Killing of Fibroblasts by Dexamethasone or Dibutyryl Adenosine
3',5’-Monophosphate Is Not a Valid Test for Cystic Fibrosis

Abstract. Assays based on the counting of total cells and of colony-forming cells
were used to demonstrate that neither dexamethasone nor dibutyryl adenosine 3',5'-
monophosphate (cyclic AMP) kills human fibroblasts under a variety of conditions.
These results contradict those of previous studies showing that dexamethasone and
dibutyryl cyclic AMP kill a higher percentage of fibroblasts from normal humans
than from individuals with cystic fibrosis.

Epstein, Breslow, and their co-work-
ers have reported (/-4) that both dexa-
methasone and dibutyryl adenosine
3’,5’-monophosphate (cyclic AMP) kill
cultured fibroblasts derived from skin of
normal individuals at concentrations
(1071° to 10-7M) at which they have little
effect on the viability of fibroblasts from
individuals with cystic fibrosis (CF).
This selective effect of dexamethasone
has been proposed as the basis of a diag-
nostic test for the disease in fetuses and
in individuals heterozygous for the trait
(2). In view of the potential clinical sig-
nificance of such a test, we initiated stud-
ies that were designed to confirm these
observations. Our results do not agree
with the findings reported in (/-4). In
spite of care to simulate their experimen-
tal conditions, we found no significant
killing of normal human fibroblasts by
dexamethasone or dibutyryl cyclic AMP
at the concentrations that they used.

Skin fibroblast strains N381, N57, and
N834 were derived from female donors
6, 21, and 28 years of age, respectively,
at the Hospital for Sick Children in To-
ronto. The donors were unrelated and
had no history of CF. The methods of
culture have been described (5). Cells
were thawed (except for strain N834,
which was not frozen) and passaged
twice before use. Cells tested in Eagle’s
MEM-B [minimal essential medium sup-

plemented with the seven nonessential

amino acids (Gibco), glucose (0.9 g/liter),
10 percent fetal boviné serum, penicillin,
and streptomycin (/)] were subcultured
twice in the new medium before being
used.

The skin fibroblast strains with the
prefix GM were obtained at third through
ninth passages from the Human Genetic
Mutant Cell Repository at the Institute
for Medical Research, Camden, New
Jersey. All strains were unrelated except
GM1651 and GM 1652, which came from
sisters. Stock cultures of these cells were
frozen over liquid nitrogen after two to
seven passages of 1:4 dilutions in Eagle’s
MEM supplemented with 1.0 mM pyru-
vate, 0.2 mM asparagine, 0.2 mM serine
©6), and 10 to 20 percent fetal calf serum
).

In a preliminary study, in which a
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cloning assay (/) was used, cell strains
GM323 and GM316 showed, respective-
ly, 104 and 123 percent survival after ex-
posure to 1077M dexamethasone at den-
sities of 100 to 300 cells per 100-mm dish.
In contrast, Epstein ez al. (/) reported 15
to 24 percent survival for seven normal
fibroblast strains exposed to 10-7M dexa-
methasone, and 10 percent survival for
two normal strains exposed to 107¢M
dexamethasone.

We therefore attempted to find a com-
bination of cell culture techniques that
would allow demonstration of significant
killing of human skin fibroblasts by dexa-
methasone. We investigated the unique-
ness of serum by using lots from Mi-
crobiological Associates (/) and Gibco.
We tested the effect of antibiotics used
by Epstein et al. (I). We compared the
effects of dexamethasone (/) to those of
dexamethasone phosphate (2, 3). We al-
so used different protocols and solvents
for dissolving the chemicals and adding
them to the cells. In no instance did the

average of three dishes show more than
25 percent killing by 107M dexametha-
sone or dexamethasone phosphate for
any of the four strains tested. Table 1
shows all of the results of a survey of 11
normal cell strains tested as described (/)
except for the difference in culturing
technique discussed below.

In addition to fibroblast strains ob-
tained from the Institute for Medical Re-
search (Table 1), three other normal cell
strains (N57, N381, and N834) were tested
independently in similar experiments in
Toronto in order to determine the effects
on their cloning efficiency of dexa-
methasone and dexamethasone phos-
phate (1071° to 107°M) in both Eagle’s
MEM-B and « medium (5) in which
fetal calf serum obtained from Flow
Laboratories was used. Inhibition of
cloning efficiency never exceeded 26
percent, with an average of 8 percent at
10’M and 16 percent at 107°M. The
average survival of two cell strains from
Toronto and ten strains from the Institute
for Medical Research, grown in Eagle’s
MEM-B and exposed to dexamethasone
or dexamethasone phosphate (1077 to
10-°M), was 105 = 4 percent (+ standard
error; 29 determinations). Similar results
were obtained with eight skin fibroblast
strains from subjects with CF.

In a negative report of this type it is
important to establish the availability
and efficacy of the drugs used. The pres-
ence of dexamethasone phosphate at the

Table 1. Effect of dexamethasone (dex) on the cloning efficiency of normal human fibroblasts.
For this type of experiment, strains from the Institute for Medical Research were thawed and
passaged once or twice at 2500 cells per square centimeter before being cultured at densities of 2
to 10 cells per square centimeter (here, 300 cells per 100-mm dish) in 10 ml of Eagle’s MEM-B
without antibiotics (inocula of 1000 cells per dish sometimes resulted in dishes too crowded with
clones to permit accurate counting). After 24 hours we added 1 ml of Eagle’s MEM-B contain-
ing 1 percent ethanol with or without the test agent at a concentration ten times greater than the
desired final concentration (here, 107°M dexamethasone phosphate diluted in medium from
10~°M in ethanol). Twenty-four hours later the cells were washed with one or two 10-ml rinses
of Hanks salts or Eagle’s MEM (here, Eagle’s MEM) and fed with 10 ml of Eagle’s MEM-B.
The medium was replaced after 7 to 10 days (here, 10) and the cells were fixed after 13 to 15 days
(here, 15) with 70 percent ethanol. The cells were stained for about 1 minute with a filtered
solution of Giemsa (0.2 g) in methanol (100 ml) and for 30 seconds after removal of the excess
stain with water. Cloning efficiency was defined as the number of colonies with about 30 or more
cells (about five doublings) divided by the calculated number of cells originally cultured. Surviv-
al was defined as cloning efficiency after exposure to the test agent divided by cloning efficiency
without exposure.

Clones per dish

Strain Sex Donor Survival
age (years) With dex Without dex (%)
GM323 M 11 43,48,65 73,60 78
GM1582 F 11 29,23,29 23,23,20 123
GM497 M 4 3, 2,0 2, 3,0
GM316 M 12 40, 36, 38 47,46, 44 83
GM409 M 7 1, 7, 3 5,0, 1
GM500 M 10 14,15, 14 11,13 120
GM1651 F 11 18,15, 15 16,17, 10 112
GM1652 F 13 27,36,42 14,29 162
GM495 M 29 33,34,36 33,32,32 106
GM2037 M 13 37,39,28 25,22,31 134
GM498 M 3 86, 68 83,72,80 98
Mean =+ standard error 1139
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correct concentration (107*M) was as-
certained spectrophotometrically (wave-
length, 239 nm; absorption coefficient,
14,000 in ethanol) when dissolved in eth-
anol, Hepes-buffered Eagle’s MEM, and
Hepes-buffered Eagle’s MEM plus 1 per-
cent fetal calf serum (8). Dexamethasone
phosphate was biologically potent, as in-

dicated by its effect on S-49 lymphoma :

cells (9, 10); significant inhibition of the
increase in cell number was observed
after 32 hours and complete cessation
of growth occurred after 3 days in the
presence of the chemical at 107°M.

The validity of the fibroblast cloning
system as a measure of cell killing was
demonstrated by measuring the effects of
ouabain (//, 12). Cells from strains
GM498 and GM323 were cultured at a
density of 300 cells per dish and exposed
to 1071, 10-%, 108, and 10~"M ouabain
and 107°M dexamethasone phosphate.
Concentrations of ouabain 107®M and
lower had little or no effect, but 1077M
ouabain lowered cloning efficiency to
less than 2 percent of control; 10-M
dexamethasone phosphate caused no
more than 20 percent inhibition of clon-
ing efficiency.

We also measured the effects of dexa-
methasone on cell growth by determin-
ing cell number with a particle counter.
If a high percentage of cells was killed by
dexamethasone, a difference in cell num-
ber compared to controls should be evi-
dent within a few cell doubling times. In
four experiments of this type, we used
five normal cell strains in Dulbecco’s
MEM and Eagle’s MEM-B at high and
low cell densities. Exposure to 107'M
dexamethasone for 24 hours resulted in
no inhibition of growth after 10 days of
culture. Exposure to 107*M dexametha-
sone phosphate produced 19 to 25 per-
cent inhibition of growth for strain
GM498 and 7 percent inhibition for strain
GM316 after 6 days of culture. Ouabain,
however, caused 80 to 90 percent inhibi-
tion of growth at 10~7M, with greater in-
hibition at 10-%M and no significant inhi-
bition at 10-8M.

Still another experiment was designed
to monitor cell number and cloning effi-
ciency simultaneously for two strains at
500 cells per 100-mm dish. Strain GM498
(carried 14 days before cloning, rather
than 6 days as in Table 1) exhibited a
cloning efficiency of 5.3 percent (average
of four to six dishes); cell number was
156,000 cells (average of duplicates).
Strain GM499 showed a cloning efficien-
cy of 1.8 percent and averaged 57,000
cells. Exposure of cells to 1077 and
10-M dexamethasone phosphate or 107°
and 1078M ouabain did not decrease
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Table 2. Effect of dibutyryl cyclic AMP on the
survival of normal human fibroblasts. In ex-
periment 1, strain N834 was used and 212
cells were cultured per dish; in experiment 2,
strain N381 was used at 221 cells per dish.
Cells in the fifth through tenth generations
were passaged from a late exponential
phase and cultured in 100-mm dishes in 9 ml
of Eagle’s MEM-B supplemented with 10 per-
cent fetal calf serum. After 24 hours, 1 ml of
dibutyryl cyclic AMP (Sigma) at a concentration
ten times greater than the desired final concen-
tration was added in complete medium. The
medium and drugs were removed after 24
hours and the cells were washed twice with
Earle’s balanced salt solution and fed again
with 10 ml of medium. The cells were fed 7
days after the start of the experiment and
stained and counted 7 days later.

Concen- Average Sur-
tration of Clones cloning .
dibutyryl per effi- V“ll'
cyclic AMP dish ciency (;)
M) (%) 7
Experiment 1
0 65, 56, 50, 51 26
10-8 47,59,71, 54 27 104
10-¢ 49, 86, 61 31 119
1074 49, 50 24 92
Experiment 2
0 16,15, 19, 18 7.7
1078 20,31, 17 10.2 132
1078 20, 12 7.2 94
104 18,13,11, 16 6.6 86

these values significantly, but 10~"M
ouabain decreased both cloning efficien-
cy and cell number by 95 percent.

Thus the results of the five experi-
ments involving cell counts support the
conclusion, based on the cloning experi-
ments, that concentrations of dexa-
methasone between 1077 and 1075M do
not kill more than a small percentage
(certainly less than 25 percent) of cells
from all tested strains of normal human
skin fibroblasts. Epstein et al. (I) ob-
served a 75 to 90 percent killing of nor-
mal skin fibroblasts at 1077 to 107°M
dexamethasone. We attempted to uncov-
er causes for the disparity by considering
the manner in which dexamethasone was
applied, the availability and potency of
the dexamethasone phosphate used, the
serum source, and the presence or ab-
sence of antibiotics. None of these fac-
tors appear to be involved (I3, I4).

We are aware of at least one possible
explanation for the differences between
our results and those of Epstein and his
co-workers. Their procedure (/-4, 12) has
been to add enough cells to each experi-
mental dish to produce 75 to 100 colo-
nies. Therefore, more cells were cul-
tured on experimental dishes than on
control dishes. The results of an experi-
ment relating size of the inoculum to ap-
parent cloning efficiency suggest that

even without dexamethasone, the clon-
ing efficiency decreases at higher cell
densities. The cloning efficiency of
GM498 cells decreased progressively
from 22.9 to 12.6 percent as the size of
the inoculum was increased from 100 to
1000 cells. The cloning efficiency of
GM323 cells likewise decreased from
31.7 to 16.6 percent (/5). Possibly the
large clones covered up smaller clones
that would have been observed at lower
clone densities; especially susceptible to
such obscuration would be the small
clones exhibiting a dispersed morpholo-
gy (16). Another factor leading to fewer
detectable clones after introduction of a
large inoculum would be the faster deple-
tion of growth factors in the medium by
the larger numbers of cells.

Other reports offer some perspective
on the effects of ouabain and dexametha-
sone on fibroblasts. Concerning the ef-
fects of ouabain on growth of human skin
fibroblasts, Mankovitz er al. (I1) ob-
served that the effect of ouabain on cell
growth was negligible up to 107M but
caused 80 percent inhibition at 10~7M for
two normal strains. Epstein and Breslow
(I2) measured a progressive increase in
inhibition of cell growth by ouabain,
from 40 percent at 10~1°M to 90 percent
at 1075M. Although it is true that the two
research groups measured the ouabain
effect with different assays, the rational-
ization put forth by Epstein and Breslow
(I12) cannot explain the lack of killing at
ouabain concentrations of 1078M or less
noted by Mankovitz ez al. (I1). In both
of our laboratories, we confirmed the
concentration-effect relationship for oua-
bain whether we assayed by cell number
or by cloning efficiency (/7). We suggest
that the progressive decrease in survival
between 1071° and 107M ouabain mea-
sured by Epstein and his co-workers rep-
resents the peculiarities of their cloning
assay more than the effect of ouabain; in-
deed, all of their survival curves are sim-
ilar whether they measured the effect of
dexamethasone (/), ouabain (/2), dibu-
tyryl cyclic AMP, isoproterenol, theo-
phylline @), or three sex steroids (3).
The shape of these dose-response curves
cannot be reconciled with the presently
understood interactions of these sub-
stances with their receptors.

Finally, we tested dibutyryl cyclic
AMP, another putative fibroblast killer
4), on the cloning efficiency of cell
strains N834 and N381 (Table 2). In con-
trast to the data of Epstein et al. @),
which showed 30 percent inhibition at
107°M dibutyryl cyclic AMP, isopro-
terenol, or theophylline increasing to 90
percent inhibition at 107°M, we found

SCIENCE, VOL. 206



very little inhibition (10 to 15 percent) at
concentrations of dibutyryl cyclic AMP
as high as 107*M. Although the cells used
in the experiment described in Table 2
were trypsinized from stock cells with
0.25 percent trypsin, another experiment
comparing 0.25 percent trypsin in citrate
saline with 0.05 percent trypsin in 0.5
mM Na,EDTA ¢) also showed no killing
by 1078, 10~¢, and 10~*M dibutyryl cyclic
AMP.

We know of no other evidence show-
ing that human fibroblasts are killed by
glucocorticoids. The nonhuman fibro-
blast cell line most studied in this respect
is the mouse L cell. However, whereas
steroids inhibit the growth rate of these
cells, they do not cause the cytolysis
that occurs in some nonfibroblast cell
types, such as thymic lymphocytes (/8).

Other investigators have found some
stimulation of fibroblast growth by
glucocorticoids (/9, 20), some have
found no effect 2/, 22), and one group
reported some inhibition with 3 x 1075M
cortisol and prednisolone (23). Milo et
al. (24) showed that estradiol and corti-
sol at concentrations as high as 2 X
10-°M did not inhibit cloning of human
embryonic lung and newborn foreskin fi-
broblasts; in fact, glucocorticoids, under
certain conditions, are required for best
clonal growth (24, 25).

An entire field of well-documented re-
search is concerned with the lengthening
of the lifetime in vitro of human embry-
onic lung fibroblasts by 1075M cortisone

~and cortisol (26-28). Although the life-
times in vitro of skin fibroblasts are not
uniformly lengthened by glucocorticoids,
no large inhibitions of cell growth are
observed (29). In particular, strain
GM316, which both we and Breslow et
al. (2) have tested, was found to be unaf-
fected (29).

Thus, as discussed by Grove et al.
(29), fibroblasts may vary in their re-
sponse to glucocorticoids depending on
the tissue source and the age of the do-
nor. In addition, skin fibroblasts may dif-
fer according to the type of skin and the
microenvironment of the particular
sample. However, Kkilling or large inhibi-
tion of growth is not seen even in the
continual presence of steroids; thus the
observation by Epstein and his co-work-
ers (/-3) that exposure to low doses of
dexamethasone for 24 hours causes sig-
nificant killing of human skin fibroblasts
is unique. When we measure the effect of
dexamethasone, dibutyryl cyclic AMP,
and ouabain in straightforward cloning
assays performed independently, we ob-
serve a killing effect by ouabain only.
Thus, there appears to be no basis for the
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diagnosis of CF in homozygotes or heter-
ozygotes by a technique based on a dif-
ferential kill by dexamethasone of their
fibroblasts compared to normal fibro-
blasts 2).
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Metabolism of Theophylline to Caffeine in Human Fetal Liver

Abstract. Caffeine (1,3,7-trimethylxanthine) is a biotransformation product of the-
ophylline (1,3-dimethylxanthine) in the human fetus. Liver explants, obtained from
human fetuses with gestational ages of 12 to 20 weeks, were incubated with theo-
phylline and produced caffeine and, in lesser amounts, 1,3-dimethyluric acid and 3-
methylxanthine. These findings suggest that the predominant pathway in theo-
phylline metabolism in the fetus and newborn infant is the methylation reaction pro-
ducing caffeine. This may contribute to the neonate’s exceedingly slower elimination
of caffeine relative to theophylline. Caffeine produced from theophylline may add to
the pharmacologic effects of theophylline in newborn infants with apnea.

Theophylline (1,3-dimethylxanthine),
an active alkaloid from tea, is a potent
central nervous system and cardiovascu-
lar stimulant with diuretic and bronchial
smooth-muscle relaxant properties. Re-
cently, this drug was shown to be ef-
fective in the prevention and treatment
of apnea in the premature newborn in-
fant (/); indeed, it has gained increasing
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acceptance as the major pharmaco-
therapeutic agent for the management of
neonatal apnea. Despite its widespread
use, however, little is known about the
biotransformation of this drug in the
newborn infant. In adults, the major
metabolic pathway involves demethyla-
tion and oxidation reactions producing
monomethylxanthines and methyluric
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