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We previously reported that TNF-a-induced apoptosis of lac-
totropesis estrogen dependent and predominant at proestrus.
Here we observed that TNF-a (50 ng/ml) failed to induce ap-
optosis of anterior pituitary cells from ovariectomized rats
cultured in the presence of progesterone (10~¢ m). However,
progesterone blocked the apoptotic effect of TNF-« in anterior
pituitary cells and lactotropes cultured with 17g-estradiol
(10~° m). In addition, 17B-estradiol induced apoptosis of so-
matotropes and triggered the proapoptotic action of TNF-a in
these cells, effects completely blocked by ICI 182 780 (10~ ¢ m),
an estrogen receptor antagonist. Progesterone reverted the
permissive effect of 17p-estradiol on TNF-a-induced apoptosis
of somatotropes. TNF-a induced apoptosis of somatotropes
from rats killed at proestrus but not at diestrus. The antipro-

gestine ZK 98 299 (10~ ¢ M) completely inhibited the protective
action of progesterone on TNF-a-induced apoptosis of ante-
rior pituitary cells, lactotropes, and somatotropes. Although
progesterone can interact with glucocorticoid receptors,
dexamethasone (10~¢ M) had no effect on TNF-a-induced ap-
optosis of anterior pituitary cells, lactotropes, and somato-
tropes. Our results show that progesterone, by interacting
with progesterone receptors, antagonizes the permissive ac-
tion of estrogens on TNF-a-induced apoptosis of lactotropes
and somatotropes. These observations suggest that the ste-
roid milieu may modulate the apoptotic response of anterior
pituitary cells during the estrous cycle. (Endocrinology 146:
736-743, 2005)

NF-a, A CYTOKINE that modulates cellular homeosta-
sis in several tissues, modifies many biological pro-
cesses such as cell proliferation, differentiation, and death
(1). This cytokine and its receptors are expressed in the an-
terior pituitary gland (2-6). TNF-a has been observed to be
involved in the control of neuroendocrine functions affecting
anterior pituitary hormone secretion (3, 6, 7). We previously
reported that this cytokine decreases prolactin release (8),
inhibits anterior pituitary cell proliferation (8), and induces
apoptosis of lactotropes and somatotropes (9). TNF-a-in-
duced apoptosis of lactotropes is higher in cells from rats
killed at proestrus than at estrus or diestrus, suggesting that
the steroid environment modulates the responsiveness of
anterior pituitary cells to the action of TNF-a during the
estrous cycle (9).

Gonadal steroids modulate cell death in hormone-respon-
sive tissues (9-12). Circulating levels of ovarian steroids
show a characteristic pattern of variation over the estrous
cycle: plasma levels of estradiol begin to rise at diestrus,
reaching peak values at midproestrus, and then rapidly fall
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to basal values on the morning of estrus. Circulating levels
of progesterone show two peaks: the first one late on the first
day of diestrus and a higher second one in the evening of
proestrus (13).

Cell proliferation in the anterior pituitary gland shows a
cyclic pattern of variation during the estrous cycle. Lacto-
tropes account for almost all the mitotic activity detected in
the anterior pituitary (14). Proliferation of lactotropes was
shown to occur predominantly on the morning of estrus (14),
whereas the highest rate of apoptosis of anterior pituitary
cells was observed at proestrus (15). We reported that TNF-«
release is higher in anterior pituitary cells from rats killed at
proestrus (16). Because the proapoptotic effect of TNF-« is
predominant in lactotropes from rats killed at proestrus, we
hypothesized that TNF-a acts as an auto/paracrine factor
inducing apoptosis at proestrus to maintain tissue homeosta-
sis in the anterior pituitary gland throughout the estrous
cycle (9).

The proapoptotic action of TNF-a on lactotropes and its
inhibitory effect on anterior pituitary cell proliferation are
estrogen dependent (8, 9). To explore whether progesterone
modulates the permissive effect of estradiol on TNF-« action
in the anterior pituitary gland, we determined the effect of
TNF-a on the apoptosis of anterior pituitary cells from ovari-
ectomized rats, cultured in the presence of estradiol and/or
progesterone. In addition, because TNF-« induces apoptosis
of somatotropes (9), we investigated whether gonadal ste-
roids modulate the apoptotic effect of TNF-a in this cell
subpopulation.

Progesterone can interact with glucocorticoid receptors
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(GRs) (17, 18). Because GRs are expressed in almost all an-
terior pituitary cell types (19) and glucocorticoids were
shown to antagonize the proapoptotic effect of TNF-a in
several tissues (20, 21), we studied the effect of dexameth-
asone, a synthetic glucocorticoid, on TNF-a-induced apo-
ptosis of anterior pituitary cells.

Materials and Methods

All drugs, media, and supplements were obtained from Sigma Chem-
ical Co. (St. Louis, MO) except MEM Eagle (United States Biological,
Swampscott, MA), fetal bovine serum (GenSa, Buenos Aires, Argentina),
recombinant human TNF-« (Promega Co., Madison, WI), all terminal
deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick
end labeling (TUNEL) reagents (Roche Molecular Biochemicals, Mann-
heim, Germany), primary antibodies against anterior pituitary hor-
mones (kindly donated by Dr. A. Parlow, National Hormone and Pi-
tuitary Program, Torrance, CA), and anti-guinea pig rhodamine-
conjugated secondary antibody (Chemicon International; Temecula,
CA) and the materials indicated below.

Animals

Adult female Wistar rats (200250 g) were kept in controlled condi-
tions of light (12-h light, 12-h dark cycles) and temperature (20-25 C).
Rats were fed standard lab chow and water ad libitum and kept in
accordance with the National Institutes of Health Guide for the Care and
Use of Laboratory Animals. Rats were monitored by daily vaginal
smears over three consecutive estrous cycles and killed at proestrus or
diestrus. Groups of rats were ovariectomized (OVX) 2 wk before the
experiments. Anterior pituitary glands were removed within minutes
after decapitation.

Cell culture

A pool of anterior pituitary cells from six to nine OVX rats or three
rats per stage of the estrous cycle was used for each culture. Anterior
pituitary glands were washed several times with DMEM and cut into
small fragments. Sliced fragments were dispersed enzymatically by
successive incubations in DMEM supplemented with 3 mg/ml BSA
containing 2.5 mg/ml trypsin (type I from bovine pancreas), 1 mg/ml
DNase (deoxyribonuclease II, type V from bovine spleen), and 1 mg/ml
trypsin inhibitor (type II-S from soybean), and finally dispersed by
extrusion through a Pasteur pipette in Krebs buffer without Ca®>" and
Mg>*. Dispersed cells were washed twice and resuspended in MEM
(MEM-p-valine), which contains p-valine instead of L-valine to abrogate
fibroblast proliferation, supplemented with 5 ul/ml MEM nonessential
amino acids, 2 mm glutamine, 5.6 pug/ml amphotericin B, and 25 ug/ml
gentamicin (MEM-p-valine-S). Cell viability as assessed by trypan blue
exclusion was over 90%. Anterior pituitarg cells were seeded onto cov-
erslides in 24-well tissue culture plates (10° cells per 0.5 ml/well) for the
TUNEL method, immunocytochemistry and microscopic nuclear ob-
servation, or in 96-well tissue culture plates (10° cells per 0.1 ml/well)
for metabolic activity of viable cells determination. In the case of OVX
rats, cells were cultured for 3 d in MEM-p-valine-S with 10% fetal bovine
serum previously treated with 0.025% dextran-0.25% charcoal to remove
steroids. Then cells were incubated in the same fresh medium containing
vehicle (ethanol) or 10~° m 17B-estradiol, 10~ m progesterone (Roussel-
Uclaf Laboratory, Paris, France), 10~® M dexamethasone, 10° to 107 m
ZK 98 299 (Schering AG, Berlin, Germany), and 10° M ICI 182 780
(Tocris, Ellisville, MO) alone or in combination for 2 d. After this period,
cells were washed twice and the medium was replaced by serum-free
MEM-p-valine-S, supplemented with 10 pg/ml insulin, 6.7 ng/ml so-
dium selenium, 5.5 ug/ml transferrin, 0.02 ng/ml triiodothyronine, and
10 ul/ml MEM vitamins (MEM-D-valine-SS) containing the tested com-
pounds or vehicle and TNF-a (50 ng/ml) for 24 h.

Anterior pituitary cells from cycling rats were cultured for 2 d in
MEM-p-valine-S with 10% fetal bovine serum/dextran-charcoal. After
this period, cells were washed twice and incubated for 24 h in MEM-
D-valine-SS containing TNF-« (50 ng/ml).
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Metabolic activity determination

The metabolic activity of viable cells was determined by the 3-(4,5-
dimethylthiazol-2-yl1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) assay. Twenty microliters of reaction solution
containing MTS (final concentration 333 pg/ml) and an electron cou-
pling reagent (phenazine ethosulfate, final concentration 25 um) were
added to each well containing 100 ul of culture medium. After 3 h at 37
C, the OD was read in a microplate spectrophotometer at a wavelength
of 495 nm. The quantity of formazan product is directly proportional to
the number of living cells in culture.

Microscopic determination of DNA fragmentation by the
TUNEL method

After the culture period, cells were fixed with 4% formaldehyde in
PBS for 30 min and permeabilized by microwave irradiation (9). DNA
strand breaks were labeled with digoxigenin-deoxyuridine 5-triphos-
phate using terminal deoxynucleotidyl transferase (0.18 U/ ul) accord-
ing to the manufacturer’s protocol. The incorporation of nucleotides into
the 3'-hydroxyl end of damaged DNA was detected with an antidigoxi-
genin-fluorescein antibody and visualized in a fluorescence microscope
(Axiophot, Carl Zeiss, Jena, Germany).

Microscopic determination of apoptotic nuclear morphology

Cells were fixed as described above, permeabilized with 0.2% Triton
X-100 (vol/vol) in PBS and mounted with an antifade mounting me-
dium, 1,4-diazabicyclo[2.2.2]octane and 4',6-diamidino-2-phenylindole
dihydrochloride (DAPI) in 90% glycerol. Cell death was analyzed by
nuclear chromatin morphology. Apoptotic cells were identified by the
presence of nuclear condensation and/or chromatin margination or
fragmentation (9).

Immunofluorescent identification of anterior pituitary cells

Anterior pituitary cells that underwent apoptosis (detected by
TUNEL or nuclear staining with DAPI) were identified by indirect
immunofluorescence staining (9). Briefly, cultured cells were fixed and
permeabilized as described above and incubated for 30 min with 10%
normal donkey serum and 10% normal sheep serum in PBS with 2%
BSA. Then cells were incubated for 1 h with guinea pig antirat prolactin
(National Hormone & Peptide Program-IC, 1:2500) or guinea pig antirat
GH (National Hormone & Peptide Program-IC, 1:1000) in PBS contain-
ing 0.5% BSA, 1% blocking reagent (Roche Molecular Biochemicals), 1%
normal donkey serum, and 1% normal sheep serum for 1 h. After rinsing,
slides were incubated with donkey anti-guinea pig rhodamine-conju-
gated secondary antibody at 1:200 dilution in the same buffer. Control
slides were incubated with normal guinea pig serum instead of primary
antibody.

Statistical analysis

Viability data were expressed as mean * s and evaluated by one-
way ANOVA (followed by Dunnet or Tukey multiple comparisons
tests). Differences were considered significant if P < 0.05. Each exper-
iment was performed at least twice. The number of apoptotic cells was
analyzed in duplicate slides from independent experiments. Results
were expressed as the percentage + confidence limits (CLs) of apoptotic
cells of the total number of cells counted in each specific population or
condition. 95% confidence intervals for proportions were analyzed by
the x* test. Differences between proportions were considered significant
if P < 0.05.

Results

Effect of TNF-« on anterior pituitary cells cultured in the
presence of gonadal steroids

We previously reported that TNF-a (50 ng/ml) induces
apoptosis of total anterior pituitary cells and lactotropes in
an estrogen-dependent manner (9). Then we studied the
effect of different concentrations of TNF-a (10-200 ng/ml)
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on the viability of anterior pituitary cells from OVX rats.
When cells from OVX rats were cultured in the absence of
17B-estradiol, cell viability was not significantly affected by
TNF-a, even at the highest concentration tested (Fig. 1A). In
accordance with own previous work, we observed that
TNF-a reduced the viability of anterior pituitary cells from
OVX rats cultured with 17B-estradiol, this effect depending
on the concentration of the cytokine (Fig. 1B). To explore
whether progesterone affects the apoptotic action of this
cytokine, anterior pituitary cells from OVX rats were cul-
tured in the presence of progesterone (10~° m). Progesterone
per se did not modify the percentage of anterior pituitary cells
with apoptotic nuclear morphology (Fig. 2A). TNF-a (50
ng/ml) failed to induce apoptosis of anterior pituitary cells
when cells were cultured in the presence of progesterone
alone (Fig. 2A).

To evaluate whether progesterone affects the proapo-
ptotic action of TNF-« in anterior pituitary cells cultured
with 17B-estradiol, we determined the effect of this cyto-
kine on apoptosis of anterior pituitary cells from OVX rats
cultured in the presence of both steroid hormones to-
gether. Progesterone suppressed TNF-a-induced apopto-
sis of anterior pituitary cells cultured in the presence of
17B-estradiol (Fig. 2B). Also, progesterone completely re-
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Fic. 1. Effect of TNF-« on viability of anterior pituitary cells from
OVX rats cultured in the presence of 17B-estradiol. Cells from OVX
rats were cultured in the presence of vehicle (ethanol, 1 ul/liter, A) or
17B-estradiol (10~° M, B). TNF-« was added at the specified concen-
trations 24 h before termination of culture. Cell viability was assessed
by MTS assay. Each column represents the mean =+ st of 10 wells from
one of two independent experiments. *, P < 0.05; ** P < 0.01 vs.
control (one-way ANOVA followed by Dunnet multiple comparisons
test).
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Fia. 2. Effect of TNF-a on percentage of apoptosis in anterior pitu-
itary cells (A and B) and lactotropes (C) from OVX rats cultured in the
presence of gonadal steroids. A, Cells from OVX rats cultured with
vehicle (ethanol 0.1 ul/ml, VEH) or progesterone (10~¢ M, P) were
incubated in the presence of TNF-a (50 ng/ml). Each column repre-
sents the percentage + CLs of apoptotic cells (as identified by nuclear
morphology of cells stained with DAPI), n > 3800 cells from two
separate experiments. B and C, Cells from OVX rats cultured with
17B-estradiol (10~ ° M, E) or 17B-estradiol plus progesterone (10~ u,
E+P) were incubated in the presence of TNF-a (50 ng/ml). Each
column represents the percentage = CLs of TUNEL-positive cells. B,
Anterior pituitary cells (n > 5700 cells from four separate experi-
ments). C, Lactotropes (n > 1800 cells from four separate experi-
ments). #¥* P < 0.001 vs. respective controls without TNF-«; ", P <
0.001 vs. respective controls without progesterone.
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verted the permissive action of 17B-estradiol on TNF-a-
induced apoptosis of lactotropes (Fig. 2C). Representative
fields of anterior pituitary cells after incubation with
TNF-a are shown in Fig. 3. More abundant apoptotic cells
were observed when anterior pituitary cells were cultured
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Fia. 3. Apoptotic anterior pituitary cells. A-D, Anterior pituitary
cells from OVX rats were cultured with 178-estradiol (107° M, A and
B) or 17B-estradiol plus progesterone (10~ ¢ M, C and D) and incubated
with TNF-« (50 ng/ml) for 24 h. DNA fragmentation was detected by
the TUNEL method (A and C) and apoptotic nuclear morphology by
staining with DAPI (B and D). Magnification, X150. E-G, High-
magnification micrographs showing a representative apoptotic soma-
totrope (arrows). E, Immunocytochemistry for GH. F, TUNEL. G,
DAPI. Magnification, X450.

with 17B-estradiol alone (Fig. 3, A and B) than with 178-
estradiol plus progesterone (Fig. 3, C and D).

Effect of gonadal steroids on TNF-a-induced apoptosis
of somatotropes

Staining with TUNEL or DAPI permitted observation of
the nuclear morphological features of apoptosis in somato-
tropes. Figure 3 shows a cell immunoreactive for GH (E) with
TUNEL staining (F) and nuclear condensation (G). To ex-
plore whether 17B-estradiol modulates the apoptotic re-
sponse of somatotropes to TNF-q, cells from OVX rats were
cultured in the presence of 17B-estradiol. 178-Estradiol per se
increased the percentage of apoptotic somatotropes and trig-
gered the proapoptotic effect of TNF-a in these cells (Fig. 4A).
To study the specificity of estrogen action on apoptosis of
somatotropes, we studied the effect of an antagonist of es-
trogen receptors, ICI 182 780 (22). ICI 182 780 did not modify
the percentage of TUNEL-positive somatotropes when cells
from OVX rats were cultured in the absence of 17B-estradiol
(data not shown). However, in the presence of 17-estradiol,
ICI 182 780 significantly reduced the percentage of TUNEL-
positive somatotropes and blocked TNF-a-induced apopto-
sis (Fig. 4B).

To determine whether progesterone affects the permissive
action of 17B-estradiol on TNF-a-induced apoptosis of
somatotropes, cells from OVX rats were cultured in the pres-
ence of 17B-estradiol alone or 17B-estradiol plus proges-
terone and incubated with TNF-a. Progesterone produced
a nonsignificant decrease in the percentage of apoptotic
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Fic. 4. Effect of gonadal steroids on TNF-a-induced apoptosis of so-
matotropes from OVX rats. A, Cells from OVX rats cultured with
vehicle (ethanol 1 ul/liter, VEH) or 17g-estradiol (10~° M, E) were
incubated in the presence of TNF-a (50 ng/ml). Each column repre-
sents the percentage + CLs of apoptotic somatotropes (as identified
by nuclear morphology of cells stained with DAPI), n > 500 cells from
three separate experiments. *** P < 0.001 vs. respective controls
without TNF-«; *, P < 0.01, ™, P < 0.001 vs. respective controls
without 17B-estradiol. B, Cells from OVX rats cultured with 173-
estradiol (10~° M, E) or 17B-estradiol plus ICI 182 780 (10~ m, E+ICI)
were incubated with TNF-«a (50 ng/ml). Each column represents the
percentage = CLs of TUNEL-positive somatotropes (n > 500 soma-
totropes from two separate experiments). *¥* P < 0.001 vs. respective
controls without TNF-«; *, P < 0.05, ™, P < 0.001 vs. respective
controls without ICI 182 780. C, Cells from OVX rats cultured with
17B-estradiol (10~° M, E) or 17B-estradiol plus progesterone (10~ u,
E+P) were incubated in the presence of TNF-a (50 ng/ml). Each
column represents the percentage = CLs of TUNEL-positive soma-
totropes (n > 800 cells from four separate experiments). *** P < 0.001
vs. respective controls without TNF-a; **, P < 0.001 vs. respective
controls without progesterone.
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somatotropes incubated with 17B-estradiol but completely
reverted the apoptosis induced by TNF-a in these cells
(Fig. 4C).

To evaluate whether circulating levels of ovarian steroids
modulate the response of somatotropes to the proapoptotic
action of TNF-«, we determined the effect of this cytokine on
the percentage of TUNEL-positive somatotropes in cultures
of anterior pituitary cells from rats killed on the morning of
proestrus or diestrus. TNF-a-induced apoptosis was ob-
served in somatotropes from rats killed at proestrus but not
at diestrus (Fig. 5).

Role of progesterone receptors in protection from TNF-a-
induced apoptosis

To determine whether classical progesterone receptors are
involved in the blockade of TNF-a-induced apoptosis pro-
duced by progesterone, we investigated the effect of an an-
tiprogestine ZK 98 299 (0.1-10 um) on TNF-a-induced apo-
ptosis of anterior pituitary cells from OVX rats incubated
with 17B-estradiol alone or 17B-estradiol plus progesterone.
The presence of ZK 98 299 in the culture medium did not
modify the proapoptotic effect of TNF-« on anterior pituitary
cells cultured in the presence of 17B-estradiol alone (data not
shown). However, in the presence of 17B-estradiol plus pro-
gesterone, ZK 98 299, at doses equal to or higher than 1 um,
completely reverted the protective action of progesterone on
TNF-a-induced apoptosis (Fig. 6A). Also, ZK 98 299 (1 um)
blocked the protective effect of progesterone on estrogen-
dependent apoptosis of lactotropes (Fig. 6B) and somato-
tropes (Fig. 6C) induced by TNF-a.

Because both progesterone (17, 18) and ZK 98 299 (23) were
reported to interact with glucocorticoid receptors and con-
sidering that the activation of glucocorticoid receptors affects
TNF-a-induced apoptotic pathways (20, 21), we explored the
effect of dexamethasone, a synthetic glucocorticoid, on TNF-
a-induced apoptosis of anterior pituitary cells. Cells from
OVX rats cultured with dexamethasone (10~° m) in the pres-
ence or absence of 17B-estradiol were incubated with TNF-a.
Dexamethasone failed to affect the percentage of TUNEL-
positive cells cultured in the absence of 173-estradiol incu-
bated either with or without TNF-« (Fig. 7A). Dexametha-
sone did not modify the induction of apoptosis exerted by
TNEF-« in the presence 17B-estradiol (Fig. 7B). Also, the pro-
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Fia. 5. Effect of TNF-a on percentage of apoptotic somatotropes from
rats killed at selected stages of the estrous cycle. Cells from rats killed
at diestrus or proestrus were incubated in the presence of TNF-« (50
ng/ml). Each column represents the percentage = CLs of TUNEL-
positive somatotropes (n > 1500 cells from three to four separate
experiments, each one performed with three rats per group). ¥¥, P <
0.01 vs. respective control without TNF-a.
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Fic. 6. Effect of ZK 98 299 on TNF-a-induced apoptosis of anterior
pituitary cells (A), lactotropes (B), and somatotropes (C) from OVX
rats cultured in presence of 17B-estradiol alone or together with
progesterone. A, Cells from OVX rats cultured in the presence of
17B-estradiol (10~° M, E) or 17B-estradiol plus progesterone (10~ u,
E+P) were incubated with TNF-a (50 ng/ml) in the presence or ab-
sence of ZK 98 299 (0.1-10 um). Cell viability was assessed by MTS
assay. Each column represents the mean * SE of 10 wells from one of
two independent experiments. *** P < 0.001 vs. group without pro-
gesterone; ~, P < 0.001 (ANOVA followed by Tukey multiple com-
parisons test). B and C, Cells from OVX rats cultured with 173-
estradiol (102 M, E) or 17B-estradiol plus progesterone (10~ M, E+P)
were incubated with TNF-« (50 ng/ml) in the presence or absence of
ZK 98 299 (1 uMm). Each column represents the increase = CLs of
TUNEL-positive cells with respect to the group cultured with 178-
estradiol alone. B, Lactotropes (n > 1500 cells from two separate
experiments). ¥* P < 0.01 vs. respective controls without ZK 98 299;
", P < 0.001 vs respective controls without progesterone. C, Soma-
totropes (n > 600 cells from four separate experiments). *** P < 0.001
vs. respective controls without ZK 98 299; **, P < 0.01 vs. respective
controls without progesterone.

apoptotic effect of TNF-a on lactotropes and somatotropes
cultured in the presence of 17B-estradiol was not affected by
dexamethasone (Fig. 8, A and B).

Discussion

In the present report, we show that gonadal steroids, at
concentrations within the physiological range (13), modulate

Downloaded from endo.endojournals.org on March 24, 2006


http://endo.endojournals.org

Candolfi et al. ® Gonadal Steroids Control Pituitary Cell Apoptosis

A ;
201 conTROL
{72 TNF-a

104

% apoptotic cells

VEH D

1C_ coNTROL
TNF-«

*kk

10

% apoptotic cells

Fic. 7. Effect of dexamethasone on TNF-a-induced apoptosis of an-
terior pituitary cells from OVX rats cultured with or without 17p-
estradiol. A, Cells from OVX rats cultured with vehicle (ethanol 0.1
wl/ml, VEH) or dexamethasone (10~ ¢ M, D) were incubated in the
presence of TNF-« (50 ng/ml). Each column represents the percent-
age = CLs of TUNEL-positive cells(n > 2200 cells from three separate
experiments). B, Cells from OVX rats cultured with 17B-estradiol
(10~° M, E) or 17p-estradiol plus dexamethasone (10~ M, E+D) were
incubated in the presence of TNF-« (50 ng/ml). Each column repre-
sents the percentage = CLs of TUNEL-positive cells (n > 2000 cells
from three separate experiments). *** P < 0.001 vs. respective con-
trols without TNF-a.

the response of lactotropes and somatotropes from female
rats to the apoptotic action of TNF-a. 173-Estradiol not only
affects the apoptotic response of lactotropes (9) but also en-
ables TNF-« to trigger apoptosis of somatotropes. Moreover,
somatotropes undergo apoptosis in the presence of 173-
estradiol alone. The permissive action of 17B-estradiol to
proapoptotic signals in lactotropes and somatotropes is an-
tagonized by progesterone.

Cell turnover occurs in the anterior pituitary gland during
the estrous cycle. Lactotropes show the highest mitotic index
on the morning of estrus (14). We previously observed that
TNF-a induces apoptosis of lactotropes from rats killed on
the morning of proestrus but not at diestrus (9). On the
morning of proestrus, when circulating levels of progester-
one are still low, estrogen levels reach a peak (13). This
steroid profile may sensitize the anterior pituitary gland to
proapoptotic signals at this stage of the estrous cycle. On the
contrary, low circulating levels of estrogens and/or high
progesterone levels may impair apoptosis of anterior pitu-
itary cells at other stages of the estrous cycle. In addition,
because TNF-« release from anterior pituitary cells is higher
at proestrus and stimulated by 17g-estradiol (16), the steroid
milieu on the morning of proestrus could increase local pro-
duction of auto/paracrine mediators, such as TNF-«, which,
in turn, would lead to apoptosis of anterior pituitary cells.

An increase in apoptosis of gonadotropes has been re-
ported on the morning of proestrus (15). In the present study,
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Fic. 8. Effect of dexamethasone on percentage of apoptotic lacto-
tropes (A) and somatotropes (B) from OVX rats cultured in presence
of 17B-estradiol and TNF-a. Cells from OVX rats cultured with 173-
estradiol (107° M, E) or 17B-estradiol plus dexamethasone (10~ M,
E+D) were incubated in the presence of TNF-a (50 ng/ml). Each
column represents the percentage = CLs of TUNEL-positive cells. A,
Lactotropes (n > 500 cells from three separate experiments). *** P <
0.001 vs. respective controls without TNF-a. B, Somatotropes (n > 700
cells from two separate experiments). *** P < 0.001 vs. respective
controls without TNF-a.

we observed that TNF-« induces apoptosis of cultured so-
matotropes from rats killed at proestrus but not at diestrus.
Almost half of the anterior pituitary cells remain in a mul-
tipotential state, expressing different hormone mRNAs and
potentially responding to several hypothalamic secreta-
gogues (24, 25). The cyclic rise in the expression of gonad-
otropins during the estrous cycle coincides with the appear-
ance of a subset of multihormonal somatotropes that share
phenotypic features of gonadotropes (26). This multihor-
monal population has been proposed to increase in response
to estrogens to support the extra needs of gonadotropin-
releasing cells at proestrus (27). Also, the expression of es-
trogen receptor-a in somatotropes has been proposed to in-
duce prolactin expression in this cell type (28). Therefore,
because we did not dual label anterior pituitary secretory
cells, we cannot rule out that GH-expressing cells undergo-
ing apoptosis by TNF-a could be multihormonal cells.
Although estrogens have classically been recognized as
potent mitogens in the anterior pituitary gland (29), a grow-
ing body of evidence shows that they also exert antiprolif-
erative and proapoptotic actions (12, 30). In fact, our recent
report shows that long-term estrogenization of OVX rats
increases the percentage of apoptotic cells in the anterior
pituitary gland (31). Although the mechanisms involved in
the antisurvival action of estrogens in the anterior pituitary
gland have not yet been studied, chronic estrogenization has
been reported to increase the expression of tumor suppressor
genes such as p53 in this gland (32). It has also been shown
that the expression of Bax, a proapoptotic member of the
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Bcl-2 family, is higher at proestrus (15), when circulating
estrogen levels are high (13). Therefore, estrogens seem to
tightly modulate pituitary cell renewal, sensitizing cells to
not only mitogenic stimuli but also proapoptotic signals, thus
maintaining tissue homeostasis.

Progesterone has been reported to act as a survival factor
in several reproductive tissues, including the mammary
gland (33), ovary (34), and endometrium (11). Progesterone
has been shown to promote cell survival by altering the
expression of anti- and proapoptotic genes of the Bcl-2 family
(11). Our results indicate that progesterone impairs the per-
missive effect of estradiol on lactotropes and somatotropes to
TNF-a-induced apoptosis. Some other actions of estrogens in
the anterior pituitary, such as stimulation of cell proliferation
and prolactin release, are also antagonized by progesterone
(35, 36). A potent antiprogestine, ZK 98 299 (37), inhibited the
protective action of progesterone on TNF-a-induced apo-
ptosis of anterior pituitary cells, suggesting that progester-
one may act through progesterone receptors (PRs). However,
PRs in the rat anterior pituitary seem to be confined to go-
nadotropes (38). Because the expression of this receptor in
GH-immunoreactive cells has yet to be studied, it is possible
that progesterone could act via PRs in multihormonal so-
matogonadotropes. Although progesterone has a relative
high affinity for the GR (17) and the activation of GR sup-
presses TNF-a-induced apoptosis in osteoblasts (20) and sev-
eral cell lines (21), we observed that the activation of GRs by
dexamethasone failed to modify the sensitizing action of
17B-estradiol on TNF-a-induced apoptosis, suggesting that
progesterone may not protect from apoptosis by interacting
with GRs. Moreover, our results indicate that glucocorticoids
do not modulate apoptosis of anterior pituitary cells.

Lactotropes have been shown to lack PRs (38), making it
difficult to explain the mechanism by which progesterone
antagonizes the permissive action of 17p-estradiol on TNF-
a-induced apoptosis in this cell type. However, it is well
recognized that paracrine signals are responsible for medi-
ating the action of steroid and peptide hormones in the
anterior pituitary gland (29). For example, it has been estab-
lished that the stimulatory action of GnRH on lactotrope
proliferation is mediated by angiotensin II released from
gonadotropes in culture (39). Therefore, we speculate that the
inhibitory effect of progesterone on TNF-a-induced apopto-
sis of lactotropes could be reflecting paracrine communica-
tion. Alternatively, TNF-a-induced apoptosis of anterior pi-
tuitary cells could be blocked by progesterone, at least in
part, through nongenotropic mechanisms. In many tissues,
ithas been reported that progesterone interacts with not only
classic PRs but also nonclassic membrane receptors (40, 41)
that are antagonized by ZK 98 299 (42).

In conclusion, the present study shows that 173-estradiol
not only has a permissive action in the apoptotic response of
lactotropes to TNF-a but also induces apoptosis of somato-
tropes by itself. PR activation protects anterior pituitary cells
from estrogen-dependent TNF-a-induced apoptosis. Our re-
sults suggest that the steroid environment modulates the
apoptotic response of anterior pituitary cells involved in the
process of cell renewal during the estrous cycle.
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