uM), and bradykinin
(0.5-1 uM). (A) 2CFSMEo~ cells. (B) 9SHTEo™ cells.

cells produce Cl~ currents in response to CPT-cAMP or
forskolin (J.A.W. and P. Gardner, unpublished observa-
tions). Transformed fetal cells (S6FHTE80~) also produce
Cl~ currents in response to CPT-cAMP (31). This assay
therefore readily differentiates normal and CF cells.

Our results indicate no gross abnormalities in calcium
signaling between transformed normal airway epithelial cells
and transformed CF tracheobronchial gland cells. Since
calcium-dependent regulation of Cl~ current is normal in CF
(31), our results suggest that activation of calcium signaling
and calcium-dependent ClI~ current by cell-surface receptors
might be used to circumvent defective cAMP regulation of
CI~ current. Future investigation may reveal whether differ-
ent patterns of calcium signaling, such as those induced by
bradykinin and histamine, produce different effects on cal-
cium-dependent Cl~ currents.

These cells provide a valuable resource for the study of the
CF defect in vitro and of the role of the CF gene product
CFTR. Although the cell lines have lost the ability to produce
tight junctions, C1~ channels, whose activities can be mea-
sured, are still present. As is evident from the studies
described above, it has become increasingly clear that growth
conditions (e.g., growth medium and stage of confluence) at
which experiments are conducted are critical and must be
standardized to analyze Cl~ transport, mucus secretion,
and/or CFTR expression.
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