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The placenta is a glucocorticoid target organ, and glucocorticoids (GCs) are essential for the development and maturation of fetal organs.
They are widely used for treatment of a variety of diseases during pregnancy. In various tissues, GCs have regulated by glucose transport
systems; however, their effects on glucose transporters in the human placental endothelial cells (HPECs) are unknown.

In the present study, HPECs were cultured 24 h in the presence or absence of 0-5, 5 and 50 pmol-1"" of synthetic GC triamcinolone (TA).
The glucose carrier proteins GLUT 1, GLUT 3 and GC receptor (GR) were detected in the HPECs.

We showed increased expression of GLUT 1 and GLUT 3 proteins and messenger RNA (mRNA) levels (p < 0-05) after 24-h cell culture in
the presence of 0-5, 5 and 50 umol-I"" of TA. In contrast, GR protein and mRNA expressions were down-regulated (p < 0-05) with 0-5, 5 and

50 pmol-I™" of TA 24-h cell culture.

The results demonstrate that GCs are potent regulators of placental GLUT 1 and GLUT 3 expression through GR.
Excessive exposure to GCs causes maternal and fetal hypoglycemia and diminished fetal growth. We speculate that to compensate for fetal
hypoglycemia and diminished fetal growth, the expression of placental endothelial glucose transporters might be increased. Copyright ©

2011 John Wiley & Sons, Ltd.
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INTRODUCTION

The placenta receives and transmits endocrine signals
between the mother and fetus and is the site of nutrient
and waste exchange. Several aspects of placental function
are critical for human fetal growth and development, includ-
ing transport of nutrients such as glucose from mother to
fetus. Glucose is the primary source of energy for metabo-
lism and development of the fetus and placenta.'* Because
the fetus is not capable of producing appreciable amounts
of glucose until late gestation, it is critically dependent of
the net transfer of glucose across the placenta.” The fetal
consumption of glucose increases rapidly towards term
because of the almost 20-fold increase in fetal weight during
the second half of pregnancy.' The high fetal demand for
glucose, especially during the third trimester, necessitates
the presence of rapid, high-volume system for maternal—
fetal glucose transfer. On the other hand, down-regulation
of placental glucose transport is associated with intrauterine
growth restriction.*
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Glucose passes the placental barrier not only by simple
diffusion but also by the action of facilitated diffusion
transport machinery.” This process is brought about by
facilitated diffusion along a concentration gradient rendering
substrate entry about 10 000 times faster than calculated
for diffusion across the lipid membrane layer. The trans-
port facilitators are about 500 amino acids in length and
belong to a growing superfamily of integral membrane
glycoproteins with 12 membrane-spanning domains that
presumably form a channel through which glucose can
move in one or more association—dissociation steps.® Up
to now, 14 functional mammalian-facilitated hexose carriers
(GLUTs) have been characterized by molecular cloning.
According to the sequence similarities, three classes of
GLUTSs have been defined. The isoforms GLUT 1, 3 and 4
are included in Class I and represent high-affinity transport
facilitators. Because of their low Michaelis constant (Km),
these transporters function at rates close to maximal velocity.
Thus, their level of cell surface expression greatly influences
the rate of glucose uptake into the cells.’

Uptake of glucose by the placenta is facilitated primarily
by GLUT 1 and in part by GLUT 3 transporters. A possible
major glucose transfer mechanism in the human placental
villi may be depicted as follows. Glucose in the maternal

Received 14 April 2011
Revised 2 August 2011
Accepted 20 September 2011



48 D. KIPMEN-KORGUN ET AL.

bloodstream passes the apical microvillous plasma membrane
of syncytiotrophoblast cells by means of GLUT 1. Glucose
moves through the cytoplasm of the syncytiotrophoblast by
simple diffusion and leaves the cytoplasm via GLUT 1 in
the basal plasma membrane. GLUT 1 and GLUT 3 proteins
contribute to the uptake of glucose by placental endothelial
cells, as well as facilitate the transfer of glucose into and
out of the fetal blood vessels in the villous core.*'' About
25% of glucose entering the placenta is metabolized within
this tissue; the majority of glucose is passed to the fetus
through placental endothelial cells.'?

The human placenta is of the hemochorial type, i.e.
maternal blood delivered by the spiral arteries into the
intervillous spaces comes in direct contact with the
trophoblast villi containing the fetal capillaries. There are
only two cell layers separating the fetal and maternal
circulations in the term human placenta: the fetal capillary
endothelium and the syncytiotrophoblast. In early pregnancy,
cytotrophoblast cells are highly abundant, creating a continu-
ous cell layer between the syncytium and the fetal capillary."
Therefore, glucose transport in term placenta is mainly
dependent on microvilli of syncytiotrophoblast and endothe-
lial cells. Moreover, cytotrophoblast cells are less abundant
in late pregnancy. Consequently, in late pregnancy, placen-
tal glucose transport mechanism mainly depends on
placental endothelial cells when compared with human
term placental trophoblast cells. For these reasons, unlike
Hahn er al.'* we investigated the glucose transport mech-
anism in endothelial cells in which fetal glucose transport
primarily takes place.

On the other hand, placenta is a glucocorticoid target
organ,’> and GCs are essential for the development and
maturation of fetal organs. GCs could potentially affect a
wide range of cellular functions within the embryo and the
placenta, from trophoblast differentiation soon after implan-
tation to horrnone synthesis in the fully differentiated
placenta In human pregnancy, GCs are now used mainly
in two circumstances: the management of women at risk of
preterm delivery and the antenatal treatment of fetuses at
risk of congenital adrenal hyperplasia. Today, antenatal
GCs are given to 7-10% of pregnant women in Europe
and North America'’ during preterm labor, to mature the
fetal lungs and reduce the risk of neonatal morbidity and
mortality. Although GCs promote lung maturation, con-
versely, fetal exposure to excess GCs has been implicated
as a causative factor in fetal growth retardation'>'®%° linked
with an increased risk of developing hypertension, cardio-
vascular disease and glucose intolerance in adult life.?!

At cellular level, exposure to GCs in utero alters
receptors, enzymes, ion channels and transporters 1n a wide
range of different cell types during late gestation.’ Today,
the effect of glucocorticoids on glucose transport is not
clear. On the one hand, GCs speciﬁcally inhibit glucose
transport in skeletal muscle cells adipocytes and human
term placental trophoblast cells.'* On the other hand, GCs
stimulated glucose transporter protein expressron in the rat
placenta® and cardiac cells.?® Moreover, in many species,
placental 11f-hydoxysteroid dehydrogenase type 2 (11HSD2)
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inactivates glucocorticoids and limits fetoplacental expo-
sure to the higher maternal glucocorticoid concentrations.
In humans, 115-HSD2 gene mutations cause low birth
weight and reduced placental 11 - HSD2 activity associated
with intrauterine growth retardation.”” In the placenta of
prenatal stressed rats, placental expression and activity of
the glucocorticoid “barrier” enzyme 11FHSD2 was
strongly reduced. It means increase in glucocorticoids in
animals that causes decreased expression of GLUTI,
whereas slightly increased expression of GLUT3 and
GLUT4.?® According to these studies,'**>?® the effect of
glucocorticoids on placental glucose transport is not clear.
Additionally, the effects of GCs on glucose transporters in
the human placental endothelial cells are unknown. There-
fore, the present study addressed the question of whether
GCs effect placental glucose transporter expression in
human placental endothelial cells.

MATERIALS AND METHODS
Isolation and culture of placental endothelial cells

Isolation and culture of human term placental endothelial
cells was performed as previously described by Lang
et al.**>° In brief, human term placenta of normal pregnan-
cies were obtained under informed consent after vaginal
delivery and placed directly on ice until isolation. During
the preparation steps, the placenta was gently warmed up
to 37°C in a bath of sterile phosphate-buffered saline
(PBS). Approval of the ethical committee of the Medical
University of Akdeniz was granted. The amnion was
removed, and corresponding venous chorionic blood vessels
at the apical surface of the chorionic plate were resected.
Each vessel was washed with Ca®*/Mg”**-free Hank’s
balanced salt solution (HBSS; Gibco, Vienna, Austria) to
remove residual blood. Subsequently, HPECs were isolated
by separate perfusron of chorionic blood vessels w1th HBSS
containing 0-1 U-ml™" of collagenase, 0-8 U-ml™" of dispase
(Roche, Vienna, Austria) and antibiotics (Gibco), pre-warmed
to 37°C. The perfusion time was limited to 7 min to avoid
contamination with non-endothelial cells. The obtained cell
suspension was centrifuged (200 g for 5 min), and the pellet
was resuspended with EBM basal medium (cc-3121, Lonza,
Verviers, Belgium).

The cells were seeded into six-well culture plates that had
been precoated with 1% (v/v) gelatin (Sigma Biosciences,
Taufkirchen, Germany) in HBSS for 1h at 37°C. After
endothelial cells became adherent, to discard the contami-
nating red blood cells, HPECs were washed with HBSS.
In general, the percentage of endothelial cell marker-positive
cells in the primary HPECs culture was about 95%. For the
experiments, only pure endothelial cell cultures were used.
The culture medium was changed after 24 h and, thereafter,
every third day. Best results were achieved using complete
medium (cc-3125, Lonza) containing 5% (v/v) dlalysed fetal
bovine serum, bovine braln extract (18 pg-ml™), epldermal
growth factor (10ng-ml™"), hydrocortisone (1-0pg-ml™),
gentamycin (50 mg-ml™") and amphotericin B (50 ng-ml™").
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Human placental endothelial cells were allowed to
recover from the trypsinization for 24 h before starting the
experiments. After this period (time zero), the cells were
cultured in the presence or absence (controls) of 0-5, 5 and
50 umol-I"" of triamcinolone (TA; Volon A 40, Squibb-von
Heiden, Munich, Germany) for another 24 h, as TA binding
to placental cytosol peaks after 20 h of incubation in vitro.>!

Cell characterization

Immunocytochemical characterization was performed on
HPECs cultured up to passage 5 as described in detail
elsewhere.””° For each passage, the identity of the placental
endothelial cells was tested with polyclonal von Willebrand
factor antibody (vWf, immunoglobulin fraction, rabbit
antihuman; Dako, Carpinteria, CA) and monoclonal CD31
[mouse immunoglobulin G (IgG) 1, antihuman endothelial
cell; Dako]. Both are standard markers for endothelial cells.
Placental endothelial cells were grown and stained on chamber
slides (BD Biosciences, Bedford). At confluence, the chamber
slides were washed in HBSS (Life Technologies Gibco, Wien,
Austria) fixed in acetone for 5 min at room temperature and
stained as previously described by Lang er al.?® For the
experiments, only pure endothelial cell cultures isolated from
at least five different placentae were used.

Immunofluorescence staining

Human placental endothelial cells seeded on polylysine-
coated glass chamber slides and cells were washed with
PBS and fixed in ice-cold acetone for 5 min. The cells were
then incubated with 5% bovine serum albumin for 10 min.
Thereafter, cells were immunolabelled with von Willebrand
factor (1:300 from Dako), CD31 (1:100 from Dako), GLUT
1 (1:500 from Chemicon, Temecula, CA), GLUT 3 (1:100
from Chemicon) and GR antibodies (1:50 from Santa Cruz
Biotechnology, Inc., Santa Cruz, CA) at room temperature
for 60 min. All antibodies were diluted in antibody diluent
(Dako). Normal rabbit immunoglobulin fraction and mouse
IgG1 (Dako) served as controls. After three washings in
PBS, the slides were incubated for 30 min with swine
anti-rabbit IgG labelled with FITC (Dako) and for CD31,
rhodamine conjugated goat anti-mouse IgG, (Chemicon)
diluted 1:100 in antibody diluent. After three washings in
PBS, the slides were counterstained with DAPI UltraCruz
Mounting Medium (sc-24941; Santa Cruz Biotechnology)
and examined using a fluorescence microscope (Olympus,
BX61 Hamburg, Germany).

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis
and Western blotting

Cellular proteins from cultured human placental endothelial
cells were solubilized in Laemmli sample buffer (Sigma
Chemical Co.) supplemented with complete protease inhibitor
cocktail (Boehringer Mannheim, Mannheim, Germany).
Protein extraction and immunoblot analysis were performed
as previously described by Lang et al.>° Before electrophoresis,
samples were boiled for 3 min at 100°C. Equal amounts of
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protein, determined according to the method of Lowry ef al.*

were subjected to sodium dodecyl sulphate (SDS)-polyacryl-
amide gel electrophoresis (PAGE) on 8-18% gradient gels
(ExcelGel, Pharmacia Biotech) using SDS buffer strips
(ExcelGel, Pharmacia Biotech). Samples were run for
150 min at 600volts, SO0mA and 30 watts. Proteins were
transferred onto nitrocellulose membranes (Pharmacia Biotech)
by semidry electroblotting in a buffer containing 0-2 mol-1"! of
glycine, 25 pmol-I"" of Tris and 20% methanol for 45 min at
30volts, 100mA and 6 watts. Successful transfer was
confirmed by Ponceau S (Sigma Chemical Co.) staining of
the blots. The membranes were blocked for 1h with 5%
non-fat dry milk (Bio-Rad Laboratories, Inc., Hercules, CA)
and 0.1% Tween-20 (Sigma Chemical Co.) in 0-14 mol-1"!
Tris-buffered saline, pH 7-2-7-4, at 4°C. The same solution
was used as diluents for the antibodies.

The blotted membranes were incubated for 2h at room
temperature with rabbit antisera against GLUT 1, GLUT 3
and GR (dilutions: GLUT 1, 1:3000; GLUT 3, 1:1000;
GR, 1:1000) (GLUT 1 and GLUT 3 from Chemicon and
GR from Santa Cruz Biotechnology, Inc.), respectively.
After washing, the membranes were further incubated with
horseradish peroxidase conjugated goat anti-rabbit IgG
(Bio-Rad Laboratories, Inc.) diluted 1:5000 (GLUT 1),
1:3000 (GLUT 3) or 1:1000 (GR) for 2h at room
temperature. After three washings in Tris-buffered saline,
pH 7-2-7-4, the immunolabelling was visualized using the
chemiluminescence-based SuperSignal CL-HRP Substrate
System (Pierce Chemical Co., Rockford, IL) according to
the instructions of the manufacturer.

Membranes were exposed to Hyperfilm (Amersham
Biosciences, Sweden), which was subsequently analysed
using an Alpha Digi Doc 1000 gel documentation unit
(Alpha Innotech Corporation, CA).

RNA isolation and complementary DNA synthesis

RNA isolation and complementary DNA (cDNA) synthesis
were performed as previously described by Kipmen-Korgun
et al.*® Total RNA was isolated from HPECs using Trizol
Reagent (Invitrogen, Rockville, MD) according to the
manufacturer’s instructions. RNA pellets were eluted in
RNase-free water and stored at —70°C until the time of
the experiment. Each RNA sample was quantified using
UV spectrophotometer.

Complementary DNA was synthesized from 1 pg of total
RNA using the Promega Reverse Transcription System
(Promega, Madison, WI). Briefly, 1 g of total RNA was
subjected to reverse transcription in a final reaction volume
of 20l containing 5mmol-I" of MgCl,, 1 X reverse
transcriPtase (RT) buffer, 1 mmol 1™ of each dNTP,
1U-ul™ of RNAsin, 20U of AMV reverse transcriptase
and 0-5 pg of random primers. Tubes with reaction mixtures
were incubated for 10min at room temperature, then at
42°C for 15min, with 5-min inactivation of enzyme at
95°C, and chilled on ice for Smin. Tubes were kept
at —20 °C until use.
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Semi-quantitative RT-polymerase chain reaction

Complementary DNA was amplified in a 50-pl reaction
volume containing 0-2mmol-I”" of De oxynucleotide
Triphosphates (ANTPs), 10mmol-I"" of specific primers,
1 X polymerase chain reaction (PCR) buffer and 1U of
Platinum® Taq DNA Polymerase (Invitrogen, Carlsbad,
CA). After initial denaturation at 94°C for 10 min, PCR
was carried out for 40 cycles with denaturation for 30s at
94°C; annealing for 30s at 56°C for GLUT 1, GR and
beta-actin and 54 °C for GLUT 3; and extension for 1 min
at 72°C, followed by a final extension of 10min at 72°C.
The sequences of primers are shown in Table 1. The PCR
products were visualized using electrophoresis with an
ethidium bromide-stained 1-5% agarose gel, and the intensity
of bands were quantified using a densitometer. All results
were normalized to beta-actin.

Statistical analysis

The data expressed as mean+ SD were analysed with
standard methods for descriptive values and with one-way
ANOVA to compare the size of the effect. Significant
overall results were further examined with Tukey’s highest
significant difference (HSD) tests for all other pairwise
comparisons. A significance level of 0-05 was used for all
the tests. For all calculations, SPSS (SPSS, Chicago, IL)
was used.

RESULTS

Characterization of cultured human placental endothelial
cells and immunofluorescence staining

The viability of the cells was more than 90% by trypan blue
exclusion. The immunocytochemical reaction pattern of the
endothelial cell preparations revealed approximately 90%
reactivity with the von Willebrand factor (Figure la) and
CD31 antibodies (Figure 1b) immediately after isolation,
and 90-95% were stained after 48h in culture. HPECs
expressed GLUT 1 (Figure lc), GLUT 3 (Figure 1d) and
GR (Figure le) proteins. Negative control sections in which
the primary antibodies were replaced by their non-immune
isotype controls showed no immunoreaction (Figure 1f for
rabbit immunoglobulin, Figure 1g for mouse IgG1).

Effect of TA treatment on GLUTs protein and mRNA levels
in HPECs

The measured expression levels relative to the controls are
summarized in Table 2.

Control

Control

Figure 1. Immunocytochemical characterization of human placental
endothelial cells with the cytoplasmatic protein von Willebrand factor
antibody (a) and membrane protein CD31 (b). Immunofluorescence staining
patterns of HPECs. Expression of GLUT 1 (c), GLUT 3 (d) and nuclear
staining of GR (e). Control immunofluorescence staining for polyclonal
antibody (f) and monoclonal antibody (g). Scale bars =50 pm

Table 2. Expression levels relative to the controls (=100%) of GLUT 1,
GLUT 3 and GR messenger RNA and protein of human placental
endothelial cells cultured in the presence of 0-5, 5 and 50 pmol1™" of
triamcinolone

% of control (=100%) 0-5 pmol-1™! 5 umol-1™! 50 pmol-1~!
GLUT 1

Protein 1204 12.5%  2074153%  221415-1%
mRNA 1324 13-1% 165 + 12-3% 189 + 16-7*
GLUT 3

Protein 178 £13-3%  228+£152%  314+17.2%
mRNA 1544 124%  2204183%  231413-6%
GR

Protein 80 +9.3% 5247.7% 544£9.3%

mRNA 60 47-2% 64+9-1% 724 11-4%

Data (mean + SD) were tested statistically by the one-way ANOVA test.
*p < 0-05 versus control.

Table 1. Oligonucleotide sequences used for semiquantitative reverse transcriptase-polymerase chain reaction

Genes Forward primers Reverse primers Product (bp)
GLUT 1 5'-GGAGAAGAAGGTCACCATCC-¥ 5’CCACGATGCTCAGATAGGAC-¥ 353
GLUT 3 5'-GCATATGATAGGCCTTGGAG-3¥ 5'-CATTGGTGGTGGTCTCCTTA-3 485
GR 5'-GGAATAGGTGCCAAGGATCT-3’ 5-GTGGTAACGTTGCAGGAACT-3¥ 489
Beta-actin 5'-CCTTCTACAATGAGCTGCGT-3 5-TCGGTGAGGATCTTCATGAG-3' 319

Copyright © 2011 John Wiley & Sons, Ltd.
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Both GLUT 1 and GLUT 3 protein expression were
detectable by Western blotting in the HPECs (Figure 2).
GLUT 1 protein expression of HPECs was analysed using
Western blotting at 24h cell culture and presented in
Figure 2. Direct comparison of HPECs between control
and TA-treated endothelial cells revealed that TA treatment
of 0-5, 5 and 50 pmol-lf1 led to a dose-dependent increase in
placental GLUT 1 relative protein abundance at 1-2-fold
(p <0:05), 2-0-fold (p<0-05), and 2-2-fold (p <0-05),
respectively (Table 2).

GLUT 3 protein levels were increased by TA in a dose-
dependent manner similar to GLUT 1. Treatment of HPECs
with the synthetic glucocorticoid TA increased GLUT 3 ac-
tivity approximately 1-7-fold (0-5 pmol-I"" of TA; p < 0-05),
2:2-fold (SumollI™" of TA; p<0:05) and 3-1-fold
(50 umol~l’l of TA; p <0-05) after 24-h culture (Table 2).

GLUT 1 and GLUT 3 mRNA levels were up-regulated in
cultured human placental endothelial cells after TA adminis-
tration (Figure 3). In cultured endothelial cells, this effect
was clearly dose dependent. TA treatment increased GLUT
1 mRNA levels to 1-3-fold (0-5 pmol-1™" of TA; p < 0-05),
1-6-fold (Spmol1™" of TA; p<0-05) and 1-9-fold
(50 pmol-1™! of TA; p < 0-05) during 24-h culture (Table 2).
Densitometric scanning analysis of GLUT 3 mRNA levels
showed that TA increased GLUT 3 activity approximately
1-5-fold (0-5 pmol-1"! of TA; p < 0-05), 2-2-fold (5 pmol-1~!
of TA; p < 0-05) and 2-3-fold (50 pmol-I"" of TA; p < 0-05)
during 24-h culture (Table 2).

Effect of TA treatment on levels of GR protein and mRNA in
HPECs

We used Western blot and RT-PCR analyses to determine
the effects of GC treatment on levels of GR protein and
mRNA in HPECs (Figures 2 and 3). We observed that
treatment of HPECs with 0-5, 5 and 50 umol-l_1 of TA for
24 h reduced GR protein (p < 0-05) and mRNA expression
(p < 0-05) significantly (Table 2) when normalized to beta-
actin protein and mRNA levels (Figures 2 and 3). These data
suggest that TA treatment reduced GR protein and mRNA

1 2 3 4

GLUT 1 (46-48 kDa) e —

GLUT 3 (42-45 kDa) - - —

GR (95 kDa) I G a——

Beta-actin (42 kDa) e ME— —— ——

Figure 2. Representative Western blot of GLUT 1, GLUT 3 and GR protein,
respectively. The expression of beta-actin is shown as a control for equal
protein loading for GLUT 1, GLUT 3 and GR. Lanes show protein from the
following samples: 1, control; 2, placental endothelial cells cultured in the
presence of 0-5pumolI™" of TA; 3, placental endothelial cells cultured in
the presence of 5 pumol-I"" of TA; and 4, placental endothelial cells cultured
in the presence of 50 mol-1"" of TA

Copyright © 2011 John Wiley & Sons, Ltd.

1 2 3 4
R — — —
GLUT 3 (485 bp) — ——

GR (489 bp)

Beta-actin (319 bp)

Figure 3. Representative reverse transcriptase-polymerase chain reaction
of GLUT 1 messenger RNA (mRNA), GLUT 3 mRNA and GR mRNA,
respectively. Beta-actin was used as a control to confirm mRNA integrity
and equal loading for GLUT 1 mRNA, GLUT 3 mRNA and GR mRNA.
Lanes show mRNA from the following samples: 1, control; 2, placental
endothelial cells cultured in the presence of 0-5 pmol-1"" of TA; 3, placen-
tal endothelial cells cultured in the presence of 5 pmol~l" of TA; and 4,
placental endothelial cells cultured in the presence of 50 umol-1™" of TA

expressions in HPECs (Table 2). The expression of beta-
actin was a control for equal protein and mRNA loading
for GLUT 1, GLUT 3 and GR (Figures 2 and 3).

DISCUSSION

The effect of GCs on placental transport of glucose to the
fetus in vitro has been poorly studied. GCs have been shown
to strongly regulate maternal and fetal glucose metabolism,
but direct effects on placental glucose transport are unclear.

In the present study, the high affinity glucose transporter
isoforms GLUT 1 and GLUT 3 were expressed in the
HPECs, which are cellular placental barriers fronting to the
fetal circulation. Because of their locations, endothelial cell
populations play a pivotal role in transplacental glucose
transport in the hemochorial-type human placenta.

To the best of our knowledge, this is the first report of a
GC effect on GLUT 1 and GLUT 3 expressions in HPECs.
Our initial results using immunofluorescence methods
showed that HPECs expressed GLUT 1, GLUT 3 and GR.
The finding that HPECs are targets of GC action is not
surprising because GC-regulated genes, including the VEGF
proteins, are synthesized by placental HPECs.** Our Western
blot results showed that GC overexposure significantly
increased placental GLUT 1 and GLUT 3 protein levels in
all experimental groups of HPECs. RT-PCR analysis of
placental GLUT expressions indicated that both GLUT 1
and GLUT 3 mRNA Ilevels were affected by the GC
induction. It was supposed that GCs caused the increase in
placental GLUT proteins and mRNA expression. This
assumption is consistent with a previous study showing that
glucocorticoid administration up-regulated GLUT 1 and
GLUT 3 protein expression in rat term placenta.”

Maternal GCs circulate at five to ten times higher concen-
trations than those in the ’fetus,3 5 and the fetus is not capable
of synthesizing its own GCs until relatively late in

Cell Biochem Funct 2012; 30: 47-53.
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gestation.’®*” Physiological cortisol levels in maternal
plasma during human pregnancy are in the range of
1umol-I™" % We examined the effect of exposure to
elevated levels of the synthetic glucocorticoid TA. Three
doses were used. The lower (0-5 umol~l_l) dose is a concen-
tration in the lower range of doses generally used in
previous cell culture studies'* and considered comgarable
to the doses used to promote lung maturation in rats.>> Other
doses (5 and 50 umol-lfl) were used to investigate the
potentially detrimental effects of glucocorticoid excess.
The highest TA dose administered to the endothelial cell
cultures in the present study corresponds to the TA concen-
tration in blood resulting after intravenous injection of a
dose recommended by the manufacturers for therapy in
humans.

Triamcinolone administration at 0-5-, 5- and 50-pmol-1"!
doses led to a significant up-regulation of the placental
expressions of both GLUT 1 and GLUT 3 mRNA and
protein. That is compatible with a possible role of GCs in
mediating or facilitating the increase in placental endothelial
glucose transport.

Non-reciprocal changes in placental GLUT 1 and GLUT
3 protein expression in the present experiments indicated
that the total placental glucose transporter capacity
increased. This suggests that an alteration in placental
glucose transport may contribute to the process of altered
materno—placental—fetal transport of glucose. It is known
that glucocorticoid exposure causes maternal'® and fetal
hypoglycemia.”> The decrease of glucose concentration in
the maternal circulation during late pregnancy seems to be
caused by excess glucose requirements of overgrown
fetuses. Fetal hypoglycemia in Intrauterine growth restric-
tion (IUGR) is not caused by a decrease in placental glucose
transporter density.*** As a result of reduced glucose in the
maternal and fetal circulation, to have sufficient glucose
transport to the fetus, increase in GLUT expression in fetal
endothelial cells can be to compensate for reduced glucose.
However, increase of GLUTs may not provide enough
glucose transport to the fetus, and as a result of this, [UGR
may occur. The mechanisms underlying fetal hypoglycemia
in IUGR remains to be fully established but may be related to
increased fetal or placental glucose consumption. Because
of the facilitated nature of transplacental glucose transport,
net transfer will be dependent on the concentration gradient
across the placental barrier, which has been shown to be
increased in the compromised IUGR fetus.*' Therefore, fetal
hypoglycemia in [IUGR may represent an adaptation to, e.g.
reduced placental surface area to maintain a sufficient
glucose delivery*' or increased placental endothelial glucose
transporter expression.

The results of GC induction of human placental cells
(trophoblasts and endothelial cells) showed that the effects
of glucocorticoids in glucose transport might be cell
specific. Because one side of the placental barrier in tropho-
blasts is GLUT proteins decreased,14 on the other side of
placental barrier in endothelial cells is GLUT proteins
increased. Perhaps, endothelial cells might try to compen-
sate for decreased glucose transport in trophoblasts cells. It

Copyright © 2011 John Wiley & Sons, Ltd.

seems intrinsically that an increase in placental endothelial
glucose transport capacity may contribute an immediate
attempt to increase fetal glucose supply to the fetus.

The human placenta is a GC responsive organ consisting
of multiple cell types including endothelial cells, fibroblasts
and trophoblasts that demonstrate changes in gene expres-
sion after hormone treatment. However, little is known
about the relative expression or activity of the GR among
the various placental cell types. Previous studies have
documented that placental endothelial cells expressed GR.
42 but the regulation of glucose transport have not been
studied. We found that GR mRNA and protein expression
is down-regulated after 24-h cell culture of HPECs. Our
results suggest that GC-mediated down-regulation of GR
levels occurs through changes in protein and mRNA
stability in HPECs after TA treatment. The data from
the cell culture further strengthen the hypothesis that
increased GC levels specifically modulate GLUT
expression via the GR.

Collectively, we conclude that the synthetic GC TA is a
potent regulator of HPECs GLUT 1 and GLUT 3
expression. This effect is mediated by GR. We speculate
that GC-induced up-regulation of the placental glucose
transporter systems contributes to the retarded fetal and
placental growth observed with GC treatment. The results
taken together clearly demonstrate that dosages of GC
exposure are likely to be important in determining the
response of the placental glucose transporters to elevated
glucocorticoid levels. The mechanism by which GC
treatment leads to concomitant up-regulation of placental
GLUT 1 and GLUT 3 protein expressions in our
experiments is not yet elucidated. Further studies will be
needed to elucidate how GC and GR interact with GLUT
1 and GLUT 3 in the HPECs to determine their role in
placental glucose transport.

CONFLICT OF INTEREST

The authors have declared that there is no conflict of
interest.

ACKNOWLEDGEMENTS

We are grateful to The Scientific and Technological
Research Council of Turkey (TUBITAK) for financial
support (Project no. SBAG-3162).

REFERENCES

1. Ericsson A, Hamark B, Powell TL, Jansson T. Glucose transporter
isoform 4 is expressed in the syncytiotrophoblast of first trimester
human placenta. Hum Reprod 2005; 20: 521-530.

2. Korgun ET, Demir R, Hammer A, et al. Glucose transporter expression
in rat embryo and uterus during decidualization, implantation, and
early postimplantation. Biol Reprod 2001; 65: 1364—1370.

Cell Biochem Funct 2012; 30: 47-53.



10.

11.

12.

15.

16.

17.

18.

20.

21.

22.

GCS AND PLACENTAL GLUCOSE TRANSPORT 53

. Girard J, Ferre P, Pegorier JP, Duee PH. Adaptations of glucose and

fatty acid metabolism during perinatal period and suckling-weaning
transition. Physiol Rev 1992; 72: 507-562.

. Jansson T, Wennergren M, Illsley NP. Glucose transporter protein

expression in human placenta throughout gestation and in intrauterine
growth retardation. J Clin Endocrinol Metab 1993; 77: 1554-1562.

. Morriss FH, Boyd RD. Placental transport. In The Physiology of

Reproduction. Knobil E, Neill JD (eds). Raven Press: New York,
1988; 2043-2083.

. Mueckler M. Facilitative glucose transporters. Eur J Biochem 1994;

219: 713-725.

. Joost HG, Bell GI, Best JD, et al. Nomenclature of the GLUT/SLC2A

family of sugar/polyol transport facilitators. Am J Physiol Endocrinol
Metab 2002; 282: E974-E976.

. Takata K, Kasahara T, Kasahara M, Ezaki O, Hirano H. Localization

of erythrocyte/HepG2-type glucose transporter (GLUT1) in human
placental villi. Cell Tissue Res 1992; 267: 407-412.

. Hauguel-de Mouzon S, Challier JC, Kacemi A, Cauzac M, Malek A,

Girard J. The GLUT3 glucose transporter isoform is differentially
expressed within human placental cell types. J Clin Endocrinol Metab
1997; 82: 2689-2694.

Hahn D, Blaschitz A, Korgun ET, et al. From maternal glucose to fetal
glycogen: expression of key regulators in the human placenta. Mol
Hum Reprod 2001; 7: 1173-1178.

Korgun ET, Celik-Ozenci C, Seval Y, Desoye G, Demir R. Do glucose
transporters have other roles in addition to placental glucose transport
during early pregnancy? Histochem Cell Biol 2005; 123: 621-629.
Hauguel-de Mouzon S, Shafrir E. Carbohydrate and fat metabolism
and related hormonal regulation in normal and diabetic placenta.
Placenta 2001; 22: 619-627.

. Jansson T, Powell TL. Fetal Medicine Basic Science and Clinical

Practice. In Placental Function in maternofetal exchange. Rodeck
CH, Whittle MJ (eds). Churchill Livinngstone Elsevier Press: London,
2008; 97-110.

. Hahn T, Barth S, Graf R, et al. Placental glucose transporter expression

is regulated by glucocorticoids. J Clin Endocrinol Metab 1999; 84:
1445-1452.

Reinisch JM, Simon NG, Karow WG, Gandelman R. Prenatal exposure
to prednisone in humans and animals retards intrauterine growth. Science
1978; 202: 436-438.

Korgun ET, Dohr G, Desoye G, Demir R, Kayisli UA, Hahn T.
Expression of insulin, insulin-like growth factor I and glucocorticoid
receptor in rat uterus and embryo during decidualization, implantation
and organogenesis. Reproduction 2003; 125: 75-84.

Matthews SG, Owen D, Kalabis G, et al. Fetal glucocorticoid exposure
and hypothalamo-pituitary-adrenal (HPA) function after birth. Endocr
Res 2004; 30: 827-836.

Bloom SL, Sheffield JS, McIntire DD, Leveno KIJ. Antenatal
dexamethasone and decreased birth weight. Obstet Gynecol 2001;
97: 485-490.

. Costedoat-Chalumeau N, Amoura Z, Le Thi Hong D, et al. Questions

about dexamethasone use for the prevention of anti-SSA related
congenital heart block. Ann Rheum Dis 2003; 62: 1010-1012.

Unek G, Ozmen A, Kipmen-Korgun D, Korgun ET. Immunolocalization
of PCNA, Ki67, p27 and p57 in normal and dexamethasone-induced
intrauterine growth restriction placental development in rat. Acta
Histochem 2011. DOI: 10.1016/j.acthis.2011.02.002

Barker DJ. Fetal nutrition and cardiovascular disease in later life. Br
Med Bull 1997; 53: 96-108.

Fowden AL, Forhead AJ. Endocrine mechanisms of intrauterine
programming. Reproduction 2004; 127: 515-526.

. Haber RS, Weinstein SP. Role of glucose transporters in glucocorticoid-

induced insulin resistance. GLUT4 isoform in rat skeletal muscle is not
decreased by dexamethasone. Diabetes 1992; 41: 728-735.

Copyright © 2011 John Wiley & Sons, Ltd.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Garvey WT, Huecksteadt TP, Monzon R, Marshall S. Dexamethasone
regulates the glucose transport system in primary cultured adipocytes:
different mechanisms of insulin resistance after acute and chronic
exposure. Endocrinology 1989; 124: 2063-2073.

Langdown ML, Sugden MC. Enhanced placental GLUT1 and GLUT3
expression in dexamethasone-induced fetal growth retardation. Mol
Cell Endocrinol 2001; 185: 109-117.

Langdown ML, Holness MJ, Sugden MC. Early growth retardation
induced by excessive exposure to glucocorticoids in utero selectively
increases cardiac GLUT1 protein expression and Akt/protein kinase
B activity in adulthood. J Endocrinol 2001; 169: 11-22.

Seckl JR, Meaney MJ. Glucocorticoid programming. Ann NY Acad Sci
2004; 1032: 63-84.

Mairesse J, Lesage J, Breton C, et al. Maternal stress alters endocrine
function of the feto-placental unit in rats. Am J Physiol Endocrinol
Metab 2007; 292: E1526-E1533.

Lang I, Pabst MA, Hiden U, et al. Heterogeneity of microvascular
endothelial cells isolated from human term placenta and macrovascular
umbilical vein endothelial cells. Eur J Cell Biol 2003; 82: 163—173.
Lang I, Schweizer A, Hiden U, et al. Human fetal placental endothelial
cells have a mature arterial and a juvenile venous phenotype with
adipogenic and osteogenic differentiation potential. Differentiation
2008; 76: 1031-1043.

Speeg KV, Jr, Harrison RW. The ontogony of the human placental
glucocorticoid receptor and inducibility of heat-stable alkaline
phosphatase. Endocrinology 1979; 104: 1364-1368.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measure-
ment with the Folin phenol reagent. J Biol Chem 1951; 193:
265-275.

Kipmen-Korgun D, Bilmen-Sarikcioglu S, Altunbas H, Demir R,
Korgun ET. Type-2 diabetes down-regulates glucose transporter
proteins and genes of the human blood leukocytes. Scand J Clin Lab
Invest 2009; 69: 350-358.

Hewitt DP, Mark PJ, Waddell BJ. Glucocorticoids prevent the normal
increase in placental vascular endothelial growth factor expression and
placental vascularity during late pregnancy in the rat. Endocrinology
2006; 147: 5568-5574.

Edwards CR, Benediktsson R, Lindsay RS, Seckl JR. Dysfunction of
placental glucocorticoid barrier: link between fetal environment and
adult hypertension? Lancet 1993; 341: 355-357.

Dupont E, Rheaume E, Simard J, Luu-The V, Labrie F, Pelletier G.
Ontogenesis of 3 beta-hydroxysteroid dehydrogenase/delta 5-delta 4
isomerase in the rat adrenal as revealed by immunocytochemistry
and in situ hybridization. Endocrinology 1991; 129: 2687-2692.
Pepe GJ, Albrecht ED. Actions of placental and fetal adrenal steroid
hormones in primate pregnancy. Endocr Rev 1995; 16: 608—648.
Simmer HH, Tulchinsky D, Gold EM, Frankland M, Greipel M, Gold
AS. On the regulation of estrogen production by cortisol and ACTH in
human pregnancy at term. Memorial Foundation award thesis. Am J
Obstet Gynecol 1974; 119: 283-296.

Anderson GG, Lamden MP, Cidlowski JA, Ashikaga T. Comparative
pulmonary surfactant-inducing effect of three corticosteroids in the
near-term rat. Am J Obstet Gynecol 1981; 139: 562-564.

Jansson T, Ylven K, Wennergren M, Powell TL. Glucose Transport
and System A Activity in Syncytiotrophoblast Microvillous and Basal
Plasma Membranes in Intrauterine Growth Restriction. Placenta 2002;
23: 392-399.

Marconi AM, Paolini C, Buscaglia M, Zerbe G, Battaglia FC, Pardi G.
The impact of gestational age and fetal growth on the maternal-
fetal glucose concentrations difference. Obstet Gynecol 1996; 87:
937-942.

Lee MJ, Wang Z, Yee H, et al. Expression and regulation of
glucocorticoid receptor in human placental villous fibroblasts.
Endocrinology 2005; 146: 4619-4626.

Cell Biochem Funct 2012; 30: 47-53.



