the year before, but that is not the case in
the remainder of the United States. By
the end of fall this depression in number
of births relative to the previous year
was essentially over in both groups of
dual-system states. The reduction was
somewhat greater and lasted somewhat
longer in the former Confederate states
than in the other group, as would be ex-
pected.

The pattern of month-by-month varia-
tion within individual states further sup-
ports the evidence of Fig. 2. In order to
reduce chance variation, we examined
only the 34 states that averaged more
than 2000 white births per month during
this period. Of these, 16 were dual-sys-
tem states. All but 2 of the 16 had fewer
white births during the late spring and
early summer of 1955 than in 1954. That
was true of only 7 of the 18 unitary-sys-
tem states, 6 of the 7 being states that
border on one or more former Con-
federate states or other dual-system
states.

In other words, we find the number of
white births in the South to be lower than
expected at almost the exact time we
would predict, assuming the Brown deci-
sion demoralized prospective parents
enough to cause some who would other-
wise have stopped contracepting to con-
tinue and to cause others who had not
been contracepting to start using con-
traception. The deflection is short-lived:
it is concentrated in a period of 3 or 4
months. It is not large: Southern white
birthrates were reduced by something on
the order of 5 percent (8).

But even this small deflection is of
considerable historical interest, if one
accepts our explanation of it. It may, in
addition, have some implications beyond
that—implications for the study of fertil-
ity trends elsewhere in the developed
world, and implications about the ability
of social scientists to explain and predict
such trends. Within the United States,
for instance, since World War 11 there
have been large, unprecedented, and un-
predicted changes in fertility behavior,
changes with significant consequences
for many institutions in American so-
ciety. The fact that these changes have
been found within every social, econom-
ic, and racial group (9) suggests that they
cannot be accounted for by changes in
the composition of the population and
that their explanation must be linked to
historical events.
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Enhanced Dexamethasone Resistance in Cystic Fibrosis Cells:

Potential Use for Heterozygote Detection and Prenatal Diagnosis

Abstract. Cultured skin fibroblasts from patients with cystic fibrosis (CF) are more
resistant to dexamethasone toxicity than are normal cells. We now report that, when
fibroblasts cultured from obligate CF heterozygotes are exposed to dexamethasone,
they have an intermediate survival compared to normal and homozygous CF cells.
When dexamethasone survival was tested on cells from four patients undergoing
amniocentesis, cells from a woman at risk of producing a child with CF showed
significant dexamethasone resistance, similar to that of fibroblasts derived from
known CF homozygotes; the other amniotic cell specimens showed dexamethasone
sensitivity similar to that of normal skin fibroblasts. These data suggest that the
dexamethasone resistance previously observed in skin fibroblasts may also be useful

in the prenatal diagnosis of CF.

Cystic fibrosis (CF) is the most com-
mon autosomal recessive disease among
Caucasians, occurring once in every
1600 to 2500 live births. The clinical
manifestations of the disease most com-
monly involve the pulmonary and gastro-
intestinal systems, resulting in a mean
life expectancy for these patients of less
than 21 years (/, 2). Although diagnosis
of CF is aided by the finding of abnor-
mally high concentrations of sodium and
chloride ions in the sweat of affected in-
dividuals, the basic biochemical defect
responsible for the disease is not yet
known. In addition, there is no currently
accepted method for detecting hetero-
zygotes for CF or for making a prenatal

0036-8075/78/0714-0180$00.50/0 Copyright © 1978 AAAS

diagnosis of the disease. In studies of
skin fibroblasts cultured from many dif-
ferent individuals with CF, we observed
that CF cells were more resistant to the
cytotoxic effects of dexamethasone, a
synthetic glucocorticoid, than normal fi-
broblasts were (3). We have also shown
that CF cells exhibit cross-resistance to
ouabain and the sex steroids, drugs
whose molecular structures are similar
to that of dexamethasone , 5). In each
case, the resistance of CF cells to these
drugs has not been due to any of the
mechanisms commonly responsible for
resistance to any single drug (5, 6).

We have now examined skin fibro-
blasts cultured from patients with CF
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and from their parents for the degree
of dexamethasone resistance. The re-
sults show that fibroblasts from the ob-
ligate heterozygous parents of CF pa-
tients are somewhat more resistant than
normal fibroblasts and considerably
more sensitive than CF fibroblasts to
dexamethasone cytotoxicity. In addi-
tion, the results reveal considerable
dexamethasone resistance in amniotic
fluid cells derived from a pregnant wom-
an who already had a CF child, and a
lack of this resistance in amniotic cells
from pregnant women with a low risk of
bearing a CF child.

To determine the dexamethasone re-
sponse of cells from CF heterozygotes,
cells from skin biopsies were obtained
from individuals in five different CF fam-
ilies, including nine parents and seven af-
fected children, as well as from eight un-
related normal individuals with no
known family history of CF (7). The cul-
tures were derived and maintained in a
medium designated EMEM-B ). For
survival experiments, cells growing in
monolayer were trypsinized, suspended
in EMEM-B, and plated in 100-mm plas-
tic tissue culture dishes (Falcon) with 9
ml of medium. Sufficient numbers of
cells were plated at each drug dose to
provide between 75 and 125 surviving
colonies. After 24 hours, 1 ml of dexa-
methasone phosphate (Merck Sharp
& Dohme) at a concentration tenfold
higher than the desired final concentra-
tion was added to each dish. The cells
were exposed to the dexamethasone for
24 hours; the dishes were then washed
once with 10 ml of Earle’s balanced salt
solution and renewed with EMEM-B.
The cultures were again renewed with
EMEM-B 5 to 7 days after drug ex-
posure, and incubated for a total of 10 to
14 days. When colonies contained a min-
imum of 65 to 75 cells, they were fixed,
stained, and counted. Survival frequen-
cies were calculated as the number of
colonies surviving divided by the num-
ber of cells plated, and expressed rela-
tive to the plating efficiency of the strain
in the absence of drug for each experi-
ment.

Twenty-four cell strains (seven homo-
zygous CF, nine obligate heterozygote,
and eight normal) were tested in a total
of 73 survival assays. For each experi-
ment, cells from a normal, a hetero-
zygote, and a homozygote were tested.
The mean survival for each cell strain
(as determined from one to nine ex-
periments) at dexamethasone concentra-
tions ranging from 107'° to 10~%M is given
in Table 1. Survival at each drug dose was
corrected only for the plating efficiency
of each strain as determined in each ex-
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periment. In addition, the mean survival
for all the different strains in each cate-
gory (homozygous CF, heterozygous,
and normal) were computed for all drug
concentrations tested. The mean surviv-
al for all seven CF homozygotes at dexa-
methasone concentrations of 10719, 1079,
and 10780 were approximately 100 per-
cent; the mean survival of the eight dif-
ferent normal strains at the same concen-
trations were 58, 45, and 37 percent,
respectively. The mean survivals of
heterozygous cell strains at the same
drug concentrations were 80, 60, and 51
percent, values between those of the
normals and CF. The survivals at 1077
and 107%M dexamethasone were 88 and
68 percent for the homozygous CF
strains, and 27 and 20 percent for the
normal strains; the survival frequencies
for the heterozygous strains at these
drug concentrations were 39 and 32 per-
cent, again between those of the normal
and homozygous strains. The differences
between the mean survival frequencies
for the three groups were statistically
significant (P < .001) 8).

In a few survival experiments, the sur-
vival frequencies for a particular homo-

zygous CF cell strain were unusually low
or, in the case of a heterozygous strain,
unusually high. For example, in one ex-
periment, S-214 (heterozygote) showed
survival frequencies at 1071° and 10~"M
dexamethasone of 94 and 65 percent, re-
spectively. However, a second analysis
showed survivals of 85 and 26 percent,
and a third analysis showed 70 and 35
percent. Thus, a single experiment may
have occasionally yielded survival fre-
quencies in which the distinction be-
tween heterozygous and homozygous
CF was difficult, but the average of re-
sults from several determinations always
yielded unequivocal results. Further-
more, in different experiments with some
strains, the plating efficiency in the ab-
sence of drug may have varied from two-
to threefold without affecting the relative
survival of any strain in the presence of
dexamethasone (3).

These data on survival after dexa-
methasone exposure (Table 1) indicated
that cells from normals and CF obligate
heterozygotes could be distinguished
from homozygous cells. In order to de-
termine if the dexamethasone survival
method could be an intrauterine diagnos-

Table 1. Survival of skin fibroblasts at various dexamethasone concentrations. These data rep-
resent 73 survival assays. Each strain was tested between one and nine times, and the mean and
standard deviation (S.D.) for each strain are shown. The mean survival (corrected for plating
efficiency) and S.D. for each set of cells at each drug dose are also shown. The differences
between the means for the groups were significant (P < .001, -test) at all drug doses tested.

Dexamethasone concentration (M)

. Fam-
Strain i
1y 10-10 10-° 108 107 106
Homozygotes

S-215 1 6 1.06 =008 1.06+0.06 1.11+0.09 0.89+0.08 0.68 = 0.16
S-220 2 4 1.05+0.05 1.09=0.05 1.05=%=0.08 0.82+0.09 0.60 = 0.08
S-223 3 1 1.14 1.04 1.14 0.98 0.68
S-244 4 S 101003 1.03+0.05 1.02=+0.09 079 £0.10 0.69 = 0.07
S-245 4 1 0.96 1.02 '0.94 0.74 0.62
S-252 5 7 1.04 £0.04 1.10+0.10 1.09*0.07 0.89 +0.11 0.78 +0.15
S-253 S 3 1.08x0.16 1.14+=0.12 1.07=0.06 1.04 +0.17 0.74 = 0.20

Mean = S.D. 1.05=0.06 1.07 £0.04 1.06 = 0.07 0.88 = 0.11 0.68 = 0.06

Obligate heterozygotes

S-213 1 2 0.82 0.65 0.53 0.31 0.28
S-214 1 3 083=+0.12 063 x0.18 0.54+0.19 0.42=0.20 0.36
S-218 2 2 0.83 0.61 0.53 0.46 0.39
S-219 2 2 0.79 0.65 0.53 0.44 0.33
S-222 3 1 0.74 0.60 0.55 0.43 0.29
S-242 4 3 074 £0.07 0.59 =0.07 0.55=0.03 0.42 0.31
S-246 4 2 0.84 0.60 0.49 0.40 0.40
S-248 S 3 076 = 0.05 0.50 = 0.10 0.38 = 0.07 0.31
S-249 5 2 0.83 0.59 0.48 0.31 0.20

Mean = S.D. 0.80 = 0.04 0.60 = 0.04 0.51 =0.05 0.39 £0.06 0.32 + 0.07

Normals

EX-25 2 0.58 0.40 0.35 0.30 0.26
GM-316 1 0.51 0.42 0.31 0.16 0.10
GM-1582 1 0.57 0.47 0.42 0.31 0.22
S-115 3 0.65=0.11 0.50 = 0.08 0.44 0.29 0.22
S-235 9 0.55+0.04 0.41=0.08 0.30=0.08 0.22=0.06 0.16= 0.04
S-238 2 0.59 0.46 0.39 0.30
S-240 1 0.54 0.43 0.38 0.29 0.22
S-247 7 0.63*0.09 049 =0.09 0.40=0.07 0.26 = 0.05 0.25

Mean = S.D. 0.58 £ 0.05 045 =0.04 037 +0.05 0.27 =£0.05 0.20 = 0.06
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Fig. 1. (A) Survival of skin fibroblasts exposed to dexamethasone phosphate for 24 hours and
allowed to form colonies. Each symbol represents the mean survival frequency (corrected for
plating efficiency) at a given drug concentration for all of the strains in a particular category (M,
CF homozygotes; A, obligate heterozygotes; @, normal). Each strain was tested from between
one and nine times in three replicate 100-mm petri dishes at each drug concentration in every
test. The shaded areas represent 1 standard deviation around the mean survival frequencies
for each category. (B) The survival of amniotic cell strains (M, A-256; A, A-257; @, A-258; V¥,
A-262) and a fetal skin fibroblast strain ((J, F-256) exposed to dexamethasone. Strain A-256 was
from the amniotic fluid of a pregnant woman who had a previous CF child, and strains A-257, A-
258, and A-262 were from pregnant women at low risk of having a CF child. Strain F-256 was
derived from the skin of the fetus corresponding to amniotic fluid strain A-256. Each point
represents the mean survival frequency (corrected for plating efficiency) at each drug concen-
tration determined in two experiments performed at different times. The survival frequencies in
each experiment were the average of three replicate petri dishes.

tic test for CF with amniotic fluid cells,
four mid-trimester amniotic fluid speci-
mens were obtained, one (A-256) from a
woman who already had a CF child, and
three (A-257, A-258, and A-262) from
women who were undergoing amniocen-
tesis for indications other than a risk of
CF (7). The cells in the amniotic fluid
were pelleted by low-speed centrifuga-
tion (800g for 5 minutes), resuspended in
EMEM-B, and plated in plastic petri
dishes. After 2 to 3 weeks of growth,
dexamethasone survival was assessed.
Survival curves were determined for the
four amniotic fluid cell strains (Fig. 1B)
and compared with those of normal, het-
erozygous, and homozygous skin fibro-
blasts (Fig. 1A). The amniotic cell strains
A-257, A-258, and A-262 (not at risk for
CF) showed survival frequencies similar
to the normal skin fibroblast strains.
However, amniotic fluid strain A-256
showed significant dexamethasone re-
sistance, similar to that seen with homo-
zygous CF fibroblast cell strains; this
strain was derived from the woman
with one CF child. These results sug-
gested that A-256 was from a CF
homozygote whereas the other amniotic
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fluid cell strains were probably from
unaffected fetuses. To test the reliability
of these survival data, skin was cultured
from the abortus corresponding to am-
niotic fluid specimen A-256, and the re-
sultant fibroblast cell strain (F-256) also
showed dexamethasone resistance com-
parable to homozygous CF skin fibro-
blast strains (Fig. 1B).

Our studies with amniotic fluid cells
suggest the feasibility of using this meth-
od for the prenatal diagnosis of CF.
However, many further tests need to be
performed to establish the clinical relia-
bility of the procedure and to determine
possible problems. For example, even
with optimal cell culture conditions, 2 to
3 weeks were required after the amniotic
fluid was initiated in culture before
enough cells were produced to perform
the survival assay. An additional 10 to 14
days were required after dexamethasone
exposure to allow formation of detect-
able colonies. It therefore requires ap-
proximately 4 to 5 weeks in our condi-
tions to determine whether a fetus is af-
fected with CF. It should also be noted
that some amniotic fluid specimens yield
cells of mixed morphology in culture, not

all of which may respond to dexametha-
sone in the same manner as fibroblasts.
In the amniotic strains in our experi-
ments, the cells we encountered includ-
ed fibroblastic, small epithelial, and am-
niotic cells, and no attempt was made to
enrich or select for any single cell type in
the survival tests. In some amniotic fluid
specimens, contamination with maternal
cells could be expected to cause some
difficulty in assessing results, a problem
inherent in most prenatal diagnoses.
Our studies indicate that the dexa-
methasone survival assay method may
be useful in detecting CF with amniotic
fluid cells and tissue culture techniques
available in most centers performing pre-
natal diagnosis. Although the method is
capable of detecting heterozygotes, the
assay method is probably too cumber-
some at present for large-scale screening
for heterozygotes.
J. L. BREsLOw, J. EPSTEIN
J. H. FonTAINE, G. B. FORBES
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