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 Syncytin-1 and Glial Cells Missing a:
Hypoxia-Induced Deregulated Gene Expression 
along with Disordered Cell Fusion in Primary Term 
Human Trophoblasts 
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O 2 , which is assumed to resemble physiological conditions. 
Severe  hypoxia is associated with reduced GCMa and syncy-
tin-1 transcripts and altered fusion of primary trophoblasts. 

 Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Pre-eclampsia is a serious complication in the second 
half of pregnancy and is potentially life threatening for 
both mother and child. It is characterized by arterial hy-
pertension, proteinuria together with renal dysfunction 
and edema, and other systemic disturbances, which may 
eventually lead to preterm birth and increased morbidity 
 [1–3] . Generally, symptoms of pre-eclampsia are observed 
in late pregnancy, but the origin of this disease is a defec-
tive placental development in early gestation. Maternal 
diabetes or hypertension predispose to pre-eclampsia  [2] . 
Chronic hypoxia in the placenta plays an important role 
in its pathogenesis  [4] . A proliferative phenotype of cyto-
trophoblasts has been described in affected placentas 
along with a reduced syncytial layer  [5] . Moreover, an in-
creased apoptotic rate and shedding of syncytial frag-
ments may eventually lead to an inflammatory response 
and systemic presentation in the maternal circulation  [6] . 
In the course of this disorder, placental oxygen exchange 
and metabolic function are considerably disturbed and 
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 Abstract 

  Background/Aims:  Pre-eclampsia, a major cause of perina-
tal morbidity, is characterized by alterations in placental ox-
ygen availability and trophoblast differentiation. We investi-
gated how different levels of hypoxia alter the expression of 
syncytin-1, glial cells missing a (GCMa) and syncytin-1 recep-
tor ASCT2 and affect syncytialization in primary term human 
trophoblasts.  Methods:  Cells were incubated at 1, 3, 6 and 
21% O 2  for 24, 48 and 72 h with or without cyclic adenosine 
monophosphate (cAMP). Gene expression was analyzed by 
real-time PCR. Syncytialization was assessed using  � -human 
chorionic gonadotropin measurement and desmoplakin im-
munostaining.  Results:  Following incubation with cAMP at 
21% O 2 , peak gene expression of syncytin-1 and GCMa was 
found after 24 h along with syncytium formation at 72 h. 
Conversely, incubation at 1% O 2  led to a time-dependent re-
duction of GCMa and syncytin-1 at the transcriptional level. 
Cell fusion occurred at 21 and 6% O 2  and was suppressed at 
1% O 2 . ASCT2 mRNA levels were preserved at normoxia and 
downregulated at 1% O 2  after 48 h.  Conclusion:  Our data 
support the premise that the expression of GCMa and syn-
cytin-1 precedes syncytialization of trophoblasts, e.g. at 6% 
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may cause intrauterine growth restriction. However, al-
though a variety of pathogenic factors have been pro-
posed, the etiology of pre-eclampsia is still not complete-
ly understood. 

  One of the key regulators of human placentogenesis is 
syncytin-1, which has been identified as the envelope 
protein of a human endogenous retrovirus family HERV-
W  [7, 8] . Syncytin-1 is predominantly expressed within 
the placenta, and its expression increases throughout ges-
tation  [7, 9] . Alteration of syncytin-1 mRNA levels and 
protein distribution, along with disturbed placental ar-
chitecture and function, have been found in placental tis-
sues obtained from women with pre-eclampsia or HELLP 
syndrome, defined by hemolysis, elevated liver enzymes 
and low platelets  [10–13] . Therefore, altered cell-cell fu-
sion events involving differentiated cytotrophoblasts 
may deteriorate hypoxia in these disorders.

  Fusogenic processes can be stimulated in trophoblas-
tic cells by cyclic adenosine monophosphate (cAMP)-de-
pendent pathways such as protein kinase A  [14–17] . We 
have already shown that the protein kinase A pathway 
acts upstream of syncytin-1  [14] . Mammalian glial cells 
missing (GCM) proteins orchestrate different develop-
mental pathways in the placenta, for example, and may 
be involved in pathological contexts such as pre-eclamp-
sia  [18] .

  Generally, cell-cell communication, e.g. between tro-
phoblastic cells, may be facilitated through gap junctions. 
These are multimeric structures composed of proteins 
called connexins, which ensure the intercellular exchange 
of signaling molecules such as cAMP and Ca 2+   [19, 20] . 
During trophoblastic syncytialization, an increase in gap 
junction formation occurs, as demonstrated by enhanced 
staining of connexin 43 between cells  [21] . Isolated cyto-
trophoblasts contain desmosomes at their membranes 
which can be detected by antibodies to desmoplakin and 
are found to be reduced in the course of cell-cell fusion 
 [17, 22, 23] .

  The dually functioning amino acid transporter and 
putative syncytin-1 receptor, ASCT2, is located at the 
basal membrane of the syncytiotrophoblast adjacent to 
the fetal circulation  [15, 24] . Syncytial fusion and mem-
brane specialization may be accompanied by a decrease 
in ASCT2 activity  [25] . Moreover, ASCT2 can be down-
regulated at the transcriptional level following incuba-
tion with the adenylate cyclase activator forskolin, but 
produces almost constant mRNA levels after 24 h in a 
hypoxic atmosphere  [15, 26] .

  Beta-human chorionic gonadotropin ( � -hCG) and 
human placental lactogene (hPL) are two major placental 

protein hormones associated with syncytium formation 
of trophoblasts. Moreover,  � -hCG secretion and hPL ex-
pression are suitable parameters for assessing the endo-
crine activity of trophoblasts, as opposed to the cytoskel-
etal protein actin, for example  [5] .

  In this study, we focused firstly on the gene expression 
pattern of syncytin-1, GCMa and ASCT2 in term human 
trophoblasts under different hypoxic challenges and in-
cubation periods, and secondly looked at the correspond-
ing cell-cell fusion processes in order to further elucidate 
the syncytialization processes under different oxygen 
concentrations in vitro.

  Materials and Methods 

 Cell Culture 
 After approval by the local ethics committee, term placentas 

of patients who underwent cesarean section were collected for the 
isolation of primary trophoblasts according to a standard method 
using trypsin-DNAse I Percoll gradient centrifugation  [27, 28] . 
Cells were cultured in Dulbecco’s modified Eagle’s medium (Gib-
co BRL, Karlsruhe, Germany) containing 10% fetal calf serum. 
Experiments were carried out in 6-well plates (Nunc, Wiesbaden, 
Germany). Basically, cAMP agonists such as the adenylate cyclase 
activator forskolin (100  �  M ) or 8-Br-cAMP (150  �  M ) were added 
to drive cellular differentiation. Experiments with unstimulated 
cells were used for comparison. Incubation was carried out in 
Thermo Forma cell incubators (Forma Scientific, Marietta, Ohio, 
USA) under normoxia (O 2  tension 150 mm Hg, 21% O 2 , 74% N 2  
and 5% CO 2  at 37   °   C) and under different hypoxic conditions. 
Hypoxia was applied for 24, 48 and 72 h with 1% O 2  (7 mm Hg), 
3% O 2  (21 mm Hg) or 6% O 2  (43 mm Hg) and 94, 92 and 89% N 2 , 
respectively, together with 5% CO 2 . All experiments were per-
formed in triplicate and were repeated at least 3 times.

  Viability Assays, Flow Cytometry and Annexin V/Propidium 
Iodide Apoptosis Assay 
 Cell viability was tested by trypan blue staining and fluores-

cence-activated cell sorting as reported previously  [14, 29] . Brief-
ly, apoptotic cells were detected using fluorescein isothiocyanate-
conjugated annexin V and propidium iodide double staining. Af-
ter stimulation and staining, 10 5  cells were analyzed by flow 
cytometry (FACS Calibur, Becton-Dickinson, Heidelberg, Ger-
many). Appropriate electronic compensation of the instrument 
was performed to avoid overlapping of the emission spectra. On 
average, 10% cell death was considered acceptable for continua-
tion of experimental procedures.

  Molecular Analysis and Real-Time PCR 
 Total RNA was isolated by the phenol/guanidine isothiocya-

nate method, followed by DNAse I digestion, reverse transcrip-
tion of 1  � g of RNA and real-time PCR as reported earlier (Taq-
Man PCR, Applied Biosystems, Foster City, Calif., USA)  [30] . All 
primers were designed using sequence information of the follow-
ing GenBak accession numbers: NM_014590 (syncytin-1), NM_
003643 (GCMa), AF105423 (ASCT2), V00573 (hPL) and M10277 
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( � -actin). For analysis by TaqMan PCR, a specific fluorogenic oli-
gonucleotide (probe) is necessary for detection, labeled with 6-
carboxy-fluorescein (FAM) at the 5 �  end and 6-carboxy-tetra-
methyl-rhodamine (TAMRA) at the 3 �  end.

  The following primer sequences were applied: syncytin-1, 
sense 5 � -CGTACCCATACTCGCCTGGTA-3 � , antisense 5 � -
GGTTTTGGGCCGAGACCT-3 � , probe 5 � -(FAM)-CCTATTTA-
ATACCACCCTCACTGGGCTCCA-(TAMRA)-3 � ; GCMa, sense 
5 � -GAACCTGACGACTTTGATTC-3 � , antisense 5 � -TGCTC C C-
CTTCAGGCTC-3 � , probe 5 � -(FAM)-TCTGGAGGCACGACG-
GACGCTTTATA-(TAMRA)-3 � ; ASCT2, sense 5 � -CCCCACTG-
AGGAAGGAAACCC-3 � , antisense 5 � -TCTCAGAGGCGACC-
GTGGCA-3 � , probe 5 � -(FAM)-TCAAACACTATCGGGGGCCC-
GCAGGG-(TAMRA)-3 � ; hPL, sense 5 � -GGAAACGCAACAGA-
AATCCA-3 � , antisense 5 � -GCCACGACTCGATGAGCA-3 � , probe 
5 � -(FAM)-TCTAGAGCTGCTCCGCATCTCCCTG-(TAMRA)-
3 � , and  � -actin, sense 5 � -GCGAGAAGATGACCCAGGATC-3 � , 
antisense 5 � -CCAGTGGTACGGCCAGAGG-3 � , probe 5 � -(FAM)-
CCAGCCATGTACGTTGCTATCCAGGC-(TAMRA)-3 � .

  Syncytin-1, GCMa, ASCT2 and hPL mRNA amounts were 
normalized to  � -actin mRNA levels.

  Hormone Measurement 
 To monitor syncytial cell differentiation,  � -hCG was mea-

sured in the cell culture supernatants using an enzyme-linked 
immunosorbent assay kit (DRG International, Mountainside, 
N.J., USA) with a sensitivity of 1.0 mIU/ml and inter- and intra-
assay variation coefficients of less than 10%  [14] .

  Immunocytochemistry 
 Syncytium formation was assessed immunocytochemically 

by the reduction of the amount of desmoplakin. Cells were cul-
tured on culture slides, fixed with ice-cold methanol and incu-
bated with a rabbit polyclonal antibody against desmoplakin (di-
lution 1:   200). This was followed by an Alexa 488-conjugated goat 
antimouse IgG (dilution 1:   250). Cell nuclei were labeled with 
DAPI as reported earlier  [29] . Antibodies were obtained from 
Chemicon (Temecula, Calif., USA) or MoBiTec (Vienna, Austria). 
A BX60 microscope (Olympus Deutschland GmbH, Hamburg, 
Germany) and the software/camera system F-View II-Kamera 
(Soft Imaging System, Munster, Germany) were used for visual 
evaluation.

  Statistical Methods 
 Data were analyzed using Prism 4.0 software (GraphPad, San 

Diego, Calif., USA). All values are given as means  8  1 standard 
error of the mean. To compare the groups, statistical analysis was 
performed using the Mann-Whitney test or one-way ANOVA if 
appropriate. A p value  ! 0.05 was considered to be significant.

  Results 

 Gene Expression of GCMa, Syncytin-1 and ASCT2  
 First of all we investigated the time courses and peak 

gene expression of syncytin-1 and its transcription factor 
GCMa, depending on the oxygen concentration and on 
8-Br-cAMP or forskolin treatment. Under normoxic con-

ditions, we found the highest gene expression of both 
syncytin-1 and GCMa in trophoblasts following 24 h of 
culture in the presence of 8-Br-cAMP, followed by a con-
siderable decline after 48 and 72 h of cell culture ( fig. 1 A, 
B). A comparable time course but with lower peak mRNA 
amounts was found at 1% O 2  ( fig. 1 A, B). However, the 
overall peak GCMa gene expression in trophoblasts was 
observed after 48 h at 3 and 6% O 2 , compared to 24 h at 
normoxia or severe hypoxia ( fig. 1 A). Peak syncytin-1 
gene expression at 3 and 6% O 2  occurred after 24 and
48 h ( fig. 1 B), respectively. In addition, we investigated 
mRNA levels of the syncytin-1 receptor ASCT2. Gene 
expression of ASCT2 in trophoblasts was slightly higher 
in the presence of 8-Br-cAMP at 3 and 6% O 2  at 48 and 
72 h than at 1 and 21% O 2  ( fig. 1 C). Under severe hypox-
ia at 1% O 2  along with 8-Br-cAMP treatment, we found a 
decline in ASCT2 gene expression after 48 h ( fig. 1 C).

  We next focused on the effects of different oxygen lev-
els on GCMa and syncytin-1 gene activity in the absence 
of 8-Br-cAMP or forskolin. In the absence of these stim-
uli, the highest GCMa and syncytin-1 mRNA levels were 
observed after incubation for 24 h at 6% O 2  ( fig. 2 A) and 
for 72 h at 3% O 2  ( fig. 2 C), whereas no differences were 
observed after 48 h of culture at 3, 6, and 21% O 2  ( fig. 2 B). 
As in cells stimulated with 8-Br-cAMP, for example, the 
effects of oxygen deprivation on GCMa and syncytin-1 
gene expression in native trophoblasts were more pro-
nounced at 1% O 2  (p  !  0.05–p ! 0.01;  fig. 2 A–C). In un-
stimulated trophoblasts, ASCT-2/ � -actin mRNA ratios 
were found constantly at 0.7–1.2 at 24–72 h with no ap-
parent trend (data not shown). 

  Moreover, we compared GCMa, syncytin-1 and 
ASCT2 gene activity in trophoblasts in the presence or 
absence of 8-Br-cAMP or forskolin for the various oxy-
gen concentrations and incubation periods. Generally, 
incubation with 150  �  M  8-Br-cAMP at a particular oxy-
gen level resulted in equal or higher GCMa and syncy tin-
1 mRNA amounts in primary term human trophoblasts, 
compared to those stimulated with 100  �  M  forskolin ( ta-
ble 1 ). In principle, the lowest mRNA amounts in re-
sponse to cAMP stimuli were found at 1% O 2  ( table 1 ). 

  Placental Differentiation Markers  � -hCG and hPL 
 We measured hPL mRNA and  � -hCG concentrations 

in the supernatants in order to focus on different param-
eters and to monitor syncytial differentiation parameters 
at the mRNA and protein level. As expected, stimulation 
with forskolin or 8-Br-cAMP led to a time-dependent in-
crease in hPL mRNA and  � -hCG concentrations in the 
supernatants of primary term human trophoblasts under 



 Wich   /Kausler   /Dotsch   /Rascher   /Knerr   

 

Gynecol Obstet Invest 2009;68:9–1812

0

5

10

15 *** *** ***

***

G
C

M
a 

m
RN

A
/�

-a
ct

in
 m

RN
A

(r
el

at
iv

e 
un

it
s)

0

5

10

15

20

25

24 h

21% O2

48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h

6% O2 3% O2 1% O2

24 h

21% O2

48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h

6% O2 3% O2 1% O2

24 h

21% O2

48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h

6% O2 3% O2 1% O2

*** ***

***

***

Sy
n

cy
ti

n
-1

 m
RN

A
/�

-a
ct

in
 m

RN
A

(r
el

at
iv

e 
un

it
s)

A 

B 

C 

0

5

10

15

***

***

***

**

A
SC

T2
 m

RN
A

/�
-a

ct
in

 m
RN

A
(r

el
at

iv
e 

un
it

s)

  Fig. 1.  Gene expression of GCMa ( A ), syn-
cytin-1 ( B ) and ASCT2 ( C ) normalized to 
 � -actin in primary term human tropho-
blasts after incubation with 150  �  M  8-Br-
cAMP at normoxia (21% O 2 ) or different 
levels of hypoxia (1, 3 and 6% O 2 ) for dif-
ferent incubation periods (24, 48 and 72h). 
 *  *  p  !  0.01,  *  *  *  p  !  0.001 versus unstimu-
lated controls. 
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normoxic conditions and at 6% O 2  ( fig. 3 A, B). Generally, 
hPL mRNA amounts peaked earlier (at 24 h) compared 
to concentrations of  � -hCG protein in the supernatants 
(72 h). When we compared the different oxygen levels, we 
found that peak hPL mRNA amounts were highest at 21% 
O 2  in the presence of either forskolin or 8-Br-cAMP 
( fig. 3 A) and lower under the various hypoxic conditions. 
Under the more severely hypoxic conditions of 1 and 3% 
O 2 , hPL gene expression was reduced by  6 85% compared 
with the level at 21% O 2 , in the presence or absence of ei-
ther forskolin or 8-Br-cAMP. It is of interest that in the 
absence of cAMP stimuli, the highest hPL mRNA amount 
was found at 6% O 2  (p  !  0.01 vs. normoxic control; 
 fig. 3 A).

  As expected, cAMP stimuli led to a time-dependent 
increase in  � -hCG in cell supernatants under both nor-
moxic conditions and 6% O 2 . The highest  � -hCG concen-
trations were found after 72 h at 21% O 2  ( fig. 3 B). In gen-
eral, the lower the oxygen concentration in the environ-
ment, the lower the  � -hCG secretion into the cell culture 
supernatant ( fig. 3 B). For example, incubation at 6% O 2  
for 72 h led to a significantly higher  � -hCG secretion into 
the cell culture supernatant than culture at 1 or 3% O 2 
(p  !  0.05). Comparable findings, but with lower peak val-
ues, were obtained for shorter incubation periods (data 
not shown). 

  Cell Fusion Processes 
 After 24 h of cell culture at 21 or 6% O 2  in the absence 

of 8-Br-cAMP, desmoplakin immunostaining was car-
ried out to demonstrate intact cell boundaries in primary 
trophoblasts ( fig. 4 A, B). The extent of cellular differen-
tiation and, consequently, syncytial fusion after 72 h of 
cell culture was assessed qualitatively by desmoplakin 
immunostaining in relation to nucleic DAPI staining. In 
particular, reduced desmoplakin staining was found in 
cells following stimulation with cAMP agonists under 
normoxic conditions or 6% O 2  ( fig. 4 C–F). Cell fusion al-
most disappeared under severe hypoxia of 1% O 2 , irre-
spective of 8-Br-cAMP as a stimulus, as indicated by the 
persistence of desmoplakin immunostaining after 72 h 
( fig. 4 G, H).

  Discussion 

 We focused here on trophoblastic cell differentiation 
at different oxygen levels together with alterations of the 
gene expression pattern of syncytin-1 and GCMa in order 
to further elucidate disruptions of syncytiotrophoblast 
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  Fig. 2.  Gene expression of GCMa and syncytin-1 normalized to 
 � -actin in native term human trophoblasts after 24 h ( A ), 48 h ( B ) 
and 72 h ( C ) of culture at different oxygen levels (21, 6, 3 and 1% 
O 2 ) in the absence of forskolin or 8-Br-cAMP.  *  p  !  0.05,  *  *  p  !  
0.01,  *  *  *  p  !  0.001. 
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formation. Basically, fusiogenic syncytin-1 is involved in 
human trophoblastic cell differentiation and, conse-
quently, fusion  [7] . The underlying processes in syncytio-
trophoblast formation may comprise elements of the mo-
lecular machinery of early apoptosis, including the phos-
phatidylserine flip  [29, 31] . In a recent study, we were able 
to demonstrate cell-cell fusion along with antiapoptotic 
properties in a cell model of syncytin-1-transfected CHO 
cells  [29] .

  Connexin 43, which exerts its main effects on gap  
 junctional communication, e.g. in trophoblasts, is also a 
putative effector molecule  [14, 21] . The existence of these 
cell-to-cell channels may facilitate the fusion process di-
rectly.

  It has been previously shown in vitro that mononucle-
ar cytotrophoblasts differentiate rapidly within the first 
48 h of culture  [32] . Following an early increase, we ob-
served a progressive decrease in syncytin-1 and GCMa 
transcripts after 48 h of cell culture, which may be in-
dicative of a regulatory limitation of the fusion process. 
Along these lines, we found peak levels of hPL mRNA 
under normoxic conditions at 24 h and of  � -hCG protein 
at 72 h of culture. In addition, we observed only minor 
changes in syncytin-1 receptor ASCT2 mRNA amounts 
for the cell culture conditions applied. Lower ASCT2 ex-
pression in BeWo cells has been described following in-

cubation with forskolin for 48 h  [15] . Membrane special-
ization accompanying cell-cell fusion events may last for 
more than 48 h in cell culture, depending on the tropho-
blastic cell type  [25, 33] . Forskolin-treated cells may dem-
onstrate additional features compared to 8-Br-cAMP-
treated cells.

  Here we tested the effects of different oxygen levels on 
GCMa, syncytin-1 and ASCT2 transcription within a 
setting comparable to in vivo   conditions as indicated by 
measurements of placental partial oxygen pressure  [34] . 
The concentration of oxygen in early placentogenesis is 
assumed to be around 2.6% O 2 , equivalent to approxi-
mately 18 mm Hg  [35] . Low placental oxygen concentra-
tions may protect cytotrophoblasts from oxidative dam-
age during the first trimester, when a high rate of DNA 
synthesis and proliferation is of vital importance  [36] . 
Our data obtained for hypoxia of  6 3% O 2  ( 6 21 mm Hg) 
could represent this early period of placentogenesis with 
peak expression of syncytin-1 and GCMa along with the 
initiation of syncytium formation. After the remodeling 
of uterine spiral arteries from small resistance vessels to 
large capacitance arteries from the 12th–13th week of 
gestation on, increased levels of oxygen (e.g. 8.6% O 2  or 
61 mm Hg) could be measured  [37, 38] . A normoxic at-
mosphere (21% O 2 , 150 mm Hg) applied in the cell cul-
ture model is higher than the in vivo oxygen concentra-

Table 1. Gene expression of GCMa, syncytin-1 and ASCT2 normalized to �-actin in primary term human trophoblasts with or with-
out forskolin or 8-Br-cAMP at different oxygen concentrations and incubation periods

Oxygen
%

Stimuli

forskolin
24 h

8-Br-cAMP
24 h

forskolin
48 h

8-Br-cAMP
48 h

forskolin
72 h

8-Br-cAMP
72 h

GCMa/�-actin 21 9.181.5** 14.982.2*** 5.780.9** 8.280.8*** 3.580.4 7.981.7**
6 4.281.0* 2.981.8 1.880.3 12.883.0** 3.280.4** 4.580.9**
3 4.980.8** 6.081.0** 8.281.2* 12.983.0** 3.781.3* 4.782.3**
1 5.980.1*** 10.480.7*** 3.880.1* 8.080.3*** 1.380.8* 1.781.0

Syncytin-1/�-actin 21 7.481.1*** 14.881.6*** 5.080.4*** 10.680.9*** 0.580.3 5.381.5***
6 4.680.2** 4.683.0** 0.881.2 12.181.6** 3.580.4 7.780.8***
3 4.681.1 13.783.6*** 3.980.6 12.583.2* 4.680.3*** 8.681.3***
1 7.380.4* 16.981.3*** 8.880.1*** 6.680.4*** 2.280.2 2.380.1

ASCT2/�-actin 21 2.180.1 5.480.3*** 1.380.1 4.180.3** 1.180.2 2.980.4**
6 1.080.1 2.080.7* 0.480.0 4.182.3** 1.180.4 2.381.0**
3 1.180.3 3.180.8** 0.680.0 2.081.1** 0.980.0 2.780.6**
1 1.780.0 6.680.2*** 1.180.6 2.781.4** 0.880.2 1.380.1

Values are given as the fold change in mRNA ratio following culture with either 100 �M forskolin or 150 �M 8-Br-cAMP compared 
to controls. Data represent means 8 SEM of 3–5 separate experiments performed in triplicate. * p < 0.05, ** p < 0.01, *** p < 0.001.
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tion within the placenta at around 40 mm Hg on average 
 [39] .

  As indicated by the differentiation markers hPL and 
 � -hCG, placental syncytial differentiation is a time-de-
pendent process in the presence of oxygen (e.g. pO 2    6  20 
mm Hg). A proliferative phenotype of trophoblastic cells, 
characterized by an increased mitotic rate, predominates 
under lower oxygen levels, such as  ̂  3%, comparable to 
in vivo   conditions in the first weeks of gestation  [4, 36] . 
Our data obtained at severe hypoxia also indicate an al-
tered response of primary trophoblasts to cAMP stimuli 
at 1% O 2  compared with cell culture conditions with a 
higher oxygen tension.

  The underlying mechanisms may comprise a reduc-
tion of gene expression of syncytin-1 and GCMa in a se-
vere hypoxic atmosphere (1% O 2  or 7 mm Hg), with ten-

tatively lower amounts of GCMa mRNA than syncytin-1 
mRNA. Our results therefore support the essential role of 
syncytin-1 in the regulation of trophoblastic differentia-
tion processes. A partially preserved gene expression, 
even in unfavorable environmental conditions, may be 
indicative of the regulatory effects of transcriptional fac-
tors other than GCMa. In principle, hypoxia does not fa-
cilitate an isolated pathway, and the effects of hypoxia 
may vary with the cell type and culture conditions. Oxy-
gen-sensing pathways and transcription factors such as 
the basic helix-loop-helix PAS transcription factor hy-
poxia-inducible factor-1 (HIF-1) are among the adaptive 
responses of placental cells to a hypoxic atmosphere  [35, 
39] . HIF-1 also induces the gene expression of transform-
ing growth factor  � 3 during early placentation and main-
tains the proliferative capability of trophoblastic cells 
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  Fig. 3.  Gene expression of hPL normalized 
to  � -actin in term human trophoblasts af-
ter 24 h ( A ) and concentration of  � -hCG in 
cell culture supernatants after 72 h of cul-
ture ( B ) at different oxygen levels in the 
presence or absence of 100  �  M  forskolin or 
150  �  M  8-Br-cAMP as indicated.      *  p  !  
0.05,  *  *  p  !  0.01,  *  *  *  p  !  0.001. 
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  Fig. 4.  Desmoplakin immunostaining of primary term human 
trophoblasts. Positive immunofluorescence, indicative of the 
presence of desmosomes, was observed after 24 h of culture at 21% 
O                   2  ( A ) and 6% O 2  ( B ). Reduced desmoplakin staining, comparable 
to cell-cell fusion processes, was found after 72 h of cell culture 
with 21% O 2  in the absence ( C ) or presence of 150  �  M  8-Br-cAMP 

( D ) and after 72 h of culture with 6% O 2  in the absence ( E ) or pres-
ence of 150  �  M  8-Br-cAMP ( F ). Under severe hypoxic conditions 
at 1% O 2 , positive desmoplakin immunofluorescence was detect-
ed after 72 h of cell culture in the absence ( G ) or presence of 150 
 �  M  8-Br-cAMP ( H ) to drive cell fusion. Nuclei of cells were la-
beled with DAPI for blue fluorescence.                   
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 [40] . Overexpression of HIF-1 and transforming growth 
factor  � 3 in the placental tissue of pre-eclamptic women 
indicates altered trophoblastic differentiation processes 
in pre-eclampsia  [40–42] . 

  Essentially, under severe hypoxic conditions, alter-
ation of syncytin-1 expression can be found in tropho-
blasts together with reduced cell-cell fusion, indicative of 
a predominance of a less differentiated phenotype. More-
over, the response of primary term human trophoblasts 
to cAMP stimuli as a major signaling molecule may be 
altered under severe hypoxic conditions. However, the 
coordination of trophoblastic differentiation and syncy-
tialization, e.g. the interaction between GCMa and other 

transcription factors, must be further elucidated in order 
to gain more insight into the molecular basis of disor-
dered placentogenesis. For this purpose, studies focusing 
on first-trimester cytotrophoblasts instead of term tro-
phoblasts and also a three-dimensional cell culture mod-
el may be of additional value. 
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