
INTRODUCTION

Adequate extravillous trophoblast invasion is a cru-
cial step in placental formation and for pregnancy 
outcome. It has been established that expression of a 
suitable repertoire of integrins, membrane glycopro-
teins involved in interactions with the extracellular 
matrix (ECM), is critical for differentiation into the 
invasive trophoblast (Ap l i n  et al., 1999; H o h n 
and D e n k e r, 2002). Galectins are β-galactoside-
specific lectins associated with components of the 
ECM and counter receptors on the cell surface of 
mammalian cells (J a n k o v i ć  and Č u p e r l o v i ć , 
1996; L i u  and R a b i n o v i c h , 2005). In other 
systems galectins have been shown to activate vari-
ous cell types through cross-linkage of cell surface 
glycoproteins and to modulate cell adhesion and 
migration (R a b i n o v i c h , 1999). Prior to implan-
tation, galectin-1 (gal-1) is synthesized in the tro-
phectoderm of expanded blastocysts, suggesting a 
role in the attachment of the embryo to the uterine 
epithelium (P o i r i e r  et al., 1992). Gal-1 and gal-3 
have, however, been found dispensable for survival 
and fertility of double mutant mice (C o l n o t  et al., 
1998). Gal-1 has been proposed to act as an optimiz-

ing molecule and is not required for absolute func-
tion, but for the most efficient function (P o i r i e r, 
2002).  In humans, immunolocalization of gal-1 in 
the placental bed showed that it is expressed in the 
middle and distal cell columns of the anchoring villi 
giving rise to the extravillous trophoblast, but not 
in the fully invasive interstitially migrating cytotro-
phoblast (B e v a n  et al., 1994; M a q u i  et al., 1997; 
Vićovac et al., 1998).

The human placenta is a steroid- and gluco-
corticoid-responsive organ (G u l l e r  et al., 1993 a; 
C h a n  et al., 2003). The steroid hormones estrogen 
and progesterone (PRG) play important roles in 
preparation of the uterus for implantation and dur-
ing early phases of pregnancy (C h a n  et al., 2003). 
Although elevated levels of glucocorticoids (GC) are 
also found in both maternal and fetal sera (D o r r  et 
al., 1989), there are several clinical situations that 
require continuous GC treatment during pregnan-
cy (O s t e n s e n , 2001). While their precise role in 
pregnancy is not well defined, it has been postulated 
that GC are involved in uteroplacental adherence 
(G u l l e r  et al., 1993), fetal development and matu-
ration (B a l l a r d  and B a l l a r d , 1995), modulation 
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of inflammation in the placenta (Rosen et al., 1998) 
and chronic regulation of placental protein expres-
sion (Ryu et al., 1999). Steroid control of ECM protein 
expression in the human placenta has been studied 
extensively (Guller et al., 1993 a; Guller et al., 1995; 
Ryu et al., 1999). Thus, the synthetic GC dexametha-
sone (DEX) reduces expression of oncofetal fibro-
nectin (onfFN), a major ECM protein synthesized 
by the cytotrophoblast, and laminin (LN) (Guller et 
al., 1993 a; Yoon et al., 1998). These two ECM glyco-
proteins have been identified as physiological ligands 
for gal-1 (Sato and Hughes, 1992; Ozeki et al., 1995). 
Gal-1 participates in several biological processes, in-
cluding growth, differentiation and cancer metastasis 
(Hughes, 2001). The possible involvement of steroids 
in the regulation of expression of gal-1 in the human 
placenta has not been studied previously. However, 
treatment with DEX during postnatal rat lung devel-
opment was found critical in regulation of gal-1 at the 
level of transcription, translation, and degradation 
(Clerch et al., 1987; Sandford et al., 1993). A putative 
steroid-binding site located at -210 is present in the 
gal-1 gene and regulation of transcription may be at-
tributed to this (Gitt and Barondes, 1991). The present 
study was intended to investigate whether DEX affects 
gal-1 protein in a trophoblast cell line, human im-
mortalized extravillous trophoblast cells, HTR-8/SV-
neo. To establish specificity of the effect of DEX, the 
synthetic steroid mifepristone (RU486), which acts 
as an antagonist of the glucocorticoid receptor (GR) 
but also exerts antiprogesterone action, and PRG were 
included in the study. We present evidence that ste-
roids influence the production of gal-1 in the HTR-
8/SVneo cell line, thus complementing other data 
that show coordinated down regulation by a synthetic 
glucocorticoid, DEX, of several molecular species rel-
evant for cell migration and invasion, including ECM 
proteins and integrins. We also report that the process 
of MatrigelTM invasion in vitro by the first-trimester 
trophoblast cell line HTR-8/SVneo is sensitive to DEX 
and lactose, the inhibitory sugar for lectin-type inter-
action of galectins.

MATERIALS AND METHODS

Materials

Thiazolyl blue (MTT), bovine serum albumin 

(BSA), dexamethasone (DEX), antiglucocorticoid 
mifepristone (RU486), progesterone (PRG), genta-
mycin and lactose were from the Sigma Chemical Co. 
(USA). RPMI 1640 with and without phenol red were 
purchased from AppliChem GmbH (BioChemica, 
Germany). Fetal calf serum (FCS) was supplied by 
PAA Laboratories (Linz, Austria). Trypsin solution 
was obtained from the Institute of Immunology 
and Virology (Belgrade, Serbia). Horseradish per-
oxidase (HRP) and 3, 3', 5, 5' tetramethyl benzi-
dine (TMB) were from ICN Biochemicals (Aurora, 
OH, USA). The Vectastain Elite ABC kit and 3, 
3' diaminobenzidine (DAB) kit were from Vector 
Laboratories (Burlingame, CA, USA). Growth factor 
reduced MatrigelTM and laboratory plasticware were 
obtained from BD Biosciences (Becton Dickinson, 
USA), Costar (Corning Incorporated, NY, USA), 
and Sarstedt (Germany). All other chemicals were 
p. a. grade.

Antibodies

Antiserum to human placental gal-1 (pgal-1) 
was produced in our laboratory as described earlier 
(Čuperlović et al., 1995; Vićovac et al., 1998). 

Monoclonal antibody against galectin-3 (mgal-
3) was a gift from Dr. Margaret E. Huflejt (La Jolla 
Institute for Allergy and Immunology, San Diego, 
CA, USA). Monoclonal antibody to cytokeratin-18 
was from DakoCytomation (Denmark). Monoclonal 
antibody against β1 integrin subunit was from Santa 
Cruz (CA). 

Both biotinylated goat anti-rabbit IgG and bio-
tinylated horse anti-mouse IgG were from Vector 
laboratories and used at 1/200. The Alexa Fluor® 
488 F(ab')2 fragment of goat anti-mouse IgG (H+L) 
secondary antibody was from Molecular Probes and 
used at 1/1000.

Sheep anti-rabbit IgG-HRP conjugates were pro-
duced in our laboratory according to the method of 
Nakane and kawaoi (1974).

Cell cultures

The HTR-8/SVneo trophoblast cell line was 
kindly provided by Dr Charles H. Graham (Queen’s 
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University, kingston, ON, Canada). This cell line 
was established from extravillous cells derived from 
human first trimester placenta immortalized by 
SV40 large T antigen (Graham et al., 1993; Irving 
et al., 1995). These cells exhibit a high proliferation 

index and share various phenotypic similarities with 
the parental HTR-8 cells, including in vitro invasive 
abilities. The cells were cultured in RPMI 1640 sup-
plemented with 10% FCS and gentamycin under 5% 
CO2 and 95% air at 37°C if not specified otherwise. 

Cells were grown in tissue culture flasks for 
propagation; in 96-well plates to study the effects of 
DEX, RU486, and PRG; on glass coverslips for im-
munocytochemistry or in Boyden chambers for in-
vasion assay.

Immunocytochemistry 

HTR-8/SVneo cells (2x105) were cultured on 
glass coverslips in RPMI 1640 medium. Cells were 
rinsed with phosphate-buffered saline (PBS 0.05 M, 
pH 7.2), air-dried, and fixed with 4% paraformalde-
hyde-0.05% Triton X-100 for 30 min at room tem-
perature (RT). Endogenous peroxidase activity was 
blocked with 0.3% H2O2. Nonspecific binding was 
reduced using a protein block (Vectastain Elite ABC 
kit) for 20 min. Cells were further incubated with 
pgal-1 (1/400 dilution) or mgal-3 (1/10) for 2 h at 
RT and stained using the Vector ABC kit with DAB 
as chromogen. Slides were dehydrated, mounted and 
examined under a Reichert-Jung microscope with 
a Leica DC150 Digital Camera System (Wetzlar, 
Germany). Omission of primary antibody and use 
of non-immune serum (Vector, CA, USA) resulted 
in complete absence of staining. 

Steroid measurement

The levels of cortisol and progesterone  were 
measured in control medium containing 10% FCS 
using commercial radioimmunoassays (INEP, 
Belgrade, Serbia) and were not detected.

Treatment with DEX, RU486, PRG and lactose

HTR-8/SVneo cells were seeded at 2x104cells/
well in 96-well plates and cultured in humidified 5% 
CO2/95% air at 37°C, in their respective medium. 

After 24 h, HTR-8/SVneo cells were briefly rinsed 
with PBS and cultured further in control or one of 
the treatment media containing a) DEX , b) RU486 
or c) PRG at final concentrations of 0.1-100 nM d) 
DEX in the presence of RU486, e) PRG in the pres-
ence of RU486 at final equimolar concentrations of 
1 nM and 100 nM, or f) 50 mM, 100 mM and 200 
mM lactose. After 48 h, HTR-8/SVneo cells were 
washed once with PBS and used for determination 
of viable cell number or fixed with ice-cold metha-
nol/acetone (1:1) at RT for 10 min, dried and stored 
at 20°C until use.

Cell based ELISA (CELISA)

HTR-8/SVneo cell  fixed monolayers were rehy-
drated with PBS (3x5 min), blocked with 1% BSA 
(200 µL/well) for 1 h at RT, and incubated for 2 h at 
RT with pgal-1, 50 µL/well (1/200 in PBS-1% BSA). 
After incubation, plates were washed (5x5 min) with 
PBS containing 0.05% Tween-20 (PT) and incubated 
for 2 h at RT with sheep anti-rabbit-IgG-HRP 50 
µL/well (1/500  in PBS-1% BSA). Wells were washed 
(5x5 min) with PT and incubated with 50 µL/well 
of substrate (0.003% H2O2) and 50 µL/well of chro-
mogen (0.05% TMB). The reaction was stopped 
with 0.2M H2SO4 (100 µL/well). Absorbance was 
measured at 450 nm using a Microplate reader 
(LkB). Absorbances measured in the solid phase 
assay on cell layers were normalized to cell number. 
For assessment of non-specific binding, nonimmune 
rabbit IgG was used in place of anti-galectin-1. All 
experiments were repeated at least twice, n ≥ 12.

Determination of viable cell number

Cell viability was investigated using the MTT 
test (Hanisch et al., 1993). HTR-8/SVneo cells were 
plated in 96-well plates and incubated with DEX, 
RU486, PRG and lactose, as described above. After 
treatment, 100 µL of MTT in the respective medi-
um (1 mg/mL in RPMI 1640) was added to each 
well. After incubation for 2 h at 37°C, medium 
was replaced by 1-propanol (100 µL/well) and the 
plates were vigorously shaken to ensure complete 
solubilization of the blue formazan. Absorbance was 
measured at 570 nm and the cells were quantified 
using the standard curve obtained with 5x103, 1x104, 
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2x104, 4x104, 6x104 or  8x104 cells/well. 

In vitro invasion assay

The possible effect of lactose or DEX on HTR-8/
SVneo cell invasion was investigated by the method 
previously described by Librach et al. (1991). Briefly, 
transwell inserts (8 µm pore size) were coated with 
20 µL of growth-factor-reduced MatrigelTM (1:2 
dilution) in RPMI 1640 medium and incubated at 
37°C for 30 min. HTR-8/SVneo cells (5x104) were 
seeded onto the MatrigelTM coated  transwell cham-
bers in 200 µL of complete RPMI 1640 (or 0.1% 
BSA/RPMI 1640, as needed) in the presence of lac-
tose (100 mM) or DEX (1 nM). 500 µL of complete 
medium supplemented with the same concentra-
tions of lactose or DEX was added to the lower 
chambers. Control groups of cells were grown in 
the media without lactose or DEX. After incubation 
for 24 h in a humidified atmosphere at 37ºC, media 
were removed and the cells were gently washed 
twice with PBS. Cells from the inner side of inserts 
were wiped out with a cotton swab. Cells from 
the bottom side of the filter membrane were fixed 
with 4% paraformaldehyde-0.05% Triton X-100 for 
30 min at RT. The membranes were cut out from 
the inserts with a scalpel blade. Membranes were 
immunostained with monoclonal anti-cytokeratin-
18 antibody (as described above) and mounted on 
microscope slides with the lower surface facing up. 
Cytokeratin-18-stained cell bodies and processes 
were analyzed under a light microscope. In each 
case, 60 random fields were counted and the results 
were expressed as a percentage of the control. The 
experiments were performed five times, with n = 3 
in each experiment. 

Confocal immunofluorescence microscopy

HTR-8/SVneo cells in an in vitro invasion assay, 
intended to be analyzed by confocal microscopy, 
were grown as described above. After 24 h of incu-
bation, however, filter membranes with invaded 
cells were not wiped with a cotton swab. The cells 
were gently washed twice with PBS and fixed with 
4% paraformaldehyde-0.05% Triton X-100 for 30 
min at RT. Membranes were cut out from the inserts 
with a scalpel blade. Cells were immunostained 

with primary anti-integrin β1 antibody at 1/100 
dilution for 1 h at RT, than stained with Alexa 
Fluor® 488 secondary antibody for 30 min. Slides 
were mounted in ProLong Gold antifade reagent 
with DAPI (Molecular Probes, USA) and examined 
under a Carl Zeiss 510 laser-scanning microscope. 
The emission wavelength was set at 488-543 nm and 
images were captured with a 40x/1.3 oil immersion 
Plan-Neofluar objective. Negative staining was per-
formed by incubating cells with nonimmune serum 
in place of the specific antibody and by isotype-
matched control IgG incubation.

Statistical analysis

The obtained data were analyzed statistically 
with the Statistical Software Program, version 5.0 
(Primer of Biostatistic, McGraw-Hill Companies, 
Inc., New York, NY, USA) using the non-parametric 
Mann-Whitney Rank Sum Test and one-way analy-
sis of variance (ANOVA), as required, with values 
considered significantly different when p< 0.05.

RESULTS

Immunolocalization of gal-1 and gal-3 in the HTR-
8/SVneo extravillous cell line

The expression of gal-1 and gal-3 was previously 
described in trophoblast in vivo and choriocarci-
noma cell lines. Figure 1A illustrates the presence of 
gal-1 in HTR-8/SVneo cells as evidenced by immu-
nocytochemistry. Strong and uniform expression of 
gal-1 is visible at intracellular and cell membrane 
domains. HTR-8/SVneo cells did not express gal-3 
(Fig. 1B). 

Steroid hormone effects on trophoblast cells 

This study aimed to assess possible effects of 
steroid hormones on gal-1 production by HTR-8/
SVneo cells. 

A) Cell viability

The effects of DEX, RU486 and PRG on viable 
HTR-8/SVneo cell number are illustrated in Fig. 
2A. Viable cell number was not changed after treat-
ment with DEX, except for a significant decrease 
to 88.1% of the control after culture with 10 nM of 
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DEX alone. RU486 significantly increased (p<0.005) 
viable cell number up to 140% in the lower con-
centration range, from 0.1-10 nM (Fig. 2B). A dose 
dependent effect was also observed for PRG (Fig. 
2C). Thus, the viable cell number increased slightly 
in the lower concentration range (0.1 and 1 nM), 
but decreased at the higher concentration of 100 
nM (p<0.05). Co-treatment of DEX and PRG with 
the antagonist RU486 at equimolar concentrations 
showed that the effect of combined treatments was 
consistent with the specific antagonism of RU486 to 
both DEX and PRG (Fig. 3). Thus, the slight inhibi-
tion of viable HTR-8/SVneo cell number induced by 

DEX was altered to a significant stimulation (Fig. 
3A). On the other hand, the slight stimulatory effect 
of PRG was turned into a significant decrease during 
co-treatment at 1 nM (Fig. 3B). 

B) Gal-1 expression 

After cell-based ELISA, the relative levels of 
gal-1 expression were determined, normalized for 
the effects of hormones on viable HTR-8/SVneo 
cell number, and expressed as a percentage of the 
control value (Fig. 4A). DEX increased the levels of 
gal-1 by 7-15% at concentrations from 0.1-10 nM, 
significantly at 0.1 and 1 nM. The higher DEX dose 
of 100 nM induced a small decrease in gal-1. On 
the other hand, PRG induced the opposite effect, 

Fig. 1. Immunolocalization of gal-1 (A) and gal-3 (B) in HTR-
8/SVneo cells. Cells were cultured on glass and the monolay-
ers were immunostained as described in Materials and Meth-
ods. Gal-1 staining is intracellular and associated with the cell 
membrane domain (arrowhead). Gal-3 is not expressed. Scale 
bar 10 μm.

Fig. 1. Effects of DEX (A), RU486 (B), and PRG (C) on viabilty 
of HTR-8/SVneo cells. Values are given as a percentage of the 
control (means ± SD); n = 12. Differences vs. control significant 
at p<0.05 (*),  p<0.005 (**).
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slightly decreasing gal-1 production in the concen-
tration range of 0.1-10 nM, which was the reverse of 
the stimulation of 38% at a concentration of 100 nM. 
The most pronounced effect occurred with RU486, 
which inhibited gal-1 in the whole concentration 
range studied, down to 40% of control value with 1 
nM. The observed suppression was significant with 
0.1-10 nM. When RU486 was added at equimolar 
concentrations to either DEX- or PRG-treated of 
HTR-8/SVneo cell cultures, the effects on gal-1 were 
modulated as shown in Fig. 4 (panel B for DEX, 
panel C for PRG). Thus, co-treatment with 1 nM 
of DEX and 1 nM of RU486 induced a small, but 
significant inhibition of gal-1, i.e., addition of mife-
pristone prevented the stimulatory effect of DEX, 
inducing a net inhibitory effect. On the other hand, 

the presence of DEX reduced the inhibitory effect 
of 1 nM RU486 (down to 61%) to the intermedi-
ate value of 87%. These results are in keeping with 
the DEX effect on gal-1 production mediated by 
the glucocorticoid receptor (GR). Co-treatment of 
HTR-8/SVneo cells with PRG and RU486, however, 

Fig. 3. Effects of co-treatment on cell viability of HTR-8/SV-
neo cells with equimolar concentrations of DEX + RU486 (A) 
and PRG + RU486 (B). Values are given as a percentage of the 
control (means ± SD); n = 12. Differences vs. control, or DEX 
vs. DEX + RU486, PRG vs. PRG + RU486, significant at p<0.05 
(*),  p<0.005 (**).

Fig. 4. A) Gal-1 protein in HTR-8/SVneo cell line after treat-
ment with DEX, RU486, or PRG. Cells were maintained for 48 h 
in RPMI 1640 medium without (control) or with DEX, RU486, 
and PRG (0.1-100 nM). Data (means ± SD) were corrected for 
the cell number after each experiment. Differences vs. control 
significant at  p<0.05 (*), p<0.005 (**),  n = 12. B) Gal-1 pro-
tein after co-treatment of HTR-8/SVneo cells with equimolar 
concentrations of DEX and RU486. Cells were cultured in the 
absence (control) or presence of the indicated treatments. Data 
are corrected for cell number and presented as mean ± SD. Dif-
ferences vs control or DEX vs DEX + RU486 (n = 12) significant 
at  p<0.05 (*),  p<0.005 (**). C) Gal-1 protein after co-treatment 
with equimolar concentrations of PRG and RU486. HTR-8/SV-
neo cells were cultured without (control) and with the indicated 
treatments. Data are corrected for cell number and presented as 
means ± SD. Differences vs. control or PRG vs. PRG + RU486 (n 
= 12) significant at  p<0.05 (*),  p<0.005 (**). 
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did modulate overall gal-1 production, which was 
more consistent with the effect of PRG alone than 
with the effect of RU486 alone.  

Physiological relevance of gal-1 in the HTR-8/SVneo 
trophoblast cell line

This was investigated by studying cell inva-
sion under conditions that were expected to alter 
the availability of functional gal-1 for extracellular 

interactions, such as DEX treatment or an excess of 
competing sugar.  

Invasion assay

Using inserts coated with MatrigelTM gel in 
media containing an excess of lactose (100 mM) 
supplemented with either 10% FCS or 0.1% BSA, 
invasion was compared to the corresponding con-
trol (Fig. 5A). Significant inhibition of invasion 
was observed both in the FCS containing medium 
(down to 45%) and in serum free medium (down 
to 28%). Confocal microscopy of randomly chosen 
fields of the insert membrane showed occupied 
pores without (Fig. 5B, left) and with (Fig. 5B, right) 
lactose. The cells were stained for the membrane 
protein, integrin subunit β1. To rule out the possi-
bility that decreased HTR-8/SVneo invasion results 
from reduced cell viability after treatment with lac-
tose, an MTT assay was performed in parallel, with 
three different concentrations of lactose (Fig. 5C). 
Lactose significantly increased the number of viable 
extravillous trophoblast cells (by 17-54%) at all 
three concentrations. The observed inhibitory effect 
of lactose on invasion of HTR-8/SVneo cells sup-
ports the possible involvement of lectin mediated 
mechanisms in trophoblast cell invasion. Invasion 
by HTR-8/SVneo cells was also inhibited after treat-
ment with 1 nM of DEX (down to 69%) (Fig. 6). This 
confirmed the inhibitory effect of DEX on cell inva-
sion of trophoblast cells demonstrated for primary 
cytotrophoblast by L i b r a c h  et al. (1991), indicat-

Fig. 5. A) Effect of 100 mM lactose on HTR-8/SVneo cell inva-
sion. The invasion assay was performed using Matrigel coated 
inserts either in complete RPMI 1640 media or in RPMI 1640 
media supplemented with 0.1% BSA, with or without 100 mM 
lactose. Data (means ± SD) are presented as a percentage of the 
control, differences vs control significant at  p<0.05 (*). B) Ef-
fect of 100 mM lactose on HTR-8/SVneo invasion as evidenced 
by confocal microscopy at the pore level (intact invasion cham-
ber after 24 h of culture). Cells were stained for integrin β1, 
control-left, lactose-right; scale bar 10 µm. C) Number of viable 
HTR-8/SVneo cells after treatment with 50, 100 and 200 mM 
of lactose. Data (means ± SD) are presented as a percentage of 
the control, differences vs. control significant at  p<0.005 (**),  
n = 12.

Fig. 6. Effect of 1 nM DEX on HTR-8/SVneo invasion. Inva-
sion assay was performed for 24 h in medium with 10% FCS. 
Data (means ± SD) from the representative experiment are pre-
sented as percent of control, differences vs. control significant 
at  p<0.05 (*),  n = 3.
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ing further the suitability of this cell line as a model 
for the early pregnancy invasive trophoblast. 

DISCUSSION

As the possible involvement of steroids in the 
regulation of expression of gal-1 in the human pla-
centa has not been studied previously, we aimed to 
determine whether the glucocorticoid DEX influ-
ences its expression in trophoblast cells. The HTR-
8/SVneo cell line used was derived from the human 
invasive extravillous trophoblast (G r a h a m  et al., 
1993) and has a phenotype and physiological char-
acteristics consistent with those of normal first-
trimester invasive trophoblast cells (I r v i n g  et al., 
1995). HTR-8/SVneo cells have already been used 
in models of EVT migration (G l e e s o n  et al., 2001; 
C h a k r a b o r t y  et al., 2003) and invasion (Hu b e r 
et al., 2006). 

Maintenance of utero-placental attachment dur-
ing human pregnancy depends on adhesive interac-
tions between the cytotrophoblast and ECM involv-
ing integrins and possibly galectins, among other 
molecules. In addition to being present in JAr and 
JEG-3 choriocarcinoma cells (B o j i ć - Tr b o j e v i ć 
et al., 2005), we have shown here that HTR-8/SVneo 
cells express gal-1 in the cytoplasm and the cell 
membrane domain. Other galectin family members 

also exhibit dual localization, being observed in 
both extracellular (cell-surface and medium) and 
intracellular (cytoplasm and, in some cases, the 
nucleus) compartments (Hu g h e s , 1997). On the 
other hand, gal-3, another galectin family member 
identified in the trophoblast in vivo, was not found 
in HTR-8/SVneo cells. Similarly, gal-3 was not 
expressed in JAr cells, a choriocarcinoma derived 
trophoblast cell line, but was present in the JEG-3 
cell line (B o ž i ć , 2003). 

There are several lines of evidence to impli-
cate GCs in uteroplacental adherence and chronic 
regulation of placental protein expression, including 
ECM proteins (G u l l e r  et al., 1993a,b; G u l l e r  et 
al., 1995; R y u  et al., 1999). Thus, DEX was shown 
to reduce the expression of onfFN and LN (G u l l e r 
et al., 1993; Yo o n  et al., 1998). Since these ECM 
glycoproteins have been identified as physiologi-

cal ligands for gal-1 (S a t o  and Hu g h e s , 1992; 
O z e k i  et al., 1995), we hypothesized that GCs may 
also affect its production. Treatment of rats with 
DEX was found to be critical in the regulation of 
gal-1 in the neonatal lung at the levels of transcrip-
tion, translation and degradation (C l e r c h  et al., 
1987; S a n d f o r d  et al., 1993). Physiological corti-
sol levels in maternal plasma during pregnancy are 
elevated and are believed to reach 1 µM (S i m m e r 
et al., 1974). The transplacental transfer of maternal 
cortisol is partly regulated by 11 β-hydroxysteroid 
dehydrogenase (11 β-HSD-2) (k r o z o w s k i  et al., 
1995), which catalyzes conversion of active cortisol 
to inert cortisone (A l b i s t o n  et al., 1994; S t e w a r t 
et al., 1994). The extravillous trophoblast, however, 
is assumed to be exposed to rather high concentra-
tions of GCs within the uterine environment. The 
GC receptor is functional in normal trophoblast 
(k a r a l i s  et al., 1996) and has been identified in 
isolated cytotrophoblast (R o b i n s o n  et al., 1988). 
In HTR-8/SVneo cells, both cortisol and DEX sig-
nificantly enhanced TGF-beta effects on PAI-1 and 
suppressed PAI-2 (M a  et al., 2002) suggesting the 
presence of a functional GC receptor in this cell 
line. Since GC treatment profoundly affected several 
placental genes, including ECM proteins (G u l l e r 
et al., 1993 a) and integrins (G u l l e r  et al., 1995), 
the possible involvement of a full agonist of GR, 
DEX, in the regulation of gal-1 in HTR-8/SVneo 
cells was studied here. It has also been proposed that 
cortisol might be a local antiprogestin (k a r a l i s  et 
al., 1996), that placental PRG might act by binding 
to GR, and that cortisol would then compete with 
PRG for the GR. Therefore, both RU486, which has 
antiglucocorticoid and antiprogesterone action, and 
PRG were included in this study. The chosen ster-
oid doses have already been shown to affect ECM 
protein synthesis in term trophoblast (G u l l e r  et 
al., 1993 a; G u l l e r  et al., 1995; Ryu et al., 1999). 
Also, the same concentration range of GCs drasti-
cally inhibited production of IL-1β and invasion by 
first trimester human trophoblast (L i b r a c h  et al., 
1994). 

Since steroid effects on gal-1 production were 
determined over a 48-h interval, during which time 
the cells would normally divide, it was important to 
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establish whether DEX, RU486 and PRG influenced 
viable cell number. The data obtained over a wide 
range of concentrations (0.1-100 nM) showed that 
DEX only slightly decreased the number of viable 
HTR-8/SVneo cells. On the other hand, RU486 had 
a pronounced stimulatory effect on proliferation, 
while PRG slightly stimulated viable cell number at 
low doses. Another synthetic GC, triamcinolone-
acetonide, was also shown to influence proliferation 
of choriocarcinoma cells, dose-dependently increas-
ing BeWo cell number and decreasing the number 
of viable JEG-3 cells in the presence of FCS (M a n d l 
et al., 2006). The antagonist nature of RU486 was 
confirmed in co-treatment of the HTR-8/SVneo cell 
line with either DEX or PRG at equimolar concen-
trations. The inhibitory effect of DEX on viable cell 
number was blocked by RU486, suggesting action 
through the GC receptor. Moreover, RU486 dimin-
ished the stimulatory effect of PRG as well. 

There is little information available about the 
regulation of gal-1 protein, and less still about 
the factors responsible for its induction. TGF-β, 
PDGF and angiotesin II have been discussed as 
possible mediators of increased gal-1 in vascular 
smooth muscle cells (M o i s e e v a  et al., 1999). Gal-
1 in retinal pigment epithelial cells is moderately 
upregulated after treatment with hepatocyte growth 
factor, both at the mRNA and at the protein level 
(A l g e  et al., 2006). A pronounced increase of gal-
1 expression was demonstrated in nasal polyps of 
allergic patients after treatment with GC budenoside 
(D e l b r o u c k  et al., 2002). Ours is the first study 
demonstrating that gal-1 in HTR-8/SVneo cells is 
susceptible to steroid treatment at the protein level. 
The effect is dose-dependent, as gal-1 was increased 
after treatment with 0.1-10 nM of DEX, but reduced 
slightly at 100 nM. DEX has previously been shown 
to diminish onfFN and LN in term cytotrophoblasts 
(G u l l e r  et al., 1993a). However, GC-dependent 
reduction of protein synthesis was not generalized, 
since GC treatment profoundly increased hCG syn-
thesis in cytotrophoblast (R i n g l e r  et al., 1989), 
suggesting a regulatory role of GC in the mainte-
nance of pregnancy. The GC antagonist RU486, on 
the other hand, markedly reduced gal-1 production 
in extravillous HTR-8/SVneo cells in the whole 

concentration range. The effect could be reversed by 
DEX at an equimolar concentration, which strongly 
suggested mediation by GR, as RU486 blocks GC 
action at the receptor level (B r o g d e n  et al., 1993) 
and can suppress GR itself in the first-trimester 
human placenta (C h a n  et al., 2003). This effect was 
detectable from 12 h after administration and lasted 
at least 48 h (C h a n  et al., 2003). However, no data 
are available regarding the possibility of the same 
action of RU486 in HTR-8/SVneo cells. On the other 
hand, neither exposure of trophoblast cells to DEX 
in concentrations as high as 1 μM nor treatment 
with PRG at 1-100 nM resulted in a decrease in GR 
(R o b i n s o n  et al., 1988). 

Compared to DEX, PRG induced an opposed 
effect, namely a dose-dependent reduction of gal-1 
at 0.1-10 nM, which was transformed into stimula-
tion upon treatment with 100 nM. It was previously 
found that PRG did not affect the levels of onfFN in 
term cytotrophoblast (G u l l e r  et al., 1993b). Co-
treatment with equimolar PRG and RU486 showed 
that the effect is more consistent with that of PRG 
alone. It is well known that mifepristone has a high 
affinity for human uterine PR, interrupting the pro-
gression of pregnancy. However, the most prominent 
steroid receptor in the first trimester placenta is GR, 
followed by PR (C h a n  et al., 2003). The dramatic 
inhibitory effect of RU486 on gal-1 suggests there is 
a possibility for other complementary mechanisms 
during its action in induced termination of preg-
nancy. Our data indicate that gal-1 can be modu-
lated by GCs, but possibly also by other steroids, 
which is particularly interesting in the case of PRG, 
given the high physiological concentrations in preg-
nancy. Galectin(s) may be implicated in some of the 
physiological or pathological conditions involving 
the trophoblast. Expression of gal-1 in the placental 
bed material of human pregnancy (Vi ć o v a c  et al., 
1998) and increase of gal-1 in gestational trophob-
last diseases (B o ž i ć  et al., 2004) support this possi-
bility for gal-1 in human trophoblast. In BeWo cells, 
gal-1 binding to a TF disaccharide ligand was corre-
lated with cell proliferation (J e s c h k e  et al., 2006), 
as well as with modulation of hormone production 
(J e s c h k e  et al., 2004). The putative extracellular 
function of galectins in cell migration has been 
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described in other systems, such as cancer metasta-
sis (H i t t e l e t  et al., 2003) and optical nerve growth 
(M a h a t h a p p a  et al., 1994). This has been partic-
ularly well documented in cancer (D a n g u y  et al., 
2002). The pattern of expression of gal-1 in placental 
bed material of human pregnancy (Vi ć o v a c  et al., 
1998) leaves open the question of a role for it and 
other family members in the trophoblast. Proteomic 
analysis has recently shown that down regulation of 
gal-1 expression can be linked to early pregnancy 
loss (L i u  et al., 2006). We have made preliminary 
investigations regarding the potential involvement 
of gal-1 and DEX in invasion by HTR-8/SVneo 
cells. The presence of lactose in culture media, as an 
inhibiting sugar for gal-1 lectin activity, significantly 
reduced Matrigel invasion, at the same time increas-
ing the viable cell number. This line of investigation 
will provide more information in the future, but 
our current finding indicates that galectin - ECM 
interactions seem to play a role in trophoblast inva-
sion. In addition, we found DEX to inhibit invasion 
of Matrigel by HTR-8/SVneo down to 69% of the 
control value, as previously shown for isolated first 
trimester trophoblast cells (L i b r a c h  et al., 1994). 
This effect of GCs was accompanied by a decrease 
in production of IL-1β and inhibition of trophoblast 
MMP-9 release and activity (L i b r a c h  et al., 1994), 
with the most effective DEX concentration being 
100 nM, as observed here. Interestingly, Librach 
and co-workers also reported that PRG, which had 
no significant effect of its own on cytotrophoblast 
invasion, was able partially to block inhibition by 
corticosteroids.  

Taken together, our data on steroid induced 
modulation of gal-1 complement previous findings 
suggesting an important role for glucocorticoids in 
implantation and point to a new action of PRG rel-
evant to the maintenance of pregnancy.
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Испитиван је ефекат стероида дексаметазо
на (DEX), прогестерона (PRG) и мифепристона 
(RU486) на галектин1 (gal1) у HTR8/SVneo ћели
јама трофобластног порекла користећи имуноцито
хемију,  ELISA тест на ћелијама, MTT тест проли
ферације и тест инвазије MatrigelaТМ.  Gal1 је моду
лиран стероидспецифично и зависно од дозе. DEX 

је благо, али значајно стимулисао gal1 у ниским 
концентрацијама од 0.110 nМ,  а инхибирао са 100 
nМ, док су ефекти PRG и RU486 били супротни 
DEX. Инвазија Matrigela је значајно умањена у при
суству DEX и лактозе као инхибитoрног шећера за 
gal1. Добијени подаци указују на значај стероида 
за продукцију gal1 у трофобласту. 


