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TNF-� is involved in the regulation of normal tissue homeosta-
sis affecting cell proliferation, differentiation, and death. We
previously reported that TNF-� reduces anterior pituitary
cell proliferation and PRL release in an estrogen-dependent
manner. In the present project we studied the induction of
apoptosis by TNF-� in anterior pituitary cells from female
rats. TNF-� (50 ng/ml) decreased the viability of anterior pi-
tuitary cells. Incubation with TNF-� for 24 h increased the
percentage of terminal deoxynucleotidyltransferase-medi-
ated deoxyuridine triphosphate nick end labeling-positive
cells. TNF-� increased the percentage of somatotropes and
lactotropes with apoptotic nuclear morphology without af-
fecting the proportion of apoptotic corticotropes or gonado-

tropes. TNF-� increased the percentage of apoptotic lacto-
tropes in cultured cells from rats killed in proestrus and
estrus, but not in diestrus. This effect was significantly higher
in cells from rats in proestrus than in estrus. In anterior pi-
tuitary cells from ovariectomized rats, TNF-� significantly
increased the percentage of apoptotic lactotropes only when
the cells were incubated in the presence of 17�-estradiol.
These results indicate that TNF-� induces apoptosis in soma-
totropes and lactotropes from female rats. The apoptotic ef-
fect of TNF-� on lactotropes is dependent on estrogens and
could be involved in the regulation of anterior pituitary cell
renewal during the estrous cycle. (Endocrinology 143:
3611–3617, 2002)

TNF-� IS A multifunctional cytokine with a central role in
host defense (1). It elicits many biological activities,

including cell proliferation, differentiation, and death (2).
Low levels of TNF-� are found in several tissues, but its
expression is induced by infection or other stressors (3–5).
TNF-� is synthesized and released by the brain and pituitary
(3–6). In the pituitary, TNF-� has been detected in somato-
tropes and neurointermediate lobe (7). Its receptors are also
expressed in this gland (8, 9), suggesting that TNF-� may
participate in the control of anterior pituitary function. In
fact, this cytokine has been shown to affect the secretion of
ACTH, GH, TSH, and PRL (10, 11). We previously reported
that TNF-� reduces anterior pituitary cell proliferation and
PRL release (12).

TNF-� acts through two types of specific receptors: TNF
receptor 1 (TNFR-1) of 55 kDa and TNFR-2 of 75 kDa (13).
Signaling by TNF-�, initiated by binding to TNFR-1, induces
the association of adapter proteins to form a death-inducing
signaling complex leading to apoptosis (14). These com-
plexes provoke a proteolytic cascade that enables cell disas-
sembly (15). Apoptosis can also be produced by a mechanism
involving the release of cytochrome c and other proapoptotic
proteins from mitochondria and subsequent activation of pro-
caspase 9 (16). TNF-� also activates transcription factors such as
nuclear factor-�B and activating protein-1, which may override
the apoptotic pathways in some cells (2, 14, 17, 18).

Death by apoptosis is known to have a major role in the
maintenance of tissue homeostasis. Apoptosis occurs in both

normal and tumoral anterior pituitary cells (19–21). Evidence
shows that lactotrope apoptosis occurring after termination
of lactation involves changes in the expression of modulators
of cell survival such as Bcl-2, Bax, and p53 (22).

In estrogen-dependent tissues, steroids can induce apo-
ptosis directly or indirectly by modifying the expression of
certain paracrine factors, including TNF-� (23). Gonadal ste-
roids regulate TNF-� synthesis in the endometrium, where
the highest expression of this cytokine occurs at midcycle (24,
25). We reported that estrogens stimulate TNF-� release from
anterior pituitary cells and that this release is higher in cells
from rats killed in proestrus (6, 12). We also observed that the
inhibitory effect of TNF-� on anterior pituitary cell prolif-
eration was estrogen dependent (12).

As TNF-� may be involved in anterior pituitary cell re-
newal, the aim of the present study was to explore whether
TNF-�, besides inhibiting cell proliferation, promotes apo-
ptosis in anterior pituitary cells and whether the apoptotic
effect of TNF-� is dependent on estrogens. Therefore, we
examined the effect of TNF-� on the viability and apoptosis
of anterior pituitary cells from intact rats killed at random or
at selected stages of the estrous cycle or from ovariectomized
rats cultured in the presence of 17�-estradiol. We observed
that TNF-� induced apoptosis of somatotropes and lacto-
tropes. The promotion of apoptosis of lactotropes by TNF-�
was predominant in cells from rats at proestrus and appears
to be estrogen dependent.

Materials and Methods

All drugs, media, and supplements were obtained from Sigma (St.
Louis, MO), except fetal bovine serum (FBS; GenSa, Buenos Aires, Ar-
gentina), recombinant human TNF-� (Promega Corp., Madison, WI), all
terminal deoxynucleotidyltransferase-mediated deoxyuridine triphos-

Abbreviations: ER, Estrogen receptor; FBS, fetal bovine serum; FBS-
DCC, dextran-charcoal-treated fetal bovine serum; MTT, 3-[4,5-dimeth-
ylthiazol-2-yl]-2,5-diphenyltetrazolium bromide; OVX, ovariectomized;
TE, Tris-EDTA; TERP-1, truncated estrogen receptor product-1; TNFR,
TNF receptor; TUNEL, terminal deoxynucleotidyltransferase-mediated
deoxyuridine triphosphate nick end labeling.
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phate nick end labeling (TUNEL) reagents (Roche Molecular Biochemi-
cals, Mannheim, Germany), and the materials indicated below.

Animals

Adult female Wistar rats were kept in controlled conditions of light
(12-h light, 12-h dark cycles) and temperature (20–25 C). Rats were fed
standard laboratory chow and water ad libitum and were kept in accor-
dance with the NIH Guide for the Care and Use of Laboratory Animals.
Intact rats were killed by decapitation at random stages of the estrous
cycle or were monitored by daily vaginal smears over three consecutive
cycles and killed in proestrus, estrus, or diestrus. Groups of rats were
ovariectomized (OVX) with ether anesthesia 2 wk before the
experiments.

Cell culture

Anterior pituitary glands (without neurointermediate lobe) were re-
moved within minutes after decapitation. The glands were washed
several times with DMEM and cut into small fragments. Sliced frag-
ments 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 deoxyribonuclease II (type V
from bovine spleen), and 1 mg/ml trypsin inhibitor (type II-S from
soybean) and were finally dispersed by extrusion through a Pasteur
pipette in Krebs buffer without Ca2� and Mg2�. Dispersed cells were
washed twice and resuspended in MEM containing d-valine instead of
l-valine to abrogate fibroblast growth, supplemented with 5 �l/ml
MEM nonessential amino acids, 2 mm glutamine, 5.6 �g/ml ampho-
tericin B, and 25 �g/ml gentamicin (MEM-d-valine-S). Cell viability, as
assessed by trypan blue exclusion, was greater than 90%. The cells were
seeded onto coverslides in 24-well tissue culture plates (10 � 104 cells/
0.5 ml/well) for the TUNEL method, immunocytochemistry, and nu-
clear microscopic observation, onto 96-well tissue culture plates (75 �
104 cells/0.20 ml/well) for metabolic activity of viable cell determina-
tion, or onto 6-well tissue culture plates (3.0 � 106 cells/4 ml/well) for
DNA fragmentation analysis by electrophoresis. The cells were cultured
for 2–3 d (37 C, 5% CO2 in air) in MEM-d-valine-S with 10% FBS. After
this period, cells were washed twice, and the medium was replaced by
MEM-d-valine-S supplemented with 10 �g/ml insulin, 6.7 ng/ml so-
dium selenium, 5.5 �g/ml transferrin, 0.02 ng/ml T3, and 10 �l/ml
MEM vitamins (MEM-d-valine-SS) without FBS. The cells were cultured
in this medium for 1 d to wash out remaining FBS and then incubated
for 1 d in the same fresh medium with TNF-� (50 ng/ml). In the case
of rats killed at selected stages of the estrous cycle, cells were processed
as indicated above, except that FBS was treated previously with 0.025%
dextran-0.25% charcoal (FBS-DCC) to remove steroids, and the wash-out
period without serum was omitted.

In the case of OVX rats, cells were cultured in MEM-d-valine-S with
10% FBS-DCC for 3 d and then for 2 d in the same fresh medium
containing 17�-estradiol (10�9 m) or vehicle (ethanol final concentration,
1 �l/liter). Finally, the cells were incubated for another day in MEM-
d-valine-SS without FBS in the presence of 17�-estradiol and TNF-� (50
ng/ml).

Metabolic activity determination

The metabolic activity of viable cells was determined by the 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay. In
brief, cells were washed twice and incubated for 4 h in 100 �l Krebs
buffer plus 50 �g MTT reagent dissolved in 10 �l PBS at 37 C. The
developed crystals were dissolved in 100 �l 0.04 n HCl in isopropanol,
and the OD was read in a microplate spectrophotometer at a wavelength
of 600 nm.

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 (26). DNA
strand breaks were labeled with digoxigenin-deoxy-UTP using terminal
deoxynucleotidyl transferase (0.18 U/�l) according to manufacturer’s
protocol. The incorporation of nucleotides into the 3�-OH end of dam-

aged DNA was detected with an antidigoxigenin-fluorescein antibody
and was visualized with a fluorescence microscope.

Microscopic determination of apoptotic nuclear morphology

Cells were fixed with 4% formaldehyde in PBS for 30 min and per-
meabilized with 0.2% Triton X-100 (vol/vol) in PBS. The coverslides
were preincubated with 1 mg/ml ribonuclease A for 30 min and then
incubated with 1 �g/ml propidium iodide for 15 min. Cell death was
analyzed by nuclear chromatin morphology. Apoptotic cells were iden-
tified by the presence of nuclear condensation and/or chromatin mar-
gination or fragmentation (26, 27). The percentage of apoptotic cells was
defined as apoptotic cells � 100/total cells.

Immunofluorescent identification of anterior pituitary cells

Anterior pituitary cells were identified by indirect immunofluores-
cence staining. Cultured cells were fixed as described above and incu-
bated with 5% normal rabbit serum in PBS with 0.2% Triton X-100
(vol/vol) for 30 min. Then slides were incubated with primary anti-
bodies [guinea pig antirat PRL (NHPP-IC, 1:2500), guinea pig antirat GH
(NHPP-IC, 1:2000), guinea pig antirat �LH (NHPP-IC-2, 1:5000), guinea
pig antirat ACTH (NHPP-IC-1, 1:400)] in PBS containing 0.2% Triton
X-100 (vol/vol) and 0.5% normal rabbit serum for 1 h. After rinsing,
slides were incubated for 1 h with rabbit antiguinea pig fluorescein
isothiocyanate- or rhodamine-conjugated secondary antibodies at a
1:200 dilution in the same buffer. Cells were observed under a fluores-
cent light microscope (Axiophot, Carl Zeiss, Jena, Germany) with
mounting medium for fluorescence (Vectashield, Vector Laboratories,
Inc., Burlingame, CA). Control slides were incubated with normal
guinea pig serum instead of primary antibody.

Electrophoretic determination of DNA fragmentation

Isolation and separation of apoptosis-associated DNA fragments in
anterior pituitary cells were performed according to the method de-
scribed by Steinfelder et al. (28). Briefly, cells were rinsed twice with PBS
and scraped off the wells. The cells were centrifuged at 500 � g for 5 min
and lysed with 0.6% sodium dodecyl sulfate in Tris-EDTA (TE) buffer,
pH 7.5, with 1 �g/�l ribonuclease A. After precipitation with 3 m CsCl,
1 m potassium acetate, and 0.67 m acetic acid, the mixture was spun at
14,000 � g for 15 min. The supernatant was spun in a MiniPrep spin
column (QIAprep Spin Miniprep Kit, QIAGEN, Hilden, Germany) at
14,000 � g for 1 min, washed, and spun again. DNA was eluted with TE
buffer, pH 8.0, run into 1.6% acetic acid/TE (pH 7.6) agarose gel, and
stained with ethidium bromide.

Statistical analysis

Viability data were expressed as the mean � se and were evaluated
by t test. Differences were considered significant if P � 0.05. The ex-
periments were performed at least twice. Results from individual ex-
periments are shown in the figures. The number of apoptotic cells (as
identified by nuclear morphology of cells stained with propidium iodide
or by the TUNEL method) was analyzed in duplicate slides for each cell
preparation, and each group included at least two independent exper-
iments. Results were expressed as the percentage of apoptotic cells of the
total number of cells counted of each specific population or condition.
Differences between proportions were analyzed by the �2 test with 95%
confidence. In estrous cycle studies, the relative risk of occurrence of
apoptosis after exposition to TNF-� was defined as the ratio of propor-
tions of apoptosis in the presence and absence of TNF-� in cells from rats
killed at each stage of the estrous cycle. Differences between relative
risks were considered significant when 95% confidence intervals, cal-
culated by the approximation of Katz, did not overlap (InStat version
3.00, GraphPad Software, Inc., San Diego, CA).

Results
Effect of TNF-� on the metabolic activity of anterior
pituitary cells

To study the effect of TNF-� on anterior pituitary cell
viability, we first evaluated its action on the metabolic ac-
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tivity of these cells by MTT assay. TNF-� (50 ng/ml) de-
creased the metabolic activity of anterior pituitary cells from
pooled intact rats within 6 h and for up to 48 h when cells
were incubated in serum-free MEM-d-valine (Fig. 1). This
inhibitory effect was abrogated when the cells were incu-
bated for 24 h with TNF-� in the presence of 2.5% FBS (data
not shown). Therefore, in the following experiments, the
incubations with TNF-� were performed in serum-free
MEM-d-valine culture medium for 24 h.

Effect of TNF-� on percentage of apoptotic anterior
pituitary cells

The decrease in metabolic activity of viable cells induced
by TNF-� could result from inhibition of cell proliferation or
induction of cell death. We have already demonstrated that
TNF-� inhibits cell proliferation (12). Therefore, we evalu-
ated whether TNF-� also induces cell death of anterior pi-
tuitary cells from rats killed at random stages of the estrous
cycle. TNF-� (50 ng/ml) significantly increased the percent-
age of TUNEL-positive cells (control, 5.38%; TNF-�, 7.69%;
P � 0.001). Staining with propidium iodide permitted ob-
servation of the morphological features of apoptotic cells,
such as nuclear condensation, chromatin fragmentation and
margination, and the presence of apoptotic bodies (Fig 2).

To identify which of the cell populations of the anterior
pituitary were committed to apoptosis by TNF-�, we deter-
mined the number of immunoreactive cells for PRL, GH,
ACTH, and �LH with nuclear apoptotic morphology re-
vealed by propidium iodide. TNF-� increased the percentage
of somatotropes and lactotropes with apoptotic morphology,
but did not significantly affect the proportion of apoptotic
corticotropes or gonadotropes (Fig. 3). The induction of ap-
optosis in lactotropes by TNF-� was also detected by the
TUNEL method (Fig. 4).

Apoptotic effect of TNF-� on anterior pituitary cells from
rats killed at selected stages of the estrous cycle

As TNF-� release from anterior pituitary cells varies
throughout the estrous cycle (12), we investigated the apo-
ptotic effect of TNF-� on anterior pituitary cells from rats
killed in proestrus, estrus, or diestrus. TNF-� significantly

FIG. 3. Effect of TNF-� on the percentage of apoptotic cells in dif-
ferent cell populations of the anterior pituitary. Anterior pituitary
cells from rats killed at random stages of the estrous cycle were
cultured for 3 d in MEM-D-valine-S (10% FBS), for 1 d in MEM-D-
valine-SS without FBS, and then for 1 d in the same fresh medium
containing TNF-� (50 ng/ml). Each column represents the percentage
of apoptotic cells (as identified by nuclear morphology of cells stained
with propidium iodide) of the total number of cells counted of each
specific population (n � 300-1800 cells from at least 4 separate ex-
periments). ***, P � 0.001 (vs. respective control).

FIG. 1. Effect of TNF-� on the metabolic activity of viable anterior
pituitary cells. Cells from rats killed at random stages of the estrous
cycle were cultured in MEM-D-valine-S (10% FBS) for 3 d. Then, the
medium was replaced by MEM-D-valine-SS without FBS, and
the cells were cultured for another 3 d. TNF-� (50 ng/ml) was added
at the time specified in the figure before termination of the culture.
Cell viability was assessed by the MTT assay. Each column represents
the mean � SE of 10 wells. *, P � 0.05; **, P � 0.01; ***, P � 0.001
(vs. respective control).

FIG. 2. Apoptotic lactotrope and somatotrope. Representative ante-
rior pituitary cells showing immunocytochemistry for PRL or GH and
counterstaining with propidium iodide (magnification, �1500). A,
Normal lactotrope. B, A PRL-immunopositive cell exhibits nuclear
chromatin fragmentation indicative of apoptosis. C, Two GH-immu-
nopositive cells. The arrow shows a shrunken cell with condensed
nucleus. D, Same cells as in C, showing nuclear morphology.
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increased the percentage of TUNEL-positive cells from rats
killed in proestrus and estrus, but not in diestrus (Fig. 5A).
However, this effect was significantly greater (P � 0.05) in
cells from rats killed in proestrus (relative risk, 2.88) than in
estrus (relative risk, 1.60). Also, TNF-� significantly in-
creased the percentage of apoptotic lactotropes in cultures of
anterior pituitary cells from rats killed in proestrus and es-
trus; the apoptotic effect of TNF-� was significantly higher
(P � 0.05) in cells from rats in proestrus (relative risk, 3.94)
than in estrus (relative risk, 1.62; Fig. 5B).

In addition, agarose gel electrophoresis showed the typical
laddering of apoptotic DNA fragmentation, indicating that
TNF-� induced cell death by apoptosis. Breakdown of
genomic DNA into high and low molecular weight frag-
ments induced by TNF-� was clearly observed in anterior
pituitary cells from rats killed in proestrus, but not in diestrus
(Fig. 6).

Effect of estradiol on TNF-�-induced apoptosis

Considering that TNF-� promotion of apoptosis was pre-
dominant in anterior pituitary cells from rats killed in
proestrus, we investigated whether TNF-� proapoptotic ac-
tion is dependent on estrogens. For this purpose, anterior
pituitary cells from OVX rats were cultured in the presence
of 10�9 m 17�-estradiol. TNF-� significantly increased the
percentage of anterior pituitary cells from OVX rats with
apoptotic morphology only when cells were cultured in the
presence of 17�-estradiol (Fig. 7A). A similar effect was ob-
served in lactotropes from OVX rats (Fig. 7B).

Discussion

Our results show the presence of cells with apoptotic
characteristics in all subpopulations of secretory cells of
the anterior pituitary gland from intact female rats that we
studied. Although the percentage of apoptotic anterior
pituitary cells determined in basal culture conditions in
serum-free medium was relatively low, it was markedly
higher in some subpopulations, such as lactotropes and
somatotropes. In these specific subpopulations, TNF-� in-
duced death by apoptosis.

To date, receptors for TNF-� in the anterior pituitary have
been found in two cell lines: AtT-20, deriving from cortico-
tropes, and TtT/GF, deriving from folliculostellate cells (8).
Although both receptor subtypes for TNF-� were identified
in the mouse anterior pituitary gland, only TNFR-1 was
detected in rat anterior pituitary. However, as TNFR-2 is a
species-specific receptor, and its detection requires rat
TNF-�, it is possible that both TNFR-1 and TNFR-2 are
present in the rat anterior pituitary (9). Neither the presence
of TNF receptors nor the relative expression of each subtype
of TNFR in the different cell subpopulations of the anterior
pituitary has been investigated, although they may account
for the differences in the response of each cell subpopulation
to the cytokine.

Death by apoptosis was reported in tumoral and normal

FIG. 4. TUNEL-positive lactotropes. Anterior pituitary cells from
rats killed at random stages of the estrous cycle were cultured for 3 d
in DMEM-S (10% FBS), for 1 d in DMEM-S without FBS, and then
for 1 d in the same fresh medium containing TNF-� (50 ng/ml).
Lactotropes were identified by immunocytochemistry (magnification,
�350).

FIG. 5. Effect of TNF-� on the percentage of TUNEL-positive ante-
rior pituitary cells (A) and lactotropes (B) of rats killed at selected
stages of the estrous cycle. Cells from rats killed in proestrus, estrus,
and diestrus were cultured for 2 d in MEM-D-valine-S (10% FBS-DCC)
and then for 1 d in MEM-D-valine-SS without FBS containing TNF-�
(50 ng/ml). Each column represents the percentage of TUNEL-posi-
tive cells of the total number of cells in each condition. A, Anterior
pituitary cells (n � 2000 cells). B, Lactotropes (n � 400 cells). *, P �
0.05; ***, P � 0.001 (vs. respective control without TNF-�).
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anterior pituitary cells (19–21, 29). Treatment of adrenalec-
tomized rats with dexamethasone was shown to induce a
burst of apoptosis of corticotropes in the anterior pituitary
with concurrent suppression of mitosis (30). Tissue remod-
eling occurring after termination of lactation involves apo-
ptosis (22). Apoptosis was also reported to be induced by
bromocriptine in anterior pituitary glands from estrogen-
stimulated female rats (31).

Our results indicate that TNF-� exerts a proapoptotic ef-
fect on anterior pituitary cells that varies throughout the
estrous cycle and is predominant in cells of proestrus rats.
Although it cannot be assured that cells from rats killed at a
specific stage of the estrous cycle preserve their original
characteristics in culture, the differential apoptotic response
to TNF-� according to the stage in which the animals were
killed suggest the cyclicity of such response. A higher apo-
ptotic rate was also induced by TNF-� in lactotropes of
anterior pituitaries from rats killed in proestrus, suggesting

that the proapoptotic action of this cytokine is dependent on
gonadal steroids. In fact, TNF-� increased the apoptosis of
total anterior pituitary cells, specifically of lactotropes from
OVX rats, only when these cells were cultured in the presence
of 17�-estradiol.

It has been demonstrated that inhibitors of apoptosis pro-
teins, such as the X-linked inhibitor of apoptosis protein,
whose expression is regulated by TNF-� via nuclear factor-
�B, modulate TNF-� death signaling pathways in granulosa
cells (32). Thus, the inability of lactotropes to undergo apo-
ptosis after TNF-� challenge in the absence of estrogens
could be due in part to an imbalance in the expression of
proapoptotic and antiapoptotic factors. Breaking with the
current dogma that sex steroids are required for the growth
and development of hormone-sensitive cancer, steroid hor-
mones have been suggested recently to be mediators of both
cell proliferation and cell death (33). Dihydrotestosterone
enhances transforming growth factor-�-induced apoptosis in
a hormone-sensitive prostate cancer cell line through mech-
anisms involving apoptotic regulatory proteins such as Bcl-2
(34). Further, high concentrations of estradiol increase apo-
ptosis of cell lines derived from breast cancer with long-term
deprivation of estrogens, probably by activation of a Fas-

FIG. 6. TNF-�-induced DNA fragmentation. A, Anterior pituitary
cells from rats killed in proestrus (lanes 1 and 2) and diestrus (lanes
3 and 4) were cultured for 2 d in MEM-D-valine-S (10% FBS-DCC) and
then for 1 d in MEM-D-valine-SS without (lanes 1 and 3) or with
TNF-� (50 ng/ml; lanes 2 and 4). DNA was isolated and analyzed by
agarose gel electrophoresis as described in Materials and Methods.
One representative gel of two experiments is shown. B, The digi-
talized gel image was analyzed using standard densitometric scan-
ning software. The amount of fragmented DNA (200–1500 bp) was
determined as the OD and expressed as a percentage of the respective
control without TNF-�.

FIG. 7. Effect of TNF-� on the percentages of apoptotic anterior pi-
tuitary cells (A) and lactotropes (B) from OVX rats cultured in the
presence of 17�-estradiol. Cells were cultured for 3 d in MEM-D-
valine-S (10% FBS-DCC) and for 2 d in the same medium containing
17�-estradiol (10�9 M) or vehicle (ethanol 1 �l/liter). Finally, cells
were incubated for another day in MEM-D-valine-SS without FBS in
the presence of estradiol and TNF-� (50 ng/ml). Each column repre-
sents the percentage of apoptotic cells (as identified by nuclear mor-
phology of cells stained with propidium iodide). A, Anterior pituitary
cells (n � 4200). B, Lactotropes (n � 1000). **, P � 0.01; ***, P � 0.001
(vs. respective control without TNF-�).
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mediated mechanism (35). Also, some effects of estradiol, i.e.
neuroprotection, rely upon the expression of estrogen re-
ceptor � (ER�), whereas expression of ER� without ER�
potentiates apoptosis (36). Therefore, it was suggested that
divergent effects of estradiol may depend on which ER sub-
type is expressed. ER� may up-regulate antiapoptotic genes,
whereas when there is a cell death signal, activated ER�
could potentiate this signal (36). Lactotropes are accepted to
be a major target for estrogens that stimulate PRL synthesis
and release as well as lactotrope proliferation (37). ER� and
ER� isoforms have been detected in gonadotropes, cortico-
tropes, lactotropes, and folliculostellate cells. Only a small
percentage of anterior pituitary cells coexpress both ER� and
ER�. Approximately 50% of the lactotropes express ER�,
whereas less than 30% express ER� (38). Nevertheless, ER�
mRNA was found to be relatively more abundant in cells
with lactotrope characteristics (39). Lactotropes also have the
highest levels of the pituitary-specific truncated ER prod-
uct-1 (TERP-1). Its expression and the expression of ER� and
ER� in the pituitary may be regulated by gonadal steroids
during the estrous cycle. 	he expression of TERP-1 shows a
dramatic increase from the morning of diestrus to the after-
noon of proestrus, whereas ER� mRNA levels fall at
proestrus, presumably induced by rising estradiol levels (38,
39). Lactotrope cell proliferation varies in different physio-
logical conditions, such as pregnancy, lactation, and the es-
trous cycle (40, 41). During the estrous cycle, lactotrope pro-
liferation was observed only during estrus and not at any
other stage (41), and it has been suggested that lactotrope
proliferation requires both stimulation of secretion of hypo-
thalamic factors and the sensitizing action of estradiol (42).
Homeostatic control of cell number results from a dynamic
balance between the number of cells generated and the num-
ber of cells undergoing apoptotic death. We previously re-
ported that TNF-� inhibition of anterior pituitary cell pro-
liferation was estrogen dependent (12). Our present data
indicate that TNF-�-induced apoptosis of lactotropes also
requires the presence of estrogens. This estrogen dependency
of both inhibition of proliferation and induction of apoptosis
may result in a reduction of the lactotrope population at a
specific stage of the estrous cycle, providing one means for
terminating the proestrus PRL surge. We propose that the
lactotrope population is renewed in each estrous cycle by cell
proliferation during estrus and cell death by apoptosis dur-
ing proestrus. Both events may respond to gonadal steroids,
probably depending on the relative expressions of different
ER isoforms. In fact, one hypothesis is that TERP-1 sup-
presses estrogen action in the pituitary at proestrus, inter-
vening in the termination of the proestrus surge (39). As
TNF-� release from anterior pituitary cells is higher during
proestrus (12), our results suggest that this cytokine may
participate as an autocrine/paracrine factor in anterior pi-
tuitary cell renewal during the estrous cycle.

In cycling rats, PRL and gonadotropin surges occur during
the afternoon of proestrus, whereas the serum levels of these
hormones remain low at other stages of the estrous cycle.
Serum GH levels appear to be unrelated to the rat estrous
cycle (43). However, a rise of serum GH was observed near
the peak of the gonadotropin surge in ewes (44). Moreover,
the expression of GH mRNA reaches a peak in proestrus rats

(45). Evidence indicates that pituitary acidophils are a dy-
namic cell population capable of functional interconver-
sion. The differentiation of lactotropes from somatotropes
includes a transitional cell type, the somatomammotropes,
that express ERs (46, 47). A subpopulation of somatotropes
also expresses LH and FSH mRNAs (48). In our study, TNF-�
induced apoptosis of somatotropes, an event that could re-
strain somatotrope expansion. Although we did not dual-
label secretory cells, it is possible that part of the somatotrope
population that died by apoptosis could be dual-hormone
secretors or multihormonal cells. Even though lactotropes
account for almost all the mitotic activity detected in the
anterior pituitary during the estrous cycle (41), recruitment
and maturation of gonadotropes occur during diestrus in
cycling female rats. Several factors, such as estradiol (46),
epidermal growth factor, and GnRH (49), are known to be
mitogens for gonadotropes. Therefore, it is possible to spec-
ulate that a number of gonadotropes may die to balance the
new cells generated in each estrous cycle. TNF-� did not
modify the percentage of apoptotic gonadotropes. However,
paracrine factors other than TNF-� could be involved in the
control of gonadotrope population homeostasis.

In conclusion, our results indicate that TNF-� induces
apoptosis of lactotropes by an estrogen-dependent mecha-
nism. This apoptotic effect may be predominant at proestrus
and could participate in the homeostatic maintenance of cell
number in the anterior pituitary. As the mechanisms in-
volved in apoptosis are tightly regulated, alterations in their
function could be involved in the pathogenesis of pituitary
tumors.
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