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1 Exposure to epinephrine has been shown to have a range of e�ects on cells and tissues. A recent
study suggested that the proliferative ability of CF epithelial cells, exposed to high concentrations of
epinephrine (200 ± 300 mM), was reduced when compared to that of normal cells. This approach
could potentially provide a means to e�ectively separate cells with functional cyclic AMP-dependent
Cl-ion transport from those defective in this pathway.

2 The sensitivity to killing by epinephrine is reported here for four di�erent CF cell lines, three
normal cell lines, and two CF epithelial cell lines complemented with wild-type (wt) CF
transmembrane conductance regulator (CFTR) cDNA.

3 While each cell line exhibited varying sensitivity to 200 mM epinephrine, no predictable pattern
was observed between the expression of wt-CFTR and cell survival following epinephrine exposure.
Overall, normal cell lines did exhibit a greater resistance to epinephrine-induced cell death although,
the most resistant cell line was derived from CF tracheal epithelium (SCFTE29o-).
4 The expression of exogenous wt-CFTR increased the survival of one cell line (CFDEo-) when
compared to the parent line, but in another complemented line, survival was reduced.

5 These ®ndings suggest that while epinephrine induces cell killing, it is not consistently e�ective
for preferential selection of normal over CF cells. Although CFTR may play a role in the
mechanism(s) of epinephrine killing, other factors such as cell density, proliferative ability, cell type
origin and phenotype are involved.
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Introduction

Gene therapy for cystic ®brosis (CF) has progressed rapidly
since the isolation of the cystic ®brosis transmembrane
conductance regulator (CFTR) gene (Alton et al., 1992;

Boucher, 1996; Wagner & Gardner, 1997; Wilson, 1995).
Restoration of the cyclic AMP-dependent Cl-ion transport
defect associated with CF has been achieved through

complementation with expression vectors or recombinant viral
constructs containing wild-type (wt) CFTR cDNA (Caplen et
al., 1995; Crystal et al., 1994; Zabner et al., 1993) and gene

targeting (Goncz & Gruenert, 1999; Goncz et al., 1998;
Kunzelmann et al., 1996). Currently, the success of gene
complementation and the detection of corrected cells both in
vitro (Egan et al., 1992; Ferkol et al., 1993; Johnson et al.,

1992; Lei et al., 1996; Rich et al., 1990) and in vivo (Rosenfeld
et al., 1992; Yei et al., 1994) is primarily assessed using ion
transport techniques, such as patch clamp or SPQ ¯uores-

cence. However, such techniques have been ine�ective for use
in the separation and/or enrichment of cells with functional
cyclic AMP-dependent Cl-ion transport (CFTR+) from a

population that contains both CFTR+ and cells defective in
cyclic AMP-dependent Cl-transport (CFTR7). Enrichment
would facilitate isolation of corrected (CFTR+) cells for
further characterization in the assessment of gene therapy

analysis.

The presence of selectable marker genes as part of the
expression vector or recombinant viral construct used in gene
therapy can facilitate enrichment. However, in the absence of

such genes, as is the case with CF gene targeting, enriching for
and isolating corrected cells has been di�cult (Gruenert, 1998).
Until recently, the expression of wtCFTR alone did not appear

to be su�cient to give CFTR+ cells a proliferative or survival
advantage over CFTR7 cells. A novel study suggested that
exposure to high concentrations (200 mM) of epinephrine can

selectively kill cells that are CFTR7, while CFTR+ cells are
more resistant to epinephrine induced-killing (Vega et al.,
1994). Di�erential survival of CFTR7 and CFTR+ cells was
observed when the exposure time and concentration of

epinephrine was varied. This study was the ®rst indication
that preferential killing of CFTR7 cells could be achieved
when grown concomitantly with CFTR+ cells.

The studies reported here test the hypothesis that
epinephrine selection can be used to enrich for CFTR+ cells
as indicated previously (Vega et al., 1994). In addition to the

56FHTE8o- cell line used in the previous study, a number of
other normal as well as CF epithelial cell lines were used. The
cytotoxic e�ects of epinephrine treatment were determined in
normal: CFTR+ [(56FHTE8o-, 9HTEo-, 16HBE14o-)],

CF:CFTR7 [(SCFTE29o-, CFBE41o-, CFDEo-, CFSMEo-)]
and CF expressing wild-type (wt) CFTR:CFTR+ [(CFDEo-/
pREP-CFTR, SCFTR29o-/pREP-CFTR,)] human airway

epithelial cells and did not necessarily correlate with the
presence of wtCFTR.
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Methods

Tissue culture

Transformed human epithelial cell lines derived from the

airways of non-CF (CFTR+) and CF (CFTR7) individuals
were used. The 56FHTE8o-, 16HBE14o-, and 9HTEo- are
normal cell lines and show intact cyclic AMP-dependent Cl-

transport (Cozens et al., 1992, 1994). The genotype of the CF
cell lines are as follows: SCFTE 29o- (Gruenert et al., 1988)
and CFBE41o- (unpublished data) are homozygous for the

DF508 allele (DF508/DF508), CFSMEo- (Kunzelmann et al.,
1993) is compound heterozygote with one unknown CFTR
mutation (DF508/?), CFDEo- (Chao et al., 1994; Lei et al.,

1996) is a non-DF508 CF cell line with unknown CFTR
mutations (?/?). All the CF cell lines are defective in cyclic
AMP-dependent Cl-transport. Two of the CFTR7 cell lines
(SCFTE29o- and CFDEo-) were complemented with wt-

CFTR cDNA cloned into an Epstein-Barr virus based
episomal expression vector (pREP4b, Invitrogen) under the
regulation of the Rous Sarcoma Virus (RSV) promoter. Both

corrected cell lines display cyclic AMP-dependent Cl-transport
as determined by 36Cl7 e�ux (Lei et al., 1996) and/or SPQ
(unreported observations).

All cells were grown in Eagle's Minimal essential medium
(MEM) supplemented with 10% foetal calf serum, L-
glutamine and penicillin/streptomycin at 378C under 5%
CO2. The complemented cell lines (CFDEo-/pREP-N and

SCFTE29o-/pREP-N) were grown in 300 mM Hygromycin
B. Cultures were routinely grown on tissue culture plastic
coated with an extracellular matrix comprised of ®bronectin/

vitrogen/bovine serum albumin (Gruenert et al., 1990;
Lechner & LaVeck, 1985). Growth medium was replaced
every other day.

Epinephrine treatment

Experiments were performed at least three times and for each
experiment, cells were plated in 60 mm Petri dishes at various
densities (56105 to 36106) in triplicate (n=3). Complemented
cell lines were fed with regular growth medium, without

Hygromycin B, 3 days prior to plating. After an initial 24 h
incubation that allowed for cells attachment and the start of
exponential growth, the growth medium was replaced with

serum free medium containing either 100, 200 or 300 mM
epinephrine (Bio¯uids, Rockville, MD, U.S.A.). Control
cultures were identical to treated cultures except that the

fresh, serum-free growth medium did not contain epinephrine.
After a 48 h exposure, treatment was terminated and cells were
harvested by trypsinization. The cells were then resuspended in
growth medium as single-cell suspensions and counted with a

particle counter (Model ZF, Coulter Electronics, Hialeah, FL,
U.S.A.).

Cell survival analysis

Cell survival was calculated by dividing the number of cells in

treated dishes (S) by the average number of cells in duplicate
control dishes (So) at the end of the experiment. The
proliferative ability of each cell line was determined by

comparing the average number of cells initially plated (Po)
with the average number present in control dishes (So) at the
end of the experiment. The ratio of these two numbers (So/Po)
is expressed as the cell proliferation (CP) index. Values greater

than 1 de®ne highly proliferative cells whereas values less than
1 de®ne less proliferative cells.

Mixed cell population

CFTR+ cells (16HBE14o- or 9HTEo-) were seeded at low

density in 100 mm dishes and grown until colonies appeared.
The position of the colonies was marked on the bottom of the
dish. CFTR7 cells (SCFTE29o- or CFBE41o-) were then
plated evenly over the CFTR+ colonies at 70 ± 80%

con¯uence. The cells were then treated with epinephrine
(200 mM for 48 h). Control dishes received no epinephrine.

Statistics

Results are expressed as mean+s.e.mean. Unpaired Student's

t-tests were performed on the data and the null hypothesis was
rejected at P50.05.

Results

Epinephrine dose response

Initial cell survival analysis for three di�erent concentrations
of epinephrine (100, 200 and 300 mM) with two cell lines,

9HTEo- (N/N) and SCFTE29o- (DF508/DF508), de®ned the
sensitivity of both cell lines to epinephrine exposure. After a
48 h exposure, both cell lines showed an increase in sensitivity

to killing with increasing epinephrine concentration (Figure 1).
Survival for 9HTEo- cells dropped from 64% at 100 mM to
40% at 300 mM, whereas cell survival for SCFTE29o- cells

showed even greater sensitivity, falling from 78 to 19% over
the same range of epinephrine concentrations. However, unlike
previous observations (Vega et al., 1994) the CF cell line
(SCFTE29o-) was more resistant than the normal cell line

(9HTEo-) at the 100 and 200 mM concentrations.

Cell survival

Sensitivity to 200 mM epinephrine was determined for all seven
cell lines at di�erent cell densities (Figure 2). Overall, cell

survival decreased by an average of 70% when compared to

Figure 1 Cell survival of 9HTEo- and SCFTE29o- cells exposed to
three di�erent concentrations of epinephrine. Cells were initially
plated at a density of 200,000 cells per dish and then exposed to
epinephrine for 48 h.
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untreated controls. From the previous study (Vega et al.,
1994), it was expected that normal cells would be signi®cantly
more resistant than the CF cells. The average survival for cells

with normal genotype, at all of the plating densities, was higher
than the average calculated for all the CF cells (37.1+4.7%
versus 22.2+4.8%, respectively). However, there is substantial
variation in cell survival when each cell line is considered

separately.
The most resistant cell line is a CF cell line (SCFTE29o-).

The average cell survival for all cell densities is approximately

50%. Cell lines ranked from most resistant to least resistant,
are as follows: SCFTE29o- (52.2+9.1%)456FHTE8o-
(50.2+3.5%.)49HTEo- (43.7+4.8%)4CFDEo- (20.6+

2.2%.)416HBE14o- (17.5+6.6%.)4CFSMEo- (8.6+ 3.3%.)
4CFBE41o- (7.2+2.5%).

Di�erences in cell survival were observed for the same cell

line as a function of the initial plating density (Figure 2). For
example, the survival of 16HBE14o- cells plated at a density of
50,000 cells per dish is only 16.1+5.6%. However, when these
cells are plated at a 6 fold higher density (300,000 cells per

dish), survival almost triples (43.5+16.7%). Evidence for
plating density-dependent epinephrine sensitivity can be seen
in each cell line to varying degrees. Cell lines that show a

signi®cant increase in survival between the lowest and the
highest plating densities include the SCFTE29o- and CFDEo-
cell lines. A signi®cant decrease in survival with increasing

Figure 2 Cell survival of three CFTR+ (56FHTE8o-, 9HTEo-, 16HBE14o-) and four CFTR7 (SCFTE29o-, CFDEo-, CFBE41o-,
CFSMEo-) cell lines exposed to 200 mM epinephrine for 48 h. Cells were plated at ®ve di�erent plating densities. Cell survival for
three CFTR+ cell lines (A) and four CFTR7 cell lines (B) after a 48 h exposure to 200 mM epinephrine are shown. The average cell
survival for all of the cell lines at the di�erent plating densities was approximately 30%. Cells with wtCFTR generally showed a
higher cell survival rate than cells with mutant CFTR however, there is considerable variation with regards to both plating density
and cell type. Results are from three separate experiments except for the data from SCFTE29o- cells, which is combined from six
separate experiments.
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density was observed for the CFBE41o- and CFSMEo- cell
lines. The 16HBE14o- and 9HTEo- cell lines also exhibited a
signi®cant decrease in survival with increasing plating density

except at the highest plating density when cell survival was
statistically similar (9HTEo-) or greater than (16HBE14o-) the
lowest plating density. Only one cell line (56FHTE8o-) was
relatively una�ected by cell density and cell survival remained

the same (P50.05) for all but one plating density (100,000
cells/well). These results are unlike the previous study (Vega et
al., 1994) in which both CFTR+ and CFTR7 cells were most

sensitive to killing at low cell densities whereas at a higher
plating density, cell survival for both types of cells was
observed to be 100%.

The density-dependent survival of individual cell lines to
epinephrine changes the cell sensitivity ranking according to
cell density. While 9HTEo- cells are more resistant to

epinephrine killing than SCFTE29o- cells at a plating density
of 50,000 cells per dish, SCFTE29o- cells show a greater
resistance to epinephrine-mediated killing than their normal
counterparts (9HTEo-) when both cell types are plated at

300,000 cells per dish.

Correction of the CFTR7 phenotype

The presence of functional CFTR in¯uences the sensitivity of
CFTR7 cells to epinephrine. The survival of two CF cell lines

(CFDEo- and SCFTE29o-) stably transfected with wtCFTR
cDNA (CFDEo-/pREP-N and SCFTE29o-/pREP-N, respec-
tively), was found to be di�erent from that of the parental

lines. Correction of the Cl-transport defect by this comple-
mentation was su�cient to render the CFDEo-/pREP-N cells
statistically less sensitive to epinephrine at all plating densities
(Figure 3A). The observed increase in cell survival was greatest

at cell plating densities below 150,000 cells per dish. Under
these conditions, cell survival was approximately three times
that of uncorrected parental cells. At the higher plating

densities, the di�erences in survival between corrected and
uncorrected cells was reduced to a factor of two. This variation
in survival can be attributed to the fact that CFDEo- cells are

more resistant to epinephrine at higher plating densities
whereas plating density does not appear to play a role in the
survival of the corrected CFDEo-/pREP-N cells.

Expression of wtCFTR had a di�erent e�ect in the

complemented SCFTE29o- /pREP-N cells (Figure 3B). At
the higher plating densities, there was no statistical di�erence
in cell survival between the corrected and uncorrected parental

line. However, at densities of 150,000 cells per dish and lower,
corrected cells were statistically more sensitive to epinephrine-
mediated killing than the parental SCFTE29o- cell line. In

addition, both corrected, SCFTE29o- /pREP-N, and parental
SCFTE29o- cells, unlike the CFDEo- cells, show an increase
in resistance to epinephrine with increasing cell density.

Preferential selection of CFTR+ over CFTR7

Under speci®c conditions, it was possible to select CFTR+

clones from a mixed population of CFTR+ and CFTR7 cells.
Figure 4 shows the results of two cell mixing experiments using
9HTEo-/CFBE41o- and 16HBE14o-/SCFTE29o- after a 48 h

incubation in the presence of epinephrine. Results from the
9HTEo-/CFBE41o- treated dish (Figure 4B) were as expected,
in that at least half of the 9HTEo- colonies survived exposure

to 200 mM epinephrine while CFBE41o- cells died. The same
killing pattern was observed when CFBE41o- cells were ®rst
grown as colonies and 9HTEo- cells plated on top (data not

shown). In this case, after epinephrine exposure, the
CFBE41o- colonies disappeared and the 9HTEo- cells
proliferated.

However, using di�erent cell lines, it is also possible to

preferentially select CFTR7 cells. In the 16HBE14o-/
SCFTE29o- dish, the majority (88%) of CFTR+ colonies
died after exposure to epinephrine whereas there was no

Figure 3 Cell survival analysis of CF cell lines complemented with wtCFTR as compared to parental cell lines after exposure to
200 mM epinephrine for 48 h. Results for (A) CFDEo- cells and (B) SCFTE29o- cells plated at ®ve di�erent cell densities are shown.
The presence of functional CFTR in the CFDEo- cell line statistically improved cell survival at all of the plating densities. This was
not the case with the DCFTE29o- cell line. In fact, complementation at a plating density of 150,000 cells per dish and lower resulted
in a statistically lower survival. Survival of SCFTE29o- cells stably transfected with cDNA encoding for D508 (pREP-DF) was not
statistically di�erent from the parental SCFTE29o- cell lines. Results are from three separate experiments, except for the data from
SCFTE29o- cells, which is combined from six separate experiments. Asterisks indicate a statistically signi®cant di�erence (P50.05)
in survival between CFTR7 and CFTR+ cells at the respective population densities.

Sensitivity of normal and CF airway cells to epinephrine230 K.K. Goncz et al



obvious decrease in the number or in the proliferative rate of
SCFTE29o- cells (Figure 4D). This result is consistent with the
data presented above (Figure 2). At low density, 16HBE14o-

cells are quite sensitive to epinephrine whereas the SCFTE29o-
cells, when plated at a high density, are insensitive to
epinephrine-mediated cell killing.

Cell proliferation

Although all cell lines were initially plated at identical

densities, the e�ective number of cells treated with epinephrine
after 24 h varied according to the CP index of a given cell line
(see Methods). A CP index of 1.0 indicates that after 72 h (at

the end of the 48 h epinephrine exposure) the number of cells
in the experimental dishes were the same as that initially
plated. Only two cell lines showed an average CP index of

lower than 1.0; the 56FHTE8o- (0.60+0.02) and the

16HBE14o- (0.87+0.03.). The CP index was calculated for
each cell line at each plating density (Table 1). As can be seen,
the values remain relatively constant and vary little between

experiments.
The dependence of cell survival on proliferation is indicated

in Figure 5. There is a direct correlation between these two
parameters for six out of seven cell lines. Cells with low CP

indices exhibit lower cell survival, while cells with high CP
indices have increased cell survival after exposure to
epinephrine. The same correlation was not observed for

56FHTE8o- cells. This cell line has the lowest CP index, yet
cell survival is average after epinephrine exposure.

Discussion

The development of human airway epithelial cell lines has been
important for enhancing the understanding of cell biology, CF
and airway disease processes (Gruenert et al., 1990; Hopfer et
al., 1996). Such cell lines have been critical in characterizing the

e�cacy of CF gene therapy strategies and the mechanisms
whereby exogenous DNA is delivered to the nucleus. However,
since there appears to be no obvious di�erence between the

proliferative potential of CF and normal epithelial cells, it has

Figure 4 Morphologic analysis of three mixed cultures of CFTR+

and CFTR7 cells with and without exposure to 200 mM epinephrine
for 48 h. 9HTEo- colonies with CFBE41o- plated over top (A)
control and (B) post-epinephrine exposure. 16HBE14o- colonies with
SCFTE29o- cells seeded over top (C) control and (D) post-
epinephrine exposure. As predicted, epinephrine selectively kills the
CFTR7 cell line (CFBE41o-) whereas the CFTR+ cell line (9HTEo-)
remains relatively intact (A). The cells have appeared to swell slightly
over controls after exposure. However, similar exposure is also
su�cient to selectively kill a CFTR+ (16HBE14o-) cell line when co-
plated with another CFTR7 cell line (SCFTE29o-). The distinct
morphological di�erences between the cell lines is useful for
identifying which population of cells is sensitive to epinephrine-
induced cell killing. (Original magni®cation: 6200).

Table 1 Average cell proliferation indices for all of the cell lines at di�erent plating densities

Plating density
Cell line 50,000 100,000 150,000 200,000 300,000 Average

56FHTE8o- 0.65+0.03 0.66+0.02 0.53+0.02 0.56+0.02 0.59+0.02 0.60+0.02
9HTEo- 2.28+0.09 2.57+0.13 2.77+0.11 2.69+0.10 2.64+0.06 2.59+0.08
16HBE14o- 0.81+0.09 0.91+0.13 0.89+0.14 0.93+0.15 0.81+0.12 0.87+0.03

SCFTE29o- 2.33+0.19 2.47+0.13 2.61+0.14 2.48+0.17 2.48+0.18 2.47+0.04

CFBE41o- 2.11+0.07 1.86+0.06 1.80+0.06 1.55+0.17 1.35+0.12 1.73+0.13
CFDEo- 1.95+0.06 1.96+0.08 1.82+0.08 1.75+0.10 1.84+0.09 1.86+0.04
CFSMEo- 1.54+0.11 1.74+0.10 1.44+0.16 1.22+0.21 1.35+0.17 1.46+0.09

Figure 5 Cell survival after exposure to epinephrine as a function of
the cell proliferation (CP) index of each cell line for all of the plating
densities. Standard regression analysis indicates a correlation between
cell survival and CP for six out of the seven cell lines (with the
exception of a data point corresponding to 16HBE14o- cells plated at
a density of 300,000). The 56FHTE8o- cell line di�ers from the other
cell lines in that it is derived from foetal tissue.
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not been possible to selectively enrich for either type of cell in
gene therapy experiments.

Research in development of the SFHR gene targeting

strategy for correction of CFTR mutations (Goncz &
Gruenert, 1998; Goncz et al., 1998; Kunzelmann et al., 1996)
would be greatly facilitated by a method that selectively
enriches for normal cells over CF cells. The initial report that

exposure to epinephrine would cause selective killing of CF
cells (Vega et al., 1994) was of particular interest. To ascertain
whether this approach was generally applicable, several

normal and CF epithelial cell lines developed within the
laboratory and, currently utilized by a number of researchers,
were evaluated. The results presented here cannot con®rm a

direct correlation between the expression of wtCFTR and
resistance to epinephrine-induced cell killing. Treatment with
epinephrine (200 mM), previously shown to be preferentially

cytotoxic for CF cells (CFTR7), was not consistently
detrimental to cells that did not express wtCFTR. Therefore,
the presence or absence of wtCFTR alone cannot be used as a
criterion for epinephrine sensitivity.

Reduced or defective Cl-transport due to defective CFTR
cannot be completely ruled out as contributing to epinephrine-
mediated cell death. Results from experiments on corrected

CFDEo-/pREP-N cells suggest that CFTR-mediated Cl-
transport may in¯uence cell survival as corrected cells had
better survival after exposure to epinephrine as compared to

their parental counterparts. However, the observation that
corrected SCFTE29o- cells displayed more sensitivity to
epinephrine, indicates that the presence of wtCFTR does not

always improve cell survival.
It is possible that the activity of other ion channels

stimulated by epinephrine could account for the observed
results. Epinephrine induces a number of salt currents in a

variety of cells and tissues (Galietta et al., 1991; Greger et al.,
1996; Halm et al., 1993; Hawk et al., 1993; Hyun et al., 1994).
This stimulatory process occurs via both b- and a-adrenergic
receptors present in surface and submucosal gland epithelial
cells from both normal and cystic ®brosis subjects (Merten et
al., 1993; Welsh, 1987; Widdicombe, 1986). As such, cell

survival is dependent on the coordination of a number of ion
¯uxes (Haas et al., 1995; McCann & Welsh, 1990). Adrenergic
stimulation of other permeability pathways that result in
asynchronous activation of a salt in¯ux and/or e�ux could

cause an imbalance in cell osmolytes and ultimately change cell
volume culminating in cell death (Halm & Halm, 1994).
Accumulation of calcium and sodium after epinephrine

exposure in dog cardiac cells (Lee et al., 1980) and in gold®sh
melanocytoma cells (Shih & Lo, 1993) has been shown to be
detrimental after exposure to epinephrine. Thus, it is possible

that the di�erential sensitivity to epinephrine observed in this
study is due to asynchronous stimulation of di�erent ion
channels in individual cell lines. Di�erences in ion channel

composition have been observed in cells from di�erent origins.
Resistance to epinephrine could also be attributed to the

presence of ion channels that compensate for defective cyclic
AMP-stimulated Cl-e�ux and could explain why cell lines
derived from tracheal origin (SCFTE29o-, 56FHTE8o- and

9HTEo-) were more resistant to epinephrine than bronchial
derived cell lines (16HBE14o- and CFBE41o-). The speci®c
phenotypic attributes of individual clones, such as cell polarity,
may also play a role in de®ning ion channel composition,

distribution and the resultant epinephrine sensitivity.
The most direct result from this study is the correlation

between cell proliferation and sensitivity to epinephrine. Cells

exhibiting a lower proliferative potential, as determined by CP
index, are more sensitive to epinephrine-induced killing than
those with a higher CP index. The notion that cell viability

plays a role in cell survival after epinephrine exposure has been
found in other experiments (Brenner et al., 1987). The only
exception to this pattern was the 56FHTE8o- cell line. This cell

line is di�erent from the other six in that it is derived from
foetal tissue. Interestingly, this was the only naturally
occurring CFTR+ cell line used in the previous study (Vega
et al., 1994). The di�erences between the results presented here

and the previous study could be attributed to di�erences in
experimental methodology and/or the limited scope of the
previous study.

In conclusion, di�erences in epinephrine sensitivity appear
to be the result of cell origin and/or the phenotypic
characteristics of an individual clone and, that the proliferative

potential of a given epithelial cell line is a better indicator for
sensitivity to epinephrine than the presence of wtCFTR. While
it was possible to isolate a normal cell line (9HTEo-) from a

mixed population of normal and CF (CFBE41o-) cells,
selection was only possible because the cells grow in
morphologically distinct colonies and because the di�erences
in sensitivity to epinephrine were large. Such di�erences would

not be found in vivo or in cell culture because the corrected and
parental cell lines share the same morphological features.
Furthermore, epinephrine can be used to select for CF cells

(SCFTE29o-) by preferentially killing normal (16HBE14o-)
cells. While the di�erential sensitivity of cells to epinephrine is
inherently interesting for airway epithelial cell biology,

especially in treatment of asthma and emphysema (Green et
al., 1994), there is as yet, no signi®cant evidence to conclude
that exposure to high doses of epinephrine will be useful to
select cells based on cyclic AMP-dependent Cl-transport.

Further study will be necessary to elucidate the mechanisms
underlying the observed di�erences in epinephrine sensitivity.
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