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Abstract. In an in vitro model cortisol and phenytoin inhibit the precisely timed process of
palatal development, the lysosomally mediated cell death of the medial edge palatal epithelium.
This inhibition of programmed cell death of the palatal midline epithelium by each drug is
virtually completely blocked by the antiglucocorticoid, cortexolone, whose blocking action results
from competitive binding of the glucocorticoid receptor site. The inhibition produced by each
of these drugs is prevented by the protein synthesis blocker, cycloheximide. Thus, blockade of
programmed cell death by each of these drugs involves the glucocorticoid receptor site and

requires protein synthesis.

In mammals after elevation of the embry-
onic palatal shelves from a vertical to a hor-
izontal position over the tongue, fusion of the
palatal processes takes place in the midline in
two phases: (a) contact and adherence of the
two edges with formation of an epithelial seam
and (b) epithelial breakdown followed by
mesenchymal confluence (1). These devel-
opmental changes have been experimentally
reproduced in culture by explanting paired
palatal shelves (2, 3). In addition, the process
of epithelial breakdown has been demon-
strated in single palatal shelves in vitro and
appears in culture at a time corresponding to
the same event in vivo (4-6). This programmed
cell death of the palatal epithelium is mediated
by the intracellular release of hydrolytic en-
zymes from lysosomes (7-9). Cortisol prevents
medial edge breakdown and lysosomal activity
in single shelves in vitro (10, 11). In vivo, cor-
tisol also prevents medial edge breakdown and
alters the synthesis and/or release of lysosomal
enzymes in the medial edge epithelia of the
palatal shelves of glucocorticoid-sensitive mice
(11, 12).

It is generally believed that the mechanism
of the anti-inflammatory action of glucocor-
ticoid hormones includes as an initial step,
the specific binding of the steroid to the re-
ceptor proteins in the cytosol fraction obtained
from target tissues (13). The resulting steroid-
receptor complex then undergoes a temper-
ature-dependent translocation to the nucleus
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where it interacts with specific nuclear sites
(14). The latter interaction triggers transcrip-
tional changes resulting in the synthesis of a
specific protein(s) which ultimately leads to
the observed anti-inflammatory or teratogenic
responses. This action can be blocked by glu-
cocorticoid receptor antagonists, such as the
antiglucocorticoid, cortexolone (15, 16), and
by inhibitors of protein synthesis, such as cy-
cloheximide (17, 18). The present report pre-
sents the results of in vitro studies with the
embryonic mouse palate demonstrating that
the blockade of programmed cell death by
cortisol can be prevented by cortexolone and
cycloheximide.

Several recent studies indicate that the pro-
duction of cleft palate by 5,5-diphenylhydan-
toin (DPH) has a common pathway with that
produced by glucocorticoids (19). When given
in vivo with cortisone, DPH does not increase
the frequency of cleft palate (20), and a probit
analysis of cleft palate produced by DPH and
cortisone indicates an identical mechanism
(21). Both drugs delay shelf elevation from a
vertical to a horizontal position (22). Suscep-
tibility to cleft palate induced by both drugs
is influenced by the H-2 and H-3 histocom-
patibility loci (23, 24). In our first study of
the association between DPH teratogenicity
and the glucocorticoid receptor, we demon-
strated the blocking of [?’H]dexamethasone
incorporation into human embryonic palatal
cells by 0.5 uM DPH (25). Recently, we have
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presented evidence that DPH and glucocor-
ticoids bind to a common receptor which is
responsible for the inhibition of prostaglandin
generation and the teratogenic effects of these
drugs (19). In view of these findings, we dem-
onstrate in this report that DPH, like cortisol,
inhibits the programmed cell death in the pal-
atal medial edge epithelium in vitro and that
this inhibition is also reversed by cortexolone
and cycloheximide.

Materials and Methods. CD-1 (Crl; CD-
1(1CR)BR; Charles River Breeding Labora-
tory) male and female mice were maintained
in a 12-hr light cycle with the dark phase ex-
tending from 5 AM to 5 PM. Females were
mated with males of the same strain from 10
AM to 2 PM.

Single palatal shelves from 13-day, 0-hr (%2
hr) embryos were dissected in minimal essen-
tial medium with Earle’s salts (MEM; Flow
Laboratories). Left and right shelves from each
embryo were routinely used to compare con-
trol and test responses. Each shelf was ex-
planted oral side up on a Millipore filter (0.45
um; Millipore Corp.). The filter was supported
by a glass ring in a well of a depression slide.
The culture medium in the well (approxi-
mately 0.75 ml) consisted of 10% fetal bovine
serum (Flow Laboratories) and 2% penicillin-
streptomycin mixture (5000 units-ug/ml; Flow
Laboratories) in MEM. Cortisol (cortisol-21-
phosphate; Sigma Chemical Co.) and cyclo-
heximide (Sigma Chemical Co.) were each
solubilized in MEM, sterilized by Millipore
filtration, and included in the culture medium
as 1% additions. DPH (Phenytoin, 50 mg/ml;
Elkins-Sinn, Inc.) was diluted in MEM and
included as a 1% addition. An appropriate
aliquot of the DPH solvent (40% propylene
glycol, 10% ethanol, and 50% H,O, pH 12)
was included in DPH controls. Cortexolone
(Reichstein’s Substance S; Sigma Chemical
Co.) was solubilized in absolute ethanol (1
mg/ml) and included as a 0.5% addition. In
a few cases, cortexolone was included as a 1%
addition in absolute ethanol. Controls received
a 0.5% (or 1%) addition of absolute ethanol.
Unpublished results show that absolute
ethanol in volumes as high as 1% of the culture
medium has no effect on the normal break-
down of the medial edge epithelium in cul-
tured shelves. All additions to the culture me-
dium were made at the expense of appropriate
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volumes of MEM. The cultures were gassed
with 5% C0O,-95% air mixture and incubated
at 37°C in a humidified atmosphere.

All shelves were collected after 48—-60 hr of
culture and fixed in a 4% formaldehyde-1%
CaCl,; solution (pH 7.1) for 12-24 hr. There-
after, the shelves were dehydrated and then
infiltrated and embedded in glycol methac-
rylate. Sections (approximately 2 pm) were
prepared using glass knives. The sections were
then stained with Lee’s methylene blue-basic
fuchsin which gives good differential staining
of epithelial and mesenchymal cells in palatal
shelves. Sections were routinely cut through
the middle third of both control and test
shelves (11). Epithelial breakdown in the
shelves was defined as the complete loss of
epithelial lining at the medial edge. Previous
studies (10, 11) have demonstrated that a cul-
tured shelf with an epithelial-free edge is easily
differentiated histologically from a shelf with
an intact medial edge epithelium. The medial
edge of each shelf was routinely scored as ep-
ithelial-free or epithelial-bound by at least two
experienced observers working independently.

Statistical comparisons were made using the
x? test.

Results. The medial edge epithelium of all
control shelves broke down (Tables I and II).
Similarly, the medial edge epithelium of
shelves cultured in either cortexolone or cy-
cloheximide alone showed 100% breakdown

TABLE 1. EFFECTS OF CORTEXOLONE AND
CYCLOHEXIMIDE ON MEDIAL EDGE EPITHELIAL
BREAKDOWN IN THE PRESENCE AND
ABSENCE OF CORTISOL

Concentration

Group (ng/ml) Breakdown
Control — 72/72¢ (100)®
Cortisol 0.1 12/23 (52)
Cortexolone 5 16/16 (100)
Cortisol plus 0.1

cortexolone 5 15/15 (100)
Cycloheximide 2 9/9  (100)
Cortisol plus 0.1

cycloheximide 2 9/9 (100)

4 Ratio represents number of shelves with epithelial
breakdown per total number of shelves.
b Percentage of shelves with epithelial breakdown.
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TABLE II. EFFECTS OF CORTEXOLONE AND
CYCLOHEXIMIDE ON MEDIAL EDGE EPITHELIAL
BREAKDOWN IN THE PRESENCE OF DPH

Concentration
Group (ug/ml) Breakdown
Control — 43/43% (100)®
DPH 1 13/23 (57)
DPH plus 1
cortexolone 5 10/11 (91)
DPH plus 1
cycloheximide 2 9/9  (100)

“Ratio represents number of shelves with epithelial
breakdown per total number of shelves.
% Percentage of shelves with epithelial breakdown.

(Table I). In contrast, the epithelium of shelves
cultured with cortisol broke down only 52%
of the time (P < 0.001, Table I); while those
cultured with DPH broke down only 57% of
the time (P < 0.001, Table II). The medial
edge epithelium of shelves cultured in cortisol
plus cortexolone and cortisol plus cyclohex-
imide broke down 100% of the time (P
< 0.001, P =0.01, respectively, Table I). Sim-
ilarly, the medial edge epithelium of shelves
cultured with DPH and cortexolone broke
down 91% of the time (P = 0.04) while that
in DPH plus cycloheximide broke down 100%
of the time (P = 0.02, Table II).
Cortexolone-treated shelves were histolog-
ically indistinguishable from controls. On the
other hand, cycloheximide (2 ug/ml) inhibited
the normal development of the mesenchymal
cell population in cultured shelves. Interest-
ingly, cycloheximide did not prevent the pro-
grammed loss of the medial edge epithelium
(Fig. 1 and Table I). The oral and nasal epi-
thelia remained intact in the presence of cy-
cloheximide indicating that the loss of the me-
dial edge epithelium was a physiological event
and not due to general tissue breakdown. The
failure of cycloheximide to block breakdown
of the palatal epithelium disagrees with ob-
servations made in an earlier study by Pratt
and Greene (27). In that report, cycloheximide
(1 and 10 pg/ml) prevented epithelial loss in
cultured shelves from rat fetuses. These dif-
ferences may reflect different sensitivities to
cycloheximide in tissues from mice and rats.
In any case, the results from the present study
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with fetal mice suggest that protein synthesis
1s not required for palatal epithelial cell death.

Discussion. The present results demonstrate
that cortisol prevents breakdown of the medial
edge epithelial cells. Cortisol is somewhat less
effective as an inhibitor of breakdovw/n than
previously reported for shelves from CD-1
embryos (10, 11). However, this appears to
correlate with the in vivo observation (un-
published data) that glucocorticoid-induced
clefting percentages for the CD-1 strain are
presently at 66% in contrast to the 90% re-
ported in an earlier study (26). Despite these
differences, cortexolone completely antago-
nizes the inhibition by cortisol thereby im-
plicating involvement of the glucocorticoid
receptor in this developmental event. Simi-
larily, cycloheximide also completely prevents
the inhibition by cortisol implicating a re-
quirement of protein synthesis for this tera-
togenic action of cortisol in vitro. Similar con-
clusions were drawn from the observation that
cycloheximide depressed the production of
cleft palate by glucocorticoids when admin-
istered concurrently in mice in vivo (28).

It is particularly interesting that DPH also
blocks breakdown of the medial edge epithelial
cells in vitro and that this blockade also appears
to be mediated by the glucocorticoid receptor
in the embryonic palatal shelf and to require
protein synthesis.

Susceptibility to cortisone- and DPH-in-
duced cleft palate in the mouse is regulated
in part by two genes acting by complemen-
tation within the H-2 histocompatibility com-
plex on chromosome 17 (23, 24). The same
genetic region also appears to influence the
level of glucocorticoid receptors in mouse em-
bryonic palatal cells (29, 30) and lungs and
thymuses (31). Recently, we have found that
susceptibility to cortisone- and DPH-induced
cleft palate in mice is also influenced in part
by a gene(s) within the H-3 histocompatibility
complex on chromosome 2 (23, 24).

The present report indicates that inhibition
of programmed cell death of the medial edge
epithelium is one common site of the action
of both glucocorticoids and DPH. The present
report also provides evidence that the gluco-
corticoid receptor is a biochemical site of the
teratogenic action of each drug. It further sug-
gests that each drug produces a protein(s) nec-
essary for this action.
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