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Summary. It has been proposed that tumor suppressor
genes may have a role in the mechanisms of
proliferation and differentiation during human placental
development. The Retinoblastoma gene family is a well
known family of tumor suppressor genes. Many studies
have pointed out a role of this family not only in cell
cycle progression, but also during development and
differentiation. On the light of these observations we
have investigated the immunohistochemical expression
pattern of the Retinoblastoma family members, p107 and
Rb2/p130 in human placenta samples in first trimester
and full-term placental sections. pl07 and pRb2/p130
showed the most abundant expression levels during the
first trimester of gestation and progressively declined to
being barely detectable in the placenta by late gestation.
These results indicate that the expression of the above
genes is modulated during placental development and
suggest a mechanism for controlling trophoblast
proliferation.
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Introduction

The retinoblastoma (Rb) gene family contains three
members: the Rb gene, which is the prototypic tumor
suppressor gene, and two related genes, p107 and
Rb2/p130. These genes share a high percentage of
sequence homology especially in their pocket region that
has a distinctive stearic conformation responsible for
most of the functional interactions characterizing the
activity of Rb and Rb-related genes (for a review De
Luca et al., 1997). Functionally, all the Rb family
members show cell growth suppressive properties and
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can bind to specific members of the E2F family of
transcription factors (Claudio et al., 1994). In addition,
pRb, p107 and pRb2/p130 are associated with various
cyclins in different phases of the cell cycle, and are
phosphorylated in a cell cycle dependent-manner (Baldi
et al., 1995; Claudio et al., 1996). These activities and
interactions allow the Rb family genes to serve as signal
transducers linking the cell cycle and transcriptional
machinery. Moreover, all the Rb family members,
because of their ability to negatively regulate cell
proliferation and to their precise relationship with the
cell cycle checkpoints, have often been found to be
involved in differentiative processes (for a review Paggi
et al., 1996).

The placenta allows the exchange of metabolic and
gaseous products between the maternal and fetal blood
flow without mixing with each other. It has a discoid
aspect at the end of the development, showing a fetal as
well as a maternal surface. The placenta undergoes
extensive proliferation during gestation and exhibits
invasive growth comparable to that of malignant tumor
(Ohlsson et al., 1993). In particular, in the first trimester
of human pregnancy, the cytotrophoblast proliferates and
invades deep into the maternal decidua under strict
temporal and spatial control. Around the 13th day the
chorial villi begin to appear in the shape of synchytial
travates separated by lacunae. From the second to the
fourth month the villi ramify and are still covered by
synchytium trophoblast on the surface and by
cytotrophoblast in depth. After the fourth month the
villus has become very arborized and cytoblast has
almost completely disappeared.

It has been hypothesized that a decreased
proliferation, occurring as pregnancy proceeds into the
second and third trimester (Hamilton et al., 1962), is one
method of controlling trophoblast cell invasion. Taking
into account the roles played by retinoblastoma gene
family members in cell proliferation and development,
we decided to investigate the immunohistochemical
expression of p107 and Rb2/p130 in a series of human
placenta in first trimester and full-term placental
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sections.
Materials and methods
Normal tissues

Placentas from the first and last trimester were
collected from therapeutic abortion or immediately after
spontanecous delivery. We evaluated 50 samples, 25 from
first and 25 from the last trimester. The tissues were
formalin-fixed and paraffin-embedded. Representative
sections of each specimen were stained with
hematoxylin-eosin and examined by a pathologist to
confirm the histological preservation of the
microanatomic structure.

Antibodies

The rabbit polyclonal immune serum against
Rb2/p130 (ADL1) was produced by immunizing rabbits
with a peptide corresponding with the carboxy terminus
of the protein. The polyclonal antibody against p107
(ADL2) was produced by immunizing rabbits with a
bacterially expressed glutathione S-transferase (GST)
pl07 fusion protein. Expression of the fusion protein
was performed as previously reported (Frangioni and
Neel, 1993). The suitability of both antibodies in
immunohistochemical assays has already been described
(Baldi et al., 1996, 1997).

Immunohistochemistry

Sections from each specimen were cut at 3-5 um,
mounted on glass and dried overnight at 37 °C. All
sections, were then deparaffinized in xylene, rehydrated
through a graded alcohol series and washed in PBS. This
buffer was used for all subsequent washes and for
dilution of the antibodies. Tissue sections were
sequentially quenched in 0.5% hydrogen peroxide and
blocked with diluted 10% normal goat anti-rabbit serum
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(Vector Laboratories). Slides were incubated for 1 hour
with the rabbit polyclonal immune serum ADL1
(dilution 1:1000) and ADL2 (dilution 1:500). Then,
slides were incubated with diluted goat anti-rabbit
biotinylated antibody (Vector Laboratories) for 30
minutes at room temperature. Finally, all the slides were
processed by the ABC method (Vector Laboratories) for
30 min at room temperature. Diaminobenzidine was
used as the final chromogen. Negative controls for each
tissue section were prepared by substituing the primary
antibody with the respective preimmune serum. All
samples were processed under the same conditions.
Three observers evaluated the staining pattern of the
protein separately and scored it for the percentage of
positive nuclei: score 0 (less than 1% of positive cells),
score 1 (from 1% to 10% of positive cells); score 2
(from 10% to 20% of positive cells); score 3 (more than
20% of positive cells). The level of concordance,
expressed as the percentage of agreement between the
observers, was 92%. In the remaining specimens the
opinions of the two investigators in agreement were
taken in considerations.

Results

We investigated the expression pattern of the two
retinoblastoma-related gene p107 and Rb2/p130 in
human placenta throughout the entire gestation.
Considering the few case that we were able to obtain in
the middle gestation, our attention was focused only on
the first and last trimester. Placentae from the first and
last trimester were collected from therapeutic abortion or
immediately after spontaneous delivery. This study was
conducted in two components of the villous: the inner
proliferative compartment (cytotrophoblast) and the
differentiated cell layer (syncytiotrophoblast).

pl07 and Rb2/p130 were both found expressed in
the villous in the first trimester, then steadily decreased.
In Fig. 1A,B two representative stainings for p107 and
Rb2/p130 are depicted. The overall expression of both
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Fig. 1. Representative pictures of serial sections of first trimester of placenta tissue immunostained for p107 (A) and pRb2/p130 (B). x 250
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proteins was found higher in the syncytiotrophoblast
than in the cytotrophoblast. In the last trimester of
gestation either p107 or pRb2/p130 steadily decreased in
both compartments to a low level. In particular
pRb2/p130 decreased almost to an undetectable level in
the syncytiotrophoblast. In figure 2 the different
expression levels of the two proteins vs weeks of
pregnancy are depicted.

Decidual tissue during the first trimester revealed a
diffuse immunoreactivity for both proteins, being the
expression of pl07 slightly higher compared with
Rb2/p130. At later gestational ages the majority of
decidual cells remained negative for both proteins (data
not shown).

Discussion

The implantation of the villi in the uterine wall is an
aggressive event that in some way mimics an invasive
tumor. For this reason the term “pseudo-malignancy™ has
been used to describe the properties of the early human
placenta (Ohlsson et al., 1993). In a normal implantation
the invasion of the uterus is controlled in a spatial and
temporal limit of migration and the uterus limits this
implantation. The molecular mechanisms responsible for
controlling trophoblast proliferation are still unclear.
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A: Immunoreactivity for p107 in syncytiotrophoblast
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Several previous works have looked at the expression of
oncogenes and tumor suppressor genes, as well as of
anti-apoptotic proteins during development of human
placenta (Pfeifer-Ohlsson et al., 1984; Roncalli et al.,
1994; Marzusch et al., 1995; Quenby et al., 1998; Fulop
et al., 1998). It is generally concluded that the
simultaneous activity of several proteins involved in cell
proliferation and/or apoptosis during trophoblast
differentiation plays an important role both in the
regulation of cell invasion and population expansion,
especially during the first trimester (Levy and Nelson,
2000).

In addition to the cell cycle, the RB family regulates
a wide spectrum of complex biological phenomena, such
as differentiation, embryonic development and apoptosis
(De Luca et al., 1996). Considering the fundamental role
of pRb in differentiation and development, it is
conceivable that pRb2/p130 and p107 may serve a
similar function.

Today the roles played by retinoblastoma-related
pl07 and Rb2/p130 during proliferation and
differentiation are well known. In particular, it has been
described, at least for Rb2/p130, that its protein
expression level is modulated during terminal
differentation (Pertile et al., 1995; Baldi et al., 1997).
Drawing from this background, we decided to look at the
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B: Immunoreactivity for pRb2/p130 in syncytiotrophoblast
C: Immunoreactivity for p107 in cytotrophoblast
D: Immunoreactivity for pRb2/p130 in cytotrophoblast

Fig. 2. Gestational time course of syncytiotrophoblast and cytotrophoblastic immunoreactivity for the different antigens under study. Ordinate:
immunoreactivity scored as described in materials and methods. Abscissa: Weeks of gestations. A. Immunoreactivity for p107 in syncytiotrophoblast.
B. Immunoreactivity for pRb2/p130 in syncytiotrophoblast. C. Immunoreactivity for p107 in cytotrophoblast. D. Immunoreactivity for pRb2/p130 in
cytotrophoblast.
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immunohistochemical expression of these two proteins
in developing and term human trophoblast. Our data
indicate that the expression of these two genes is spatio-
temporal regulated during the entire placental
development. Rb2/p130 and p107 are expressed in the
proliferative trophoblastic compartment (cyto-
trophoblast) since the beginning of the gestation and
their expression declines with the decrease of the
proliferation rate during the gestation. In the
syncytiotrophoblastic cells the immunoreactivity for
pRb2/p130 and pl07 reaches a peach at the end of the
first trimester of gestation. When the syncytio-
trophoblast, in the mid-gestation, switches its function
from an invasive to nutritional one, the expression of
pRb2/p130 and pl107 drops dramatically. In particular
pRb2/p130 drops almost to an undetectable level.

It is interesting to note that the expression pattern of
pl07 and Rb2/p130 differs from that of the Rb gene. In
fact, while in the cytotrophoblast the three proteins
behave similarly, in the syncytiotrophoblast they have a
consistent by different expression pattern. Rb is always
expressed at low to undetectable levels (Roncalli et al.,
1994; Quenby et al., 1998), while p107 and Rb2/p130
reach a peak of expression at the end of the first
trimester of gestation and then decrease to almost
undetectable levels.

These results indicate that p107 and Rb2/p130 enter
in the complex molecular pathway controlling cell
proliferation and population expansion during placental
development. In particular, they may play a role in the
decreased proliferation occurring as pregnancy proceeds
into the second and third trimester, as it has already been
suggested for other tumor suppressors such as p53 and
Rb (Roncalli et al.;, 1994; Marzusch et al., 1995).
Moreover, the peculiar expression pattern of these two
proteins in the syncytiotrophoblast, suggest a possible
role in the switch of function from an invasive to a
nutritional one of human placenta.

At today is known that the three members shoes
different levels of expression of these proteins in order to
the maintenance of the terminal differentiation status
(Pertile et al., 1995; Baldi et al., 1997). However, few
informations are known on the phoshorylation status of
these proteins in differentiated tissues. In the future,
evaluate the phoshorylation status of these proteins
throughout gestation will be important in order to
understand if any correlation occur between the
expression and the functional status of the three
members of the Rb gene family.
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