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The most common malignancies of the female genital tract are endometrial carcinomas, whose are generally proceeded
by hyperplasia. The maintenance of tissue homeostasis is to great extent governed by apoptosis, whose defects can lead to the
preneoplastic and/or cancerous changes. Endometrial apoptosis involves among others three groups of proteins of the Bcl-2
family. First group contains anti-apoptotic proteins (e. g. Bcl-2, Bcl-xL). The other two groups belong to the pro-apoptotic
proteins with three (e. g. Bax, Bak) or one (e. g. Bad, Bid) so-called BH domains. Bad and Bid trigger the oligomerization of
Bak and Bax protein, which permeabilize the outer mitochondrial wall. Unlike Bid, Bad cannot directly trigger apoptosis.
Instead, Bad lowers the threshold at which apoptosis is induced, by binding anti-apoptotic Bcl-2 proteins. However, their
mutual counterbalance or synergism in the human endometrium has not been reported yet.

In this study, the levels of Bid and Bad were measured using SDS-PAGE and Western blotting with specific antibodies,
with the aim to analyse expression of Bid and Bad proteins in normal (NE), hyperplastic (HE) and cancerous (CE) en-
dometrium.

We demonstrated that Bid expression in CE reached only 47% and 50% of this observed in NE and HE. Conversely, Bad
expression in HE reached only 40% and 36% of this observed in NE and CE, respectively. We detected no significant changes
of Bid expression between HE and NE, and levels of Bad protein were not different between CE and NE.

Trend of Bid and Bad protein expression is clearly opposite in HE and CE. We hypothesise that disrupted apoptotic
program in CE seems to be reduced further by lowering levels of direct apoptotic trigger protein Bid. We suggest that the
adenocarcinoma tissue of human endometrium thus tries to strengthen its apoptotic effort by lowering the apoptotic threshold
via higher Bad levels.
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Apoptosis is a complex, ordered and highly orchestrated
process that involves intrinsic or extrinsic pathways and plays
a crucial role in normal development and removal of malignant,
damaged or infected cells. It is controlled by many regulating
factors such as death receptors on the cell membrane, B-cell
lymphoma-2 (Bcl-2) family of proteins, expression of caspases
and/or inhibitors of apoptosis proteins (IAPs), mutation of
tumor suppressor protein p53 [1]. Disruptions can occur at any
stage of the apoptotic cascade. Disruption of the physiological
apoptotic process is known to contribute to many pathological
conditions such as developmental defects, neurodegenerative
disorders, persistent infections, autoimmune responses and
initiation of cancerogenesis [1, 2].

Human endometrium is one of the few tissues undergoing
a cyclic process of apoptosis, proliferation and differentiation.
This process is strongly influenced by endocrine state of
organism and depends especially on 17p-estradiol and pro-
gesterone levels [3]. Apoptosis is reported to be detected in
late secretory and menstruating endometrium and scare in
normal proliferating endometrium or at the beginning of the
secretory phase [4, 5].

It was demonstrated that endometrial apoptosis among
others involves proteins of the Bcl-2 family [6, 7]. Bcl-2 family
of proteins comprises more than 25 structurally similar pro-
teins. All proteins of the Bcl-2 protein family share at least
one Bcl-2 homology (BH) region. According to the function


mailto:driak@seznam.cz

412 D. DRIAK, M. DVORSKA, P. BOLEHOVSKA, I. SVANDOVA, ]. NOVOTNY, M. HALASKA

and presence BH domain/s, the Bcl-2 family members are
divided into three groups. First group contains anti-apoptotic
proteins with four (BH1-BH4) domains (e. g. Bcl-2, Bcl-xL,
Bcl-w, Mcl-1, Bcl-B, Bfl-1). To the second group belong pro-
apoptotic proteins with three BH domains BH1-3 (e. g. Bax,
Bak, Bok). Members of the third group are also pro-apoptotic.
They possesses only one BH3 domain and therefore they are
called BH3-only proteins (e. g. Bad, Bid, Bim, Bik, Bmf, Hrk,
Puma, Noxa) [1].

Hallmark of the intrinsic apoptotic pathway is cytochrome
c release permitted by the oligomerizations of pro-apoptotic
Bak and Bax, which create pores and permeabilize the outer
mitochondrial membrane in a process known as mitochon-
drial outer membrane permeabilization (MOMP). There are
two models of Bax and Bak activation: indirect and direct. Ac-
cording to indirect model, Bak and Bax are activated without
direct interactions with activator BH3-only proteins. In direct
model, activation of Bax and Bak requires direct interaction
between these proteins and activator BH3-only proteins (e.g.
Bid). Interaction leads to conformational changes and subse-
quent activation of Bax and Bak. This interaction of Bak and
Bax is also provided by sensitizer BH3-only proteins (e.g. Bad),
which inhibit anti-apoptotic activity of Bcl-2 and Bcl-xL [8].

Bad and Bid can cause a healthy cell to become inappro-
priately apoptotic [9, 10, 11, 12]. Key step for Bid activation
is cleavage of N-teminal region. Truncated Bid (tBid) is about
350 times more potent than full-length Bid [13]. tBid interacts
with Bax, in turn leading to the insertion of Bax into organelle
membranes, primarily the outer mitochondrial membrane.
Bax is believed to interact with, and induce the opening of the
mitochondrial voltage-dependent anion channel. Alternatively,
growing evidence suggest that activated Bax and/or Bak form
an oligomeric pore in the outer membrane. Sinicrope et al.
by means of TUNEL methods found that Bid expression was
significantly correlated with increased tumor cells apoptosis
[14]. Bad is regulated by its phosphorylation - inactivation
of AKT induces dephosphorylation of Bad and its activation.
Dephosphorylated Bad forms a heterodimmer with Bcl-2
and/or Bcl-xL, inactivating them and thus allowing Bax/Bak-
triggered apoptosis. Dimerization of Bad with Bcl-2 results in
displacement of Bax from Bcl-2/Bax complex, thereby causing
restoration of Bax-mediated apoptosis [15].

Table 1. Clinical characteristics of healthy women (NE), women with
hyperplasia (HE) and women with endometrial carcinoma (CE).

NE (n=10) HE (n=8) CE (n=8)
Age 42,75+1,93 53 £3,90 67 £ 1,94
Testosterone (nmol/l) 0,98 + 0,11 3,1 +1,81 1,35 + 0,43
Progesterone (nmol/l) 1,41 £ 0,42 1,17 £ 0,44 0,93 + 0,09
17B-estradiol (nmol/l) 0,21 £ 0,06 0,19 + 0,03 0,23 + 0,05
Prolactin (pg/l) 16,34 £ 4,13 11,72 £ 2,11 60,78 £ 14,15
FSH (I1U/1) 32,18 £ 9,95 28,6 + 8,04 32,7 £ 5,62
LH (1U/1) 18,66 * 6,46 21,65+ 7,11 26,65 + 9,28

Abbreviations: follicle-stimulating hormone (FSH), luteinizing hormone (LH)

Bcl-2/Bax ratio is a very important factor for predicting cell
fate. Whereas high Bcl-2/Bax ratio (>1) makes cells resistant
to apoptotic stimuli, low Bcl-2/Bax ratio (<1) predisposes
cells to apoptosis. We described previously Bcl-2/Bax ratio
higher than 1 in endometrial carcinoma, whereas hyperplastic
endometrium Bcl-2/Bax ratio we found lesser than 1, thus
indicating tendency of hyperplastic endometrium to eliminate
its modified cells by the process of apoptosis much more ef-
fectively than in the cancerous tissue [16]. The delicate balance
of Bcl-2/Bax complexes can be destroyed by dimerization of
Bad with Bcl-2, rebalancing also cell homeostasis in turn. To
investigate the potential involvement Bid and Bad protein in
tuning of different apoptotic approaches of hyperplastic and
cancerous endometrial tissue, we tried to compare levels of
Bid and Bad protein in the present study.

Patients and methods

Endometrial samples were obtained from 26 informed
patients (mean age of 58 years) who underwent probatory
curettage, hysteroresection or hysterectomy. The tissue speci-
mens were classified as follows: normal endometrium obtained
in proliferative phase of the menstrual cycle (NE; n=10),
endometrium from patients with endometrial hyperplasia
(HE; n=8) and endometrium from patients with endometrial
carcinoma (CE; grades I and/or II, n=8). After being removed,
tissue was frozen immediately on dry ice. Histopathological
investigation was carried out using routine histopathologic
methods. Samples of venous blood for assessment of hormonal
levels were collected from the same patients before operation.
Clinical characterictics of the groups are shown in Table 1.
Written consent was obtained from all subjects of the study.

Preparation of samples. Following surgery, the obtained
tissue was washed in cold normal saline to eliminate any
contaminating blood. Endometrial stroma was removed by
microdissection under optic control. Resulting material was
then pooled for each experimental group. When not used im-
mediately, the tissue was frozen in liquid nitrogen and stored
until use at -80°C.

To isolate cytosol fraction, tissue was brought to 0°C, cut
into small pieces in homogenization buffer (20,0 mM Tris-HC;
2,5 mM EDTA; 50,0 mM NakF; 10,0 mM Na4PZO7, 1% Triton
X-100; pH 7.4; all the chemicals from Sigma, USA) containing
complete protease inhibitor cocktail for mammalian tissues
(AEBSE, aprotinin, leupeptin, bestatin, pepstatin A, E-64;
Sigma, USA) and homogenized in ten volumes of the buffer on
ice by using tight teflon-glass homogenizer (3x10 min at 2000
rpm; Brown, Germany). The homogenate was centrifuged at
low-speed at 10 000 g for 2 x 10 min at 4°C. Arising superna-
tant and the pellet were subsequently separated. Supernatant
was then collected and snap frozen in liquid nitrogen and
stored at —80°C until use. The concentration of the proteins
was determined by the method of Lowry.

Immunoblotting. The sample containing 25 pg of protein
was solubilized in Laemmli buffer (50 mM Tris/HCI, pH 8,0,
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Figure 1. Representative Western blot analysis of Bid (A) and Bad (B) levels in two samples each of hyperplastic (HE), cancerous (CE) and normal (NE)
endometrium. 25 pg of protein was loaded to each lane. Bid band was detected at 23 kDa, Bad at 25 kDa, F-Actin at 43 kDa. Protein intensities were
normalized to intensities observed for F-Actin as internal control. Results are in relative units and represent mean of seven dependent experiments +

S.E.M. (%, p <0.05).

6% (w/v) dithiothreitol, 5% (w/v) SDS, 0,005% (w/v) Bromphe-
nol Blue). The proteins were resolved by standard SDS-PAGE
(15% gels). The electrophoresis was run at 200V for 1 h, us-
ing a Mini Protean II gel kit (Bio-Rad). After the SDS-PAGE,
proteins were transferred to nitrocellulose membrane using
wet apparatus. Blotting was run at 35-50 mA overnight. The
membrane was blocked for 1 hin 5% fat-free milk in PBS-
T buffer (PBS containing 0,05% (v/v) Tween 20). Then the
membrane was incubated for 2 h at room temperature in ap-
propriate primary antibody in 1% fat-free milk in PBS-T buffer.
The following primary antibodies were used: against Bid 5C9
(sc-56025, Santa Cruz Inc. 1:500), against Bad K14 (sc-6541,
Santa Cruz Inc, 1:500), against F-Actin (C-11, Santa-Cruz Inc,
1:1000). After the primary antibody was removed, the blot
was washed 3 times 10 min in PBS-T buffer. Subsequently,
the membrane was incubated for 1 h at room temperature in
appropriate secondary antibody (Santa Cruz Inc., 1:15 000-20
000) in 1% fat-free milk PBS-T buffer. After the removing of
secondary antibody the membrane was extensively washed 3
times 10 min in PBS-T buffer and the blot was visualized by
ECL (Amersham).

Statistical analysis. The levels of Bid, Bad and Actin were
analyzed and quantified by scanning densitometry (Image-
Quant TL v 2005, Amersham Biosciences). Protein expression

was normalized to band intensities observed for F-Actin used
as internal control. Thus, values of protein levels are given in
relative units (R.U.) determined as ratio of mean protein band
optical density to mean F-Actin band optical density on the
same membrane. In other words, blots were scanned for quan-
tification of band intensity. The expression level corresponds to
the number of black pixels scanned of each band. The results
were expressed as Optical Density (OD) in arbitrary units. F-
Actin was used as a loading control. The amount of protein was
analysed as a ratio between the OD of target protein and OD of
F-Actin, which is expressed as relative units (R.U.). Statistical
analysis was performed using the SigmaStat 3.5 program (Sy-
stat Software, Inc.). One-way ANOVA test was used. P-values
less than 0.05 were considered statistically significant.

Results

To establish Bid and Bad protein levels, immunoblotting
experiments were performed in normal, hyperplastic and
cancerous human endometrium. Bid and Bad proteins were
detected in all tissue samples. F-Actin, loaded as an internal
control, was detected at 43 kDa (Figure 1 A, B). Interestingly,
experiments demonstrated opposite tendencies of Bid and Bad
protein levels in hyperplastic and cancerous endometrium,
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Table 2. Level of Bid and Bad protein in hyperplastic (HE), cancerous (CE)
and normal (NE) endometrium. Results are in relative units and represent
mean of seven independent experiments + S.E.M. (p < 0.05).

HE (n=8) NE (n=10) CE (n=8)
Bid (R.U.) 0.53+0.08 0.50+0.05 0.25+0.03
Bad (R.U.) 0.18+0,02 0.45+0.08 0.50+0.06

when compared to normal endometrium. Bid protein level
was more than 50 % lower in cancerous endometrium as
compared to hyperplastic endometrium (0.25 and 0.53
R.U. respectively, P=0.005, Figure 1, Table 2). We found no
significant difference of Bid level between hyperplastic and
normal endometrium.

In contrast, Bad protein level in hyperplastic endometrium
was only 40 % of Bad protein level in normal endometrium
(P=0.019). Interestingly, immunoblotting with the Bad anti-
body revealed the highest level of Bad protein in cancerous
endometrium (0.5 R.U.). Level of Bad protein in normal en-
dometrium was slightly lower than in the cancerous samples,
but there was no significant difference (Figure 1, Table 2).

Discussion

The maintenance of tissue homeostasis and precisely bal-
anced counteracting of cellular proliferation and cell death is
essential for tissue integrity. Bcl-2 protein family is a part of
complex regulatory network of apoptosis and includes both
the anti-apoptotic and pro-apoptotic molecules. Their inter-
play can mirror in so-called apoptotic rheostat — a cellular
ratio of Bcl-2/Bax proteins, pointing to cell pro-surviving or
pro-apoptotic tendencies [17, 18]. In our previous study, we
described Bcl-2/Bax ratio higher than 1 in endometrial car-
cinoma, whereas hyperplastic endometrium Bcl-2/Bax ratio
was established lesser than 1. A relatively high cancerous Bcl-
2/Bax ratio observed in our previous experiments can indicate
a deregulation of endometrial tissue apoptotic program, which
should eliminate malignant cells. Thus, the onset and progress
of endometrial malignancy could be linked to increased pro-
liferation of the cells with defects in control of final execution
stages of apoptosis [16]. In the current study we focus on Bid
and Bad proteins, the two important background players in
adjustment of the apoptosis show.

Pro-apoptotic Bid protein mediates both extrinsic and
intrinsic apoptotic pathways. Bad is also known to promote
apoptosis through the intrinsic mitochondrial pathway. Bid
and Bad are both post-transcriptionally regulated and engage
anti-apoptotic proteins to constrain them. However, unlike
Bid, Bad cannot directly trigger apoptosis [19, 20]. It sensitizes
the cell for apoptotic signals by forming selective dimmers with
anti-apoptotic proteins Bcl-2 and Bcl-xL [21]. In this report,
we show for the first time the opposite nature of Bid and Bad
regulatory protein levels in preneoplastic and hyperplastic
endometrium.

The lowest expression of Bid protein we observed in ade-
nocarcinoma cells with Bcl-2/Bax ratio higher than 1, e.g. in
the tissue set in pro-survival manner. Contrariwise, hyper-
plastic and normal endometrium exhibited two times higher
and almost similar level of Bid expression, when compared
to the cancerous tissue. Downregulation of Bid expression
could be one of the features of neoplastic transformation.
Similarly to Sinicrope et al., we observed higher Bid expres-
sion and lower Bad expression in more pro-apoptotic-mood
hyperplastic tissue, in which the apoptotic rheostat value
was lower than in both normal and especially cancerous
endometrium. These authors found that Bid, but not Bad,
expression was significantly correlated with a higher values
cell apoptosis in colorectal tumors. They conclude that Bid
is highly potent inducer of apoptosis compared with the
selective BH3 protein Bad [14]. Other groups also studied
the importance of Bad and Bid proteins in tumorigenesis
and in apoptotic susceptibility. A spontaneous development
of a clonal malignancy that resembles human chronic my-
elomonocytic leukemia was described in mice lacking Bid
[22]. Ranger et al. reported on spontaneous tumorigenesis
in a cohort of aged Bad—/— mice, with diffuse large B-cell
lymphomas as the most frequent tumor observed [23].
Taghiyev et al. demonstrated that overexpression of Bad
allows prostatic carcinoma cell line LNCaP to overcome
a block at the mitochondrial level and undergo apoptosis
[24]. Howells et al., in their theoretical paper, present the in-
corporation of Bad and its various modifications in a model
of the tBid-induction of Bak or the tBid-induction of Bax.
They show the total concentration level of tBid, guaranteed
to trigger apoptosis, as a bilinear function of the total Bad.
In particular, their formulas explain how the pro-apoptotic
protein Bad lowers the threshold at which tBid induces Bak/
Bax activation. They conclude that Bad reduces the level of
total Bcl-2/Bcl-xL available to inhibit tBid signalling in the
mitochondria, thus lowering the threshold at which tBid
activates Bak/Bax oligomerization [25]. Stated another way,
Bad can have a profound effect on whether a cell becomes
apoptotic or not.

The tissue homeostatic effort is to eliminate preneoplastic
and neoplastic cells. Taken together, we hypothesize here that
the apoptotic program of hyperplastic endometrial tissue is
not impaired to such an extend as in the case of the cancerous
endometrium, which reflects also in pro-apoptotic Bcl-2/Bax
ratio and relatively high Bid expression in the hyperplastic
endometrium. The adenocarcinoma tissue of endometrium
works in more proliferative than apoptotic manner (pro-sur-
vival Bcl-2/Bax ratio, relatively low Bid expression), thus trying
to strengthen its eliminative apoptotic effort by lowering the
apoptotic threshold via higher Bad levels.
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