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OBJECTIVE: To investigate the expression of 52-kDa
FK506-binding protein (FKBP52) in human placentas
complicated by preeclampsia (PE) and intrauterine
growth restriction (IUGR).
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e placenta is a critical organ affecting the outcome
of pregnancy. It regulates many metabolic activities
between mother and fetus. Fetal growth is directly
related to the placental development. Abnormal
placental development, which is among the most
important causes of early embryonic death, lies at the
core of many common complications of pregnancy,
such as preeclampsia (PE) and intrauterine growth
restriction (IUGR).!

PE is a complex multisystem disorder and com-
plicates 7-10% of all gestations.? PE is characterized
by high blood pressure and proteinuria in the
second half of pregnancy.’ It presents serious risk
of both maternal and fetal morbidity and mortality.*
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Preterm delivery, low birth weight, fetal death, and
neonatal death due to complications of preterm
delivery are common perinatal outcomes associated
with PE.5 Whereas the pathophysiology of PE
in particular remains incompletely understood,
it appears to result from poor development of
placental blood vessels,® which may disrupt the
normal pattern of blood flow into the intervillous
space, potentially risking ischemia/reperfusion
injury.”

IUGR is defined as fetal weight below the
10th percentile of a given population at the same
gestational age.®® Vascular development of the
placenta is inadequate in IUGR, resulting in
impaired uteroplacental blood flow and poor
nutrient and oxygen supply to the fetus.!? Sustained
hypoxemia and undernutrition of the developing
fetus can affect fetal programming of vital organs
and an increased risk for disease later in life. IUGR
due to placental insufficiency occurs in 5-10% of
gestations and is a major determinant of perinatal
morbidity and mortality.810-12

52-kDa FK506-binding protein (FKBP52) belongs
toa subclass of immunophilin prote1ns—FK506—
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is heat-shock pro 90 (Hsp90) co-chaperone
that modifies steroid hormone receptor activity.
Despite its PPlase activity, co-chaperone activity by
FKBP52 seems to be independent of the protein’s
PPlase domain'* and dependent instead on the
TPR domains via a mechanism that requires Hsp90
binding.'> FKBP52 associates with receptor-Hsp90
complexes and has roles in steroid hormone recep-
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The loss of FKBP52 in female FKBP52-deficient
mice results in infertility in both the C57BL6/129
and CD1 backgrounds.!®?* The mice appear
morphologically normal; moreover, ovulation and
fertilization are not overtly hindered. Infertility
appears to be due to progesterone (P,) resistance and
uterine defects resulting in embryonic implantation
and decidualization failure.?#?> Implantation
failure as a result of reduced P, signaling may be
due to increased uterine oxidative stress (OS) in
FKBP52-deficient female mice as a result of reduced
levels of the antioxidant Peroxiredoxin-6 (Prdx6).26
Implantation failure was observed in FKBP52-
deficient, but not wild-type female mice with
paraquat-induced oxidative stress.?* Exogenous P,
alone did not rescue implantation, but it did with
the addition of an antioxidant.

FKBP52 may promote endometriosis because
women with endometriosis show reduced FKBP52
expression,and the P, resistance observed in FKBP52-
deficient mice results in increased cell prolifera-
tion, inflammation, and angiogenesis, which lead to
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endometriotic lesions.?” Thus, evidence suggests a
crucial role for FKBP52 in female reproduction and
uterine signaling.

In addition to the actions of FKBP52, this protein
has been shown to regulate microtubule dynamics
and transient receptor potential channels. The roles
of FKBP52 in control of amyloid beta toxicity
and copper homeostasis,?® modulation of synuclein
aggregation,” and control of protooncogene RET*
have been shown.

P, binds to progesterone receptor (PR) to activate
gene transcripts involved in ovulation, endometrial
receptivity, implantation, decidual reaction, and
maintenance of pregnancy.?! Since the success of
transcriptional activation depends on the binding
of PR to the chaperone FKBP52 in this study,
we aimed to detect the immunolocalization and
expression levels of FKBP52 in human control, P
and IUGR term placentas.

Materials and Methods
Human Tissues

Term placentas from healthy women were obtained
immediately after cesarean section and were used

from women with PE (
obtained immediately

e consent forms
were defined as
40/90 mmHg and
or >2+ according
after 20 weeks of

with antihypertensive drugs, diabetes mellitus,
gestational diabetes, renal disease, heart disease,
and fetal anomalies. Only singletons were included
in the study.

Tissue Preparation

Healthy preeclamptic and intrauterine growth

FKBP52 in Human Placenta 3

hours. After
xylene and

bedded samples were
nd placed on slides coated
deparaffinization, slides
H 6.0) for 4 minutes, 3

with poly-I-lysine.
were boiled in citrate

body with the nonimmune IgG (sc-2025, Santa
ruz Biotechnologies, Santa Cruz, California,
U.S.A) in the same dilutions as the specific anti-
bodies. The next day the sections were washed
for 5 minutes, 3 times with phosphate-buffered
saline (PBS) and then incubated with biotinylated
secondary antibody (Vector Laboratories, BA-9200,
California, U.S.A.) at 1:500 dilution for 40 minutes
then with peroxidase labeled streptavidin (TP-125-
HL, Thermo Scientific, Waltham, Massachusetts,
U.S.A.) for 20 minutes. Then slides were washed for
5 minutes, 3 times, with PBS and the resulting signal
was developed with diaminobenzidine (DAB)
(K3466, DakoCytomation, Glostrup, Denmark).
All samples were treated with the same protocol.
Sections were counterstained with hematoxylin,
dehydrated, mounted in Kaiser’s glycerin gelatin
(OB514196, Merck, Whitehouse Station, New Jersey,
U.S.A.) and examined by light microscopy (Zeiss,
Oberkochen, Germany).

Semi-quantitative Evaluations

The distribution of FKBP52-positive immunoreac-
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tive cells in healthy preeclamptic and intrauterine
growth retarded human placentas were determined
semiquantitatively: 0=negative, (+)=weak positive,
+=positive, ++=strong positive, and +++=very
strong positive. After evaluations were done, pho-
tographs of sections were taken with a digital
camera (Diagnostic Instruments Inc. Spot Insight
Qe, Sterling Heights, Michigan, U.S.A.) using a Zeiss
Axioplan 100 light microscope (Zeiss, Oberkochen,
Germany).

Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis and Western Blotting

Protein extraction and immunoblot analysis were
performed as described previously.?® Healthy and
pathologic human and rat placenta samples were
weighed and put into a homogenization buffer
supplemented with Complete R protease inhibito
cocktail (Boehringer, Mannheim, Germany). After
homogenization, samples were centrifuged at 10,000
g for 10 minutes. Supernatants were collected and
stored at —80°C.

The protein concentration was determined by
Lowry assay>* and 50 mg of protein was apphed per

(Amersham Pharmaci
U.S.A)) in a buffer containing
25 mmol/L Tris and 20% metl
+4°C, under 32 V_and 65 A. The
blocked for
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Immunolabeling was visualized
chemiluminescence-based Super Si
Substrate System (34080, Ther
pared according to the manuf.

BP52 Immunolocalization on Human Control, PE,
and IUGR Group Placentas

FKBP52 immunolocalization was both cytoplasmic
and nuclear. In PE group placentas, syncytiotro-
phoblasts, villous stromal cells, and vascular endo-
thelium had weak positive FKBP52 immunoreac-
tivity (Figure 1a). FKBP52 immunoreactivity was
not continuous in syncytiotrophoblasts (Figure 1a).
There was positive FKBP52 immunostaining in
decidua (Figure 1b). There was no reaction in iso-
type control group (Figure 1c). In control group
placentas FKBP52 immunoreactivity was stronger as
compared to that of the PE group. Positive FKBP52

Table I Semi-quantitative Scoring of FKBP52 Immunolabeling Intensities in Human Control, PE, and IUGR Group Placentas

Decidua Syncytiotrophoblast Villous stromal cells Vascular endothelium
PE + +) (S )
Control ++ + + +
IUGR ++ +++ ++ ++

0 = negative, (+) = weak positive, + = positive, ++ = strong positive, +++ = very strong positive.
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immunoreactivity was seen on syncytiotrophoblasts
(Figure 1d); immunoreactivity was not continuous
as in the PE group. Villous stromal cells and
vascular endothelium also had positive FKBP52
immunostaining (Figure 1d). Decidua had strong
positive FKBP52 immunoreactivity (Figure 1e). No
reaction was seen in isotype control group (Figure
1f). In comparison to control group placentas there
was stronger FKBP52 immunoreactivity in IUGR
group placentas. Very strong positive FKBP52 im-
munostaining was seen on syncytiotrophoblast.
Different from control and PE groups, FKBP52
immunostaining was continuous in IUGR group
placentas. Villous stromal cells of vascular endothe-
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Figure 1 FKBP52 immunostaining in human PE (a, b, c), control (d, e, f), and IUGR (g, h, i) group placentas. In PE group placentas
FKBP52 immunoreaction was seen in vascular syncytiotrophoblast (s), endothelium (arrow head), villous stromal cells (asterisks) (a), and
decidua (arrows) (b). Isotype control is seen in (c). FKBP52 immunoreaction was stronger in syncytiotrophoblast (s), vascular endothelium
(arrow head), villous stromal cells (asterisks) (d), and decidua (arrow) (e) in control group placentas as compared to PE group placentas.
Isotype control is seen in (f). In the [IUGR group FKBP52 immunoreactivity was stronger as compared to both control and PE group
placentas: syncytiotrophoblast (s), vascular endothelium (arrow head), villous stromal cells (asterisks) (g), and decidua (arrows) (h). Isotype
control is seen in (i).
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(p=0.089). FKBP52 expression was increased in
IUGR group placentas as compared to control
group placentas, and it was statistically significant
(p=0.042). FKBP52 protein level difference between
PE and IUGR group placentas was also statistically
significant (p=0.008) (Figure 2).

Discussion

Adequate placental growth and function are funda-
mental to the well-being, growth, and development
of the fetus throughout gestation.®® PE refers to
vascular alterations characterized by maternal
hypertension and proteinuria.®® PE is a cause of
maternal mortality and one of the main causes of
perinatal mortality and neurological sequelae as
well as prematurity.?-3° PE is characterized by poor
perfusion of maternal and fetal circulations of the
placenta, which thus affects placental growth and
development.63839

IUGR is defined as the inability of the fetus to

d
control PE PE
FKBP 52 | s s
BETA ACTIN
b

Figure 2 (a) Western bl6tting results of FKBP52 in human
control, PE, and IUGR group placentas. Beta-actin was used as
an internal control. (b) Quantitative analysis of FKBP52 Western
blotting data. The values in the bar graphs were obtained by
dividing the protein intensity value by its corresponding beta-
actin intensity value. The differences seen between control

and IUGR group placentas and PE and IUGR placentas were
statistically significant (*). The image is representative of 3
independent experiments.
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IUGR as com

hich indicates the impor-

hormone binding
cation to the nucleus

0 study has examined the
human PE and IUGR group

munophilin FKBP52 protein in human term
atas that were healthy but complicated by PE

and IUGR group placentas. Since PE appears
sult from poor development of placental
ood vessels,® downregulation of FKBP52 in PE
placentas might have led to impaired proliferation
and invasion of cytotrophoblasts. According to
our results FKBP52 expression was upregulated in
IUGR group placentas as compared to control and
PE group placentas. Increase of FKBP52 expression
in IUGR group placentas might be an adaptation to
maintain pregnancy. In our control and PE group
placenta samples there was FKBP52 expression on
some regions of syncytiotrophoblast, but in IUGR
group placentas FKBP52 expression was continu-
ous on syncytiotrophoblast. A different expression
pattern of FKBP52 on syncytiotrophoblastin IUGR
group placentas might have importance.

P, has a key function in female pregnancy. P, is
involved in maintenance of pregnancy. The suc-
cess of transcriptional activation depends on the
binding of PR to the chaperone FKBP52. The role
of the placenta in progestogen production varies by
species. In the sheep, horse, and human, the placenta
takes over the majority of progestogen production,
whereas in other species the corpus luteum remains
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the primary source of progestogens. In the sheep
and human, P, is the major placental progestogen.
Zamudio et al*? searched for P, serum levels in PE
women and they found that PE women had higher
P, concentrations throughout pregnancy. Similarly,
Salas et al** studied serum concentrations of P,
in women with PE and IUGR. P, concentrations
were higher in PE than in either control or IUGR
from weeks 18-21 until term. In contrast, IUGR
pregnancies had reduced P, and E, concentrations
after week 34. They speculated that the early rise in
P, may have a pathogenic role in the development
of PE.*® According to these studies women with PE
have higher and women with IUGR have lower
P, levels in their serum. According to our study
women with PE have lower and women with IUGR
have higher FKBP52 levels in their placenta. This
contrast between P, and FKBP52 levels might be a
adaptation of PE or IUGR placentas to compensate
for increase or decrease of P,, respectively.

When we searched the literature, there was
only one study done on placenta/chorionic villi
that searched for FKBP52 expression. Chen et al*
searched for FKBP52 expression in chorloruc villi
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