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Abstract. The expression of adhesion molecules by en-
dothelial cells (EC) of early human decidua was studied
with monoclonal antibodies and the immunoperoxi-
dase technique. Although E-selectin, INCAM-110 and
VCAM-1 were poorly detected on decidual EC,
ICAM-1, P-selectin and DR antigens were highly ex-
pressed by these cells, some of which showed high en-
dothelial venule-like morphology. Our results suggest
that decidual EC are activated, and are probably in-
volved in the active recruitment of leucocytes.
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Introduction

Pregnancy can be considered an example of semiallogen-
ic transplantation, since the mother and fetus possess
different histocompatibility antigens. In contrast to most
clinical transplants, however, the fetus is not rejected.
Maternal tolerance to the fetus is probably supported by
different systemic (Castilla et al. 1989, 1990) and local
mechanisms (Rueda et al. 1990). The decidua, as the
maternal tissue in contact with fetal trophoblast, appears
to play a central role in these local mechanisms, since
many immunological activities have been demonstrated
in this tissue (Bulmer 1989). Furthermore, the decidua
contains many leucocytes (Bulmer 1989; Vargas et al.
1992) which appear to be responsible for these activities,
although the mechanisms of recruitment of the high
numbers of decidual leucocytes are not known. In
general, the arrival of leucocytes to the tissues is reg-
ulated by endothelial cells (EC). These cells express
certain adhesion molecules which can arrest circulating
leucocytes, recruiting them to extravascular tissues
(Pober 1988). Although adhesion molecules such as
ICAM-2 are constitutively expressed on resting EC and
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their expression does not change in any situation (Staun-
ton et al. 1989), after inflammatory or immunological
stimuli, local cytokine secretion induces EC to express or
increase the expression of other adhesion molecules. The
inducible adhesion molecules expressed by activated EC
include members of the immunoglobulin superfamily,
such as ICAM-1 (CD 54; Dustin et al. 1986); VCAM-1
(Osborn et al. 1989) and INCAM-110, which appears to
be the same molecule as VCAM-1 (Rice et al. 1990).
Members of selectins, (molecules with an N-terminal
lectin domain), such as E-selectin (ELAM-1; Bevilacqua
et al. 1987) and P-selectin (CD 62; McEver et al. 1989)
are also expressed by activated EC.

The large number of leucocytes detected in the normal
decidua (Bulmer 1989; Vargas et al. 1992), together with
the possibility that this tissue may be able to actively
recruit these cells during normal pregnancy in a manner
similar to tissues involved in an inflammatory or immune
response, prompted us to study the expression of induc-
ible adhesion molecules by the EC of the human decidua.

Materials and methods

Decidua from first-trimester elective vaginal termination of preg-
nancy (6-9 weeks) was used. The specimens (n=9) were obtained
from the Clinica El Sur (Malaga, Spain). Frozen sections were
treated with mouse monoclonal antibodies (mAbs) against different
adhesion molecules (Table 1). The reactivity of the antibodies was

Table 1. List of mAbs used

MADb Specificity Source

1ES E-selectin Dr. T. Carlos

H18/7 E-selectin Dr. M.P. Bevilacqua

S12 P-selectin (CD62) Dr. R.P. McEver

RR1/1 ICAM-1 (CD54) Dr. T.A. Springer

4B9 VCAM-1 Dr. T. Carlos

E1/6 INCAM-110 Dr. M.P. Bevilacqua

OKlIa HLA-DR Ortho Diagnostic Systems, N.J.
L243 HLA-DR Becton—Dickinson, Calif.
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Table 2. Reactivity of mAbs with endothelial cells (EC) and other
cells of early human decidua

MAD Venular Arteriolar  Capillary Cells
EC EC EC

1E5 - - - -

HI8/7T  +» - - -

S12 +4+++ ++ - —

RRI/1  ++++ +4+++ +4+++ L, M, DEC
4B9 - - - LM

El/6 +b + - -

OKla  ++++ - ++++ , M, DEC
1.243 A+ - ++++  L,M,DEC

+ + + 4+, 75-100% of each type of vessel positive; + + +, 50-75%;
++,25-50%, +, 525%; —, <5%

L, Lymphocytes; M, macrophages; DEC, decidual cells

2 In two of nine deciduas

b In three of nine deciduas

Fig. 1. ICAM-1 positive decidual venules (V) in early decidua,
x 250

visualized with peroxidase-conjugated rabbit anti-mouse [gG (Sig-
ma, St. Louis, Mo.) followed by diaminobenzidine. Sections were
counterstained with haematoxylin.

Results

Our results are summarized in Table 2. The anti-
ICAM-1 RR1/1, anti-P-selectin S12 and anti-DR OKIa
and 1.243 mAbs showed widespread, intense reactivity
with decidual EC. ICAM-1 was expressed by most of the
venular EC, arteriolar EC and capillary EC (Figs. 1, 2),
P-selectin by most venular EC, by some arteriolar EC
and by no capillary EC (Fig. 3), and DR by most of
venular EC and capillary EC but not by arteriolar EC
(Fig. 4). Some of the venules which were positive for
ICAM-1, P-selectin or DR were similar in morphologi-
cal appearance to high endothelial venules (HEV ; Figs.
2-4). Of the anti-E-selectin mAbs, 1E5 was negative with
all the samples, while H18/7 was weakly positive in two
of nine specimens, reacting with some venular EC. The
anti-VCAM-1 4B9 did not react with decidual EC, while
the anti-INCAM-110 E1/6 was positive in only three of
nine samples, being weakly detected on both venular EC

Fig. 2. ICAM-1-positive venule showing morphological charac-
teristics of a high endothelial venule (H), x 500

Fig. 3. P-sclectin-positive decidual venules (¥), one showing high
endothelial venule-like morphology (H), x 250

Fig. 4. A DR-positive venule showing morphological characteristics
of a high endothelial venule (H). DR-positive mononuclear cells are
seen in the vicinity, x 250

and arteriolar EC, but not on capillary EC (Table 2).
Many mononuclear cells and some decidual cells ex-
pressed ICAM~1 and DR antigens. VCAM-1 was de-
tected on mononuclear cells distributed in aggregates.



Discussion

Although ICAM-1, P-selectin and DR antigens are
weakly expressed by the vascular endothelium of some
normal tissues (Dustin et al. 1986; Mc Ever et al. 1989),
the high expression of these molecules by the EC of the
early human decidua in terms of the proportion of vessels
stained and intensity of staining (Table 2) suggests that
these EC are activated (Pober 1988). In agreement with
our results, Tabibzadeh and Poubouridis (1990) have
found intense expression of ICAM~-1 and DR in EC of
human endometrium. This suggests that the mechanism
that activates EC is already functioning in the en-
dometrial cycle and remains in effect in gestational de-
cidua if pregnancy occurs. This mechanism may be
related to local secretion of cytokines (Wegmann 1990).
Activated EC may be involved in recruiting leucocytes to
the decidua, which would explain the abundance of these
cells in this tissue (Bulmer 1989; Vargas et al. 1992). This
possibility is supported by the observation that some
decidual venules positive for ICAM-1, P-selectin or DR
exhibited HEV-like morphology (Figs. 2-4). HEVs,
structures detected in lymphoid and inflamed tissues in-
volved in leucocyte recruitment, may have the same role
in decidua. In contrast with the high expression of
ICAM-1, P-selectin and DR by the decidual EC, the
detection of E-selectin, INCAM-110 and VCAM-1 was
weak or absent in most of the samples studied (Table 2).
This differential expression of adhesion molecules by
decidual EC may influence the type of leucocyte selected
for recruitment (Springer 1990); CD56+ lymphocytes
and macrophages being the most abundant cell types in
early decidua (Bulmer 1989 ; Vargas et al. 1992). The high
expression of DR molecules by decidual EC may be
involved in the recruitment of T lymphocytes to this
tissue. Masuyama et al. (1986) demonstrated the ad-
hesion of T lymphocytes to the DR molecules of inter-
feron activated endothelial cells, and Pober and Contran
(1991) proposed that major histocompatibility molecules
also function as endothelial leucocyte adhesion mole-
cules for T lymphocytes. T cells, although scarce in early
decidua, become more numerous as pregnancy pro-
gresses (Vargas et al. 1992).

Unlike the high expression of ICAM-1 and class
II-HLA molecules maintained for long periods by ac-
tivated EC of many tissues, the expression of P-selectin
is only transient; after a few minutes this molecule is
internalized from the cell membrane (Hattori et al. 1989).
This contrasts with the high expression of P-selectin
detected on decidual EC (Table 2). Nevertheless, it has
been shown that under the effects of certain oxidant
radicals, prolonged and enhanced surface expression of
P-selectin occurs (Patel et al. 1991). Although in decidua
there is a large proportion of macrophages that may be
the source of oxidant radicals (Bulmer et al. 1988), we do
not know whether these products are secreted in substan-
tial amounts under normal conditions. The counter-
receptor for P-selectin is not yet well characterized but
there is evidence that it recognizes sialyl-LewisX (SLe*;
Polley et al. 1991), a terminal carbohydrate containing
sialic acid and fucose, found in cell membrane glycolipids
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and glycoproteins. Interestingly, SLe* has been detected
on endovascular trophoblast, the type that colonizes
decidual vessels (King and Loke 1988). In this coloniza-
tion, a phenomenon important for the vascular adaptive
mechanisms of the materno-fetal interface (Moll et al.
1975), the expression of P-selectin by decidual EC may
play an important role in the recognition of the en-
dovascular trophoblast.

Acknowledgements. This work was supported by grant 91/0577
from the Fondo de Investigaciones Sanitarias de la Seguridad Social
(Spanish Ministry of Health). We are grateful to Dr. S. Jordan and
Dr. C. Sanchez of the Clinica El Sur (Malaga) for supplying samples
of human decidua, Dr. T. Carlos for the mAbs 1E5 and 4B9, Dr.
M.P. Bevilacqua for the mAbs H18/7 and E1/6, Dr. R.P. McEver
for the mAb S12 and Dr. T.A. Springer for the mAb RR1/1. We also
thank Ms. K. Shashok for improving the style of the manuscript.

References

Bevilacqua MP, Pober JS, Mendrick DL, Cotran RS, Gimbrone
MA (1987) Identification of an inducible endothelial-leukocyte
adhesion molecule. Proc Natl Acad Sci USA 84:9238-9242

Bulmer JM (1989) Decidual cellular responses. Curr Opin Immunol
1:1141-1147

Bulmer JM, Morrison L, Smith JC (1988) Expression of class IT
MHC gene products by macrophages in human uteroplacental
tissue. Immunology 83:707-714

Castilla JA, Rueda R, Vargas ML, Gonzalez-Gomez F, Garcia-
Olivares E (1989) Decreased levels of circulating CD4+ T lym-
phocytes during normal human pregnancy. J Reprod Immunol
15:103-111

Castilla JA, Vargas ML, Garcia-Tortosa C, Garcia-Pacheco M,
Gonzalez-Gomez F, Garcia-Olivares E (1990) Short-lived sup-
pressor cell activity during normal human pregnancy. J Reprod
Immunol 18:139-145

Dustin ML, Rothlein R, Bhan AK, Dinarello CA, Springer TA
(1986) Induction by IL 1 and interferon-y: tissue distribution,
biochemistry, and function of a natural adherence molecule
(ICAM-1). J Immunol 137:245-254

Hattori R, Hamilton KK, Fugate RD, McEver RP, Sims PJ (1989)
Stimulated secretion of endothelial von Willebrand factor is
accompanied by rapid redistribution to the cell surface of the
intracellular granule membrane protein GMP-140. J Biol Chem
264:7768-7771

King A, Loke YW (1988) Differential expression of blood-group
related carbohydrate antigens by trophoblast subpopulations.
Placenta 9:513-521

Masuyama J, Minato N, Kano S (1986) Mechanisms of lymphocyte
adhesion to human vascular endothelial cells in culture. T lym-
phocyte adhesion to endothelial celis through endothelial
HLA-DR antigens induced by gamma interferon. J Clin Invest
77:1596-1605

McEver RP, Beckstead JH, Moore KL, Marshall-Carlson L, Bain-
ton DF (1989) GMP-140, a platelet a-granule membrane pro-
tein, is also synthesized by vascular endothelial cells and is
localized in Weibel-Palade bodies. J Clin Invest 84:92-99

Mol W, Kunzel W, Herberger J (1975) Hemodynamic implications
of hemochorial placentation. Eur J Obstet Gynecol Reprod Biol
5:67-74

Osborn L, Hession C, Tizard R, Vassallo V, Luhowskyj S, Chi-
Rosso G, Lobb R (1989) Direct expression cloning of vascular
cell adhesion molecule 1, a cytokine-induced endothelial protein
that binds to lymphocytes. Cell 59:1203-1211

Patel KD, Zimmerman GA, Prescott SM, McEver RP, Mcln-
tyre TM (1991) Oxygen radicals induce human endothelial
cells to express GMP-140 and bind neutrophils. J Cell Biol
112:749-759



290

Pober JS (1988) Cytokine-mediated activation of vascular en-
dothelium. Am J Pathol 133:426-433

Pober JS, Cotran RS (1991) Immunologic interactions of T lym-
phocytes with vascular endothelium. Adv Immunol 50:261-302

Polley MJ, Phillips ML, Wayner E, Mudelman E, Singhal AK,
Hakomori SI, Paulson JC (1991) CD62 and endothelial cell-
leukocyte adhesion molecule 1 (ELAM-1) recognize the same
carbohydrate ligand, sialyl-Lewis x. Proc Natl Acad Sci USA
88:6224-6228

Rice GE, Munro JM, Bevilacqua MP (1990) Inducible cell adhesion
molecule 110 (INCAM-110) is an endothelial receptor for lym-
phocytes. A CD11/CD18-independent adhesion mechanism.
J Exp Med 171:1369-1374

Rueda R, Vargas ML, Garcia-Pacheco M, Garcia-Olivares E (1990)
Detection of immunoregulatory lipid-like factors in human am-
niotic fluid. Am J Reprod Immunol 24:40-44

Springer TA (1990) Adhesion receptors of the immune system.
Nature 346:425-434

Staunton DE, Dustin ML, Springer TA (1989) Functional cloning
of ICAM=-2, a cell adhesion ligand for LFA-1 homologous to
ICAM-1. Nature 339:61-64

Tabibzadeh SS, Poubouridis D (1990) Expression of leukocyte
adhesion molecules in human endometrium. Am J Clin Pathol
93:183-189

Vargas ML, Santos JL, Ruiz C, Montes MJ, Aleman P, Garcia-
Tortosa C, Garcia-Olivares E (1993) Comparison of the propor-
tions of leukocytes in early and term human decidua. Am J
Reprod Immunol 29:135-140

Wegmann TG (1990) The cytokine basis for cross-talk between the
maternal immune and reproductive systems. Curr Opin Im-
munol 2:765-769



