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Abstract We have previously reported that Fas activation
induces apoptosis of anterior pituitary cells from rats at
proestrus but not at diestrus and in an estrogen-dependent
manner. In this study, we evaluated the effect of Fas acti-
vation on apoptosis of lactotropes and somatotropes during
the estrous cycle and explored the action of gonadal ste-
roids on Fas-induced apoptosis. Also, we studied whether
changes in Fas expression are involved in the apoptotic
response of anterior pituitary cells. Fas activation increased
the percentage of TUNEL-positive lactotropes and soma-
totropes at proestrus but not at diestrus. FasL triggered
apoptosis of somatotropes only when cells from ovariec-
tomized rats were cultured in the presence of 17 ff-estradiol
(E2). Progesterone (P4) blocked the apoptotic action of the
Fas/FasL system in lactotropes and somatotropes incubated
with E2. Both E2 and P4 increased the percentage of cells
expressing Fas at the cell membrane. Our results show that
Fas activation induces apoptosis of lactotropes and soma-
totropes at proestrus but not at diestrus. Gonadal steroids
may be involved in the apoptotic response of lactotropes
and somatotropes, suggesting that Fas activation is impli-
cated in the renewal of these pituitary subpopulations
during the estrous cycle. The effect of gonadal steroids on
Fas expression may be only partially involved in regulation
of the Fas/FasL apoptotic pathway in the anterior pituitary
gland.
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Introduction

The Fas/FasL system is one of the main apoptotic pathways
involved in maintenance of tissue homeostasis in several organs
[1-5]. Both Fasl. and Fas are transmembrane proteins
belonging to the TNF-o/TNFRI family [6]. Interaction between
Fas receptor and FasL, its physiologic ligand, is followed by the
assembly of several intracellular proteins. One is the Fas-
associated death domain protein (FADD) which leads to auto-
activation of initiator caspases such as caspase 8 and 10. Once
activated, they can stimulate other downstream caspases that
execute cell death by apoptosis [6]. The Fas/FasL system has
been implicated not only in apoptosis but also in anti-apoptotic
and proliferative processes [6, 7].

Expression of the Fas/FasL system was initially consid-
ered to be restricted to lymphoid tissues. However, it has
been detected in non-lymphoid tissues such as brain, pla-
centa, ovary and bone, among others [8—12]. We have
localized Fas and FasL in anterior pituitary cells, mainly in
lactotropes and somatotropes. The percentage of Fas and
FasL immunoreactive cells is higher in anterior pitui-
tary cells from rats at proestrus than at diestrus. Also, 17
p-estradiol increases the percentage of anterior pituitary cells
from ovariectomized rats expressing either Fas or FasL [ 13].

The anterior pituitary gland undergoes a process of cell
renewal during the estrous cycle of the female rat [14].
Cyclic changes in circulating levels of gonadal steroids are
involved in the modulation of anterior pituitary cell turn-
over [15-18]. Plasma levels of estradiol reach a peak value
in the morning of proestrus, whereas systemic levels of
progesterone show a high peak in the evening of proestrus
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and a lower one on the first day of diestrus [19]. Lacto-
tropes are the anterior pituitary cell subpopulation with the
highest rate of proliferation followed by somatotropes,
corticotropes, and gonadotropes [15]. During the estrous
cycle, lactotropes account for almost all the proliferation
activity detected at estrus in the anterior pituitary [15]
whereas the highest rate of apoptosis of anterior pituitary
cells is observed at proestrus [18, 20].

Several reports suggest that gonadal steroids affect cell
renewal and tissue homeostasis in hormone-dependent tis-
sues such as ovary, endometrium, and the mammary gland
[1,3,5,21]. This action of gonadal steroids may be achieved
through modulation of Fas/FasL expression and function
[1, 3, 5]. We previously showed that Fas activation triggers
apoptosis of anterior pituitary cells from rats killed at pro-
estrus but not at diestrus. Fas-mediated apoptosis of anterior
pituitary cells is modulated by estradiol, suggesting that the
Fas/FasL system may represent a hormone-sensitive path-
way in the control of cell renewal in this gland [13].

This study was undertaken to determine the role of the
Fas/FasL system in the turnover of lactotropes and soma-
totropes during the estrous cycle and the influence of

gonadal steroids on Fas-induced apoptosis of these pitui-
tary subpopulations. We also explored whether changes in
Fas expression are involved in the apoptotic response of
anterior pituitary cells.

Results

Fas-induced apoptosis of lactotropes and somatotropes
is modulated by gonadal steroids

Considering that Fas and FasL expression is mainly dis-
tributed among lactotropes and somatotropes [13], we
explored whether the Fas/FasL system is involved in cell
turnover of these subpopulations during the estrous cycle.
We studied the effect of Fas activation on apoptosis of
lactotropes and somatotropes from cycling rats killed at
proestrus or diestrus. Activation of Fas increased the per-
centage of apoptotic lactotropes and somatotropes from
rats killed at proestrus but not at diestrus (Fig. 1a, b).

We previously reported that the Fas/FasL system exerts
a proapoptotic effect on total anterior pituitary cells and
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Fig. 1 Effect of Fas activation on percentage of apoptotic lactotropes
(a) and somatotropes (b) from rats killed at selected stages of the
estrous cycle. Anterior pituitary cells from rats killed at diestrus or
proestrus were incubated with an anti-Fas antibody (Mab—Fas 1 pg/
ml) or recombinant ligand (FasL 10 ng/ml) for 24 h. a Each column
represents the percentage £ CL of TUNEL-positive lactotropes.
n = 390440 lactotropes/group from two independent experiments.
*#*P < (0.01 versus respective control without FasL. Xz test. b Each
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column represents the percentage + CL of TUNEL-positive somato-
tropes. n = 115-240 somatotropes/group from two independent
experiments. **P < (0.01 versus respective control without Mab-
Fas. ;(2 test. ¢ Representative microphotograph of TUNEL-positive
lactotropes from rats killed at diestrus or proestrus incubated with
FasL. PRL-bearing cells were identified by indirect immunofluores-
cence. Scale bar 50 pm
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lactotropes in an estrogen-dependent manner [13]. To
evaluate whether estradiol influences the apoptotic action
of the Fas/FasL system in somatotropes, we determined the
effect of FasL (10 ng/ml) on the percentage of TUNEL-
positive somatotropes from OVX rats incubated with 17
B-estradiol (E2, 10~° M). Fas activation triggered apoptosis
of somatotropes only when cells were cultured in the
presence of E2 (Fig. 2). We have shown that progesterone
per se does not modify the apoptotic rate of anterior pitui-
tary cells but blocks the permissive action of estradiol on
TNF-a-induced apoptosis of both lactotropes and somato-
tropes [22]. In order to evaluate whether progesterone
modulates the apoptotic response of anterior pituitary cells
to Fas activation, we explored the effect of this steroid on
Fas-induced apoptosis of lactotropes and somatotropes
incubated in the presence of E2. In the absence of gonadal
steroids, Fas activation did not induce apoptosis of either
lactotropes or somatotropes (data not shown). FasL-induced

30
[ Control
FasL

%TUNEL-positive
somatotropes
&

I

E2

0 ré&E—Eé%E%ﬂ
VEH

Fig. 2 Fas-induced apoptosis of somatotropes. Anterior pituitary
cells from OVX rats were incubated with FasL (10 ng/ml) in the
presence of ethanol (VEH 1 pl/l) or 17 f-estradiol (E2 10™° M) for
24 h. Each column represents the percentage = CL of TUNEL-
positive somatotropes. n = 200-300 somatotropes/group from two
independent experiments. ** P < 0.01 versus respective control
without FasL, P < 0.01 versus respective control without E2. >
test
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Fig. 3 Effect of progesterone on apoptotic action of the Fas/FasL
system in lactotropes (a) and somatotropes (b). Anterior pituitary
cells from OVX rats were incubated with FasL (10 ng/ml) in the
presence of 17 f-estradiol (E2, 1072 M) alone or with progesterone
(P4, 107 M) for 24 h. a Each column represents the percent-
age + CL of TUNEL-positive lactotropes. n = 350-450 lactotropes/

E2+P4

apoptosis of lactotropes and somatotropes cultured with 17
B-estradiol was blocked by progesterone (P4, 10~° M)
(Fig. 3a, b).

Gonadal steroids modify Fas expression in the anterior
pituitary

In order to study whether changes in Fas expression are
involved in the apoptotic response to Fas activation we
evaluated the influence of gonadal steroids on Fas
expression in anterior pituitary cells from OVX rats. Nei-
ther E2 nor P4 modified the percentage of cells expressing
total Fas protein (Fig. 4a). However, both gonadal steroids
increased the percentage of cells expressing Fas receptor in
the cell membrane, without showing additive effects
(Fig. 4b).

Discussion

Fluctuation of gonadal steroids in each estrous cycle could
turn on or off several cell pathways to allow tissue
remodeling. During the estrous cycle, the changing pattern
of gonadal steroids modulates both cell proliferation and
death in the anterior pituitary gland, thus maintaining tissue
homeostasis [14]. In the anterior pituitary gland of female
rats, lactotropes present the highest proliferation rate fol-
lowed by somatotropes [15]. It has been shown that
estrogens are not exclusively a mitotic stimulus to PRL-
bearing cells but are also capable of stimulating division in
several other pituitary cellular subpopulations in the ante-
rior pituitary gland of male rats [23]. Our study shows that
Fas activation induces apoptosis of both lactotropes and
somatotropes from rats at proestrus when circulating
estradiol levels are highest, but not at diestrus. We have
reported that estradiol sensitizes lactotropes to the proa-
poptotic action of Fas activation [13]. Now we show that
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group from three independent experiments. b Each column represents
the percentage + CL of TUNEL-positive somatotropes. n = 600-750
somatotropes/group from six independent experiments. *P < (.05,
**P < 0.01 versus respective control without FasL, "P < 0.05,
AP < 0.01 versus respective control without P4. * test
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Fig. 4 Effects of gonadal steroids on Fas expression in anterior
pituitary cells. Anterior pituitary cells from OVX rats were incubated
with ethanol (control, 10 pl/l), 17 f-estradiol (E2, 10~° M), and/or
progesterone (P4, 1075 M). (a) Total Fas receptor was determined by
FACS. Each column represents the percentage = SE of cells
expressing total Fas in each condition from three independent

Fas activation also induces apoptosis of somatotropes only
when estradiol is present. Therefore, sensitivity of lacto-
tropes and somatotropes to Fas activation at proestrus may
be due to high circulating levels of estrogens during this
stage of the estrous cycle. In contrast to the classical model
of development of pituitary cell types [24], it has been
postulated that somatotropes originate from a lactotrope
lineage which goes through an intermediate somatolacto-
trope stage [25]. As we did not dual-label secretory cells
we cannot rule out that the action of Fas/FasL system on
GH and PRL-bearing cells can be exerted on somatolac-
totropes. The lack of apoptotic response of lactotropes and
somatotropes to Fas activation at diestrus could be related
to the peak of progesterone present at this stage of the
estrous cycle. In fact, our results show that progesterone
interferes with the permissive action of estradiol in the
proapoptotic effect of Fas activation on lactotropes and
somatotropes. Similarly, progesterone was reported to
impair the sensitizing effect of estrogens in TNF-a-induced
apoptosis of these pituitary subpopulations [22]. This
inhibitory effect of progesterone was suggested to be
exerted through progesterone receptors [22]. Since go-
nadotropes seem to be the only subpopulation in the rat
anterior pituitary gland that expresses progesterone recep-
tors [26], it is possible to speculate that the inhibitory effect
of progesterone on Fas-induced apoptosis could result from
paracrine action. In the morning of proestrus, there is an
expansion in the GH-bearing cell subpopulation which also
expresses LH and FSH [27]. Therefore, the inhibitory
effect of progesterone on Fas-induced apoptosis of soma-
totropes could be exerted on the somatogonadotrope sub-
population. Since the female rat anterior pituitary has more
mitosis at estrus and more apoptosis at proestrus [15, 18,
20], it is possible to speculate that in females, lactotrope
proliferation at estrus prepares this pituitary subpopulation
for the requirements of the proestrus prolactin surge and
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experiments. (b) Membrane-localized Fas receptor (mFas) was
determined by FACS. Each column represents the percentage + SE
of cells expressing mFas in each condition from five independent
experiments.*P < 0.05 versus respective control without E2,
MP < 0.01 versus respective control without P4. Two-way ANOVA

prolactin secretion during pregnancy. When pregnancy
does not occur, lactotropes may die at the following pro-
estrus to reduce the increased number of these cells. Since
the Fas/FasL system triggers apoptosis in this subpopula-
tion at proestrus, Fas activation could be a mechanism
involved in limiting the expansion of lactotropes in the
absence of pregnancy. GH secretion shows a variable
pattern along the estrous cycle. Serum GH was reported to
peak near the preovulatory gonadotropin surge [28]. Also,
GH mRNA expression peaks at proestrus [27]. Hence, the
participation of the Fas/FasL system on the renewal of
somatotropes during the estrous cycle would provide an
additional mechanism in the regulation of GH.

The increase in the expression of Fas and FasL in the
anterior pituitary gland may be one of the mechanisms
involved in the estrogen-modulated cell renewal. The
percentage of cells expressing total Fas protein did not vary
with E2 and/or P4 treatments. Our previous immunocyto-
chemical data [13] show that the percentage of anterior
pituitary cells expressing Fas in the cell membrane is
increased by estrogen action. Our present data also show
that P4 increases the percentage of cells expressing Fas in
the cell membrane suggesting that both gonadal steroids
may increase Fas translocation to cell membrane. Fas
stimulation triggers an endocytic pathway and recycling
endosomes deliver Fas receptor to the cell surface [29].
Fas-associated tyrosine phosphatase (FAP-1) inhibits Fas
export to the cell membrane [30]. Considering that anti-
estrogens were reported to increase FAP-1 expression it is
possible to suggest that estrogens may increase the trans-
location of Fas to the cell membrane through an effect on
FAP-1 expression [31]. Since progesterone also increases
Fas expression in the cell membrane, the inhibitory effect
of this steroid on the permissive action of estradiol on
Fas-induced apoptosis of anterior pituitary cells may not be
related to availability of Fas at the cell membrane.
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In summary, our findings show that the Fas/FasL system
triggers apoptosis of lactotropes and somatotropes at a
specific stage of the estrous cycle suggesting that Fas
activation is involved in the renewal of both pituitary
subpopulations during the estrous cycle. The presence of
Fas is not enough to induce apoptosis in anterior pituitary
gland suggesting that, as occurs in other hormone-depen-
dent tissues, gonadal steroids in addition to regulating Fas
expression may also modulate other steps of Fas apoptotic
pathway. The Fas/FasL system could be one of several
physiologic mechanisms that control cyclic tissue remod-
eling in the anterior pituitary gland in response to cyclic
changes in levels of gonadal steroids during the estrous
cycle. Since the mechanisms involved in apoptosis are
tightly regulated, alterations in their function could have
considerable physiopathological consequences. Compre-
hension of the modulatory role of gonadal steroids in
apoptotic pathways in the anterior pituitary could contrib-
ute to understand basic mechanisms implicated in the
pathogenesis of pituitary tumors and perhaps to develop
novel strategies in their treatment.

Materials and methods
Drugs

All drugs, media, and supplements were obtained from
Gibco, Invitrogen (Carlsbad, CA, USA) except for
Dulbecco’s Modified Eagle’s Medium, bovine serum albu-
min, and EDTA (Sigma Chemical Co. St. Louis, MO, USA),
fetal bovine serum (GenSa, Buenos Aires, Argentina),
membrane bound Fas Ligand (Upstate, Cell signaling solu-
tions, Lake Placid, NY, USA), anti-Fas antibody (R&D
Systems, Inc. Minneapolis, MN, USA), all terminal deox-
ynucleotidyltransferase-mediated deoxyuridine triphos-
phate nick end labeling TUNEL reagents (Roche Molecular
Biochemicals, Mannheim, Germany), primary antibodies
against anterior pituitary hormones (Dr. A. Parlow, National
Hormone and Pituitary Program, Torrance, CA, USA),
antiguinea pig rhodamine-conjugated secondary antibody
(Chemicon International, Temecula, CA, USA), and the
materials indicated below.

Animals

Adult female Wistar rats (200-250 g) were kept in con-
trolled conditions of light (12 h light-dark cycles) and
temperature (20-25°C). Rats were fed standard lab chow
and water ad libitum and kept in accordance with the NIH
Guide for the Care and Use of Laboratory Animals. The
animal protocols were previously approved by the Ethics
Committee of the School of Medicine, University of

Buenos Aires. Rats were monitored by daily vaginal
smears over three consecutive cycles and killed in the
morning of proestrus or diestrus. Groups of rats were
ovariectomized (OVX) 2 weeks before the experiments
under ketamine (75 mg/kg, i.p.) and xylacine (5 mg/kg,
i.p.) anesthesia. Anterior pituitary glands were removed
within minutes after decapitation and processed for cell
culture.

Cell culture

A pool of anterior pituitary cells from 3 to 8 rats was used
for each culture. Anterior pituitary glands were washed
several times with Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10 pl/ml MEM amino acids,
2 mM glutamine, 5.6 pg/ml amphotericin B, 25 pg/ml
gentamicin (DMEM-S), and 3 mg/ml bovine serum albu-
min (BSA). Then, the glands were cut into small fragments.
Sliced fragments were dispersed enzymatically by succes-
sive incubations in DMEM-S-BSA containing 0.75%
trypsin, 10% fetal bovine serum (FBS) previously treated
with 0.025% dextran-0.25% charcoal (FBS-DCC) to
remove steroids and 45 U/ul deoxyribonuclease type I.
Finally, the cells were dispersed by extrusion through a
Pasteur pipette in Krebs buffer without Ca®" and Mg>™.
Dispersed cells were washed and resuspended in DMEM-S
with 10% FBS-DCC. Cell viability as assessed by trypan
blue exclusion was over 90%. Anterior pituitary cells were
seeded onto coverslides in 24-well tissue culture plates
(1 x 10° cells/ml/well) for the TUNEL assay or for flow
cytometry analysis (FACS) (3 x 10° cells/ml/well). Ante-
rior pituitary cells from intact rats were cultured for
2448 h in DMEM-S with 10% FBS-DCC and then incu-
bated for 24 h with an agonist anti-Fas antibody (Mab-Fas
1 pg/ml) [32] or recombinant Fas ligand (FasL 10 ng/ml)
[33] in DMEM-S without serum.

In the case of OVX rats, the anterior pituitary cells were
cultured for 24-48 h in DMEM-S with 10% FBS-DCC.
After this period, the cells were incubated in the same
medium containing vehicle (ethanol 1-10 pl/1), 17 p-
estradiol (E2, 107° M, Sigma Chem. Co St Louis, MO,
USA) and/or progesterone (P4, 107° M, Roussel-Uclaf
Laboratory, Paris, France) for 48 h for FACS or incubated
in DMEM-S without serum with the steroids for 24 h and
then with Mab—Fas or FasL in the same media for a further
24 h for apoptosis determination.

Expression of Fas by flow cytometry
Cultured anterior pituitary cells from OVX rats were har-
vested with 0.025% trypsin—-EDTA and washed in cold

PBS. Cells were incubated in 0.1% PBS-BSA for 1 h at
37°C to stabilize cell membranes and then fixed with 0.1%
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paraformaldehyde. Next, the cells were incubated with an
anti-Fas FITC antibody (2 pug/10° cells, Santa Cruz Bio-
technology, CA, USA) in PBS for 1 h at 37°C. For deter-
mination of total Fas (cell membrane plus cytoplasmatic
expression), cells were permeabilized with 0.1% saponin
(MP Biomedicals, Inc, OH, USA) for 10 min in the dark
and at room temperature. Then, cells were incubated with
an anti-Fas-fluorescein antibody (2 pg/10° cells) in PBS
with 0.05% saponin for 1 h at 37°C. After the incubation
with the antibody, the cells were washed, resuspended in
PBS, and analyzed by FACS using a FACScan (Becton-
Dickinson, NJ, USA). Data were analyzed using WinMDI
98 software. Cells were incubated with isotype control
instead of primary antibody to determine the cut-off of Fas
fluorescence.

Microscopic determination of DNA fragmentation
by TUNEL

Briefly, after the culture period, cells were fixed with 4%
paraformaldehyde in PBS for 10 min and permeabilized by
microwave irradiation [34]. DNA strand breaks were
labeled with digoxigenin-deoxyuridine triphosphate using
terminal deoxynucleotidyl transferase (0.18 U/ul) accord-
ing to the manufacturer’s protocol. After an incubation in
PBS with 10% normal donkey serum and 10% normal
sheep serum for 40 min, the cells were incubated for 1 h
with guinea pig rat prolactin (PRL) antiserum (1:2500) or
guinea pig rat growth hormone (GH) antiserum (1:2000).
Then, the slides were incubated with antidigoxigenin-
fluorescein antibody (1:10) to detect incorporation of
nucleotides into the 3’-OH end of damaged DNA and
rhodamine-conjugated antiguinea pig secondary antibody
(1:200). Slides were mounted with mounting medium for
fluorescence (Vectashield, Vector Laboratories, Inc., Bur-
lingame, CA, USA) containing 4,6 diamidino-2-pheny-
lindoledihydrochloride (DAPI) for DNA staining and
visualized in a fluorescence microscope (Axiophot, Carl
Zeiss Jena, Germany). The percentage of apoptotic lacto-
tropes was calculated as [[TUNEL + PRL +)/total PRL +] x
100 and the percentage of apoptotic somatotropes as
[(TUNEL + GH +)/total GH 4] x 100.

Statistical analysis

The number of apoptotic cells identified by TUNEL was
analyzed in slides from two to six independent experi-
ments. Results were expressed as the percentage + confi-
dence limits (CL) of apoptotic cells of the total number of
cells counted in each specific condition. 95% confidence
intervals for proportions were analyzed by the 7 test. Data
of the percentage of cells expressing Fas (by FACS) were
expressed as means + SE from three to five independent
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experiments and analyzed by two-way ANOVA followed
by Tukey test. P < 0.05 was considered the cut-off point
for significance.
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