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In the present study, using immunohistochemistry, we stud-
ied the expression of CD30 and CD30-L in 35 deciduas
obtained from women following elective abortion during nor-
mal physiological gestation and in 60 deciduas obtained
from women after spontaneous abortion with or without
signs of inflammation. The main difference was noticed in
the first trimester of gestation in which was found a decrease
in CD30/CD30-L-positive decidual glandular and stromal
cells in a greater number of cases of spontaneous abortions
with respect to cases of physiological pregnancies (70% vs
50%, p<0.05). In addition, deciduas from spontaneous
abortions with inflammation and without inflammation react-
ed similarly. The reduced expression of CD30 and CD30-L
and their cellular pattern detected in the deciduas from
spontaneous abortions suggest that the CD30/CD30-L sys-
tem is crucial for preventing abortions in the first trimester.
And furthermore, the distinctive expression of CD30/CD30-
L in deciduas from physiological pregnancies may indicate
that the CD30/CD30-L system exerts its main role in the first
trimester.
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P
regnancy failures are largely attributed to
the excessive production of Th-1 cytokines in
cases where genetic, anatomic, endocrine and

infectious factors can be ruled out (Raghupathy et
al., 1999; Salomon, 2004). On the contrary, Th-2
and Th-3 cytokines favour the maintenance of preg-
nancies (Clark and Croitoru, 2001). Several studies
have proposed that tumor necrosis factor (TNF)
superfamily members contribute to a successful
pregnancy by regulating the Th-1/Th-2/Th-3 bal-
ance with a bias toward Th-2 cytokines at the
maternal-fetal interface (Locksley et al., 2001;
Phillips et al., 2003). Moreover, recent studies indi-
cate that the ligation of CD40, a member of the
TNF receptor superfamily, causes pregnancy failure
by acting on the reproductive endocrine system via
inhibition of the hypothalamic-pituitary-gonadal
axis, even in the absence of an inflammatory injury
in decidual tissue (Erlebacher et al., 2004).
Consistent with these data, CD40 is reported not to
be expressed at the maternal-fetal interface in the
human placenta (Phillips et al., 2003).

To better clarify the role of TNF receptors in
human physiological gestation, and their potential
clinical implications for preventing abortions, we
studied CD30, a member of TNF superfamily recep-
tor, and its cognate ligand, CD30-L. CD30 is a
cytokine receptor showing an extracellular domain
composed of 365 residues containing several cys-
teine-rich pseudorepeats, cross-linking the mem-
brane-bound cytokine, namely, CD30-L (Durkop et
al., 1992; Smith et al., 1993; Falini et al., 1995).
CD30 and CD30-L are characterized as specific
markers of the Reed-Sternberg cells in Hodgkin’s
disease, and both are found in normal and malig-
nant lymphatic cells, activated B and T lymphocytes
and in Burkitt lymphoma cells (Schwab et al.,
1982; Gruss et al., 1996; Burns and Dardick, 1990;
Gruss et al., 1996). Furthermore, malignant mes-
enchymal and epithelial cells are recognized as
being able to express CD30 and CD30-L
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(Mechtersheimer and Moeller, 1990;Trovato et al.,
2001; Ruggeri et al., 2002). Depending on the cell
type, different effects have been attributed to the
CD30/CD30-L interaction, such as the enhancing of
cellular growth or apoptosis (Gruss et al., 1994;
Lee et al., 1996). Specifically, it has been shown
that CD30 could alter the levels of Th-2 and Th-1
cytokines, triggering mechanisms involved in the
regulation of the balance between Th-2/Th-1 func-
tions (Pellegrini et al., 2003).

The presence of CD30 and CD30-L in first
trimester and term placentas has been amply docu-
mented, thus suggesting their possible regulatory
role in this tissue (Ito et al., 1994; Durkop et al.,
2000; Sverremark-Ekström et al., 2001;
Papadopoulus et al., 2001; Phillips et al., 2003).
CD30 has been described in decidual cells (Ito et
al., 1994; Durkop et al., 2000; Sverremark-
Ekström et al., 2001; Papadopoulus et al., 2001),
whereas CD30-L expression has been recognized in
Hofbauer cells as well as in the decidua and in
endothelial cells (Sverremark-Ekström et al.,
2001; Phillips et al., 2003).

The aim of the present study was to investigate
the immunoexpression of both CD30 and CD30-L
in deciduas from physiological pregnancies and in
deciduas from spontaneous abortions, either with
or without inflammatory cell infiltration, during the
three gestational trimesters.

Materials and Methods

Tissue Collection
The investigations were approved by the Ethics

Committee of the medical faculty of Messina
University. A total of 95 deciduas were retrieved
from the files of the Department of Human
Pathology, University of Messina. Sixty were first
trimester deciduas (ranging from 7-12 weeks). Of
these, 20 were obtained from voluntary abortions
of physiological pregnancy (VA), 20 from sponta-
neous abortions associated with features of decid-
ual inflammation on the basis of histological obser-
vations without a specific infective etiology (SA-
DI), and 20 from spontaneous abortions without
decidual inflammation (SA-WDI).

Twenty-five were second trimester deciduas
(ranging from 13-24 weeks) pertaining to 5 VA, 10
SA-DI and 10 SA-WDI cases.

The final 10 were third trimester deciduas (rang-
ing from 36-42 weeks), taken from normal sponta-

neous vaginal deliveries.
After each delivery, samples of placenta including

decidual floor were immediately fixed in 4% for-
malin. The samples were then processed routinely
through graded alcohol and xylene to paraffin wax.
Haematoxylin-eosin stained sections of each speci-
men were made. Each decidua was isolated from
the co-respective placental specimen showing no
histological or microscopic features of chorionam-
nionitis.

Immunohistochemistry
Serial sections of the selected blocks were cut at

5 µm for the immunohistochemical studies.
Immunohistochemistry was performed using mouse
monoclonal antibodies raised against human CD30
(or Ki-1 antigen) (clone Ber-H2, Dako, Carpinteria,
CA, USA) and human CD30-L (h-CD30L-Fc type
II, Genzyme, Cambridge, MA, USA), respectively.
The biotin-streptavidin-peroxidase method (LSAB
kit from Dako Corporation, Carpinteria, CA) was
employed to reveal the immunoreaction. We used
the antigen retrieval technique as described by
Gown et al., (1993). Slides were deparaffinized in
xylene, rehydrated and then the endogenous peroxi-
dase activity was quenched by adding 3% hydrogen
peroxide for 15 min. Sections were microwaved for
15 min (Whirlpool AVM 300, power set at 500
watts). Microwave exposure was broken into three
equal time periods and, at the end of the first cycle,
50 ml of distilled water was added to the slide hold-
er to prevent loss of fluid from boiling.The reaction
was developed by 3,3’-diaminobenzidine (DAB)
with 0.05% hydrogen peroxide as chromogen.
Sections were counterstained with Mayer’s haema-
toxylin, dehydrated and mounted. Specificity was
assessed by omitting the primary antiserum or
replacing the primary antiserum with normal
mouse serum. In addition, an immunoabsorption
test was performed to confirm the specific
immunoreactivity of each antibody. As positive con-
trols for CD30-L and CD30, tissue slides taken
from specimens of Hodgkin's lymphoma were test-
ed. For the evaluation and comparison of the results
using CD30 and CD30-L antibodies, the following
criteria were used: (1) number of positive cases; (2)
number of positive decidual glandular and stromal
cells per case; the count of the number of the reac-
tive cells was based on evaluation of 500 cells for
each case using a 50 X magnification; (3) site of
reaction: cytoplasm. Immunohistochemical evalua-
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tions of all deciduas were performed twice and
blindly by different pathologists (M.T., M. G., G. B.)
with an inter-observer concordance of nearly
100%. When discrepancy was present, the mean
value was considered.

Statistical Analysis
Immunohistochemical results were expressed as

mean ± S.D. Statistical analysis was performed
with the Primer statistical program. Differences
between means were assessed by the non-paramet-
ric test of Mann-Whitney and differences between
proportions with the χ2 test with Yates correction
for continuity. Significance was set at 5%.

Results

The immunohistochemical data are summarized
in Tables 1-4. In all positive deciduas, the immunos-
taining for both CD30 and CD30-L was localized in
the cytoplasm of glandular and stromal cells
(Figure 1). No CD30 or CD30-L immunostaining
was detected in  lymphocytes. In deciduas from
physiological pregnancies, the immunoexpression
for CD30 and CD30-L was encountered in 14 of the
20 cases (70%) in the first trimester of gestation,
and in 2 of the 5 cases (40%) in the second
trimester. In the third trimester, only the CD30-L
immunoreaction was noticed in 2 of the 10 cases
(20%) (Table 1). Moreover, in deciduas from the
physiological pregnancies of the first trimester of
gestation, the percentage of glandular cell reactivi-

ty for both CD30 and CD30-L was higher than stro-
mal cell reactivity, with a significantly higher expres-
sion of CD30-L (p<0.05, respectively) (Table 2).
Furthermore, in these deciduas, a decrease in glan-
dular and stromal cell positivity for both CD30 and
CD30-L was observed in the second and third
trimester of gestation (p<0.05, respectively) (Table
2). The immunoreaction for CD30 and CD30-L in
deciduas from spontaneous abortions  either with or
without inflammation signs was positive in 10/20
cases (50%) in the first trimester of gestation and
in 2/10 cases (20%) in the second trimester of ges-
tation (Table 1). Moreover, in the first trimester of
gestation, deciduas from spontaneous abortion with
or without inflammatory signs expressed CD30 and
CD30-L in a significantly reduced number of glan-
dular and stromal cells in comparison to those of
the physiological pregnancy deciduas (p<0.05,
respectively), with the exception of stromal cell
CD30 immunoreactivity in the deciduas with inflam-
mation (p=0.10) (Tables 2-4).

Discussion

Cytokines play a major role in the success of
physiological gestation by acting on multiple path-
ways and activating different signals according to
the source of their production and period of gesta-
tion.The cytokines and growth factors produced by
endometrial cells through estradiol and proges-
terone stimulation seem to be responsible for the
extensive remodeling of the endometrium during
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Table 1. Expression of CD30 and CD30-L in deciduas of physiological pregnancies and spontaneous abortions. PhPa, deciduas of phys-
iological pregnancies; SA-Ib, deciduas of spontaneous abortions with inflammation signs; SA-WIc, deciduas of spontaneous abortions
without inflammation signs.

I° trimester II° trimester III° trimester

CD30 CD30-L CD30 CD30-L CD30 CD30-L
PhPa 14/20 14/20 2/5 2/5 0/10 2/10 
SA-Ib 10/20 10/20 2/10 2/10
SA-WIc 10/20 10/20 2/10 2/10

Table 2. Expression of CD30 and CD30-L in glandular and stromal cells of physiological pregnancies deciduas.

I° trimester II° trimester III° trimester

CD30 CD30-L CD30 CD30-L CD30 CD30-L
Glandular cells *17.8 (±5.4) 29.2 (±5.1) 7.5(±3.5) 10 (±5) 0 (±0) 3 (±1.4)
Stromal cells 13.5 (±4.5) 22.8 (±6.7) 3.5 (±0.7) 5 (±2) 0 (±0) 2.5 (±0.7)

*mean (±SD)
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blastocyst implantation and placenta formation;
involving, initially, the secretory transformation of
the glandular epithelium, followed by edema and
decidualization of the stromal compartment
(Lockwood et al., 1993; Ghosh and Sengupta,
1998; Fazleabas and Strakova, 2002). The
cytokines, chemokines and prostaglandins, secreted
from the immunocompetent cells present in decid-
uas, such us macrophages, natural killer cells and T
cells, are involved in the regulation of the
immunoresponse at the maternal-fetal interface
with the consequent control of trophoblast survival
and death by balance of growth/apoptosis stimula-
tion (Saito, 2001;Wegmann et al., 1993; Carson et
al., 2000).The cytokines produced throughout ges-
tation by systemic immunocompetent cells are able
to regulate the expression of genes driving proges-
terone synthesis in the reproductive endocrine sys-
tem (Erlebacher et al., 2004). The TNF
ligand/receptor system has been indicated as a good
model to study possible targets for therapeutic
strategies aimed at preventing recurrent early preg-
nancy loss (Salmon, 2004). In the present study, we
have investigated the immunoexpression of CD30
and CD30-L in deciduas from physiological preg-
nancies and from spontaneous abortions. In decid-
uas from physiological pregnancies, a marked
reduction in CD30 and CD30-L immunoreactivity
was detected in the second and third trimester in
comparison to the first trimester of gestation.
Therefore, it appears that the role played by the
CD30/CD30-L system in physiological pregnancies
is specific and restricted to the first trimester.

Both CD30 and CD30-L were detected in the

glandular and stromal cells, while no CD30 or
CD30-L immunostaining was observed in the
immunocompetent cells of the reactive deciduas.
These data permit us to retain that the
CD30/CD30-L system may have a role in the trans-
formation of the endometrial mucosa in deciduas.
Lastly, considering that the glandular cells of phys-
iological gestation deciduas exhibited the highest
expression of CD30 and CD30-L, it may be
assumed that glandular cells showing CD30 and
CD30-L are among the decidual target cells favor-
ing the efficient implantation of placenta on the
maternal tissue.

In this study, we have also identified, in the first
trimester of gestation, a significantly reduced reac-
tivity for CD30 and CD30-L in the deciduas of
spontaneous abortions with respect to those of
physiological pregnancies. These data emphasize
that the role played by the CD30/CD30-L system in
the period restricted to immediate postimplanta-
tion, is crucial for preventing abortions in the first
trimester. Furthermore, the highest expression of
the ligand with respect to the receptor in the first
trimester deciduas from physiological gestations
and the similar expression of both ligand and recep-
tor in the first trimester deciduas from spontaneous
abortions suggest, in physiological pregnancies, a
possible interaction between CD30 and CD30-L by
paracrine and/or autocrine pathways, as reported in
malignant tumors (Trovato et al., 2001; Ruggeri et
al., 2002), and in abortions, a probable distortion
of these pathways that could even induce abortion.

In murine models, it has been demonstrated that
the blockage of TNF receptor/ligand systems caus-
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Table 3. Expression of CD30 and CD30-L in glandular and stromal cells of spontaneous abortion deciduas with inflammation signs.

I° trimester II° trimester

CD30 CD30-L CD30 CD30-L
Glandular cells *10.5 (±3.6) 12.5 (±2.6) 4 (±1.4) 8.7 (±2.5)
Stromal cells 10 (±3.3) 12 (±2.5) 2.5 (±0.7) 6.2 (±2.5)

*mean (±SD)

Table 4. Expression of CD30 and CD30-L in glandular and stromal cells of spontaneous abortion deciduas with inflammation signs.

I° trimester II° trimester

CD30 CD30-L CD30 CD30-L
Glandular cells *10 (±2.3) 12 (±2.5) 4.5 (±0.7) 6 (±0.8)
Stromal cells 8 (±2.5) 10 (±3.3) 2 (±1.4) 4.5 (±2.0)

*mean (±SD)



es early pregnancy loss (Erlebacher et al., 2004).
In the present study, we found, in humans, an asso-
ciation between abortions and a reduced expression
of CD30 and CD30-L confirming this murine evi-
dence. In experimental models of miscarriages, it

has been suggested that the TNF system may act by
two different mechanisms; either by a systemic inhi-
bition of ovarian function or by a local induction of
inflammatory damage within trophoblast implanta-
tion sites (Erlebacher et al., 2004).The expression
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Figure 1. Intense CD30 (A) and moderate CD30-L (B) immunoreaction in glandular cells of first trimester physiological pregnancy
deciduas (original magnification X130); intense CD30 (C) and weak CD30-L (D) immunostaining in glandular cells of first trimester
spontaneous abortion deciduas without inflammation (original magnification X150 and X250, respectively); intense CD30 (E) and
CD30-L (F) immunoreaction in stromal cells of first trimester spontaneous abortion deciduas without inflammation (original magnifi-
cations X300).
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of the CD30/CD30-L system and its cellular pat-
tern of expression detected in deciduas from spon-
taneous abortions with inflammation signs strongly
suggest that this system, differently from
CD40/CD40-L, acts at the maternal-fetal interface,
possibly playing a role in the recruitment of inflam-
matory cells unreactive to CD30 or CD30-L.
However, considering that CD30 was measured in
the serum of pregnant woman (Sverremark-
Ekström et al., 2001), it is correct not to exclude
the possibility that systemic CD30 might directly
interfere with the reproductive endocrine system or
even trigger inflammatory mediators that influence
the hormonal milieu.
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