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Comparative histological study of uterine curettage specimens in missed abortion in women 
with spontaneous and induced pregnancy and progressing spontaneous pregnancy revealed 
similar changes in the endometrium and placental villi. Immunohistochemical assay showed 
enhanced expression of PPARγ and increased proliferation index (Ki-67) in cells of the vil-
lous and extravillous trophoblasts in missed abortion.
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Normal development of pregnancy largely depends on 
the interaction between the endometrium and tropho-
blast cells. Disturbances in these processes can result 
in reproductive losses [9]. Missed abortions constitute 
10-20% of all miscarriage cases, of them about 68.6% 
are fi rst trimester miscarriages. Chromosome abnor-
malities and autoimmune disorders are the main causes 
of missed abortions [6].

An important role in the formation of the fetopla-
cental complex is played by peroxisome proliferator-
activated receptors (PPAR) [4,5,11]. PPAR are a group 
of nuclear receptor proteins that affect transcription 
factors regulating expression of genes involved into 
cell division, differentiation, and metabolism [2]. 
In the placenta, three PPAR isotypes are expressed; 
PPARγ is primarily expressed on trophoblast cells, 
which attests to its special role in the differentiation 
and functioning of the trophoblast [4,5].

Here we performed an immunohistochemical ana-
lysis of PPAR expression and proliferation index of 
trophoblast cells in missed abortion.

MATERIALS AND METHODS

We performed a morphological analysis of uterine cu-
rettage samples from patients with missed abortion at 

gestational age of 6-11 weeks. Group 1 included 28 
women (age 23-37 years, mean age 31.7±2.3 years) 
with missed abortion (MA). Group 2 comprised 32 
patients with MA occurring after in vitro fertilization 
(IVF) program; mean age of patients in this group was 
35.2 years (27-41 years). The main indications for 
IVF were tuboperitoneal and endocrine factors. The 
control group included 34 patients with progressing 
spontaneous pregnancy comparable by the age and 
medical history with patients of the study groups and 
admitted for medical abortion. Preliminary cytogenetic 
examination of specimens was performed using stan-
dard metaphase chromosome analysis; only samples 
with normal karyotype were included in the analysis.

Histological study was performed on paraffi n sec-
tions stained with hematoxylin and eosin. Immunohis-
tochemical study was performed routinely using poly-
clonal antibodies to PPARγ (Abcam; 1:50 dilution; 24 
h incubation at 4oC) and rabbit monoclonal antibodies 
to Ki-67 (Spring Bioscience; clone SP6, ready-to-use, 
30-min incubation at room temperature) and a poly-
mer detection system (Spring Bioscience). Prelimi-
nary antigen unmasking was performed by boiling in 
citrate buffer (pH 6.0). Endogenous peroxidase was 
blocked by incubation with 0.3% hydrogen peroxide 
for 15 min. Hematoxylin was used for background 
staining. Expression of PPAR in villous and extravil-
lous trophoblast was evaluated by the percent of im-
munopositive cells and staining intensity score: weak, 
moderate, and intensive staining corresponded to 1, 2, 
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and 3 points, respectively. Index of proliferation was 
evaluated by the percent of Ki-67-positive cells. The 
data were processed using Statistica 6.0 software.

RESULTS

Histological examination of hematoxylin-eosin-
stained preparations revealed stereotype changes in 
all groups. Chorionic villi and fragments of the en-
dometrium with decidual tissue and vessels infi ltrated 
with trophoblast cells and containing large amounts 
of fi brinoid were seen; these changes attested to in-
trauterine pregnancy. The villous tree was primarily 
presented by mesenchymal (embryonic) villi. Ele-
ments of embryonic tissues were detected in few 
cases. In the control group, gestation remodeling of 
spiral arteries was completed in all cases. In MA, 
diffuse fi brosis of the stroma and obliteration of vil-
lous vessels as well as small calcium depositions near 
the trophoblast basal membrane in the villous stroma 
and perivillous fi brinoid depositions were observed. 
Necrotic foci, hemorrhages, and small aggregates of 
lymphocytes and plasma cells were seen.

Immunohistochemical analysis of PPARγ expres-
sion revealed nuclear localization of the reaction pro-
duct; this parameter depended on the cell type and 
patient group (Fig. 1, a). In the control group, PPARγ 
expression was seen only in the nuclei of villous (Fig. 
2, a) and extravillous (Fig. 2, b) trophoblast cell. The 
number of immunopositive cells in the villous cy-
totrophoblast 10-fold surpassed that in structures of 
extravillous trophoblast (4.0 vs. 0.4%, p<0.01) and 
did not depend on the gestational age (6-11 weeks).

In patients with MA, considerably enhanced ex-
pression of PPARγ was observed in the extravillous 
trophoblast (Fig. 2, c), while in cells of villous cyto-
trophoblast this increase was less pronounced (Fig. 
2, d). The highest values were found in women with 

physiological (spontaneous) pregnancy eventuating 
in missed abortion: the level of PPAR in extravil-
lous trophoblast surpassed the control values by 19.3 
times (p<0.01) and in the cytotrophoblast by 112.5% 
(p<0.01). In IVF patients with MA, the content of 
PPARγ in the corresponding structures also surpassed 
the control values by 17.7 and by 75.8% (p<0.01). 
However, these values were somewhat lower then 
in the fi rst group: by 17.3% (p<0.05) in cytotropho-
blast and by 8.6% (p>0.05) in extravillous tropho-
blast cells.

In the control group, proliferation was more pro-
nounced in tissues of the extravillous trophoblast (Fig. 
1, b), where Ki-67-immunopositive cells constitute 
86.1% (vs. 64.7% in villous trophoblast; Fig. 2, b). In 
MA, the intensity of cell proliferation was higher in 
comparison with the control: by 8.4% in the extravil-
lous trophoblast (Fig. 2, e) and by 5.1% in the villous 
cytotrophoblast (Fig. 2, f; p>0.05). In IVF patients 
with MA, parameters of cell proliferation were re-
duced by 16.2 and 14.1% (p<0.05) in the villous and 
extravillous trophoblast, respectively.

The major functions of the fetoplacental complex 
are participation in gas exchange, metabolism, and 
homeostasis maintenance in the intervillous space. A 
unique feature of PPARγ is that it participates is all 
these processes.

Experiments on mice showed that PPARγ block-
ade lead to irreversible arrest of trophoblast dif-
ferentiation and therefore disturbances in placenta 
vascularization [1]. Moreover, the degree of cyto-
trophoblast invasion was inversely proportional to 
the degree of PPARγ activation and this effect was 
dose-dependent [8,14]. Inactivation of PPARγ and 
PPARb/d in female mice led to pregnancy interrup-
tion at terms, when the placenta starts to perform its 
metabolic function. Morphological analysis of the 
placentas from these mice revealed delayed devel-

Fig. 1. Expression of PPAR (a) and index of cell proliferation (b) for the villous (VT) and extravillous trophoblast (EVT) of placentas in 
abortion (light bars), MA (dark bars), and MA after IVF (hatched bars). Ordinate: % of immunopositive cells.
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opment of the trophoblast and the heart of the fetus 
[4]. In turn, stimulation of PPARγ blocks trophoblast 
invasion and disturbs differentiation processes in the 
villous trophoblast [12].

These results generally agree  with published data 
on positive expression of PPARγ in cells of the villous 
and extravillous trophoblast of human placenta at early 
terms of gestation [10,15]. At latter terms, PPARγ was 

Fig. 2. Expression of PPAR (a-d) and Ki-67 (e, f) in cells of extravillous trophoblast (b, c, e) and cytotrophoblast of placental villi (a, d, f). 
Immunoperoxidase staining, 400.

detected in anchoring villi and in the amnion and cho-
rion [7,13]. During the third trimester, PPARγ was de-
tected in syncytiotrophoblast [14]. It should be noted 
that the expression of PPARγ remains stable through-
out the pregnancy period and only slightly decreased 
before delivery [3].

Thus, the considerable increase in PPAR expres-
sion detected by immunohistochemical methods re-
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fl ects an imbalance between proliferation and differ-
entiation, which disturbes the formation of the fetus-
mother complex. At the same time, the absence of 
reliable data on proliferation of trophoblast cells in 
MA in women with spontaneous and induced preg-
nancy attests to the absence of specifi c disturbances 
in implantation and placentation after application of 
assisted reproductive technologies.
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