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Cytotrophoblast cells produce interleukin (IL)-10 and express IL-10 receptor mRNA in culture. Furthermore,
IL-10 dramatically reduces the synthesis of matrix metalloproteinase (VIMP)-9 and the invasivity of cytotropho-
blast cells in vitro, suggesting that an autocrine regulatory role in vivo is also possible. To test this hypothesis
we investigated the expression of IL-10 receptor protein by first trimester cytotrophoblasts both in vitro and
in situ, using flow cytometry and immunohistochemistry. Flow cytometric analyses demonstrated that 75-
80% of cytotrophoblasts are able to bind labelled IL-10, suggesting that these cells possess IL-10 receptors
in vitro. Serial sections of early human placentae stained for either o5 and og integrin subunits, or for IL-10
receptors respectively, revealed that placental cytotrophoblasts possess cell surface IL-10 receptors not only
in vitro, but also in vivo. IL-10 receptors were present mainly on o integrin expressing villous cytotrophoblast
cells and on og-positive cells of invasive cell columns located nearest the villous stroma. Differentiated
trophoblasts (i.e. os-positive cells and villous syncytiotrophoblasts) showed no reactivity. This differential
expression of IL-10 receptors suggests that IL-10 might suppress the invasivity of undifferentiated cytotropho-
blast cells, in vivo, preserving their non-invasive state in an autocrine manner. The possible involvement in

cytotrophoblast proliferation and/or differentiation is also discussed.
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Introduction

-The human placenta is an important site of both the production
and action of various cytokines and growth factors. Cytokines
and growth factors play an important role in regulating
implantation and placental development (Robertson et al.,
1994; Chard, 1995; Jokhi et al., 1997). Although numerous
studies have been published on the biological role of cytokines
in the regulation of critical reproductive events, such as
trophoblast proliferation, differentiation and function, the com-
plex autocrine, paracrine and juxtacrine regulatory mechanisms
involving these molecules are still far from being completely
understood. Among the various cytokines and growth factors
the recently described pleiotropic cytokine interleukin-10 (IL-
10) has been proposed to be a factor that might protect
the semiallogeneic fetus from maternal allorecognition and
rejection by driving the maternal (both local and systemic)
immune reaction toward a T helper (Th)2-type immune
response (Lin et al., 1993; Cadet et al., 1995).

IL-10 was described initially as a cytokine synthesis inhibit-
ory factor (CSIF) that shifts the body's immune reaction
away from an inflammatory response (Fiorentino et al., 1989;
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Howard et al., 1992; Moore et al., 1993; Mosmann, 1994).
Although its serum concentrations were found to be stable
throughout the menstrual cycle, once the pregnancy is estab-
lished the circulating values of IL-10 rise significantly (Maskill
et al., 1997). IL-10 inhibits proinflammatory cytokine produc-
tion including IL-18, IL-6, IL-8, tumour necrosis factor (TNF)-
o and interferon (IFN)-y (Wang et al., 1994; Takeshita et al.,
1996) therefore prevents the development of Thl-type immune
reactions deleterious for both the establishment and mainten-
ance of pregnancy (Wegmann et al., 1993; Ragupathy, 1997).
Several studies have demonstrated that IL-10 can prevent
naturally occurring fetal wastage in a murine model of immuno-
logically-mediated spontaneous early pregnancy loss (Chaouat
et al., 1995). Earlier studies (Szekeres-Bartho et al., 1996a,
1996b, 1997) stressed the role of IL-10 as a possible mediator
of the immunological pregnancy-protective effect of proges-
terone.

In human pregnancies, the protective role of IL-10 has been
demonstrated by several findings concerning the disregulation
of IL-10 production in some reproductive pathologies, includ-
ing recurrent spontaneous abortion (Hill et al., 1995; Marzi
et al., 1996), intrauterine growth restriction (Heybourmne et al.,
1994) and intrauterine infection-associated preterm labour
(Greig et al., 1995). Roth et al. were the first to describe that
highly purified human cytotrophoblasts sécrete physiological
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amounts of IL-10 in vitro, independently of gestational age
(Roth et al., 1996). Furthermore, trophoblast-derived IL-10
was able to suppress the IFN-y production of alloreactive
lymphocytes in a mixed lymphocyte reaction, indicating that
IL-10 may contribute to the placental immune protection of
the semiallogeneic fetus in a paracrine manner. Recently, these
authors (Roth et al., 1999) have shown that cytotrophoblast
cells express IL-10 receptor mRNA in vitro suggesting that,
as well as its role as a regulator of materno—fetal relationship,
this cytokine might also possess autocrine regulatory properties.
Furthermore, in their experimental conditions, IL-10 signific-
antly decreased the matrix metalloproteinase (MMP)-9 expres-
sion of cytotrophoblast cells in culture both at the protein and
mRNA level, suggesting that IL-10 is an autocrine inhibitor
of cytotrophoblast MMP-9 activity and invasiveness. However,
they did not provide any direct evidence for the expression of
IL-10 receptor at the protein level by cytotrophoblast cells
in vitro. Data concerning the placental localization of 1L-10
receptor expressing cytotrophoblasts in vivo, that could specify
more precisely the possible autocrine regulatory role of this
cytokine are also missing. Therefore, in the present study we
aimed to elucidate the placental localization of IL-10 receptor
expression in vivo, to define the subset of placental cytotropho-
blasts constituting the predominant target for the autocrine
regulatory influence exerted by IL-10 during the first trimester
of pregnancy.

Materials and methods

Isolation of first trimester human cytotrophoblast cells

Cytotrophoblast cells were isolated from first trimester placenta as
previously described (Bischof er al., 1991). Trophoblastic tissue
was obtained from legal terminations of pregnancies performed in
accordance with the Hungarian Abortion Law at 612 weeks gestation.
Villous tissue was dissected manually, rinsed and minced in Hanks’
balanced salt solution (HBSS) containing 200 1U/ml penicillin and
200 mg/ml streptomycin (both from Sigma, Budapest, Hungary). The
minced tissue was then incubated at 37°C four times for 20 minutes
in Hanks' balanced salt solution (pH 7.4) containing 0.25% trypsin
(Sigma), 50 U/mol deoxyribonuclease I (Sigma), 4.2 mmol/l magnes-
ium sulphate (Sigma), 25 mmol/l HEPES (Sigma), and antibiotics
(200 IU/ml penicillin and 200 mg/ml streptomycin). The supernatant
containing the dissociated mixed placental cells was collected, and
the trypsin activity was neutralized by addition of 10% fetal calf serum
(FCS; Gibco, Life Technologies, Vienna, Austria). The neutralized
supernatant was centrifuged at 800 g for 10 min and the resulting
cell pellet was resuspended in Dulbecco’s modified Eagle’s medium
(DMEM) containing 25 mmol/l HEPES, 200 IU/ml penicillin, and
200 mg/ml streptomycin. The cell suspension obtained was placed
immediately into an incubator and was maintained at 37°C until the
end of the entire dissociation procedure. Concomitantly, the remaining
villous tissue was subjected to another 20 min trypsinization step. At
the end of the dissociation procedure the remaining villous fragments
were discarded. The four fractions of cell suspensions were pooled,
filtered over a 100 um nylon mesh to remove remaining villous
fragments, centrifuged at 800 g for 10 min, and resuspended in 2-3
ml of the same medium without FCS. This cell suspension was
layered over a 5-70% preformed discontinuous Percoll gradient,
according to a previously described method (Kliman er al., 1986).
The fraction containing the cytotrophoblast cells (densities 1.048-

1060

1.062 g/ml) was washed and resuspended in DMEM. These Percoll-
enriched cells were further used for flow cytometric analyses. The
viability estimated by Trypan Blue exclusion was consistently >95%.

Sorting experiments using fluorescence as the method of detection
and an anticytokeratin antibody specific for cytokeratins 5, 6, 8, 17
and probably also 19 (Clone MNF116; Dako A/S, Glostrup, Denmark),
which within the placental villi stains only trophoblasts (Aboagye-
Mathiesen er al., 1996), showed that the purity of Percoll isolated
cells was ~75%.

Analysis of IL-10 receptor expression on first-trimester
cytotrophoblasts

The expression of IL-10 receptor was determined for Percoll gradient-
purified cytotrophoblasts using an IL-10 Fluorokine Kit (R&D
Systems GmbH, Wiesbaden, Germany) according to the manufac-
turer’s protocol. Briefly, the freshly isolated cells were incubated
overnight at 37°C in serum-free culture medium, under conditions
that did not allow them to attach (i.e. in solution, on a rocking
platform or on an agarose-coated culture dish). Next day the cells
were washed (in order to remove any residual growth factors present
in the culture medium) and separated into two groups to which the
biotin-conjugated IL-10 or the biotin-labelled control protein (soybean
trypsin inhibitor) were added. After 1 h incubation at room temperature
avidin—fluorescein isothiocyanate (FITC) was added, followed by an
additional 1 h incubation, washing and resuspension in a specific
buffer designed by the manufacturer to stabilize specific staining and
minimize background. Analysis was conducted on a FACStarP-Us
(Becton Dickinson, Erembodegem-Aalst, Belgium) flow cytometer
with a 488 nm argon-ion laser excitation device. The cells were first
analysed for forward and side scatter to gate out debris, and to select
the cytotrophoblasts based on their relatively large size and primitive
cytoplasmic structure.

Immunohistochemistry

The anti-IL- 10 receptor monoclonal antibody, specific for the extracel-
lular, ligand binding domain of the human cell surface IL-10 receptor,
was obtained from R&D Systems. The mouse monoclonal antibodies
to o5 (CD 49e, clone SAMI) and ag (CD 49f, clone 4F10) integrin
subunits were obtained from Immunotech (Coulter, Marseille Cedex,
France) and Serotec (Kidlington, Oxford, UK) respectively. Negative
control slides were stained with mouse immunoglobulin G (IgG) class-
matched irrelevant antibodies, obtained from Dako. All antibodies and
negative control reagents were diluted to a working concentration of
1 pg/ml in Tris-buffered saline (TBS), containing 0.1% Triton X-100
and 0.5% bovine serum albumin (both from Sigma).

Samples of first trimester placental tissue (6-12 weeks gestation,
n = 12) were taken from routine vaginal terminations of pregnancies.
Tissue fragments were immediately frozen in Cryomatrix (Shandon,
Cheshire, UK). Six um frozen sections were thawed, air-dried, fixed
in acetone for 10 min at 4°C, and rehydrated in TBS, containing
0.1% Triton X-100. Slides were then incubated for 30 min at 4°C
with human IgG (0.5 mg/ml, heat aggregated at 65°C for 20 min)
(Jackson ImmunoResearch Laboratories Inc, West Baltimore Pike,
USA), in order to block cell surface Fc receptors. Excess liquid was
blotted without washing, and the sections stained for IL-10 receptors
were incubated overnight at 4°C. Slides stained for o, and o5 integrin
subunits were incubated for 1 h at room temperature. The antigen-
antibody reaction was revealed by using a StreptABComplex Duet
(mouse and rabbit) Reagent Set (Dako). Briefly, the slides were
incubated for 1 h at room temperature with the biotin-labelled
second antibody (goat anti-mouse/rabbit Ig). After washing, avidin-
horseradish peroxidase (HRP) was added and the incubation was
performed in similar conditions as described for the second antibody.
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Figure 1. Negative controls of cytotrophoblast cells stained with (a) biotin-labelled soybean trypsin inhibitor and (¢) non-immune mouse
immunoglobulin (Ig)G, were used to determine background staining. (b) Representative experiment of cytotrophoblast cells analysed by
flow cytometry for interleukin (IL)-10 receptors. (d) Representative experiment of cytotrophoblast cells permeabilized overnight in 70%

ethanol at —20°C, and analysed by flow cytometry for cytokeratins. x axis = fluorescence intensity, y axis = relative number of cells,

M = marker.

The peroxidase was developed with 3-amino-9ethyl-carbazol (AEC;
Sigma). Finally the sections were washed in tap water, counterstained
with haematoxylin, rewashed and mounted in Glycergel® ageous
mounting medium (Dako).

Results

Flow cytometric analysis of IL-10 receptor expression
in vitro on first trimester cytotrophoblast cells

Binding experiments performed on Percoll-purified first trimes-
ter cytotrophoblasts using biotinylated IL-10 and avidin-FITC
have demonstrated that >75-80% of the cells were able to
bind the labelled cytokine, as indicated by the FACS histogram
(Figure 1b). Cells were also stained with a monoclonal antibody
against cytokeratins (clone MNF116). Of the cells, 75-80%
showed positive staining (Figure 1d) relative to the isotype
control (Figure lc), indicating that the cytokeratin positive
population (i.e. cytotrophoblasts) and IL-10 receptor expressing
cells might be the same. Non-specific binding was ruled out
by the negative control experiments, where the biotinylated IL-
10 was substituted by biotin-labelled soybean trypsin inhibitor
(Figure la). This protein is unable to bind specifically to any
known cell surface receptor, therefore the fluorescence of these
cells was identical to that of the background. For the specific

binding, it was essential to maintain the cells in serum-free
medium overnight under conditions that did not allow them
to attach (i.e. in solution, on a rocking platform or on an
agarose-coated culture dish). Freshly isolated cells, as well as
cultured cells, treated with trypsin to remove them from the
culture plates, did not bind labelled IL-10 at all (data not
shown). This finding indicated that IL-10 receptors expressed
by early human cytotrophoblast cells were trypsin sensitive.

Immunohistochemical detection of IL-10 receptors in
human first trimester placental tissues

Reactivity to IL-10 receptor specific monoclonal antibody was
detected in all (n = 12) first trimester preparations. Figure 2
shows the result of a representative experiment. The most
intense staining was observed in trophoblast cells forming the
internal layer of villi (i.e. villous cytotrophoblast), whereas
the external syncytiotrophoblastic layer was negative (Figure
2A). The cytotrophoblast cells which expand from the tip of
anchoring villi shortly after implantation and form cytotropho-
blast cell columns also reacted with the IL-10 receptor specific
monoclonal antibody (Figure 2B). The most intense reactivity
was observed in the proximal cells of these columns, located
nearest the villous stroma. In contrast, cells located more
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Figure 2. (A) Frozen section of placental villi stained with monoclonal antibody (mAb) to the interleukin (IL)-10 receptor. The IL-10
receptor is strongly expressed by villous cytotrophoblast (arrows) but the overlying villous syncytiotrophoblast (stb) is negative. (B) Frozen
section of placental villi stained with mAb to IL-10 receptor showing an anchoring villous. The IL-10 receptor is strongly expressed by
cytotrophoblast cells anchored to the basement membrane covering the villous tip (arrowheads) and by villous cytotrophoblasts (arrows).
Cytotrophoblast cell column emerging from the villous tip (cc) and syncytiotrophoblast (stb) stain much more weakly if at all. Cells in the
villous stroma are negative. (C) Frozen section of placental villi stained with non-immune class-matched mouse IgG showing that the
villous cytotrophoblasts and syncytiotrophoblasts (arrows) are negative (vs, villous stroma; ivs, intervillous space). (D) Frozen section of
placental villi stained with non-immune class matched mouse IgG showing a part of the invasive cytotrophoblast cell column (cc). (E)
Frozen section of placental villi stained with mAb to the o integrin subunit. The 0, integrin subunit is strongly expressed by villous
cytotrophoblasts (arrows) but the villous syncytiotrophoblasts (stb) are negative. There is a reduction in staining intensity for ¢ in the distal
part of the cytotrophoblast cell column (cc). (F) Frozen section of placental villi stained with mAb to the o5 integrin subunit. Villous
cytotrophoblast and syncytiotrophoblast cells do not stain (arrows). Expression of o5 integrin increases from the proximal towards the distal
part of the cytotrophoblast cell column (cc). vs = villous stroma; ivs = intervillous space; bar = 50 pm.

distally stained only weakly, if at all. In all experiments,
reactivity to IL-10 receptor specific antibody was localized to
the cell membrane with no reactivity in the cytoplasm of the
cells. Moreover, cytotrophoblast cells resting on the villous
basement membrane (villous cytotrophoblasts and the first row
of cytotrophoblast cell columns) stained intensely along the
apical and lateral microdomains of their cellular membranes.
This staining pattern suggested that cytotrophoblast cells
expressed cell surface IL-10 receptors in a polarized manner.
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Cells of the villous stroma were always negative, showing that
in the first trimester of pregnancy these cells did not express
IL-10 receptors.

Expression of o5 and og integrin subunits in human
first trimester placenta
In order to specify more precisely the subsets of IL-10 receptor

bearing cytotrophoblast cells in vivo, in parallel we have
studied the pattern of integrin expression in our first trimester



placental tissue preparations. Villous cytotrophoblast cells
resting on villous basal lamina expressed 0y integrin subunit
clustered along the basement membrane (Figure 2E). The
proximal cells of cytotrophoblast cell columns resting on the
basement membrane of the villous tip have preserved this
pattern of expression. In contrast, more distal but still closely
packed cytotrophoblasts of cell columns expressed 0y integrin
subunit in an unclustered way. Concomitantly, a gradual
reduction of staining intensity towards the distal, deeply
invasive cells was observed. Villous syncytiotrophoblasts and
deeply invasive cells of cytotrophoblast cell columns were
always negative. When serial sections stained for o5 integrin
subunit were examined and compared with those stained for
O integrin, a reciprocal staining pattern was observed: o
integrin expression reached its maximum in distal cells and
gradually decreased towards the proximal part of cell columns
(Figure 2F). In villous cytotrophoblast, no staining for the o5
integrin subunit was seen.

Discussion

In human placenta at least two major morphologically and
functionally distinct cytotrophoblast populations can be identi-
fied. Villous cytotrophoblasts are polarized immotile cells
anchored to the basement membrane of chorionic villi. They
can differentiate by fusion to form the overlying syncytium
which is in direct contact with maternal blood, mediating
nutrient and gas exchange for the developing fetus, and
representing the major endocrine component of human pla-
centa. Extravillous, invasive cytotrophoblast cells rise from
cytotrophoblasts that rest on the basement membrane sur-
rounding the tip of anchoring villi. These cells differentiate
by leaving their basement membrane and form non-polarized
cellular aggregates (i.e. cytotrophoblast cell columns). They
give rise to the invasive cytotrophoblast population, which
invades the endometrium, its arterial system thus connects the
developing fetus to the maternal circulation. No relevant
differences were reported between basement membrane-
anchored cells giving rise to the extravillous trophoblast and
those underlying the villous syncytial trophaoblast, therefore it
is very likely that both kinds of cells represent a uniform
cell population, which can equally differentiate in either of
two major pathways already mentioned (Kaufmann and
Castellucci, 1997). ’
Previous immunohistochemical (Damsky et al., 1992; Aplin,
1993; Bischof et al., 1993) and functional (Burrows et al.,
1993) studies have shown that cytotrophoblast cells modulate
their integrin repertoire during invasion of the endometrium.
These authors have demonstrated that villous cytotrophoblast
cells, resting on a laminin-rich basement membrane, express
the integrin 0P, (a laminin receptor) in a clustered manner
towards the basement membrane. When leaving their basement
membrane at the tip of anchoring villi to form cell columns,
they continue to express the integrin g4, but in an unclustered
way. Cytotrophoblasts located deeper in the placental bed have
lost their capacity to express the integrin 0gPs, and instead
express 05B, integrin, the major fibronectin receptor. Therefore,
as trophoblast cells are gradually transformed from polarized

IL-10 receptors in early human placenta

villous epithelial layer into non-polarized extravillous popula-
tion, a down-regulation of o4 integrin expression with a
reciprocal up-regulation of o5B, integrin occurs. Our immu-
nohistological findings regarding the placental localization of
0 and 05 subunit expressing cytotrophoblast subpopulations
fit these reports perfectly. This gradual switch from the basal
lamina receptor o, to interstitial receptors such as usB; was
regarded as a mechanism by which invasive cytotrophoblast
cells adapt to their successive environments (Bischof et al.,
1996, 1997). These authors have shown that this integrin
switch is paralleled by significant changes in the invasive
behaviour of cytotrophoblasts (Bischof et al., 1995). If villous
syncytiotrophoblast and deeply invasive extravillous cyto-
trophoblast cells are considered terminally differentiated forms
of the same o integrin-positive cytotrophoblast stem cell,
the above-mentioned integrin switch might equally be an
expression of cellular differentiation.

The presence of IL-10 receptor mRNA in human placental
cytotrophoblast cells has been demonstrated recently (Roth
et al., 1999). However they have not offered any direct
evidence, either for the presence of IL-10 receptor protein on
these cells in virro, or for placental localization of IL-10
receptor expressing cytotrophoblasts, in vivo. Our flow cyto-
metric analyses clearly show the ability of cytotrophoblast
cells to bind biotin-labelled IL-10. However, freshly isolated
cells which had been exposed recently to the proteolytic
activity of trypsin during the dissociation of placental villi, as
well as cultured cells treated with trypsin to remove them
from the culture plates, failed to bind IL-10. Binding was only
seen when the cells were incubated overnight either in solution,
on agarose or on a rocking platform in order to prevent their
attachment to the culture dish. Throughout culture the use of
FCS which might promote both attachment and differentiation
was avoided. Under these conditions, cytotrophoblasts
remained floating in the medium, but at least some of them
formed small aggregates. Based on these observations we
cannot exclude the possibility that for the recovery of IL-10
receptor, cytotrophoblasts have to make contact with each
other. According to our best knowledge, these experiments
provide the first clear-cut evidence for IL-10 receptor expres-
sion by cytotrophoblast cells in vitro.

Our immunohistochemical studies demonstrate that IL-10
receptor protein is expressed by early human cytotrophoblasts
not only in vitro, but in vivo as well. The most intense
staining for IL-10 receptors occurred on the polarized villous
cytotrophoblast cells, and on the very proximal cells, resting
on the basal lamina of the villous tip of cytotrophoblast cell
columns. The remaining invasive cells stained much more
weakly if at all, and villous syncytiotrophoblast did not stain.
Our results also show that positive staining for IL-10 receptors
and that for oy integrin subunits largely overlap. In contrast,
o5 integrin expressing cells appear to be devoid of receptors
for IL-10. Therefore recent findings (Roth er al., 1999) could
be interpreted as a mechanism by which basement membrane-
anchored 0y integrin expressing cytotrophoblast cells, including
villous cytotrophoblasts, suppress their own potentially invas-
ive behaviour. It has not been clearly elucidated whether
villous cytotrophoblast cells produce gelatinases or possess
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gelatinase coding mRNA in vivo, but logically they have no
reason to be invasive. The up-regulation of MMP-9 production
by cytotrophoblasts has been reported to occur after a 12 h
culture period, at a time when IL-10 production by these cells
ceases (Roth er al., 1996; Roth and Fisher, 1999). Since IL-
10 is a potent inhibitor of trophoblastic MMP-9 synthesis
in vitro, onc could speculate that the gelatinase-secreting
activity of cytotrophoblast cells starts later, when the cells
escape from the suppressive effect of endogenous IL-10.
Recent findings (Roth and Fisher, 1999) provide the first clear-
cut evidence for the molecular mechanism which might be
responsible for this sequence of events in vitro, whereas our
results identify the target ccll population for this IL-10-
mediated autoregulatory mechanism in vive.

It is intcresting to notc that the expression pattern of IL-10
receptor in early human placenta mirrors the proliferation
marker Ki-67 expression reported previously (Miihlhauser
et al.. 1993). Therefore it is tempting to speculate that IL-10
might act as an autocrine factor in regulating placental growth
either by promoting or by inhibiting cellular proliferation
within the human trophoblast lineages. Reports providing
evidence for either the proliferation-promoting or the antiprolif-
erative effect of this cytokine in other cell types support this
hypothesis (Ho et al., 1994; Michel et al., 1997; Yue et al.,
1997: Seppanen et al., 1998; Wang et al., 1999). Taken together
these studies suggest that the IL-10-dependent regulation of
cellular proliferation might be cell-type-specific. However,
signals involved by the IL-10/IL-10 receptor system in the
regulation of cell-cycle progression that might give a compre-
hensive explanation for these presumably cell-type-specific
differences are poorly understood. Therefore it is rather difficult
to predict exactly how IL-10 would affect trophoblast prolif-
eration.

The profound down-regulation of the IL-10 receptor as soon
as 05 integrin expression is turned on might suggest that IL-
10 could also affect the production of the integrin family of
adhesion molecules which, in turn, impacts both cytotropho-
blast proliferation and invasiveness. Another possibility is that
IL-10 might play a role in cytotrophoblast differentiation.
However, the possible involvement of IL-10 in these processes
would have interesting implications from the perspective
of the pregnancy-specific disorder pre-eclampsia, in which
enhanced trophoblast proliferation, decreased invasiveness and
the inadequate regulation of adhesion molecules have been
reported (Zhou et al., 1993, 1997; Lim et al., 1997).

Near term and during parturition the effects of IL-10 are
likely to be profoundly modulated by the pro-inflammatory
mediators released in increasing concentrations by gestational
tissues. A recent report (Denison et al., 1998) demonstrates
that the basal production of monocyte chemotactic peptide
(MCP)-1, IL-8 and Regulated on Activation and Normally
T-cells Expressed and presumably Secreted (RANTES) by
explants of fetal membranes, decidua and placenta at term
greatly exceeds that of IL-10. Furthermore, prostaglandin E,,
which might rise near term has been able to further augment
this basal placental production of MCP-1 and IL-8 thus
promoting a local inflammatory reaction and favouring parturi-
tion. Prostaglandin E, has also been shown to stimulate release
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of IL-10 by perfused placental cotyledons thereby probably
enhancing local immunosuppression and protecting the fetal
allograft during the “high-risk’ inflammatory process of parturi-
tion. Although the pattern of IL-10 receptor expression by
various gestational tissues in the late pregnancy is not yet
elucidated it seems logical to suppose that, as in keratinocytes,
the overproduced IL-8 would suppress the expression of
IL-10 rcceptors by placental cytotrophoblasts making them
unresponsive to IL-10 (Michel er «l., 1997). One of the
multiple consequences this unresponsiveness might have is
the possible elevation of MMP-9 production, which might
contribute to the remodelling of the uterus and placenta in
parallel with the accelerated growth of the fetus in the second
half of pregnancy. A role favouring the separation of the
placenta from the uterine wall after delivery is also possible.

Therefore IL-10 appears to serve important functions
throughout pregnancy as well as during parturition. Beside its
role in placental immune protection of the fetal allograft and
in the regulation of cytotrophoblast invasiveness, IL-10 might
be involved in basic reproductive events, such as placental
growth, cytotrophoblast differentiation and tissue remodelling.
However, further evidence is needed to support these hypo-
theses.

The overall conclusion of our immunohistochemical and
cytological studies is that first trimester cytotrophaoblast cells
express IL-10 receptors both in vive and in vitro. IL-10 receptor
expression is localized mainly to the 04 integrin subunit-
expressing cytotrophoblast cells resting on the basal lamina
of both floating and anchoring villi, whereas differentiated
trophoblasts (i.e. villous syncytiotrophoblast and ¢/5 integrin
expressing invasive cells) seem to be devoid of receptors.
Therefore, we propose that one major autocrine role of IL-10
in vivo could be to suppress the invasive potential of basement
membrane-anchored cytotrophoblast cells and to preserve their
non-invasive state. Another interesting possibility is that in
early pregnancy IL-10 might be an autocrine regulator of
cytotrophoblast proliferation and/or differentiation.
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Abstract. Objective: Dithranol is highly effective in the
treatment of psoriasis, however its mode of action is still not
well known. Since interleukin-8 and interleukin-10 are in-
volved in the pathogenesis of psoriasis, the aim of our study
was to investigate the effect of dithranol on interleukin-8,
interleukin-10 mRNA production and interleukin-10 re-
ceptor expression of the HaCaT keratinocyte cell line which
is commonly used in experiments examining the effects of
therapeutic drugs on keratinocytes.

Materials and Methods: Cultured HaCaT cells were treated
with 0.1-0.5 pg/mi dithranol for 30 minutes. After 2and 4 h
total cellular RNA isolated from HaCaT cells was reverse
transcribed (RT) to cDNA which was subjected to poly-
merase chain reaction (PCR) with specific primer pairs for
interleukin-8, interleukin-10 and interleukin-10 receptor. For
immunohistochemistry cultured HaCaT cells were stained
with a monoclonal antibody against the human interleukin-
10 receptor.

Results: Our results showed that dithranol treatment did not
change the highly elevated level of interleukin-8 mRNA of
HaCaT cells. Interleukin-10 mRNA signal with RT-PCR
could not be detected in HaCaT cells. Depending on the con-
centration dithranol increased the mRNA production of
interleukin-10 receptors in HaCaT cells. This dithranol in-
duced dose dependent upregulation of IL-10 receptors in
HaCaT cells was also observed on the protein level using
immunohistochemistry.

Conclusions: Since the interleukin-10 receptor expression of
keratinocytes in psoriatic lesional skin is downregulated, the
dithranol induced upregulation of the receptor in our model
system might help to reveal the therapeutic action of the
drug.

Key words: Interleukin-8 — Interleukin-10 — Interleukin-10
receptor ~ Psoriasis — Dithranol
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Introduction

Psoriasis a common skin disease is characterized by inflam-
mation and abnormal epidermal proliferation. The highly
elevated amounts of stimulatory signals and the failure of
inhibitory mechanisms may cause these pathologic features.
IL-8 a proinflammatory cytokine is produced by several cell
types of the skin and receptors for IL-8 are also present on
keratinocytes [1]. An altered regulation for interleukin-8
(IL-8) [2, 3] and its type I receptor (IL-8RA) [4] could be
demonstrated in psoriasis. The IL-8/IL8R system is involved
in the accumulation of inflammatory cells in psoriatic lesions
and in keratinocyte proliferation [S]. Several antipsoriatic
compounds inhibit the IL-8 binding to cultured keratinocytes
[1, 6, 7] and affect the IL-8 gene and IL-8 receptor expres-
sion [4, 8].

On the other hand, the antioncogene p53 is expressed at
low levels in psoriatic plaques and can be significantly in-
duced by the antipsoriatic drug tacrolimus (FK-506) [8].
There is only limited knowledge about the role of anti-
inflammatory cytokines in psoriasis. Interleukin-10 (IL-10) a
negative modulator of inflammatory processes was firstly
described as cytokine synthesis inhibitory factor (CSIF) [9].
Recent studies showed that subcutaneous injection of IL-10
has clinical efficiency in psoriasis [10]. The effects of IL-10
are mediated by specific receptors (IL-10R).We could earlier
show the presence and functionality of the IL-10 receptor in
human keratinocytes, its dramatic decreased expression in
psoriatic epidermis [11] and the possibility of raising IL-10
receptor transcript levels by the treatment of epidermal cells
with antipsoriatic compounds such as vitamin D3, calcipo-
triol [12]} and steroids [11]. Dithranol is highly effective in
the treatment of psoriasis, however its mode of action is still
not well known [13].

The HaCaT cell line is widely used in experiments
examining the effects of therapeutic drugs on keratinocyte
physiology and studying keratinocyte proliferation and dif-
ferentation [14—17].
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In the present report we studied the IL-10 production of
human HaCaT keratinocytes [18] and the effect of dithranol
on the expression of IL-8 and IL-10 receptor genes in human
HaCaT keratinocytes.

Materials and methods

Cell culture

The spontaneously transformed human epidermal cell line HaCaT
(kindly provided by Dr. N.E. Fusenig, Heidelberg, Germany) was cul-
tured in Dulbecco’s Modification of Eagle’s Medium (DMEM) (Gibco,
Germany) containing 10% fetal calf serum (FCS) (Gibco, Germany).
The cells were maintained at 37°C in a humid 5% CO, atmosphere
incubator.

As a positive control for the IL-10 RT-PCR studies the BCBL-1 cell
line (kindly provided by Dr. G. Gaspir, Szeged, Hungary) {19] was used.

Dithranol treatment

The subconfluent cells were washed with Phosphate Buffered Saline
(PBS) (Gibco, Germany) under sterile conditions and were incubated
for 30 min at 37°C in a humid 5% CO, atmosphere incubator with
increasing concentrations of dithranol (0.1-0.5 pg/ml) (Hermal Che-
mie, Reinbek, Germany) in DMEM containing 0.5% FCS. Dithranol
was always freshly dissolved in acetone and used immediately, Control
cells were treated with the solvent (acetone) only or left untreated.

RNA extraction and semi-quantitative reverse transcriptase-
polymerase chain reaction (RI-PCR)

Dithranol treated cells were then washed with PBS and were incubated
in DMEM containing 10% FCS for 2 and 4 h at 37°C in a humid 5%
CO, atmosphere incubator before isolating total cellular RNA ac-
cording to the TRIzol® (Sigma) protocol. The quality of the RNA was
tested in 1% formaldehyde-agarose gel stained with ethidium bromide
(EtBr). The RNA concentration was measured using a spectrophoto-
meter. After reverse transcription (RT) with oligo (dT),s primers, semi-
quantitative polymerase chain reaction (PCR) was performed with dilu-
tions of our primary RT reaction products (1:1; 1:2; 1:4; 1:8) to deter-
mine IL-8 and IL-10R mRNA levels. For our IL-10 mRNA studies we
have performed qualitative RT-PCR without diluting the primary RT
product.

Primer sequences:

IL-8 sense

5’ ATG ACT TCC AAG CTG GCC GTG GCT 3’
IL-8 anti-sense

5" TCT CAG CCCTCTTCA AAAACTTCTC 3

IL-10 sense

5’ ATG CACAGC TCA GCACTGCTCTGT 3’

IL-10 anti-sense

5 CTTAAAGTCCTC CAGCAAGGACTCCTTTAA Y

IL-10R sense

5 ATG TGG GTG GCA CTGACCTGTTCT 3
IL-10R anti-sense

5" AGG GGG ATG CTA CTC CAT TTG TTG 3’

P-actin sense

5’ AGA GAT GGC CAC GGCTGCTT ¥’
B-actin anti-sense

5’ ATT TGC GGT GGA CGATGG AG 3’
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The following cycling times and temperatures were used to amplify
IL-8,IL-10, IL-10R and B-actin transcripts: 35 cycles of 94 °C for 60 s,
59°C for 90 s and 72 °C for 90 s for IL-8, 35 cycles of 94 °C for 60 s,
60°C for 60 s and 72 °C for 60 s for IL-10, 35 cycles of 94 °C for 60 s,
59°C for 45 s and 72°C for 75 s for IL-10R and 20 cycles of 94 °C for
60 s, 55°C for 120 s and 72 °C for 105 s for B-actin. After PCR ampli-
fication the products were visualized by EtBr-stained agarose gel
electrophoresis. Band intensities were monitored by densitometric scan-
ning, standardized against B-actin signals from parallel reactions (semi-
quantitative RI-PCR).

The identity of the RT-PCR products in the case of IL-8, IL-10 and
B-actin were confirmed by cloning and sequencing. The identity of the
IL-10 receptor RT-PCR product was confirmed by direct sequencing.

Immunohistochemistry

Both anti-IL-10 receptor monoclonal antibody (R&D Systems), and
mouse IgG, (DAKOQ) were diluted to a working concentration of 1 pg/ml
in Tris-buffered saline (Sigma), containing 0.1% Triton X-100 (Sigma)
and 0.5% bovine serum albumin. HaCaT cells cultured on 8.6 cm?
uncoated culture slides were fixed in 2% paraformaldehyde for 20 min
at 4°C, and washed in Tris-buffered saline, containing 0.1% Triton X-
100 (TBST). Slides were then incubated for 30 min at 4 °C with human
IgG (0.5 mg/ml, heat aggregated at 65°C for 20 min.) (Jackson Im-
munoResearch Lab. Inc, West Baltimore Pike, USA) in order to block
cell surface Fc receptors. Excess liquid was eliminated without wash-
ing, and the slides were incubated overnight at 4°C with anti-IL-10
receptor monoclonal antibody and negative control reagent (mouse
IgG,), respectively. The antigen-antibody reaction was revealed by
using a StreptABComplex Duet (mouse and rabbit) Reagent Set
(DAKO). Briefly, the slides were incubated for 1 h at room temperature
with the biotin-labeled second antibody (goat anti-mouse/rabbit Ig).
After washing, avidin-HRP was added and the incubation was per-
formed in similar conditions as described for the second antibody. The
peroxidase was developed with 3-amino-9-ethyl-carbazol (AEC Sig-
ma). Finally, the slides were washed in tap water, counterstained with
hematoxylin, rewashed and mounted in DAKO Glycergel® ageous
mounting medium (DAKO).

Results
RT-PCR

The expression of the IL-8, IL-10 and IL-10 receptor
(IL-10R) gene was studied in HaCaT cells using semi-quan-
titative RT-PCR. A housekeeping gene B-actin was used as an
internal control. The B-actin RT-PCR signals were constant in
all our samples (Fig. 1). The IL-8 mRNA levels did not
change after 2 or 4 h of dithranol treatment compared to the
untreated or acetone treated cells when RT-PCR was carried
out with several dilutions of our primary RT reaction pro-
ducts (1:1; 1:2; 1:4; 1:8) (Fig. 2). To study the IL-10
production of HaCaT cells we used the BCBL-1 cell line
(kindly provided by G. Gaspar) as a positive control. We
could not demonstrate the IL-10 production of HaCaT cells.
We could only detect the small amount of genomic DNA in
our RNA samples differing in size from the product orig-
inating from the IL-10 mRNA (Fig. 3). The IL-10R mRNA
levels were significantly elevated already after 2 h in the
dithranol treated cells compared to the controls when RT-
PCR was carried out with several dilutions of our primary RT
reaction products (1:1; 1:2; 1:4; 1:8). When the primary RT
product was used at the dilution of 1:8 we could not dectect
any PCR signal. The induction of the IL-10R gene was dose
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Fig. 1. RT-PCR analysis of fB-aktin expression in HaCaT cells treated
with dithranol. Lane 1: untreated control 2 h, lane 2: acetone treated
cells 2 h, lane 3: 0,1 pg/ml dithranol treated cells 2 h, lane 4: 0,25 pg/ml
dithranol treated cells 2 h, lane 5: 0,5 pg/ml dithranol treated cells 2 h,
lane 6: untreated control 4 h, lane 7: acetone treated cells 4 h, lane 8:
0,1 pg/ml dithranol treated cells 4 h, lane 9: 0,25 pg/ml dithranol treated
cells 4 h, lane 10: 0,5 pg/ml dithranol treated cells 4 h
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Fig. 2. RT-PCR analysis of IL-8 expression in HaCaT cells treated with
dithranol. Lane 1: untreated control 2 h, lane 2: acetone treated cells 2 h,
lane 3: 0,1 pg/ml dithranol treated cells 2 h, lane 4: 0,25 pg/ml dithra-
nol treated cells 2 h, lane 5: 0,5 pg/ml dithranol treated cells 2 h,
lane 6: untreated control 4 h, lane 7: acetone treated cells 4 h, lane 8:
0,1 pg/ml dithranol treated cells 4 h, lane 9: 0.25 pg/ml dithranol
treated cells 4 h, lane 10: 0,5 pg/ml dithranol treated cells 4 h. Arrow
(1): undiluted primary RT product RT-PCR, Arrow (2): RT-PCR with
1:2 dilution of primary RT product, Arrow (3): RT-PCR with 1:4 dilu-
tion of primary RT product, Arrow (4): RT-PCR with 1:8 dilution of
primary RT product.

Fig.3. RT-PCR analysis of IL-10 expression in HaCaT cells treated
with dithranol. Lane 1: molecular weight marker, lane 2: positive con-
trol, (BCBL-1 cell line), lane 3: untreated control 2 h, lane 4: acetone
treated cells 2 h, lane 5: 0,1 pg/ml dithranol treated cells 2 h, lane 6:
0,5 pg/ml dithranol treated cells 2 h, lane 7: untreated control 4 h, lane
8: acetone treated cells 4 h, lane 9: 0,1 pg/ml dithranol treated cells 4 h,
lane 10: 0,5 pg/ml dithranol treated cells 4 h. Arrow A: PCR product
from genomic IL-10 DNA in the RNA samples. Arrow B: RT-PCR
product from IL-10 mRNA.

dependent reaching its maximum at 0,25 pg/ml dithranol
concentration (Fig. 4).

Immunohistochemistry

Untreated cultured HaCaT cells were stained with a mono-
clonal antibody against human IL-10 receptor. Relative to the
isotype control the antibody clearly stained the cells. A clear
membrane localisation was apparent and interestingly it
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Fig. 4. (A) RT-PCR analysis of IL-10R expression in HaCaT cells treat-
ed with dithranol. Lane 1: untreated control 2 h, lane 2: acetone treated
cells 2 h, lane 3: 0,1 pg/ml dithranol treated cells 2 h, lane 4: 0,25 pg/ml
dithranol treated cells 2 h, lane 5: 0,5 pg/ml dithranol treated cells 2 h,
lane 6: untreated control 4 h, lane 7: acetone treated cells 4 h, lane 8: 0,1
pg/ml dithranol treated cells 4 h, lane 9: 0,25 pg/ml dithranol treated
cells 4 h, lane 10: 0,5 pg/ml dithranol treated cells 4 h. Arrow (1): un-
diluted primary RT product RT-PCR, Arrow (2): RT-PCR with 1:2 dilu-
tion of primary RT product, Arrow (3): RT-PCR with 1:4 dilution of
primary RT product. (B) Integrated peak areas after densitometric sig-
nals plotted as “fold induction” in comparison to unterated cells after
2 h (undiluted primary RT product RT-PCR). (C) Integrated peak areas
after densitometric signals plotted as “fold induction” in comparison to
unterated cells after 4 h (undiluted primary RT product RT-PCR).

seemed that cells localised at the edges of the colonies
showed stronger expression. Beside the membrane staining
there was some cytoplasmic staining as well (Fig. 5). We have
also performed immunocytochemistry on cultured HaCaT
cells that were treated with dithranol. At all concentrations
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Fig. 5. Immunocytochemistry with a monoclonal antibody against
human IL-10 receptor on cultured HaCaT cells. (A) HaCaT cells with
clear membrane localization of the human IL-10 receptor. (B) Isotype
control.

tested (0.1-0.5 pg/ml) the dithranol clearly had a cytostatic
effect on the cells, that was apparent by the size of the cell
colonies relative to the untreated control cultures. With the
monoclonal antibody staining there was a slight indication
for enhanced expression of IL-10 receptor, predominantly on
the cell membrane in the dithranol treated cultures, and this
difference seemed to depend on the concentration (Fig. 6).

Discussion

In psoriatic lesional skin the genes for proinflammatory fac-
tors as the IL8/IL-8 receptor system are overexpressed [7].
IL-8 is chemotactic for neutrophils [20], T lymphocytes [21],
basophils [22] and keratinocytes [23], it stimulates neutro-
phil degradation and oxidative burst activity [24]. It pro-
motes keratinocyte proliferation [25] and induces HLA-DR
expression in keratinocytes [26]. The effects of IL-8 on kera-
tinocytes are mediated through specific receptors, which
may be upregulated by interleukin-1 (IL-1) and tumor necro-
sis factor alpha (TNF-a) [27, 28]. In lesional psoriatic epi-
dermis, IL-8 receptor specific mRNA level was found to be
10-fold higher compared with the uninvolved skin [18]. Our
earlier results showed that several antipsoriatic compounds
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Fig. 6. Immunocytochemistry with a monoclonal antibody against
human IL-10 receptor on cultured HaCaT cells that were treated with
dithranol. (A) 0,1 pg/ml dithranol treated HaCaT cells. (B) 0,25 pg/ml
dithranol treated HaCaT cells.

as cyclosporine, calcitriol, calcipotriol and dithranol have
inhibitory effects on IL-8 binding to cultured keratinocytes
[1, 6, 7]. The IL8/IL8R system can be downregulated when
epidermal cells are treated with the antipsoriatic drug tacro-
limus (FK-506) in vitro [4, 8].

Another cytokine IL-10 has gained increasing impor-
tance as a negative modulator of inflammatory processes
[10]. IL-10 was firstly described in T-helper, (Th,) cells and
characterized by its ability to inhibit the typical cytokine re-
sponse of T-helper, (Th,) lymphocytes [9]. Besides Th, cells
monocytes/macrophages, B cells, eosinophils and mast cells
are able to produce IL-10 [29-32]. In human skin macro-
phages are the main source of IL-10 [33]. The IL-10 syn-
thesis of keratinocytes is controversally discussed in the
literature [34—40]. Our present studies suggest that HaCaT
cells are not capable of producing IL-10.

IL-10 suppresses proinflammatory cytokine production
and antigen-presenting capacity of monocytes/macrophages
[29, 41, 42], dendritic cells [43], Langerhans cells [44, 45]
and keratinocytes [46].

We found earlier that in cultured keratinocytes IFN-y
induced HLA-DR expression is inhibited by IL-10. It has a
moderate but statistically significant and dose dependent
inhibitory effect on the keratinocyte growth rate [11].
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The effect of IL-10 is mediated through its specific re-
ceptor (IL-10R), which shares structural homologies with the
interferon-gamma (IFN-y) receptor [47]. Previous studies
showed that IL-10R expression is decreased in psoriatic epi-
dermis [11].

Dithranol is a highly effective antipsoriatic compound. Its
mode of action is still not completely understood. Dithranol
inhibits polymorphonuclear leukocyte (PMN) function [48]
and modulates the arachidinoc acid metabolism [49, 50]. It
has a direct inhibitory effect on keratinocyte proliferation
[51]. Itis also capable of modulating cell surface receptors of
epidermal cells [52, 53).

Our results show that dithranol does not act by regulating
the IL-8 production of human cultured HaCaT keratinocytes.
We could show that HaCaT cells are not capable of producing
IL-10.

In the present work we could demonstrate that HaCaT
keratinocytes have IL-10 receptors and these cells in vitro
respond to the treatment with the antipsoriatic drug dithranol
by the induction of the IL-10 receptor gene.

Since the IL-10 receptor gene is downregulated in psori-
atic epidermis [11] the pharmacological modulation of the
receptor in our model system [14—17] may be an important
target in the future for the therapy of psoriasis.
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Elsé trimeszterbdl szirmazé human placenta boholyszdvetbél nyert
cytotrophoblast sejtek: Izolalas, jellemzés, tenyésztés és alkalmazas a
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Osszefoglalas

Bevezetés: Az implantacid és a placentacid lényegesen befolyasoljak a terhesség
kimenetelét. E két fejlédésbiologiai szempontbdl kiemelkedé fontossagi folyamat
sikeressége nagymértékben fiigg a trophoblast sejtek differencialodasatol, invaziv
képességétdl, valamint ezen sejtek és az anyai immunrendszer kozotti kolcsonhatasoktol.
Endokrin- és anyagcserefolyamatokban jatszott szerepilk révén, valamint a
transzplacentaris fert6zésekkel szembeni védekezés részeként a trophoblast sejtek
befolyasoljak az embrié és késbbbiekben a magzat adekvat méhenbeliili fejlodését.
Célkitiizés: A szerzOk kevert (villosus és extravillosus) cytotrophoblast sejtpopulacio
izolalasaval és tenyésztésével kapcsolatos, tébb mint harom évre visszatekintd
tapasztalataikrol szamolnak be. Anyag és modszer: A sejtek izolalasat elsd trimeszterbdl
szarmazd humén placenta boholyszovetbdl tobb 1épcsds tripszines emésztést kovetd
Percoll gradienscentrifugalas és human CD-45, illetve HLA-ABC és HLA-DP, DQ, DR
ellen termelt monoklonalis ellenanyag alkalmazdsdval immunmégneses tisztitds Utjan
végezték. A frissen izolalt és a tenyésztett sejtek jellemzése immunhisztokémia és indirekt
immunfluoreszcencia segitségével tortént. A sejtek jellemzését a hCG és a matrix
metalloproteinaz termelés vizsgalata egészitette ki. Eredmények és kivetkeztetés: A sejtek
izolalasaval és tenyésztésével a szerzok olyan kisérleti modellt dolgoztak ki, amely
alkalmas mind a trophoblast sejtek differencialédasanak, invaziv viselkedésmodjanak,
endokrin funkcidjanak, mind az immunregulaciéban betoltott szerepének és a magzatot

veszélyeztetd transzplacentaris virusfert6zések patomechanizmusanak tanulmanyozasara.

Kulcsszavak: cytotrophoblast, syncytiotrophoblast, cytomegalovirus, korai human placenta
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Cytotrophoblast cells from human first-trimester placental villi: isolation,
characterization, cultivation and research applications

Introduction: Successful implantation and placentation are essential for the normal
intrauterine development of the fetus. Trophoblast cell proliferation, differentiation,
invasive behaviour and its interaction with the maternal immune system are known to have
an impact on these processes. Trophoblast cells do not only physically anchor the
developing fetus to the uterus, but they give rise to the syncytiotrophoblast. This is the
principal endocrine component of the placenta, and participates in essential metabolic
processes and in the defence against transplacentally transmitted infections. Therefore,
placental trophoblasts play an important role in the establishment and maintanance of
pregnancy. Aim of the study: The authors summarize their experience with the isolation,
characterization and culture of cytotrophoblast cells from first-trimester human placentae.
Materials and methods: The simultaneous preparation of highly enriched human placental
trophoblast populations from first-trimester placental villi (6-12 weeks of gestation) by
sequential trypsinization, Percoll gradient centrifugation, and negative selection with anti-
CD45 or HLA-ABC and HLA-DP, DQ, DR immunomagnetic separation is described.
Characterization of freshly isolated and cultured cytotrophoblast cells has been perfomed
by immunohistochemistry, immunofluorescent staining, measurement of hCG production
and analysis of matrix metalloproteinase production by substrate gel zymography. Results
and conclusion: On the basis of immunohistochemical and functional data the isolated
cells proved to be cytotrophoblasts. This method of isolation and cultivation should
facilitate in vitro studies of trophoblast differentiation, invasion, endocrine function, virus

interaction, and immunology.

Key words: cytotrophoblast, syncytiotrophoblast, cytomegalovirus, early human placenta
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Az implantacié sikeressége nagymértékben fligg a blastocysta specializalt, epithel eredeti,
an. trophoblast sejtjeinek invaziv viselkedésmodjatdl (11). Az implantacio a torzsfejlédés
soran viszonylag kés6n jelent meg, és a reprodukcidban 0j stratégiat jelent, amely kisebb
szami embrié megfeleldbb fejlodését teszi lehetové az anyaméh-biztositotta protektiv
kornyezetben. A viviparitas tagadhatatlan evolicios elonyeit bearnyékolja azonban az
embrid és az uterus fejlodésének sziikségszerli 6sszehangolodasa, amely ha nem tokéletes,
a terhesség nem j6het létre. A legtobb emlds esetében az uterus viszonylag rovid ideig
képes a beagyazodé blastocystat befogadni (23). Az ezt megel6zd, illetve az ezt kévetd
idoszakban a blastocystaval szemben az uterus indifferens, vagy éppen ellenséges
kornyezetként viselkedik. Az az idészak, ameddig az embrid képes beagyazodni altalaban
hosszabb, de erre vonatkozodan is a kilonbozd fajoknal lényeges eltérések észlelhetok.
Kovetkezésképpen az implantaci6é sikerességét befolyasold tényezok egyrészt az embrid
fejylodésével és a trophoblast sejtek adhézids és invaziv-degradativ képességével, masrészt
az uterus funkcionalis receptivitasaval hozhatok osszefliggésbe.

Az implantaciot kovetd placentacio fejlddésbiologiai szempontbol kiemelkedd fontossagh
folyamat, melynek sikeressége lényegesen befolyasolja a terhesség kimenetelét. A placenta
nemcsak fizikai értelemben kapcsolja Gssze az embridt az anya szervezetével, hanem
endokrin-, anyagcsere- és immunfolyamatokban valé részvételén keresztiil biztositja az
embri6 és késObbiekben a magzat adekvat méhenbelili fejlodését. A placentaciod
sikeressége nagymértékben fiigg a trophoblast sejtek differencialédasatol, invaziv
képességétol, valamint ezen sejtek és az anyai immunrendszer k6z6tti kolcsonhatasoktol.
Az implantacidt és a placentaciot érint6 folyamatok klinikai fontossaggal birnak. A human
terhességek egyharmada spontan vetéléssel végzddik és ezek 22%-a a terhesség
megallapitasat megel6z6 idGszakban zajlik le (28). Feltételezhetd, hogy a terhesség
masodik felében jelentkezd praeeclampsia és méhenbeliilli novekedési retardacid
elsésorban a korai terhességben bekovetkezd kéros placenticié és a nem megfeleld
immunreguléacié kovetkezménye.

Az in vitro fertilizacios (IVF) eljarasok esetén a sikertelen nidacio és a korai vetélés a
sziil6t és az orvost egyarant megoldhatatlannak latszé6 probléma elé allitja. Az IVF
technikak jelentds fejlddése ellenére az elmilt 20 évben a sikeres terhességek aranyéanak

novekedése a varakozasoktél messzemenden elmaradt (2). A sziletések szamanak
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folyamatos csokkenése és a népesség szamanak csokkenése mellett felértékelédik minden
olyan torekvés, amely a sikeres terhességek szamanak javitasat célozza. Az implantaci6 és
placentacié tanulminyozisa egyike ezen torekvéseknek. E két, fejlodésbiologiai
szempontbol kiemelked fontossagu folyamat kézos eleme a cytotrophoblast sejtek invaziv
képessége, amely e sejtek megfeleld differencialodasanak fiiggvénye. Osszhangban a
trophoblast sejtek komplex biologiai szerepével, célkitlizésiink egy olyan kisérleti modell
kidolgozasa volt, amely alkalmas mind a trophoblast sejtek differencialodasanak, invaziv
viselkedésmddjanak, endokrin funkci6janak, mind az immunregulacidban betoltott
szerepének és a magzatot veszélyeztetd transzplacentdris  virusfert6zések
patomechanizmusanak tanulmanyozisira. A nemzetkdzi szakirodalom szamos hasonld
témaval foglalkozé kézleményt tart szamon, de hazai kutatéhelyen, legjobb tudomasunk
szerint, hasonlé kisérleti modell mindeddig nem kertilt kidolgozasra. Jelen
kozleményiinkben a cytotrophoblast sejtek izolalasaval és tenyésztésével kapcsolatban

szerzett, tobb mint 3 évre visszatekint® tapasztalatainkat kivanjuk ismertetni.

Anyag és médszer

A cytotrophoblast sejtek izoldlasa és tisztitisa immunmaigneses eljarassal

A cytotrophoblast sejtek izolalasat a terhesség 6-12. hetében végzett legalis muvi vetélés
soran nyert trophoblast szovetbdl végeztik. A sejtizoldlashoz kizardlag panaszmentes
terhességekb6l nyert szovetet hasznaltunk. A virologiai vizsgalatokhoz készitett
tenyészetek eldallitasahoz egyedi placentakbdl nyertiik a cytotrophoblast sejteket. A
cytotrophoblast sejtek izolalasanak és tisztitasanak modszerét az 1. abra szemlélteti. A
chorionbolyhokban  gazdag  szovetrészeket kimetszettik, majd kalcium- és
magnéziummentes, 200 U/ml penicillint és 200 pg/ml streptomycint (Sigma, St. Louis,
Mo. USA) tartalmaz6 Hanks-féle pufferben vagy PBS-ben (pH 7,4) tobbszoér atmostuk. A
tisztitott boholyszévetet kisebb darabokra vagtuk, majd 37 °C-on, vizfiirdében, négy
lépcsds tripszines emésztésnek vetettiik ala 0,25% tripszint (Sigma), 50 U/ml DNase I-et
(Sigma), 4,2 mmol/l magnézium-szulfatot (Sigma), 25 mmol/l HEPES-t (Sigma), valamint
antibiotikumokat tartalmaz6 Hanks-féle pufferben (pH 7,4). Az elsé emésztés 30 percig, a

tovabbi emésztések 20-20 percig tartottak. Minden egyes emésztés utan, a boholyszovet
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néhany percig tart6 ilepitését kovetSen a sejteket tartalmazo feluliszoét csdbe helyeztiik és
a tripszinaktivitist 10% FBS (Gibco, Karlsruhe, Németorszag) hozzaadasaval
semlegesitettiik. = A sejtszuszpenzi6t ~ 800xg-vel 10  percig  centrifugaltuk
szobahdmeérsékleten, majd a sejteket 25 mmol/l HEPES-t, valamint 200 U/ml penicillint és
200 pg/ml streptomycint tartalmazé6 DMEM-ben (Gibco) reszuszpendaltuk. Az igy nyert
sejtszuszpenzidt azonnal sejttenyésztésre alkalmas termosztatba helyeztiik (37 °C, 5% CO,,
100% relativ paratartalom). Ezzel egyidében a megmaradt boholyszovetet djabb
emésztésnek vetettiik ala. A tripszines emésztés soran nyert négy sejtfrakciot egyesitettiik,
100 um porusméretii steril nylonsziirdbn (Millipore, Budapest, Magyarorszag) atsziirtiik az
esetlegesen visszamaradt boholydarabok eltavolitasa céljabol, majd 10 percen at
centrifugaltuk (800xg, szobahdmérséklet). A sejteket felvettiik 2-3 ml tapfolyadékban és az
igy nyert sejtszuszpenziot gradienscentrifugalasnak vetettitk ala. A Percoll (Pharmacia
Biotech, Bécs, Ausztria) gradienst Kliman és munkatarsai (18) modszerével készitettiik. A
centrifugalast kovetden a cytotrophoblast sejteket tartalmazé frakciot (1,048-1,062 g/mli
stirliségli réteg) cs6be helyeztiik és a Percoll eltavolitasa céljabol tobbszor mostuk Hanks-
féle pufferrel, végiul a sejteket DMEM-ben reszuszpendaltuk. Az igy nyert sejtpopulaciot
vagy azonnal, vagy folyékony nitrogénben tértént tarolas utan immunmagneses eljarassal
tisztitottuk. A 15-17x10° sejt/2 ml sejtszuszpenziét 100 pl human CD45-ellenes egér
antitesttel (DAKO, Glostrup, Dania) inkubaltuk 30 percen at 4°C-on, idénként razogatva.
A villosus cytotrophoblast sejtek izolalasa esetén a CD45-re specifikus ellenanyagot 50-50
pl human HLA-ABC (DAKO) és HLA-DP, DQ, DR (DAKO) ellen termelt egér
immunglobulinnal helyettesitettiikk. Az inkubaciot kévet6en a sejteket 0,1% BSA-t (Sigma)
tartalmaz6 PBS-sel (pH 7,4) t6bbszér atmostuk. A hasonlé modon tobbszor atmosott, egér
immunglobulinra specifikus kecske immunglobulinnal bevont magneses gyongyoket
(Dynal, Oslo, Norvégia) (100 pul Dynabeads 2 ml 0,1% BSA-t tartalmaz6 PBS-ben)
ramértilk a sejtekre és idénként enyhén razogatva 30 percig inkubaltuk 4 °C-on. Ezt
kovetden a CD45 vagy a HLA-ABC és HLA-DP, DQ, DR molekulat kifejez6 sejteket,
amelyek a gyongyokhoz kapcsolodtak egy magnes segitségével a cs6 falahoz rogzitettiik és
a cytotrophoblast sejteket tartalmazé feliiliszot 0j cs6be pipettaztuk. A sejteket (jabb
mosés utan 2 ml DMEM-ben reszuszpendéltuk, majd Neubauer-kamraban megszamoltuk.

Az €16 sejtek szamat a Trypan-kék kizarasos eljaras alapjan hataroztuk meg.
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A sejtek tarolasa folyékony nitrogénben

A Percoll siirliséggradienssel izolalt, mosott és centrifugalt sejteket 10% (v/v) steril
DMSO-t tartalmaz6 4 °C-os FBS-ben reszuszpendaltuk (5-10x10° sejt/ml). A
sejtszuszpenzidt ml-ként fagyaszté ampullakba (Corning Inc. N.Y. USA) szétosztottuk és
fokozatosan —70°C-ra hitottik, masnap pedig az ampullakat folyékony nitrogénbe
helyeztiik. Felhasznalaskor a folyékony nitrogénbdl kivett ampullakat 37°C-os vizfiirdébe
helyeztiik. A felolvasztott sejtszuszpenziot 20% FBS-t tartalmaz6 DMEM-ben
centrifugaltuk 400xg-vel 5 percig. A sejteket friss tapfolyadékban reszuszpendaltuk és az
€16 sejtek szamat Trypan-kék kizarasos modszerrel hataroztuk meg.

Sejtkultiira

A tisztitott cytotrophoblast sejteket 24 vagy 96 valyulati tenyésztdlemezben (Corning)
37°C-on, 5% CO,-t tartalmazd, 100%-os relativ paratartalmi termosztatban tenyésztettik.
A sejtszam a valyulatban 0,5x10° élésejt/ml, illetve 10° él3sejt/0,2 ml volt. A sejteket
borjusavomentes DMEM-ben vagy 20% FBS-val kiegészitett DMEM-ben tenyésztettiik.
Syncytiotrophoblast tenyészetek elballitasa céljabol a sejteket 17% FBS-t tartalmazo
komplett keratinocyta novekedési médiumban (Keratinocyte-SFM) (Gibco BRL,
Karlsruhe, Németorszag) tenyésztettik. A tenyésztés ideje alatt a tapfolyadékot
masnaponta cseréltiik.

Hormon assay

Intakt huméan choriongonadothropin (hCG+BhCG) mennyiségi meghatarozasat a sejtek
feluluszdjabol, tizszeres higitast kovetéen, a WHO altal rendelkezésiinkre bocsatott
enzimimmunanalitikai modszerrel hataroztuk meg (WHO Matched Assay Reagents for the
Immunoassay of Hormones). A médszer intra- és interassay variacios koefficiense 3,6%,
illetve 7,2% volt. A teszt érzékenysége 2 mIU/ml volt.

Zimogrifia

A sejtek altal a feliiliszoba szekretalt metalloproteinazok aktivitasat zselatin-zimografiaval
vizsgaltuk (4). A feliliszokat 1 mg/ml zselatint (Sigma) tartalmazé 10%-os poliakrilamid
gélen, 0,1% SDS (Sigma) jelenlétében, nem redukald korilmények kozott,
elektroforézisnek vetettiik ala (50 mA, 45 perc, szobah6mérséklet). Ezt kovetden, az SDS
eltavolitasa céljabol a gélt 2,5% Triton X-100 (Reanal, Budapest, Magyarorszag) vizes

oldataban mostuk hatszor 5-5 percig, majd PBS-ben haromszor 10 percig, végil egy
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éjszakan at inkubaltuk 37 °C-on, 0,9 mM kalcium kloridot és magnézium kloridot
tartatmazd PBS-ben (pH 7,4). Masnap a gélt Coomassie Brillant Kék G250 25% metanol
és 10% ecetsav tartalmi 0,1%-os oldataval megfestettiik, majd 5% metanol és 7,5%
ecetsav vizes oldataval a felesleges festéket eltavolitottuk. A modszer segitségével a
molekulatomegiiknek megfelelden szétvalasztott enzimek, az elkilonitési helyiikon
elbontottak a zselatint, igy az enzimek aktivitasa kiilon-kiilén, szemikvantitativ modon a
festési eljaras segitségével mérhetd.

Immunbhisztokémia

A terhesség els6 trimeszteréb6l szarmazo placenta boholyszovetbdl vett mintakat (N=12)
Cryomatrix-ban (Shandon, Cheshire, Egyesult Kiralysag) —20 °C-on lefagyasztottuk és
kriosztattal 6 um vastagsagih metszeteket készitettink. A metszeteket azonnal
immunhisztokémiai eljarasnak vetettilk ala. A frissen izolalt cytotrophoblast sejtekbdl
(2,5x10* sejt/ 100 ul PBS) cytocentrifugaval kenetet készitettiink. A tenyésztett sejteket
0,05% tripszint tartalmaz6 PBS-el a tenyésztOlemezrdl felszedtiik, PBS-ben haromszor
atmostuk és 5x10* sejt/100 pl PBS szuszpenziobdl cytocentrifugaval kenetet készitettiink.
A keneteket szaritas és 4 °C-os acetonban torténd fixalas utan a festés idOpontjaig
mélyhitében (—20 °C-on) taroltuk.

A cytokeratin ellenes antitestet (MNF116 sz. klon, DAKO), az o5 integrin alegység ellenes
antitestet (CD4%, SAMI1 sz. klon; Coulter, Marseille, Franciaorszag), az o integrin
alegységre specifikus antitestet (CD49f, 4F10 sz. klon; Serotec, Kidlington, Oxford,
Egyesiilt Kiralysag), a HLA-ABC epitopra specifikus ellenanyagot (W6/32 sz. klon;
DAKO), a vimentinellenes antitestet (F9 sz. klon; DAKO), valamint az izotipikus
kontrollként hasznalt egér immunglobulinokat (IgGy, illetve IgGap; DAKO) 0,1% Triton X-
100-at és 0,5% BSA-t (Sigma) tartalmaz6 TBS-ben (pH 7,4) higitva 1 ug/ml
koncentracioban hasznaltuk. A metszeteket, valamint a keneteket acetonban fixaltuk 10
percig 4 °C-on, majd 0,1% Triton X-100-at tartalmazé TBS-ben (TBST) rehidraltuk. Ezt
kovetden a targylemezeket 30 percig 4 °C-on human IgG-vel (0,5 mg/ml PBS-ben,
hbaggregalas 65 °C-on 20 percig, Jackson ImmunoResearch Laboratories Inc, West
Baltimore Pike, USA) inkubaltuk, hogy a sejtfelszini Fc receptorokat lekossiik. Ezutan
mintainkat az elsddleges antitestekkel és a megfelel6 kontroll antitestekkel, elézetes mosas

nélkal, 1 6ran at inkubaltuk szobahOmérsékleten. Az antigén-antitest reakciot a DAKO
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StreptABComplex Duet kitjével, hivtuk eld. Mintainkat TBST-ben mostuk, majd biotinnal
konjugalt masodlagos antitesttel inkubaltuk 1 6ran at, szobahOémérsékleten. Mosas utan
avidinnal konjugalt tormaperoxidazt adtunk a rendszerhez, és a metszeteket 1 Oran ét,
szobahOmérsékleten, inkubaltuk sotétben, végiill TBS-ben (pH 7,4) mostuk. A peroxidaz
kromogén szubsztratjaként AEC-t (Sigma) hasznaltunk. Az eljards végén a mintakat
hematoxilinnel festettik.

Indirekt immunfluoreszcencia

Immunfluoreszcens vizsgalataink soran a sejteket magneses szeparalas utan cytocentrifuga
segitségével targylemezre centrifugaltuk. Az igy nyert keneteket szaritas utan —20 °C-os
acetonnal fixaltuk. Egyes kisérletek soran a 24 valyulata tenyésztdlemezbe helyezett 13
mm atmérdjii kerek fed6lemezre (Menzel-Glaser) 24 6Oran at tartd tenyésztés soran kitapadt
sejteket vagy a CMV-sal fertézott sejteket PBS-sel mostuk és aceton—etanol 1:1 aranyu
keverékével fixaltuk -20°C-on 15 percig. A fixalt sejteket az immunfluoreszcens festés
idépontjaig -20°C-on taroltuk. Festés elott a sejteket 15 percig rehidraltuk PBS-ben,
szobahdn. A PBS eltavolitasa utan minden fed6lemezre 20 pl ellenanyagot mértink. A
cytotrophoblast sejtek azonositdsara human cytokeratinra specifikus egér antitestet
(DAKO, 1/10 higitasban), és human hCG-B lanc ellenes nyul antitestet (DAKO,
higitatlanul) alkalmaztunk. A nem trophoblast-eredetii sejtek jelenlétének kimutatasara
human vimentin ellenes egér antitestet (DAKO, 1/20 higitasban) hasznaltunk. A human
CMV-sal fert6zott sejtek magjaban az igen korai antigént egérben termelt monoklonalis
ellenanyaggal (MAB810) (Chemicon International Inc., Temecula, CA USA) mutattuk ki.
Az ellenanyagok higitasa 1% FBS-t tartalmaz6 PBS-ben tortént. Az ellenanyaggal fedett
sejteket 60 percig inkubaltuk 37°C-on nedveskamraban, majd haromszor 10 percig mostuk
PBS-sel. Masodik ellenanyagként FITC-konjugalt, egér immunglobulinra specifikus
kecske savot (Sigma) 1/100 higitasban, illetve nyil immunglobulinra specifikus birka savot
(MILES-YEDA LTD. Izrael) 1/16 higitasban hasznaltunk. A masodik ellenanyaggal a
sejteket 45 percig inkubaltuk 37°C-on, nedveskamraban. Az inkubacié utan a mintakat
haromszor mostuk PBS-ben. A harmadik mosas soran a PBS-hez Evans Blue-t (Sigma)
adtunk 1/10 000 higitasban. A mintakat végiil desztillalt vizzel oblitettiik, és fedés utan
Leitz UV mikroszképpal vizsgaltuk.
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Eredmények

Immunhisztokémia

A korai human placentabdl készitett fagyasztott metszeteken a cytotrophoblast sejtek és a
bolyhok felszinén talalhat6é syncytiotrophoblast a cytokeratinellenes antitesttel erés pozitiv
festddést mutatott (2. 4bra), mig a kontrollok negativak voltak. A chorionbolyhok
stromajaban cytokeratin-pozitiv sejtek nem voltak jelen, kovetkezésképpen az MNF116
klonszama, cytokeratin 5, 6, 8, 17 és 19-re specifikus monoklonalis ellenanyag alkalmas a
sejtpopulacié tisztasaganak ellendrzésére.

A frissen izolalt cytotrophoblast sejtek jellemzése

Trypan-kék kizarasos festéssel a frissen izolalt cytotrophoblast sejtek >95%-a életképesnek
bizonyult. A sejtek tarolasa folyékony nitrogénben az életképességet nem befolyasolta. Az
immunmagneses eljarassal végzett tisztitast megel6zden a sejtek 78-86%-a, azt kovetden
pedig 95-99%-a cytokeratin pozitiv volt (3.A. abra). A sejtpopulacié tobb mint
egyharmada (32-45%) a HLA-ABC epitopot felismerd6 monoklonalis ellenanyaggal
pozitivan festédott és a lymphomyeloid (CD45-pozitiv) sejtek aranya 16-32% volt. A
HLA-ABC és a HLA-DP, DQ, DR epitopokra, illetve a CD45 molekulara specifikus
antitestek segitségével tisztitott sejtpopulacioban CD45-pozitiv lymphomyeloid sejtek nem
voltak jelen és a HLA-ABC-pozitiv sejtek aranya 3% ala csokkent. A vimentint kifejezd
sejtek aranya a 6%-ot nem haladta meg. A CD45-pozitiv sejtek eltavolitasa utan a
sejtpopulacié egyotdde (18-22%) fejezte ki az os-integrin alegységet és a populacio
egyharmada (25-38%) ag-integrint kifejezo sejtekbdl allt (nem abrazolt adat).

A tenyésztett sejtek jellemzése

Szérummentes DMEM-ben a sejtek kerekdedek maradtak. A tenyésztés elsd 12 oOraja alatt
a kitapadt sejtek szima nem haladta meg az Gsszes sejt 80%-at. Egy nap elteltével tobb
sejtbdl allé csoportok alakultak ki, de sem szamuk sem méretiik a tenyésztés ideje alatt
nem valtozott. A csoportokat alkotd sejtek hatarai fazis-kontraszt mikroszkoppal jol
latszottak. Az egyediilalléo sejtek aranya 30-40% volt. A 4.A. abran a szérummentes
DMEM-ben 4 napig tenyésztett cytotrophoblast sejtek fazis kontraszt mikroszkopos képe
lathato.
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Husz szazalék borjisavot tartalmazd6 DMEM-ben a cytotrophoblast sejtek >80%-a mar a
tenyésztés elsd 6 Oraja alatt kitapadt, 12-24 Ora elteltével a sejtek széttertiltek a
tenyésztdedény aljan és 5-6 sejtbdl allé cytokeratin pozitiv sejtcsoportot képeztek. A 3.B.
abran a 20% FBS-val kiegészitett DMEM-ben 24 6raig tenyésztett, a 3.C. abran pedig a
17% FBS-val kiegészitett komplett keratinocyta novekedési médiumban 6 napig
tenyésztett, majd fixalt, anti-cytokeratin ellenanyaggal és FITC-tal festett aggregalédott
cytotrophoblastok és syncytiotrophoblastok lathatok. Hat napig tartd tenyésztés alatt a
morulara emlékeztetd sejtcsoportok szama és mérete fokozatosan nétt. A hatodik napon az
egyedilallo sejtek aranya nem érte el a 15%-ot. Az ors6 alakd fibroblasztok szama nem
haladta meg az Gsszes sejt 3%-at. A tenyésztés 4. napjatol a sejtcsoportok egy részében a
sejthatarok elmosodtak és fazis-kontraszt mikroszkop segitségével csak gyengén, vagy
egyaltalan nem voltak elkiilonithetok (4.B. abra).

A 17% FBS-t tartalmazé komplett keratinocyta novekedési médiumban tenyésztett
cytotrophoblastok aggregalodtak és 5 nap alatt kialakultak a nagy tobbmagwu sejtek, a
syncytiotrophoblastok (3.E. abra). Ezekben a sejtekben, ha fert6zziik CMV-sal néhany nap
mulva monoklonalis ellenanyaggal, immunfluorescens eljarassal kimutathat6 a virus igen
korai antigénje (3.F. abra).

A tenyésztett cytotrophoblast sejtek hCG-termelése

A cytotrophoblast sejtek altal a feliiliszoba szekretalt hCG mennyisége 20% borjusavéval
kiegészitett DMEM-ben a tenyésztés ideje alatt erdteljes emelkedést mutatott. A sejtek mar
a tenyésztés 4. napjan kétszer annyi hCG-t termeltek, mint a 2. napon, és a 6. napon mért
mennyiség a 2. napnak megfelelé érték mintegy hatszorosara noétt. Ezzel szemben,
borjisavd hidnyaban a sejtek hormontermelése a tenyésztés ideje alatt lényegesen
lassabban emelkedett és csak a tenyésztés 6. napjan érte el a 2. napon mért érték
kétszeresét (5.A. abra). Egyes kisérletek soran mar a tenyésztés elsé 24 6rajat kovetden is
meghataroztuk a feliilusz6 hCG-tartalmat. Eredményeink azt mutattak, hogy az els6 24 6ra
alatt a sejtek hormontermelése meglehetdsen alacsony, fiuggetleniil attél, hogy a tenyésztés
borjusavo-mentes, vagy borjasavoval kiegészitett tapfolyadékban tortént és a kiilonbozd
sejtpreparatumok altal termelt hCG mennyisége igen eltérd (atlag + szoéras=143,12 +
104,56 TU/I, N=4). Az immunmagneses eljarassal végzett tisztitas a sejtek hCG-termelését
nem befolydsolta. 17% FBS-val kiegészitett komplett keratinocyta médiumban a hCG-f§
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jelenléte a sejtekben immunfluorescens eljarassal kimutathatd. A hCG-B a termeld sejtek
cytoplasmajaban granulumokként lathaté (3.D. abra). A 20% FBS-t tartalmaz6 DMEM-
ben tenyésztett sejtek esetén hasonld festddést lattunk.

A cytotrophoblast sejtek metalloproteinaz termelése

A cytotrophoblast sejtek metalloproteinaz termelését zselatin-zimografiaval vizsgaltuk. A
sejteket 24 Oran at tenyésztettik szérummentes DMEM-ben. A vizsgélathoz kizarolag
immunmagneses eljarassal tisztitott sejteket hasznaltunk. Ot killénb6zd sejttenyészet
feliiliszojanak zimografias vizsgalata soran 92 kDa molekulatomegnek megfeleld

magassagban észleltiink zselatin-degradaciot (5.B. abra).

Megbeszélés

A trophoblast sejtek in vivo és ir vitro tanulmanyozasa egyre névekvo érdeklodésre tart
szamot napjainkban, hiszen a trophoblast proliferatiot, ezen sejtek differencialodasat,
illetve invaziv-degradativ viselkedésmodjat szabalyozd tényezOkre vonatkozdan
ismereteink meglehetGsen hianyosak. A trophoblast sejtek jellemzésének és az emlitett
folyamatok molekularis szinten to6rténé vizsgalatanak elofeltétele tiszta cytotrophoblast
sejtek izolalasa és tenyésztése. Az elmuilt évtizedben szamos munkacsoport foglalkozott a
trophoblast sejtek izolalasaval, a killonb6z6 szeparalasi eljarasok eredményessége azonban
igen eltéré volt, mind az izolalt trophoblast populacid, mind pedig a sejtpopulacid
tisztasaga szempontjabol. A sejtizolalas alapelvét képezd eljarasok roviden igy foglalhatok
Ossze: fizikai eljarasok, amelyek a cytotrophoblast sejtek elkiilonitését mas
sejtpopulacioktol a sejtek mérete alapjan, gradiens centrifugélas tjan teszik lehetévé (18);
immunmagneses tisztitassal kiegészitett fizikai eljarasok (14); a placenta eredetli sejtek
kitapadasanak kiilonb6zéségén alapulé eljarasok (21); a chorionbolyhok szekvencialis
emésztése és Percoll gradiens centrifugalas (16); szelektiv tenyésztési koriilmények (20,
29); ulepitési eljarasok (13, 17, 18, 22, 25); aramlasi cytometria (9, 25, 27).

A tiszta cytotrophoblast tenyészetek eldallitasa soran tapasztalt nehézségek Osszefiiggésben
vannak a placenta szovettani szerkezetével. A chorionbolyhok felszinén 6sszefiiggo,
tobbmagwvi syncytiotrophoblast réteg talalhatd. A cytotrophoblast sejtek egyetlen rétegben
helyezkednek el a syncytiotrophoblast alatt. A cytotrophoblast sejteket a boholy

stromajatol nagy kiterjedésii bazalis membran valasztja el. A bolyhok stroméjaban szamos
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sejtféleség talalhaté (makrofagok, fibroblasztok, endothel sejtek, stb.). Ezért a bolyhok
tripszines emésztése soran nyert sejtszuszpenzid a cytotrophoblast sejteken kiviil
syncytiotrophoblast sejteket, és a boholy stromajabol szarmazo egyéb sejteket is tartalmaz.
A tripszines emésztésnek eléggé erdteljesnek kell lenni ahhoz, hogy a syncytiotrophoblast
réteg alatt elhelyezkedd cytotrophoblast sejteket a bazalis membranrdl levalassza,
ugyanakkor eléggé kiméletesnek kell lennie, hogy a bazalis membran alatt elhelyezkedd
stroma sejtes elemei minél kisebb aranyban legyenek jelen a nyert sejtszuszpenzidban. A
helyzetet tovabb bonyolitja, hogy a cytotrophoblast sejtek nem alkotnak egységes
sejtpopulaciot. Immunhisztokémiai (1, 6, 12) és funkcionalis (8) adatok, valamint sajat
eredményeink (26) arra utalnak, hogy a cytotrophoblast sejtek integrin kifejezddése a
sejtek  invaziv-degradativ  viselkedemoddjaval parhuzamosan, a differencialodas
fiiggvényében valtozik. Ezen adatok és sajat eredményeink azt bizonyitjak, hogy a human
placentaban legalabb két cytotrophoblast alpopulacio kiilonitheté el. A chorionbolyhok
lamininban gazdag bazalis membranjan fekv® cytotrophoblast réteg nem differencialt
sejtekbdl all (villosus cytotrophoblast sejtek), melyek bazalis felsziniikon laminin
receptorokat (ogP4-integrin) fejeznek ki. Ezen sejtek a boholytorzsek csucsain levalnak a
bazalis membranrdl, tobb sejtbél alld6 csoportokat (un. cytotrophoblast kolonnékat)
alkotnak, és invaziv képességiiknek kdszonhetéen behatolnak a deciduaba (extravillosus
cytotrophoblast sejtek). A bazalis membrantdl tavolodva, ogPs-integrin kifejezédésiiket,
mely kezdetben kiterjed a sejt teljes felszinére, fokozatosan az osP;-integrin (fibronektin
receptor) kifejez6dés valtja fel. Az integrin kifejez6dés megvaltoztatasa egyike azon
folyamatoknak, mely altal a decidua felé vandorld cytotrophoblast sejt alkalmazkodik az 6t
koriilvevd extracellularis matrix osszetételéhez (3) ugyanakkor, parhuzamosan az integrin
kifejezOdést érinté valtozasokkal a sejtek invaziv viselkedésmodja is 1ényeges
valtozasokon megy keresztiil (5).

Kisérleteink soran a chorionbolyhokat kiméletes tripszines emésztésnek vetettiik ald, az igy
nyert kevert sejtpopulaciot Percoll gradiens centrifugalassal, majd immunmagneses
eljarassal tisztitottuk. Percoll gradiens centrifugalas utan a sejtpopulaci6 legnagyobb része
cytotrophoblast sejtekbol allt, de a kontaminalo sejtek (legféképpen csontveldi eredetli
CDA45-pozitiv sejtek) kikliszob6lése nem volt tokéletes. Ezen sejtek jelenléte nagy

val6szinliséggel azzal magyarazhat6, hogy a szeparaldshoz felhasznalt szovet a terhesség
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els6 trimeszterében végzett miivi vetélésbdl szarmazik, és a vér eltavolitasa a tripszines
emésztést megel6z0 tisztitds és mosas soran nem volt tokéletes. Ezen sejtek kikiiszobolése
és a cytotrophoblast sejtpopulacié tisztasiganak javitisa céljabol a sejtszuszpenziot
tovabbi, immunmagneses modszerrel végzett tisztitasnak vetettik ala. A tisztitast ket
moédon végeztiik. Kevert (villosus, non-invaziv és extravillosus, invaziv) cytotrophoblast
sejtpopulacid eldallitdsakor az immunmagneses eljaras célja a CD45-pozitiv sejtek
eltavolitasa volt. A tisztitas alapelvét az képezte, hogy a CD45 markert csak a csontveld-
eredetii sejtek fejezik ki (10, 24), a cytotrophoblast sejtek felszinén nincs jelen (19). Azon
kisérleteink soran, melyek tiszta villosus cytotrophoblast sejtek eldallitasat céloztak, a
tisztitas soran alkalmazott ellenanyag kivalasztasdnal figyelembe vettiik, hogy a nem
differencialt, villosus cytotrophoblast sejtek nem rendelkeznek sem HLA-ABC, sem HLA-
DP, DQ, DR molekulakkal (15).

Az immunmagneses tisztitds eredményeként, fliggetlenil a tisztitdshoz felhasznalt
ellenanyagt6l, a nyert sejtpopulacidban a cytokeratint kifejezd (trophoblast eredetii) sejtek
aranya 95-99%-ra emelkedett. A sejtek hCG-pozitivitasa és a metalloproteindz termelést
célzo vizsgalatok szintén azt hangsilyozzak, hogy az izolalt sejtpopulacid cytotrophoblast
sejtekbol all. Tekintettel arra, hogy az izolalasi eljaras meglehetdsen bonyolult és
idGigényes, a cytotrophoblast sejtekkel végzendd Kkisérletek Utemezése szempontjabol
kiemelked6 jelentoségii az a megfigyelés, hogy a sejtek életképessége folyékony
nitrogénben tortént tarolast kovetden nem valtozik. Funkcionalis vizsgalataink soran
bebizonyosodott, hogy a sejtek hCG termelése, valamint morfolégiai szempontok szerint
torténd differencialddasa in vitro nagy mértékben fiigg attdl, hogy a tenyésztés borjusavot
tartalmazo, vagy savomentes tapfolyadékban torténik. Eredményeink alapjan elmondhato,
hogy savomentes tapfolyadékban a sejtek gyakorlatilag nem, vagy csak nagyon lassan
differencialédnak.

A placentabolyhokban a cytotrophoblast sejtek differencialédva az anya vérével érintkezo
syncytiotrophoblastokboél allo réteget alkotjak. A syncytiotrophoblast sejteknek in vivo
kozvetitd szerepiik van az anya és a magzat kozott kiilonboz6 anyagok atvitelében, tovabba
a foetus fejlédéséhez sziikséges hormonokat, novekedési faktorokat termelnek. A
syncytiotrophoblast sejteket jellegzetes felépitésiik miatt koriilményes izolalni, ezért a

nyerésikre alkalmasabb modszer, ha a nem differencialt prekurzor sejtekbdl, a villosus
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cytotrophoblast  sejtekbdl  tenyésztjik. A cytotrophoblastok  tobb  magvl
syncytiotrophoblastta torténd differencialodasa bekovetkezik kolonbozé tapfolyadékokban
(7). Tapasztalatunk szerint azonban a legalkalmasabb a 17% FBS-val kiegészitett komplett
keratinocyta novekedési medium. A syncytiotrophoblast tenyészet eldallitasaval lehetoség
van a syncytiotrophoblastok kilénboz6 fizioldgias és patologias funkcidjanak vizsgalatan
kiviill a congenitalis virusfertozések elsé dontd lépésének, a virus anyabol placentaba
jutasanak molekularis szinten torténé tanulmanyozasara is. Ezen kivill a tenyészet
alkalmas olyan tervezett gyogyszerek szlirésére, amelyek névelik a placenta fertézésekkel

szembeni barrier funkcigjat.

Koszonetnyilvanitas. A vizsgalatokat az Egészségligyi Minisztérium ETT 07 256/1999
szami, az OTKA T-26442 szamu és az Oktatasi Minisztérium FKFP 0257/1999, FKFP
113/2000 és NKFP 1/027/2001 szam( tamogatasaval végeztiik.
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Abraj egyzék.

1. Abra. A cytotrophoblast sejtek izolalasa és tisztitasa

2. 4bra. Korai human placentabdl készitett fagyasztott metszetek immunhisztokémiai
vizsgalata. Anticytokeratin ellenanyaggal festett chorionbolyhok (nyil, cytotrophoblast;

stb, syncytiotrophoblast; vs, villosus stroma; ivt, intervillosus tér). Méret=50 um.

3. 4bra. Immunmaigneses eljardssal tisztitott és tenyésztett trophoblast sejtek. Anti-
cytokeratin ellenanyaggal festett sejtek (A-C); A. izolalast kovetden, B. 24 oOras
(DMEM+20% FBS), C. 6 napos (Keratinocyte-SFM+17% FBS) tenyésztés utan. D. 17%
FBS-val kiegészitett Keratinocyte-SFM-ben 6 napig tenyésztett és a trophoblast marker hCG-
B ellenanyaggal festett sejtek. Syncytiotrophoblast normal (E) és cytomegalovirussal fert6zott
(F). A virussal fert6zott sejtmagokban a CMV igen korai antigén immunfluorescens képe

lathato. A sejtek utofestése Evans Blue-val tortént.

4. abra. Human CDA45 ellen termelt egér immunglobulinnal, immunmagneses eljarassal
tisztitott cytotrophoblast sejtek szérummentes (A), illetve 20% FBS-t tartalmaz6 DMEM-ben

(B) a tenyésztés 4. napjan. Méret=50 um.

5. abra. Immunmaégneses eljarassal tisztitott és tenyésztett cytotrophoblast sejtek funkcionalis
vizsgalata. A. A 20% FBS tartalmt DMEM-ben illetve a szérummentes DMEM-ben 6 napig
tenyésztett sejtek hCG termelése. B. A CD45 molekulara specifikus ellenanyaggal tisztitott
cytotrophoblast sejtek feliilaszojanak matrix metalloproteindz (MMP) aktivitasa 24 6ran at
tartd tenyésztés utdn szérummentes DMEM-ben (zimografia). Mind az 6t preparatum

esetében a 92 kD molekulatomegnek megfelelé magassagban lathatd zselatin degradacio.
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2. abra. Korai human placentabol készitett fagyasztott metszetek immunhisztokémiai vizsgalata. Anticytokeratin
ellenanyaggal festett chorionbolyhok (nyil, cytotrophoblast; stb, syncytiotrophoblast; vs, villosus stroma; ivt,
intervillosus tér). Méret=50 um.

3. abra. Inmunmagneses eljarassal tisztitott és tenyésztett trophoblast sejtek. Anti-cytokeratin ellenanyaggal
festett sejtek (A-C); A. izolalast kovetden, B. 24 o6ras (DMEM+20% FBS), C. 6 napos (Keratinocyte-
SFM+17% FBS) tenyésztés utan. D. 17% FBS-val kiegészitett Keratinocyte-SFM-ben 6 napig tenyésztett és a
trophoblast marker hCG-f3 ellenanyaggal festett sejtek. Syncytiotrophoblast normal (E) és cytomegalovirussal
fert6zott (F). A virussal fertdzott sejtmagokban a CMV igen korai antigén immunfluorescens képe lathato. A
sejtek utofestése Evans Blue-val tortént.

4. abra. Human CD45 ellen termelt egér immunglobulinnal, immunmagneses eljarassal tisztitott cytotrophoblast
sejtek szérummentes (A), illetve 20% FBS-t tartalmaz6 DMEM-ben (B) a tenyésztés 4. napjan. Méret=50 pm.
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5. abra. Inmunmagneses eljarassal tisztitott és tenyésztett cytotrophoblast sejtek funkcionalis vizsgélata. A. A
20% FBS tartalmtit DMEM-ben illetve a szérummentes DMEM-ben 6 napig tenyésztett sejtek hCG termelése. B.
A CDA45 molekulara specifikus ellenanyaggal tisztitott  cytotrophoblast sejtek feliiliszéjanak matrix
metalloproteindz (MMP) aktivitasa 24 6ran at tarté tenyésztés utan szérummentes DMEM-ben (zimografia).
Mind az 6t preparatum esetében a 92 kD molekulatomnek megfelelé magassagaban lathat6 zselatin degradacio.



