
Summary. The spatial and temporal pattern of
appearance of pro-apoptotic caspase-3 and p53 proteins,
and anti-apoptotic bcl-2 protein was investigated in the
developing pituitary gland of 6 human embryos 5-8-
weeks old, using morphological and immuno-
histochemical techniques. Their dynamic appearance
was analyzed in the Rathke's pouch (future
adenohypophysis), mesenchyme, and in the developing
neurohypophysis. In the 5th and 6th week, caspase-3
positive cells appeared in the Rathke's pouch (5%) and
stalk (11%), in the mesenchyme, but not in the
neurohypophysis. In the 6th and 7th week, apoptotic
cells were more numerous in the caudal part of the
Rathke's pouch due to its separation from the oral
epithelium. Pro-apoptotic p53 protein was detected in all
parts of the pituitary gland throughout the investigated
period. Nuclear condensations characterized cells
positive to caspase-3 and p53 proteins. Apoptotic cells
displayed condensations of nuclear chromatin on an
ultrastructural level as well. While caspase-3 dependent
pathway of cell death participated in morphogenesis of
the adenohypophysis and associated connective tissue,
p53-mediated apoptosis most likely participates in
morphogenesis of all parts of the gland, including
neurohypophysis. The anti-apoptotic bcl-2 protein was
also detected in all parts of the developing gland. With
advancing development, the positivity to bcl-2 protein
increased in the cells of the adenohypophysis, while it
decreased in the neurohypophysis. Bcl-2 protein
probably prevented cell death in all parts of the gland
and enhanced cell differentiation. The described pattern
of appearance of the investigated pro-apoptotic and anti-
apoptotic factors might be important for normal

morphogenesis and function of the pituitary gland.
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Introduction 

The pituitary gland contains three lobes and is of
dual embryonic origin. The anterior and intermediate
lobes derive from Rathke's pouch, an invagination of the
oral ectoderm, while the posterior lobe develops from
the infundibulum, a stalk derived from the region of the
ventral diencephalon (Moore and Persaud, 1993; Rizzoti
and Lovell-Badge, 2005). The apposition of Rathke's
pouch and the diencephalon is maintained throughout
the early stages of pituitary organogenesis, thus
suggesting that inductive tissue interactions are involved
in the process of pituitary development (Takuma et al.,
1998; Bazina et al., 2007). Dubois et al. (1997) reported
that interactions between the adenohypophysis and
neighboring tissues exist as early as the open neurula
stage. The expression of a given phenotype by the
committed cells is coordinated by a number of
differentiation and transcription factors (Dubois et al.,
1997). In this context, gene activation and expression of
the controlling processes of cell proliferation, and the
apoptosis and appearance of pituitary-specific
transcription factors, allows the formation of a gland
containing six cell types (Burgess et al., 2002).
Expressed in a tightly regulated fashion, these factors
ensure the dorso-ventral migration of Rathke's pouch,
control cell determination and differentiation and
maintenance of cell function (Sheng et al., 1997; Ericson
et al., 1998; Takuma et al., 1998; Mullis, 2000;
Rosenfeld et al., 2000; Dasen and Rosenfeld, 2001;
Sbrogna et al., 2003; Asa and Ezzat, 2004).
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The bcl-2 family members, caspase-3 and p53
proteins are only some of many factors that are involved
in cell proliferation and apoptosis, as well as in the
regulation of differentiation and growth processes.
Expression of these genes appears to be important for
growth and differentiation of different tissues during
human development, as their occurrence is not only
restricted to specific tissues, but also to specific stages of
development (Miosge et al., 1997; Lichnovsky et al.,
1998, 1999). 

Apoptosis is a type of cell death in which cells die in
a controlled and programmed manner. It is regulated by
a number of different genes (Rezvani et al., 2000). It is
characterized by a specific pattern of morphological
features, which can be detected by electron microscopy
(Anilkumar et al., 1992), DNA and biochemical assays
or by in situ labelling techniques (Kapranos et al., 2004).
Caspases are a large family of proteases that play an
important role in cell cycle regulation, including
caspase-3, which is the key effector caspase in the
apoptotic process (Hengartner, 2000). The role of
apoptosis and genes involved in its regulation during the
development of different organs in human embryos and
foetuses was studied by several authors (Koseki et al.,
1992; James, 1994; Lichnovsky et al., 1998, 1999; Kim
et al., 2000; Rezvani et al., 2000; Ketola et al., 2003;
Bozanic and Saraga-Babic, 2004; Prochazkova et al.,
2004; Carev et al., 2006; Vilovic et al., 2006). Apoptosis
was also shown during the development of the mice
immune and nervous system (Motoyama et al., 1995;
Fujita et al., 2000; Klocke et al., 2002). However, there
are no data on the role of apoptosis during normal
development and growth of the human pituitary gland.
On the other hand, apoptosis has been shown to be an
important process in pituitary oncogenesis (Ozer et al.,
2003) and in pituitary neoplastic lesions (Green et al.,
1997; Kulig et al., 1999; Sambaziotis et al., 2003;
Kontogeorgos, 2005, 2006). 

Protection from apoptotic cell death is often
associated with bcl-2 protein, an integral mitochondrial,
nuclear and endoplasmatic reticulum membrane protein.
Positive relationships between proliferation cell activity
and bcl-2 presence in some tissues of developing human
embryos and foetuses indicate its role in cell survival
and control of cell division (Lichnovsky et al., 1998). In
human embryos, bcl-2 expression was described in many
developing organs, including the gastrointestinal tract,
kidneys, central nervous system (Lichnovsky et al.,
1999; Carev et al., 2006; Vilovic et al., 2006),
cardiovascular system (Kim et al., 2000) and in testicular
development (Ketola et al., 2003), but not in the pituitary
gland. 

The p53 is a negative regulator of G1-S phase
transition in the cell cycle and may stimulate cell death
in response to DNA damage. In human embryonic
development p53 was detected in the kidney, intestine
and lungs, liver, pancreas, heart and embryonic
osteoblasts. In the central nervous system and kidneys of
the same embryos, p53 was co-expressed with bcl-2

(Lichnovsky et al., 1998; Carev et al., 2006). Co-
expression of p53 with c-erb-B2 or c-fos oncoproteins
was found in specific tissues and at specific stages of
human embryonic and foetal development (Miosge et
al., 1997).

The present study is the first to report the pattern of
appearance of apoptotic and anti-apoptotic factors during
the earliest stages of human pituitary gland development.
The aim of our study was to determine the spatial and
temporal distribution pattern of bcl-2, caspase-3 and p53
antigens in correlation with important developmental
processes of cell proliferation and apoptosis, which seem
to be important for early morphology and differentiation
of the human pituitary gland.

Material and methods 

Human material

Human conceptuses between 5th and 8th week of
development were collected after spontaneous abortions
from otherwise healthy mothers in the Department of
Gynaecology and Obstetrics, Clinical Hospital Centre of
Split, Croatia, or after tubal pregnancies from the
Department of Pathology, Clinical Hospital Centre of
Split. The embryos and foetuses were examined
macroscopically and measured. Only normal
conceptuses, without any sign of abnormality,
intrauterine death or macerations were used in our study.
The embryonic tissues were treated as post mortem
material with permission of the Ethics and Drug
Committee of the Clinical Hospital Split in accordance
with the 1964 Helsinki Declaration. The post-ovulatory
age was estimated on the basis of menstrual data,
ultrasonographic examination performed by a
gynaecologist and by crown-rump length (CRL)
measurements, which were afterwards correlated with
Carnegie stages (O'Rahilly and Gardner, 1971) (Table 1).
Every 10th slide was additionally stained by
Haematoxylin and Eosin and examined under
microscope to confirm the developmental stage (week)
of each embryo.

Immunohistochemical staining

a) Embedding and sectioning

Cranial parts of embryos containing developing
pituitary gland were dissected. Tissue samples were
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Table 1. Age and number of human conceptuses analysed in this study.

Age (weeks) CRL (mm) Carnegie stage No.

5 8 15 1
6 14 17 1
7 23 20-22 2
8 23-32 21-23 2



fixed in 4% paraformaldehyde in phosphate buffer and
dehydrated in 100% ethanol. They were embedded in
paraffin wax, serially sectioned as 4-6 µm thick sections,
mounted on glass slides, and examined with an Olympus
BX51 light microscope (Olympus, Tokyo, Japan). 

b) Staining with bcl-2 and active caspase-3
antibodies

The paraffin was removed with xylene, and the
sections were rehydrated in ethanol and water. In order
to quench endogenous peroxidase activity, sections were
incubated for 30 min in 0.1% H2O2. 

Sections for immunohistochemical staining with bcl-
2, p53 and caspase-3 antigens were treated with H2O2,
washed in phosphate-buffered saline (PBS), and then
incubated in sodium citrate buffer or EDTA (bcl-2
sections) for 10 min at 95°C. After being cooled to room
temperature, they were incubated with rabbit anti-
human/mouse active caspase-3 primary antibody
(dilution 1:250; AF835, R&D Systems, Minneapolis,
Minn., USA) and mouse anti-human bcl-2 oncoprotein
primary antibody (dilution 1:50; M 0887, DAKO)
overnight at 4°C in a humidified chamber. After being
washed in PBS, the bcl-2, and caspase-3 sections were
incubated with biotiniylated secondary antibody (mouse
and rabbit UniTect ABC Kit, Oncogene, Boston, Mass.,
USA) for 30 min at room temperature. They were then
washed again in PBS and incubated with avidin
biotinylated horseradish peroxidase complex (ABC) for
30 min, washed again with PBS, and then stained with
diaminobenzidine tetrahydrochloride solution (DAB).
Finally, the sections were rinsed in distilled water,
counter-stained with haematoxylin, and dehydrated in
ethanol and xylol.

c) Staining with p53 antibody

The paraffin sections were incubated with mouse
anti-human p53 protein (dilution 1:50; M 7001, DAKO)
for 45 min. The primary p53 antibodies were detected
using a strepavidin-biotin peroxidase system (K0690,
DakoCytomation, Carpinteria, Calif., USA) as
recommended by the manufacturer. The p53 sections
were later washed with PBS, stained with DAB, counter-
stained with haematoxylin and dehydrated as described
above (Vojtesek et al., 1992; Huppertz et al., 1999). 

Depending on the intensity of staining, the
immunoreactivity of the pituitary cells was selected into
4 classes: strong staining (++), moderate staining (+),
weak staining (±) and absence of staining (-).

Controls

Sections without primary antibodies incubation were
used as negative controls. Positive controls were other
tissues known to label specifically with primary
antibodies (each section, besides pituitary gland,
contained other organs such as brain, skull bones, cranial

ganglia, eye or ear primordial etc.).

Quantification of apoptotic cells

The number of apoptotic cells was evaluated
quantitatively by two independent investigators and
classified as negative (no stained cells) and positive
(stained cells) cells. Counts were made along the length
of the pituitary gland separately for Rathke's pouch and
stalk (5th and 6th week embryos) and adenohypophysis
(7th and 8th week embryo). We used DP-SOFT version
3.1 software to divide each chosen part of pituitary gland
section in squares of 50 µ m x 50 µ m at 40x
magnification, and then we counted positive cell profiles
in squares that were completely covered with cells. All
together, there were 715 such squares. The cells below
the left and upper border of squares were not taken into
account, only those on the right and lower border. To
avoid counting the same cell twice, we used every other
consecutive section. The examination was performed on
an Olympus BX51 microscope equipped with a DP11
digital camera and using DP-SOFT version 3.1 software.
Quantitative analysis for caspase-3 was performed for
three developmental periods (5-6, 7 and 8 weeks)
according to the corresponding age of the embryo (Table
1). In each chosen area of the pituitary gland (50µm x
50µm) the percentage of caspase-3 positive cells was
calculated and expressed as mean ± SD. Data were
analysed by the Mann-Whitney test. Significance was
accepted at p<0.05. 

Light and electron microscopy

The cranial parts of 2 human conceptus (5 and 7
developmental weeks old) were fixed in 4%
paraformaldehyde in 0.1 M phosphate buffer (ph 7.2),
for 24 h at 4°C, post fixed in 2% osmium tetroxide and
embedded in LX 112 Embedding Kit (Ladd Research,
Williston, USA). Semi-thin sections, 1Ìm thick were
stained with toluidine blue; adjacent ultrathin sections
were stained with uranyl acetate and lead citrate
(Reynolds, 1963). Possible early signs of morphological
differences between cells were analysed in the
adenohypophysis, using Olympus BX51 microscope.
Electron micrographs were obtained with a Jeol 1200
EX microscope. 

Detection of apoptotic cells by TUNEL method

DNA fragmentation in apoptotic cells was detected
with terminal deoxynucleotidyl transferase (TdT)-
mediated nick-end labelling (TUNEL) method binding
of fluorescein-labelled and unlabelled deoxynucleotides
using the Fluorescein FragELTM DNA Fragmentation
Detection Kit (Calbiochem®, USA). Sections were
deparaffinized and rehydrated and then pretreated with
proteinase K for 20 min. Afterwards, sections were
treated with equilibration buffer for 30 min, all at room
temperature. The sections were later covered with
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working TdT-labelling reaction mixture and incubated in
a humidified chamber at 37°C for 1.5 h. After that
procedure the sections were briefly stained with
haematoxylin and mounted with the mounting media
provided in the TUNEL kit. We replaced the block
control with labeling safe buffer, and used the positive
control section provided by the kit. 

Labelled nuclei were examined with a standard
fluorescein filter (465-495 nm). Microphotographs were
captured with a SPOT Insight QE camera (Diagnostic
Instruments, USA) mounted on an Olympus BX51
microscope using the SPOT software. 

Results

Anatomical relationship between developing Rathke's
pouch and neurohypophysis

In the 5th and 6th week of development, the
Rathke's pouch was still connected to the pharyngeal
epithelium by the epithelial strand (craniopharyngeal
epithelial stalk). The cranial end of Rathke's pouch
became wider and came into close vicinity to the
developing neurohypophysis, represented by evagination
of diencephalic wall called the infundibulum. Part of the
head mesenchyme surrounding the pituitary primordium
formed the source of future capsula.

Immunohistochemical (caspase-3) and morphological
features of apoptotic cells and their quantification

Caspase-3 positive cells were only occasionally seen
at the cranial end of the Rathke's pouch and could be
seen only at higher magnifications (Fig. 1A).

The most prominent morphological finding of
developing pituitary gland during the 6th and 7th
development week was separation of the Rathke's pouch
from the primitive oral cavity. In association with this

process, numerous apoptotic cells were seen in the
region of detachment of the Rathke's pouch from the
pharyngeal epithelium, as well as in the part of the gland
(epithelial stalk) that disappears during further
development (11%) (Fig. 4), thus allowing the separation
of the adenohypophysis from the oral cavity. The distal
part of the Rathke's pouch (future adenohypophysis)
contained a significantly lower number of apoptotic cells
(5%) (Fig. 4) than the stalk area (Mann-Whitney,
p=0.03). When stained with apoptotic marker to caspase-
3, numerous caspase-3 positive cells were detected
around the presumptive lumen of the Rathke's pouch and
inside its walls (Fig. 1B; Table 2). During the same
developmental stage, most of the cells forming the walls
of Rathke's pouch displayed ultrastructural features of
vital cells: pale nuclei had prominent nucleoli, while the
cytoplasm contained glycogen accumulations. Among
vital cells, apoptotic cells with dark-staining nuclei or
nuclear fragmentations could be seen as well (Fig. 1C). 

During the 7th developmental week, part of the
Rathke's pouch proliferated in a ventral direction and
formed strands of epithelial cells separated by the
mesenchymal tissue, thus forming the glandular-like
primordium of pars distalis. Cells surrounding the
remaining lumen of the Rathke's pouch mostly
contributed to the pars intermedia. Several rows of
mesenchymal cells around the gland condensed to form
future connective tissue capsule. Caspase-3 positive cells
or cell fragments were seen scattered within glandular
cells, at the border of the residual lumen of the Rathke's
pouch, as well as in the nearby mesenchyme (Fig. 1D,
Table 2). During the 8th developmental week, the
apoptotic cells were detected in the pars distalis, pars
intermedia, and in the mesenchyme, while they were not
present in the neurohypophysis (Table 2). The number of
apoptotic cells decreased in the developing
adenohypophysis from 5% in the 5th and 6th week to
3% in the 7th and 8th developmental week (Fig. 5).

1262

The apoptosis in human pituitary gland

Table 2. Immunoreactivity to specific antibodies in the human pituitary gland during the 5-8 developmental weeks.

Age of embryos (weeks)

Primary antibody 5 and 6 7 8 Parts of the pituitary gland

Caspase 3 ++ c +d ++ + RP/AH
– + + + M
/ – – – D/NH

p53 + + + RP/AH
+ + + M
/ / / D/NH

Bcl-2 ± ++ ++ RP/AH
/ + + M
/ ++ + D/NH

RP/AH: Rathke's pouch/adenohypophysis; M: mesenchyme; D/NH: diencephalon/neurohypophysis: ++: strong staining; +: moderate staining; ±: weak
staining; –: absence of staining; /: absence of structure in the section, c-caudal part of pituitary gland (craniopharyngeal stalk), d-distal part of pituitary
gland.



Immunohistochemical detection of p53 positive cells

The p53 positive cells that appeared in the Rathke's
pouch for the first time in the 6th developmental week

were found only occasionally, and were mostly localized
at the luminal border of Rathke's pouch and in the pars
distalis. At higher magnifications, the nuclei of p53
positive cells contained nuclear condensations, e.g. they
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Fig. 1. Distribution of
apoptotic factors
caspase-3 and p53 in
developing pituitary
gland. A. Sagittal section
through the 6-week
human pituitary gland:
cranial part of Rathke's
pouch (rp), mesenchyme
(m), infundibulum (i),
diencephalon (d).
Apoptotic cells are seen
only occasionally and at
higher magnification.
Immunostaining to
caspase-3, x 20. Scale
bar 50 µm. B. Sagittal
section through the 6-
week human pituitary
gland: craniopharyngeal
stalk of the Rathke's
pouch (rp), mesenchyme
(m), oral epithelium (oe).
Note numerous brown-
stained nuclei of apoptotic
cells (arrows) along the
closing lumen of the
caudal Rathke's pouch,
and at places of
detachment from the oral
epithelium.
Immunostaining to
caspase-3, x 40. Scale
bar, 25 µm. Inset:
apoptotic cell inside oral
epithelium, x 100. 
C. Ultrastructure of the
Rathke's pouch in the 6th
developmental week:
most of the vital cells
have pale nuclei (n) with
prominent nucleoli and
accumulations of
cytoplasmic glycogen (g).
Apoptotic cell (a) is
characterized by
condensed dark-staining
nucleus of half-moon
shape. x 2000. Scale bar,
0.5 µm. D. Sagittal
section through the 8-
week human pituitary
gland: pars distalis (pd)
mainly contains vital cells
with pale euchromatic

nuclei, and mesenchyme (m) with blood vessels. Several apoptotic bodies are seen among the vital cell (arrows). Immunostaining to caspase-3, x 100.
Scale bar, 8 µm. E. Sagittal section through a 7-8 week human pituitary gland: pars distalis (pd), pars intermedia (pi), residual lumen of the Rathke's
pouch (l), mesenchyme (m). P53 positive cell (squared) is seen at the luminal border of the pars intermedia. Inset: higher magnification of the p53-
positive cells showing also nuclear condensations. Immunostaining to p53, x 20. Scale bar, 50 µm. F. Sagittal section through an 8-week human
pituitary gland-pars distalis (pd). Note p53-positive cells (arrow) in the follicle-like nest of the epithelial cells. Immunostaining to p53, x 100. Scale bar,
10 µm.



showed morphological features of cell death (apoptosis)
(Fig. 1E). At later stages, some of the dead cells were
found in the lumen of the follicle- like nests of the
epithelial cells, among the glandular-like primordium of
the pars distalis, as well as in the mesenchyme
penetrating the gland (Table 2, Fig. 1F). Some p53
positive cells were seen in the neurohypophysis as well.

Immunohistochemical and morphological detection of
bcl-2 positive cells

In the 5th and 6th week of development, only very
weak bcl-2 positivity could be seen in some cells of
Rathke's pouch epithelium (not shown). First, clearly
bcl-2 positive cells appeared in all parts of the

developing gland during the 7th developmental week.
Cells strongly positive to anti-apoptotic bcl-2 protein

were seen in the regions of the pituitary gland with high
mitotic activity e.g. near the luminal border of Rathke's
pouch and in the neurohypophysis. Less numerous bcl-2
positive cells were seen throughout the epithelium of
glandular like formation of pars distalis, as well as in the
adjacent mesenchyme (Fig. 2A, Table 2).

In the semi thin-sections of a 7-week embryo, in the
distal part of the pituitary gland some cells showed
mitotic figures, while others had condensed nuclei or
formed apoptotic bodies. However, most of the cells had
pale nuclei with prominent nucleoli, indicating that they
are in the active phase. Cells were separated by
mesenchymal tissue containing blood vessels (Fig. 2B). 
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Fig. 2. Distribution of anti-
apoptotic bcl-2 protein in
developing pituitary gland.
A. Transversal section
through the pars distalis
(pd) of a 7-week human
pituitary gland. Bcl-2
positive cells are seen
throughout the epithelium,
but are the most
numerous (arrows) near
the luminal border (l) of
the Rathke's pouch.
Immunostaining to bcl-2, 
x 100. Scale bar, 10 µm. 
B. Semi-thin section
through the distal part of a
7-week pituitary gland.
Most of the cells (c) have
pale-stained nuclei with
prominent nucleoli: some
cells are in the stage of
mitosis (m) and others
show condensed nuclei or
apoptotic bodies (arrows).

At places, cells are separated by mesenchymal tissue containing blood vessels (v).
Toluidin blue, x 100. Scale bar, 10 µm. C. Transverse section through the 8-week
pituitary gland: pars distalis (pd), mesenchyme (m), neurohypophysis (nh). The most
intense bcl-2 positive cells (arrows) are found in the cells facing the residual lumen of the
Rathke's pouch (l) or mesenchyme (m). Immunostaining to bcl-2, x 40. Scale bar, 25 µm.
D+. Transverse section through the 8-week neurohypophysis (nh) and nearly
mesenchyme (m). Note clear bcl-2 positivity, particularly in mitotic cell (arrow).
Immunostaining to bcl-2, x 100. Scale bar, 10 µm. D-. Negative control of the section
shown in Fig. 2D+. Staining without bcl-2 primary antibody, x 100. Scale bar, 10 µm.
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Fig. 3. Detection of TUNEL-positive cells in developing pituitary gland. 
A. Transverse section through the 8-week pituitary gland. Several
fluorescent TUNEL-positive cells are seen (arrows). TUNEL method, 
x 100, Scale bar, 10 µm. B. Bright field: pars distalis (pd), pars intermedia
(pi) mesenchyme (m). TUNEL method, x 100, Scale bar, 10 µm. 
C. TUNEL-positive cells are seen in areas corresponding to mesenchyme,
epithelium of pars intermedia and lumen of the Rathke's pouch (arrows),
(merged bright field and fluorescence photograph). Scale bar, 10 µm.

Fig. 5. Percent of apoptotic cells in developing adenohypophysis during
development (5-8 weeks). Data are presented as mean ± standard
deviation. 

Fig. 4. Percent of apoptotic (caspase-3 positive) cells in Rathke's pouch
and stalk during development (5th and 6th week). Data are presented
as mean ± standard deviation. The difference between Rathke's pouch
and stalk is a statistically significant (Mann-Whitney, p=0.03). 



In the 7th and 8th week of development, more
glandular-like formations were seen in the pars distalis,
and were separated by the mesenchymal (connective
tissue) strands. Cells surrounding the remaining lumen
of Rathke's pouch, as well as cells facing the nearby
mesenchyme showed the most numerous mitotic figures,
clearly recognized by characteristically arranged
chromosomes. Intense proliferation (mitotic figures) and
positive reaction to bcl-2 antigen co-localized in the cell
of the observed regions. Less numerous bcl-2 positive
cells were found in glandular-like part of the pars
distalis, in the mesenchyme penetrating the gland, as
well as in the connective tissue capsula (Fig. 2C).
Diencephalon and the developing neural part of the
pituitary gland showed cells with moderate
immunoreactivity to bcl-2 antigen, being most numerous
at the ventricular border of the diencephalon (Fig. 2D).

TUNEL-method

The internucleosomal fragmentation of cells,
indicating that they were undergoing apoptosis, was
confirmed by using TUNEL-method. TUNEL-positive
cells displayed clear fluorescence in the dark field. After
merging with the same bright-field image, it was
possible to detect the position of apoptotic cells: in the
mesenchyme, inside the epithelium of pars distalis and
intermedia, and at the luminal border of the Rathke's
pouch (Fig. 3C).

Discussion

The developmental period investigated in our study
included several steps of pituitary gland formation: from
dorso-ventral migration of the Rathke's pouch and
separation from the oral ectoderm, to differentiation and
formation of the glandular-like structures and the
primordia of three lobes in the future gland. During the
described developmental events, adjustment of cell
number executed through cell death (apoptosis), as well
as distribution and intensity of cell proliferation
participated in the described early pituitary
organogenesis. 

During the early phases of pituitary gland formation,
the most prominent morphological finding was
separation of the Rathke's pouch from the primitive oral
cavity. In accordance with this developmental event,
numerous apoptotic cells were detected in the region of
their detachment (11%), as this is the part of the gland
(craniopharyngeal stalk) destined to disappear by the end
of the 8th week (Carlson, 2004). In the distal part of the
gland, which gives rise to the adenohypophysis, the ratio
of apoptosis was significantly lower (5%). These cells
showed clear caspase-3 positive reaction, indicating
involvement of caspase-3 mediated apoptosis in the
separation of the adenohypophysis from the place of its
origin in the oral cavity. With progression of
development, the number of apoptotic cells decreased in
the region of the adenohypophysis (decline to 3%).

Additionally, the presence of caspase-3 positive cells in
the nearby mesenchyme suggest that the same type of
cell death might be involved in the formation of the
connective tissue strands inside the gland, as well as the
capsule on its surface. On the other hand, caspase-3
dependent apoptosis was not observed in the developing
neurohypophysis. It was shown that if the process of
separation of Rathke's pouch from the stomodeal
epithelium is disturbed, the remaining tissue might be
normal, and in that case is called a pharyngeal
hypophysis. If the residual tissue becomes neoplastic, it
forms hormone-secreting tumors called cranio-
pharyngiomas (Carlson, 2004). Indeed, in several studies
of craniopharyngiomas the location of these tumors was
found along the path of the craniopharyngeal stalk
(Chen, 2001; Deutsch et al., 2001; Falavigna and
Kraemer, 2001; Kachhara et al., 2002). Thus, change in
this clearly temporally and spatially defined apoptotic
process could be associated with persistence of remnants
of Rathke's pouch or the craniopharyngeal duct and their
possible neoplastic transformation (Prabhu and Brown,
2005).

Until now, morphological features, molecular
regulation and significance of apoptosis were
investigated in non-tumorous pituitaries, pituitary
adenomas, carcinomas and in pituitary hyperplasia, in
both transgenic animals and adult humans (Kulig et al.,
1999; Sambaziotis et al., 2003; Kapranos et al., 2004),
but not during human pituitary development. It was
found that apoptosis mostly occurred in functioning
pituitary adenomas, or was used for evaluation of drug
effects or for defining adenoma subtypes (Kontogeorgos,
2005). In experimental animals, the connection between
the expression of certain genes and change in apoptotic
process was detected. In mice, reduced expression of
LIM-homeobox gene Lhx3 caused impaired growth and
differentiation of Rathke's pouch, and increased cell
apoptosis during pituitary development (Zhao et al.,
2006). It was shown that pituitary hypoplasia in Lhx4
mutant mice resulted from increased cell death
(Raetzman et al., 2002). 

In our study, the p53 positive cells appeared in
Rathke's pouch for the first time in the 6th
developmental week, and were distributed inside its
epithelium or at its luminal border, but were present also
in the surrounding mesenchyme. Later, they were
detected in the lumen of the follicle-like nests of the
epithelial cells in the pars distalis, in the mesenchyme
and in the developing neurohypophysis as well. Since
we found that p-53 positive cells showed morphological
signs of cell death (nuclear condensations), we can
speculate that this protein might control the elimination
of cells in the developing gland by inducing p-53
mediated apoptosis. It is known that p53 is a negative
regulator of G1-S phase transition in the cell cycle and
that it may stimulate cell death in response to DNA
damage. Thus, Lichnovsky et al. (1998) did not exclude
the role of DNA-damage in accumulation of p53 protein
in different tissues during the early stages of human
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embryogenesis. On the other hand, the appearance of
this protein in Rathke's pouch cells could be considered
as a part of normal pituitary morphogenesis.
Additionally, in our study p53 protein was co-expressed
with bcl-2 protein during normal pituitary gland
formation. Thus, we can speculate that in regions of
intense cell division, p53 expression might be necessary
to prevent inadequate and uncontrolled proliferation,
which is usually related to serious disturbances in cell
alignment, as well as with the appearance of different
disorders (Lichnovsky et al., 1998). While Ozer et al.
(2003) suggested a significant relationship between the
apoptosis-related proteins bcl-2, bax and p53 and
hormone function in pituitary adenomas, Green at al.
(1997) found no significant association between
apoptosis and p53 protein expression and pituitary
adenomas. 

In our study, cells positive to anti-apoptotic bcl-2
protein were mostly seen in the regions of the pituitary
gland with high mitotic activity: around the residual
lumen of Rathke's pouch, as well as at the side facing the
mesenchyme. Less numerous bcl-2-positive cells were
observed in the glandular-like formations of the pars
distalis. In our previous study, the Ki-67 positive cells
predominated in the region of the most intense cell
proliferation, while they were rarely seen in the gland-
like structures (Bazina et al., 2007). Taniguchi et al.
(2002) also described that in the rat pituitary gland, cells
in active proliferation and differentiation contradicted
each other (Taniguchi et al., 2002a,b). Location of the
bcl-2 positive cells, found in the neural part of the
pituitary gland and in the diencephalon, also coincided
with previously described high cell proliferation activity
detected by Ki-67 in the same regions (Bazina et al.,
2007). At later stages, when the cells of the
infundibulum have mostly differentiated into pituicytes,
immunoreactivity to bcl-2 was also less intense. Thus,
our findings support the idea that bcl-2 protein not only
protects cells from apoptotic death, but also enhances
cell survival and control of cell division. 

In the described study, all investigated pro-apoptotic
and anti-apoptotic factors had spatially and temporally
restricted patterns of appearance in the developing
human pituitary gland. Their balance and interplay seem
to be involved in early normal pituitary formation,
primarily in the control of cell number, cell survival and
cell death. Changes in their expression patterns might be
associated with serious disturbances in gland
morphogenesis and function, as shown in the cases of
tumor transformation of the pituitary gland.

Acknowledgements. We are grateful to Mrs. Asja Miletic for her skilful
technical assistance, Prof. Ivica Grkovic for valuable suggestions on the
manuscript and Dr. Irena Zakarija-Grkovic for language editing. This
study is supported by the Ministry of Science Education and Sports of
the Republic of Croatia (021-2160528-0507) and Federation Ministry of
Education and Science of the Republic of Bosnia and Herzegovina
(grant “Development of human peripheral nervous system”). 

References

Anilikumar T.V., Sarraf C.E. and Alison M.R. (1992). The biology and
pathology of programmed cell death (apoptosis). Vet. Hum. Toxicol.
34, 251-254.

Asa S.L. and Ezzat S. (2004). Molecular basis of pituitary development
and cytogenesis. Front. Horm. Res. 32, 1-19.

Bazina M., Stefanovic V., Bozanic D. and Saraga-Babic M. (2007).
Ultrastructural and immunohistochemical characteristics of
developing human pituitary gland. Acta. Histochem. 109, 366-376.

Bozanic D. and Saraga-Babic M. (2004). Cell proliferation during the
early stages of human eye development. Anat. Embryol. (Berl). 208,
381-388.

Burgess R., Lunyak V. and Rosenfeld M. (2002). Signaling and
transcriptional control of pituitary development. Curr. Opin. Genet.
Dev. 12, 534-539.

Carev D., Krnic D., Saraga M., Sapunar D. and Saraga-Babic M. (2006).
Role of mitotic, pro-apoptotic and anti-apoptotic factors in human
kidney development. Pediatr. Nephrol. 21, 627-636.

Carlson B.M. (2004). Human embriology and developmental biology.
Mosby Inc. Philadelphia. pp 233-277.

Chen C.J. (2001). Suprasellar and infrasellar craniopharyngioma with a
persistent craniopharyngeal canal: Case report and review of the
literature. Neuroradiology 43, 760-762.

Dasen J.S. and Rosenfeld M.G. (2001). Signaling and transcriptional
mechanisms in pituitary development. Annu. Rev. Neurosci. 24,
327-355.

Deutsch H., Kothbauer K., Persky M., Epstein F.J. and Jallo G.I. (2001).
Infrasellar craniopharyngiomas: Case report and review of the
literature. Skull Base 11, 121-128.

Dubois P.M., El Amraoui A. and Heritier A.G. (1997). Development and
differentiation of pituitary cells. Microsc. Res. Tech. 39, 98-113.

Ericson J., Norlin S., Jessell T.M. and Edlund T. (1998). Integrated fgf
and bmp signaling controls the progression of progenitor cell
differentiation and the emergence of pattern in the embryonic
anterior pituitary. Development 125, 1005-1015.

Falavigna A. and Kraemer J.L. (2001). Infrasellar craniopharyngioma:
Case report. Arq. Neuropsiquiatr. 59, 424-430.

Fujita E., Urase K., Egashira J., Miho Y., Isahara K., Uchiyama Y., Isoai
A., Kumagai H., Kuida K., Motoyama N. and Momoi T. (2000).
Detection of caspase-9 activation in the cell death of the bcl-x-
deficient mouse embryo nervous system by cleavage sites-directed
antisera. Brain. Res. Dev. Brain. Res. 122, 135-147.

Green V.L., White M.C., Hipkin L.J., Jeffereys R.V., Foy P.M. and Atkin
S.L. (1997). Apoptosis and p53 suppressor gene protein expression
in human anterior pituitary adenomas. Eur. J. Endocrinol. 136, 382-
387.

Hengartner M.O. (2000). The biochemistry of apoptosis. Nature 407,
770-776.

Huppertz B., Frank H.G. and Kaufmann P. (1999). The apoptosis
cascade--morphological and immunohistochemical methods for its
visualization. Anat. Embryol. (Berl). 200, 1-18.

James T.N. (1994). Normal and abnormal consequences of apoptosis in
the human heart. From postnatal morphogenesis to paroxysmal
arrhythmias. Circulation 90, 556-573.

Kachhara R., Nair S., Gupta A.K., Radhakrishnan V.V. and
Bhattacharya R.N. (2002). Infrasellar craniopharyngioma mimicking
a clival chordoma: A case report. Neurol. India 50, 198-200.

Kapranos N., Kontogeorgos G., Horvath E. and Kovacs K. (2004).

1267

The apoptosis in human pituitary gland



Morphology, molecular regulation and significance of apoptosis in
pituitary adenomas. Front. Horm. Res. 32, 217-234.

Ketola I., Toppari J., Vaskivuo T., Herva R., Tapanainen J.S. and
Heikinheimo M. (2003). Transcription factor gata-6, cell proliferation,
apoptosis, and apoptosis-related proteins bcl-2 and bax in human
fetal testis. J. Clin. Endocrinol. Metab. 88, 1858-1865.

Kim H.S., Hwang K.K., Seo J.W., Kim S.Y., Oh B.H., Lee M.M. and Park
Y.B. (2000). Apoptosis and regulation of bax and bcl-x proteins
during human neonatal vascular remodeling. Arterioscler. Thromb.
Vasc. Biol. 20, 957-963.

Klocke B.J., Latham C.B., D'sa C. and Roth K.A. (2002). P53 deficiency
fails to prevent increased programmed cell death in the bcl-x(l)-
deficient nervous system. Cell. Death Differ. 9, 1063-1068.

Kontogeorgos G. (2005). Classification and pathology of pituitary
tumors. Endocrine 28, 27-35.

Kontogeorgos G. (2006). Predictive markers of pituitary adenoma
behavior. Neuroendocrinology 83, 179-188.

Koseki C., Herzlinger D. and Al-awqati Q. (1992). Apoptosis in
metanephric development. J. Cell Biol. 119, 1327-1333.

Kulig E., Jin L., Qian X., Horvath E., Kovacs K., Stefaneanu L.,
Scheithauer B.W. and Lloyd R.V. (1999). Apoptosis in nontumorous
and neoplastic human pituitaries: Expression of the bcl-2 family of
proteins. Am. J. Pathol. 154, 767-774.

Lichovsky V., Kolar Z., Murray P., Hlobilkova A., Cernochova D.,
Pospisilova E., Vojtesek B. and Nenutil R. (1998). Differences in p53
and bcl-2 expression in relation to cell proliferation during the
development of human embryos. Mol. Pathol. 51, 131-137.

Lichovsky V., Erdosova B., Punkt K. and Zapletal M. (1999). Expression
of bcl-2 in the developing kidney of human embryos and fetuses
qualitative and quantitative study. Acta Univ. Palacki. Olomuc. Fac.
Med. 142, 61-64.

Miosge N., Schneider W., Gotz W. and Herken R. (1997). The
oncoproteins c-erb-b2, c-fos and the tumour suppressor protein p53
in human embryos and fetuses. Anat. Embryol. (Berl). 195, 345-352.

Moore K.L. and Persaud T.V.N. (1993). The developing human:
Clinically oriented embryology. W.B. Saunders Company.
Philadelphia. pp 405-409.

Motoyama N., Wang F., Roth K.A., Sawa H., Nakayama K., Negishi I.,
Senju S., Zhang Q. and Fujii S. (1995). Massive cell death of
immature hematopoietic cells and neurons in bcl-x-deficient mice.
Science 267, 1506-1510.

Mullis P.E. (2000). Transcription factors in pituitary gland development
and their clinical impact on phenotype. Horm. Res. 54, 107-119.

O'Rahilly R. and Gardner E. (1971). The timing and sequence of events
in the development of the human nervous system during the
embryonic period proper. Z. Anat. Entwicklungsgesch. 134, 1-12.

Ozer E., Canda M.S., Ulukus C., Guray M. and Erbayraktar S. (2003).
Expression of bcl-2, bax and p53 proteins in pituitary adenomas: An
immunohistochemical study. Tumori 89, 54-59.

Prabhu V.C. and Brown H.G. (2005). The pathogenesis of
craniopharyngiomas. Childs Nerv. Syst. 21, 622-627.

Prochazkova J., Lichnovsky V., Kylardova D., Erdosova B. and Vranka

P. (2004). Involvement of p53 and bcl-2 family proteins in regulating
programmed cell death and proliferation in human embryogenesis.
Gen. Physiol. Biophys. 23, 209-229.

Raetzman L.T., Ward R. and Camper S.A. (2002). Lhx4 and prop1 are
required for cell survival and expansion of the pituitary primordia.
Development 129, 4229-4239.

Reynolds E.S. (1963). The use of lead citrate at high ph as an electron-
opaque stain in electron microscopy. J. Cell Biol. 17, 208-212.

Rezvani M., Barrans J.D., Dai K.S. and Liew C.C. (2000). Apoptosis-
related genes expressed in cardiovascular development and
disease: An est approach. Cardiovasc. Res. 45, 621-629.

Rizzoti K. and Lovell-Badge R. (2005). Early development of the
pituitary gland: Induction and shaping of rathke's pouch. Rev.
Endocr. Metab. Disord. 6, 161-172.

Rosenfeld M.G., Briata P., Dasen J., Gleiberman A.S., Kioussi C., Lin
C., O'Connell S.M., Ryan A., Szeto D.P. and Treier M. (2000).
Multistep signaling and transcriptional requirements for pituitary
organogenesis in vivo. Recent. Prog. Horm. Res. 55, 1-13.

Sambaziotis D., Kapranos N. and Kontogeorgos G. (2003). Correlation
of bcl-2 and bax with apoptosis in human pituitary adenomas.
Pituitary 6, 127-133.

Sbrogna J.L., Barresi M.J. and Karlstrom R.O. (2003). Multiple roles for
hedgehog signaling in zebrafish pituitary development. Dev. Biol.
254, 19-35.

Sheng H.Z., Moriyama K., Yamashita T., Li H., Potter S.S., Mahon K.A.
and Westphal H. (1997). Multistep control of pituitary
organogenesis. Science 278, 1809-1812.

Takuma N., Sheng H.Z., Furuta Y., Ward J.M., Sharma K., Hogan B.L.,
Pfaff S.L., Westphal H., Kimura S. and Mahon K.A. (1998).
Formation of rathke's pouch requires dual induction from the
diencephalon. Development 125, 4835-4480.

Taniguchi Y., Yasutaka S., Kominami R. and Shinohara H. (2002a).
Mitoses of thyrotrophs contribute to the proliferation of the rat
pituitary gland during the early postnatal period. Anat. Embryol.
(Berl). 206, 67-72.

Taniguchi Y., Yasutaka S., Kominami R. and Shinohara H. (2002b).
Proliferation and differentiation of rat anterior pituitary cells. Anat.
Embryol. (Berl). 206, 1-11.

Vilovic K., Ilijic E., Glamoclija V., Kolic K., Bocina I., Sapunar D. and
Saraga-Babic M. (2006). Cell death in developing human spinal
cord. Anat. Embryol. (Berl). 211, 1-9.

Vojtisek B., Bartek J., Midgley C.A. and Lane D.P. (1992). An
immunochemical analysis of the human nuclear phosphoprotein
p53. New monoclonal antibodies and epitope mapping using
recombinant p53. J. Immunol. Methods 151, 237-244.

Zhao Y., Morales D.C., Hermesz E., Lee W.K., Pfaff S.L. and Westphal
H. (2006). Reduced expression of the lim-homeobox gene lhx3
impairs growth and differentiation of rathke's pouch and increases
cell apoptosis during mouse pituitary development. Mech. Dev. 123,
605-613.

Accepted May 14, 2008

1268

The apoptosis in human pituitary gland


