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Abstract
Background: PTEN seems to play an important role in cell cycle, growth, migration, 
and death. Integrins are cell surface receptors that play a role in the regulation of cell 
proliferation, differentiation, implantation, and embryogenesis. PTEN inhibits β1 in-
tegrin signaling. The objective of this study is to investigate the expression of PTEN 
and β1 integrin in placental tissues of early spontaneous abortion and first and third 
trimesters of normal pregnancy.
Method: A total of 43 placental tissue samples were evaluated using immunohisto-
chemistry for PTEN and β1 integrin. Group 1 included placental tissues of volunteer 
termination of normal pregnancy during the first trimester (5–10 wk gestation). Group 
2 included placental tissues of normal vaginal delivery at the third trimester of preg-
nancy (36–40 wk gestation). Group 3 included placental tissues of pregnancy termina-
tion because of spontaneous abortion during the first trimester (5–10 wk gestation). 
Results: PTEN expression of villous trophoblast was decreasing as the pregnancy 
advanced. PTEN staining of decidual cells was significantly stronger in tissue samp-
les from early spontaneous abortion than in tissue samples from early and late nor-
mal pregnancy (p=0.003, p=0.001, respectively). There was no significant difference 
between β1 integrin expression of villous trophoblast and decidual cells in three 
groups.
Conclusion: Our findings suggest that altered patterns of PTEN expression may be as-
sociated with abortion, but it seems that β1 integrin does not contribute to this process 
as a signaling protein. Further evaluation is needed to highlight this subject.

Introduction
PTEN (phosphatase and tensin homolog deleted on chromosome 10) is a tumor 
suppressor gene which was identified in 1997 (1–3). The PTEN gene is frequently 
deleted or mutated not only in prostatic, endometrial, breast, lung, kidney, bladder, 
testis, head and neck cancers, but also in glioblastoma, malignant melanoma, and 
lymphoma (4).

PTEN seems to play an important role in cell cycle, growth, migration, and 
death (5). The PTEN gene encodes a dual-specifity protein phosphatase and also 
has extensive homology to tensin, a protein that interacts with actin filaments at 
focal adhesions. Focal adhesions are sites on the plasma membrane at which in-
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tegrins aggregate (6). Integrins are transmembrane glycoproteins made up of α and 
β chains (7). β1 integrins interact with a number of signal transduction proteins, 
including focal adhesion kinase as well as cytoskeletal proteins. In this manner 
integrins mediate processes such as cell migration, spreading, and growth (4,6). 
PTEN inhibits the phosphorylation of focal adhesion kinase in response to integrin-
mediated processes (6).

Integrins are cell surface receptors that play a role in the regulation of cell pro-
liferation, differentiation, implantation, and embryogenesis (8,9). PTEN inhibits β1 
integrin signaling. A variety of normal cells undergo apoptosis when they lose attach-
ment to an appropriate extracellular matrix. Thus, PTEN induces apoptosis (4).

Endometrial functions are carried out by mechanisms of proliferation, differ-
entiation, implantation, and apoptosis. It has been shown that endometrial and de-
cidual integrin and PTEN expression change throughout the menstrual cycle and 
pregnancy (8,10–14). Integrins and PTEN are also expressed in normal human pla-
cental tissue (15,16).

The objective of this study is to investigate the expression of PTEN and β1 
integrin in placental tissues of early spontaneous abortion and first and third tri-
mesters of normal pregnancy and evaluating a comparison between them. Such 
markers may be useful in promoting our understanding of a common pathway for 
spontaneous abortion regardless of the etiology.

Methods
We performed a retrospective study including three separate series of paraffin-em-
bedded placental tissue samples collected from the pathology files of our hospital 
from 2001 to 2004.

The first series of samples (Group 1) included placental tissues of 15 women 
who underwent volunteer termination of clinically normal pregnancy during the 
first trimester (5–10 wk gestation).

The second series of samples (Group 2) included placental tissues of 15 women 
who had normal vaginal delivery at the third trimester of pregnancy (36-40 wk 
gestation).

The third series of samples (Group 3) included placental tissues of 13 women 
who underwent pregnancy termination because of spontaneous abortion during the 
first trimester (5–10 wk gestation). Gestational ages were calculated using the last 
menstrual period. All spontaneous abortion patients had ultrasonographic evalua-
tion when they presented with vaginal bleeding and uterine evacuation was per-
formed after ultrasonographic evaluation. Women with serious systemic disease 
(diabetes mellitus, thyroid dysfunction, infectious disease… etc.) and anembryonic 
pregnancies were not included in the study.
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Immunohistochemistry
The streptavidin-biotin-peroxidase method was performed using the primary 
monoclonal antibodies against PTEN Ab-4 (Clone 17.A, prediluted, Neomarkers, 
USA) and CD29 (İntegrin Beta-1) Ab-3 (Clone 29CO3, prediluted, Neomarkers, 
USA). The representative blocks of placental tissues were sectioned and mounted 
on poly-L-lysin-coated slides. Before immunohistochemistry epitope retrieval was 
performed by boiling the slides in 10 mM citrate buffer, pH 6.0, for 20 min in a 
microwave oven. Slides were cooled at room temperature for 20 min. Endogenous 
peroxidase activity was blocked using hydrogen peroxide for 10 min. Tissues were 
incubated with blocking serum for 5 min to avoid nonspecific background staining 
and washed in tris buffered saline (TBS). Primary monoclonal antibody against 
PTEN and β1 integrin was then applied for 30 min and 1 h respectively at room 
temperature and washed in TBS. Linking antibody and streptavidin peroxidase 
(Lab Vision) were added consecutively for 10 min and washed in TBS. The peroxi-
dase activity was visualized with 3-Amino-9-Ethylcarbazole for 7 min. The slides 
were counterstained in Mayer’ s hematoxylin. Positive staining for β1 integrin was 
defined as immunoreactivity at the cell membrane and for PTEN cytoplasmic stain-
ing. Positive controls consisted of known positive samples of placenta.

PTEN and β1 integrin expression were evaluated blindly in villous trophoblast 
and decidual cells. Decidual cells were distinguished from intermediate-type tro-
phoblast by the lack of significant nuclear atypia. The degree of positive staining 
for PTEN was evaluated using a semiquantitative scale which was described by 
Taniyama et al (17): 1) Negative 2) ≤5% immunoreactive trophoblastic/decidual 
cells 3) 5-50% immunoreactive trophoblastic/decidual cells 4) ≥50% immunore-
active trophoblastic/decidual cells. The degree of positive staining for β1 integrin 
was evaluated using a semiquantitative scale which was described by Manzotti et al 
(18): 1) Negative 2) ≤10% immunoreactive trophoblastic/decidual cells 3) 10–50% 
immunoreactive trophoblastic/decidual cells 4) ≥50% immunoreactive trophoblas-
tic/decidual cells.

Statistical analysis
The immunohistochemical data are reported as the mean ± standard error of mean 
(SEM). Statistical analysis of the data was performed using Kruskal-Wallis and 
Mann-Whitney U tests. Bivariate correlation between variables was determined by 
Pearson’ s correlation coefficients. A p value <0.05 was considered significant.

Results
Results of the immunohistochemical staining have been summarized in Table 1.

The staining pattern of PTEN was cytoplasmic. Expression of PTEN was pro-
minent in villous trophoblasts in early spontaneous abortion and early pregnancy 
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(Fig.1). There was no PTEN staining in villous trophoblasts and decidual cells in 
late pregnancy. PTEN staining of villous trophoblasts was significantly stronger in 
tissue samples from early pregnancy and early spontaneous abortion than samples 
from late pregnancy (p=0.000, p=0.000). PTEN expression of villous trophoblast 
was decreasing as the pregnancy advanced. Though there was very weak PTEN 
staining in decidual cells in early pregnancy, expression of PTEN was prominent 
in decidua in early spontaneous abortion (Fig.2). PTEN staining of decidual cells 
was significantly stronger in tissue samples from early spontaneous abortion than 
in tissue samples from early and late pregnancy (p=0.003, p=0.001, respectively).

Staining for β1 integrin revealed positivity around cell membranes in villous 
trophoblasts (Fig.3), and decidual cells (Fig.4). Although we have observed β1 in-
tegrin expression in villous trophoblasts and decidual cells in three groups, there 
was no statistically significant difference between them.

Table 1. PTEN and β1 integrin immunoreactivity in placental tissues

Tissues PTEN β1 INTEGRIN

Trophoblast Decidua Trophoblast Decidua

Normal pregnancy at first  
trimester (n=15)

3.1(0.3) 1.1(0.1) 2.0(0.2) 2.5(0.2)

Normal pregnancy at third  
trimester (n=15)

1.0(0.0)* 1.0(0.0) 2.8(0.3) 2.4(0.3)

Spontaneous abortion at first  
trimester (n=13)

2.6(0.3) 2.2(0.3)** 2.1(0.3) 2.6(0.2)

SEM is reported in parentheses.
*p<0.01 for Group 2 vs Group 1 and Group 3.
**p<0.01 for Group 3 vs Group1 and Group 2.

Figure 1. Cytoplasmic staining of PTEN in 
villous trophoblasts in spontaneous abortion 
(x200).

Figure 2. Cytoplasmic staining of PTEN in deci-
dual cells in spontaneous abortion (x200).
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Discussion
PTEN has a critical importance during development and embryogenesis. It has been 
shown that mice with homozygous-targeted deletion of PTEN gene have abnormal 
patterning of ectodermal and mesodermal germ layers and defective placentation 
(19,20). PTEN is expressed in placental tissue and is essential for embryonic de-
velopment (21).

In a previous study, PTEN expression was evaluated throughout the menstrual 
cycle in normal endometrial tissues. It was reported that proliferative endometrium 
showed cytoplasmic and nuclear PTEN expression in the surface epithelium. By 
the midsecretory phase, epithelial PTEN is exhausted, but increases dramatically in 
the cytoplasm of stromal cells undergoing decidual change. It was concluded that 
stromal and epithelial compartments contribute to the hormone-driven changes in 
endometrial PTEN expression and inferred that abnormal hormonal conditions may 
disrupt normal patterns of PTEN expression in this tissue (13).

Kayışlı et al evaluated PTEN expression throughout the menstrual cycle and 
during early pregnancy. They found higher PTEN immunoreactivity in endometrial 
stromal and glandular cells during late secretory and early proliferative phases. 
They observed a further increase in PTEN expression in decidual and glandular 
cells during early pregnancy. They proposed that PTEN might be one of the sign-
aling proteins that estrogen and progesterone are acting to affect endometrial cell 
proliferation and/or apoptosis (14).

Chen et al investigated the possible involvement of the PTEN gene in the de-
velopment of gestational trophoblasts and the pathogenesis of hydatidiform moles. 
They found that in partial and complete hydatidiform moles, the PTEN protein 
expression rate was significantly lower than in early placentas. However, partial 
hydatidiform moles, complete hydatidiform moles, and invasive moles were not 
significantly different in terms of PTEN protein expression. Their findings sug-
gested that the regulation of PTEN expression may play an important role in the 
development of the early gestational trophoblast and in the pathogenesis of hyda-

Figure 3. β1 integrin positivity around cell 
membranes in villous trophoblasts in spontane-
ous abortion (x100).

Figure 4. β1 integrin positivity around cell 
membranes in decidual cells in late pregnancy 
(x200).
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tidiform mole, but not in its malignant transformation (22). PTEN protein may play 
an important role in trophoblast development. The early trophoblast cells possess 
the ability to proliferate and invade during embryo implantation, and form the cho-
rion and placenta. These behaviours of the trophoblastic cells are regulated as the 
placenta maturates. PTEN protein may ensure normal development of gestational 
trophoblasts by controlling trophoblast proliferation and invasion (22). Chen et al 
postulated that down-regulated PTEN protein expression could lead to abnormal 
trophoblast proliferation, suggesting that lower PTEN expression is probably re-
sponsible for the pathogenesis of hydatidiform moles (22).

Ishioka et al analysed changes of apoptosis-related proteins induced by hypoxia 
in trophoblastic cells to clarify the mechanisms of hypoxia-induced apoptosis by 
using the PoweBlot, an antibody-based Western array. Hypoxia induced apoptosis 
was accompanied by increased expression of PTEN The bag-1 antisense oligonu-
cleotide did not affect the expression of PTEN. Their findings were important to 
detect hypoxic stress of placenta, which leads to preeclampsia and other hypoxia-
related obstetric complications (23).

Few articles examining expression of PTEN in placental tissues are available 
in the literature. To gain further insight on this subject, we have explored PTEN 
expression in placenta in light of spontaneous abortion. In our study, PTEN ex-
pression of villous trophoblasts was decreasing as the pregnancy advanced. PTEN 
expression decreased parallel to the development of placenta. Expression of PTEN 
in decidual cells was significantly stronger in placental tissues of spontaneous abor-
tion than placental tissues from normal pregnancies at the first and third trimester. 
The up-regulation of PTEN expression in decidua may induce apoptosis and this 
may interfere with trophoblast proliferation and invasion. The abnormal PTEN ex-
pression may be a common pathway for pregnancy loss regardless of the etiology.

Integrins are adhesion-receptor proteins that mediates cell-cell and cell-extra-
cellular interactions and plays a fundamental role in the regulation of gene expres-
sion, cell proliferation, and differentiation. These receptors link to the extracellular 
matrix proteins and transduce signals from the extracellular environment into the 
cell, activating cellular transduction pathways after binding with soluble mediators, 
cytokines, and growth factors (8).

During implantation and pregnancy, trophoblastic cells invade the decidua, simu-
lating the process of stromal invasion by malignant cells. This is a complexly regu-
lated process. It has been demonstrated that human endometrial and decidual cells ex-
press β1 integrin on their surfaces and this expression is a dynamic process through-
out the menstrual cycle. β1 integrin expression in the human endometrium increases 
after implantation and remains high in the decidua during early pregnancy. It has been 
suggested that endometrial integrins play an important role in the process of implan-
tation and decidualization (12,24). However, the role of β1 integrin variants in human 
decidua during early and late pregnancy remains to be clarified (8,10).

Lessey et al determined that the timing of expression of the α4β1 integrin framed 
the putative window of implantation and suggest a role in establishment of uterine 
receptivity (11).
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Yoshimura et al investigated the expression of β1 integrin in human endometrium 
and decidua. They reported that the immunohistochemical distribution of β1 in-
tegrin demonstrated predominantly glandular epithelial staining in the proliferative 
phase, and stromal and glandular staining in the midsecretory phase (12).

Korhonen et al examined the distribution of the integrin subunits in human first 
and second trimester and term placentas. They stated that in first and second trimes-
ters villi, β1 integrin subunit was detected in the stromal cells, whereas in the second 
and third trimesters it was expressed in villous trophoblast. Throughout placental de-
velopment, decidual cells reacted prominently with anti-β1. They also demonstrated 
that the expression of integrin complexes is modulated during the differentiation of 
trophoblastic and decidual cells and suggested that integrin-mediated cell-basal mem-
brane interactions may be important for placental development (15).

We have examined the expression of β1 integrin in villous trophoblasts and decidual 
cells of placental tissues from normal pregnancies at the first and third trimesters and 
spontaneous abortion. There was no significant difference between β1 integrin expres-
sion of three groups. Our results are not consistent with the findings of Korhonen et al 
(15). This may be because they used immunoflorescence microscopy and a panel of 
different antibody complexes. There was no significant correlation between β1 integrin 
expression and PTEN expression in villous trophoblasts and decidual cells.

Our findings suggest that altered patterns of PTEN expression may be associ-
ated with spontaneous abortion, but according to our results, it seems that β1 in-
tegrin does not contribute to this process as a signaling protein. Additional studies 
in larger series, including both PTEN antibody and specific β1 integrin antibody 
complexes will be needed to highlight this subject.
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