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Abstract

Several mechanisms are proposed to elucidate the maternal tolerance to fetal allograft in
mammalian pregnancies, including suppressed immunologic interaction between mother and
fetus. T cells are the critical mediators of immunity that lead to clearance of microbial infections,
autoimmune diseases, tissue transplant rejection, and tumor regression. T cell activation is
modulated by IL-2 through binding to its corresponding cell surface receptors, such as IL-2
receptor o (IL-2Ra, CD25). In our previous study, we demonstrated that the decidual CD4" and
CDS" T lymphocytes were activated during normal pregnancies, but the expression of IL-2Ra
was selectively decreased. In this study, the amount of IL-2Ra mRNA in decidual T cells did not
decrease and approaches the amount in the corresponding activated T cells. For clarifying the
mechanism responsible for down-regulation of IL-2Ra, a coculture model of in vitro mixed
autologous peripheral lymphocytes and villous trophoblasts was established. In this model, we
found that the villous trophoblasts could induce the decreased expression of IL-2Ra on T
lymphocytes by increased release of soluble IL-2Ra (sIL-2Ra) from the cell surface. This
increased release of soluble IL-2Ra could be altered by the protease inhibitors.
Immunohistochemical staining revealed prominent matrix metalloproteinase (MMP) expression,
including MMP-1, MMP-2, MMP-3, MMP-7, and MMP-9, in the villous tissue. Our findings
suggest that the MMPs have another new role in immunomodulation at the fetomaternal interface
through the decrease of the expression of IL-2Ra on decidual lymphocytes by proteolytic

cleavage of IL-2Ra and therefore down-regulated their proliferative capability.
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Introduction

The fetal genome is half-paternal and half-maternal. According to transplantation
immunology, it is logical to postulate that the maternal immune system should reject it during
pregnancy, but this generally dose not occur (1). Although it is still an open question how the
conceptus avoids immune rejection, it is now generally accepted that the maternal adaptive
immune system is at least aware that the fetus and placenta exist, as certified by
alloantigen-specific alterations in maternal T cell phenotypes during pregnancy (2, 3).

In our previous study, we demonstrated that the levels of CD25 on CD4" and CDS" T
lymphocytes were decreased during pregnancy, although the levels of other activation markers,
CD69 and HLA-DR, were markedly increased (4). In our another study about cervical cancer, we
also found that the depressed immune responses in cancer patients was due to the
down-regulation of the IL-2Ra expression on tumor-infiltrating lymphocytes and MMP system
mediated the process by proteolytic cleavage of the IL-2Ra (5). Because the IL-2/IL-2R system
plays a crucial role in the generation of cytotoxic lymphocytes, which is necessary for the
development of rejective response, the selectively decreased expression of CD25 must be related
with the tolerance to the fetoplacental graft. The present study was undertaken to find out the
possible mechanisms of depressed IL-2Ra expression on the surface of decidual lymphocytes.
Whether there are similar immune modulations in pregnant women, as that in cancer patients, is

further investigated.

Materials and Methods
Subjects

Twenty pregnant women (aged 33.0+5.2 years) who had elective abortions of normal
pregnancies between 6 and 10 weeks of gestational age due to multiparity, were enrolled in the
study with informed consent and under the approval of the investigation review board of our
hospital. None of the pregnant subjects was receiving any medication, and all were nonsmokers.
Subjects with associated complications or subclinical autoimmune diseases were excluded from
this study.

Specimens

Fetal chorionic villi and peripheral blood samples were taken from each pregnant woman at the
time of abortion. Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Paque PLUS
sedimentation. Villous tissue was carefully examined under a dissecting microscope to ensure
absence of all maternal tissue and was minced into small pieces. Then the tissue (1.5 gm) was
digested in a plastic tube with 6 mL HBSS (Ca®'- and Mg**-free) containing 0.25% trypsin. The tube
was vigorously shaken at 37°C water bath for 30 minutes and was spun at 1000g for 10 minutes.
The supernatant was aspirated and the large pellet was resuspended in 6 mL RPMI-1640. The
cytotrophoblast cells were separated out using a discontinuous Percoll density gradient and were

collected from cell banding between 35% and 55%. Thereafter the cells were transferred to a
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plastic culture tube filled with culture medium (RPMI-1640 supplemented with 100IU/mL
Penicillin, 100pug/mL Streptomycin, and 10% fetal calf serum).

Autologous Coculture Assay

PBMCs were fully activated with 10 pg/mL of PHA (Life Technologies Co., Rockville, MD
USA) in a 37°C, 5% CO,- humidified incubator for 24 hours. The activation and coculture
procedure outlined below were performed in 12mm X 75mm capped polystyrene test tubes. In the
experimental group, 5%10° activated T cells were cocultured with 1x10° autologous villous cells
(1:2) in 3ml of culture medium. In the control group, only 5%10° activated T cells were cultured
in 3ml of culture medium. The supernatants in both groups were collected on days 1, 3, and 5 of

cultures and were stored in -75°C.

Determination of soluble IL-2Ra. by ELISA assay

The shed sIL-2Ra in the supernatants was measured by ELISA assay. They were detected
using commercial (R&D Systems, Minneapolis, MN USA; lower limit of sensitivity, <10 pg/mL)
matched pairs of anti-human sIL-2Ra monoclonal antibodies (capture antibody and horseradish
peroxidase-linked detecting antibody) optimized for use according to the manufacturer’s
guidelines. The sIL-2Ra concentrations were calculated from a standard curve generated with

specific standards provided with each kit.

Protease Inhibition Assay by Different Protease Inhibitors

Protease inhibitors (SIGMA Inc., St. Louis, MO and CHEMICON Inc., Temecula, CA) for a
broad spectrum of inhibition were prepared. The selected protease inhibitors included
antipain-dihydrochloride (papain, trypsin, cathepsin A and B inhibitor), leupeptin (serine and
cysteine protease, plasmin, trypsin, papain, and cathepsin B inhibitor), E-64 (cysteine protease
inhibitor), and MMP Inhibitor (a broad spectrum gelatinase inhibitor and a potent inhibitor of
collagenase). Titrated concentrations of individual protease inhibitors were prepared according to
the recommended working dilution of the reagent suppliers. Drug toxicity was tested by the
addition of titrated concentrations of reagents in the lymphocyte culture system for 24 hours with
>90% viable cells by the trypan-blue staining method.

Different protease inhibitors were added to the established autologous coculture system. For
the maximal expression of IL-2Ra on the surface of T cells, PBMCs were fully activated with 10
ng/mL PHA for 24 hours before coculture. Autologous villous cells (1x10°) were first cultured in
0.5 mL of culture medium containing protease inhibitors. The final concentration protease
inhibitors as recommended in each tube were as follows: (a) antipain-dihydrochloride, 5 and 50
ug/mL; (b) leupeptin, 1 and 10 pg/mL; (c) E-64 , 1 and 10 pg/mL; and (d) MMP-inhibitor, 10 and
100 uM. Constant numbers (1x10%) of PHA-activated T cells in 0.5 mL of culture medium were
then added to the autologous villous cells with specific protease inhibitor. In the control group,

including only activated T cells and coculture of activated T cells with villous cells, no protease



inhibitor was added. The supernatant of each culture tube was collected on the third day of
coculture, and the concentrations of sIL-2Ra were measured by ELISA method.

Expression of MMPs and TIMPs in Villous Tissue

For cryostst sectioning, pieces of villous tissue were frozen in liquid nitrogen. Serial cryostat
sections (5 um) were cut at -21°C and mounted on glass slides. The sections were fixed in
absolute acetone (10 min at 4°C). An avidin-biotin-peroxidase complex immunohistochemical
staining method was performed for examination of expression patterns of MMP-1, -2, -3, -7, -9,
TIMP-1, TIMP-2, and TIMP-3 in the cryostat sections of villous tissue. The antibodies were
obtained from CHEMICON Inc. (Temecula, CA), and their specificities were provided by the

manufacturer.

Result
Increased sIL-2Ra. Release from Activated T Cells by Villous Cells

The IL-2Ra is enzymatically cleaved shed from the surface of expressing cells. It can be
measured in the serum by ELISA assay as a 45 kDa soluble IL-2 receptor (sIL-2Ra). In the
Figure 1, we analyzed the amounts of sIL-2Ra in the supernatants of PHA-activated PBMCs
cocultured with and without villous cells. The mean concentrations of sIL-2Ro were increased
about 2.5-fold on day 3 when compared to that on day 1 in both groups. However, the mean
concentration of sIL-2Ra in the supernatants of coculture group was significantly higher than that
in without-coculture group on both day 1 and 3.

Figure 1. The levels of sIL-2Ra in the supernatants of PHA-activated PBMCs without villous

cells cocultured (O, control group) and cocultured with villous cells (®, experimental group).
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MMP Inhibitors Block Villus-induced Proteolytic Cleavage of IL-2 Ra

Using the autologous coculture experiments of PHA-activated PBMCs and villous cells, we
conduct the protease inhibition assays to determine whether specific inhibitors could reverse or
limit the villus-induced proteolytic cleavage of IL-2Ra. For achieving maximal expression of
IL-2Ra, PBMCs were fully activated with 10 pg/mL PHA for 24 hours before coculture. After 3
days of coculture, the concentration of IL-2Ra in the supernatant of coculture groups without
protease inhibitors added was higher than that of activated PBMCs-only group. Protease
inhibitors, such as antipain, leupeptin, and E-64 had no apparent activity in suppressing
villus-mediated proteolytic cleavage of IL-2Ra (Fig. 2). However, MMP inhibitor significantly
inhibited the villus-induced IL-2Ra cleavage. We also noted that, at a concentration of 100 pM
MMP inhibitor, IL-2Ra cleavage was totally inhibited. The finding indicates that an
MMP-mediated proteolytic process is likely to be responsible for the IL-2Ra cleavage, and that
MMP inhibitors block this process.

Figure 2. The levels of sIL-2a in the supernatants of activated PBMCs (aPBMCs) cocultured
with villous tissue in the presence of different protease inhibitors (MMP-I: MMP inhibitor)
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The Expression of MMP Families in the Villous Tissue

We then study the expression of various types of MMPs, including MMP-1, -2, -3, -7, -9, and
three types of inhibitors (TIMP-1, TIMP-2, and TIMP-3) by immunohistochemical staining in
pregnant villous tissues. MMP-1 and MMP-2 are abundantly expressed in most cases, especially
in extravillous trophoblast cells. Nevertheless, MMP-3, MMP-7, and MMP-9 were also weakly
expressed in the villous tissue. In addition, diffusely weak staining of TIMP-1, -2, and -3 were
observed in selected cases. Their immunoreactivities mainly were found in and around

extravillous trophoblast cells.

Discussion

In our previous study, we demonstrated that the IL-2Ra was selectively decreased on
decidual T lymphocytes (4). As we know, immunologic rejection has been shown to require intact
CD4" helper T cells. Furthermore, the IL-2 plays a crucial role in the generation of immune
response against allografts (6, 7). The stimulation of T-cell receptors with antigen or a mitogenic
lectin induces a signal transduction pathway involving protein kinase C, which stimulates IL-2
secretion and upregulation of the a subunit of the IL-2 receptor (CD25) (8). Secreted IL-2
functions in an autocrine and paracrine manner by binding to the full IL-2 receptor to initiate
T-cell proliferation and differentiation. It has been shown that Induction of IL-2 gene
transcription and expression of IL-2R precede acute rejection (9, 10).

To understand how immunity may be suppressed in the uterus during pregnancy and whether
the decreased expression of CD25 on the decidual lymphocytes was related with their inert
reaction to the fetal antigens, several experiments were performed to determine at what steps
T-cell tolerance acts to inhibit lymphocyte proliferation. First, we tested the effects on
mitogen-stimulated CD25 expression, mitogen-stimulated IL-2Ra gene expression, and the
release pattern of sIL-2Ra. Furthermore, we examined the effects of protease and protease
inhibitors on the expression of CD25.

In previous study, decreased expression of CD25 was found on activated CD4" and CD8" T
lymphocytes derived from decidual tissue, although these lymphocytes expressed high levels of
CD69 and HLA-DR antigens. Now we demonstrate that the expression of IL-2Ra on the surface
of activated T cells is downregulated when cocultured with villous cells. Together, these finding
indicate that villous cells can reduce IL-2Ra expression on encountered T cells in a specific
manner. However, the decreased CD25 expression on decidual lymphocytes dose not affect
steady-state amounts of IL-2Ra mRNA, which even approaches that in fully-activated T cells.
The similar condition is present in tumor-infiltrating lymphocytes from the tissue of cervical
cancer and breast cancer (5, 11). The failure of down-regulation of IL-2Ra. mRNA in decidual
lymphocytes and tumor-infiltrating lymphocytes would suggest that immune suppression during
pregnancy and tumor formation did not occur at the transcription level and it might be due to
excessive shedding of IL-2Ra from T cells.

Serum concentration of the soluble form of the IL-2Ra has been found to be increased in



patients rejecting allograft. After equilibrium, the increase of sIL-2Ra in the supernatants reflects
the increase of IL-2R on the surface of T lymphocytes (12). Nevertheless, in the short term or in
the presence of protease, the increased amount of sIL-2Ra in the supernatants means increased
shedding of IL-2R from the surface of T lymphocytes, which in turn affects the T-cell
proliferation mediated by IL-2. In this study, we used coculture system of activated PBMCs and
villous cells and demonstrated that the villous cells could enhance the degradation of IL-2Ra on
activated T cells and force the release of sIL-2Ra into the supernatant from the activated T cells
(13, 14). However, a proteolytic cleavage of IL-2Ra might mediate the process, because the
protease inhibitors, like MMP inhibitor, could block the cleavage of IL-2Ra. Thus, the observed
villus-mediated sIL-2Ra down-regulation can be attributed mainly to proteolytic cleavage of
MMPs from the villous tissue. Owing to the pivotal role of IL-2Ra in the development and
propagation of functional T cells, cleavage of IL-2Ra may lower the proliferative capability of T
cells and abolish the development of rejective response.

Like malignant tumor cells, trophoblast cells of the implanting blastocyst and the
hemochorial placenta of numerous species, including the human, are highly invasive. This
invasiveness is necessary for implantation and subsequent penetration of the endometrial stroma
and blood vessels, which in turn is required for proper fetomaternal exchange (15). These cells
are considered to be invasive by virtue of their ability to secrete proteases capable of digesting
their immediate environments (16). Although cytotrophoblasts produce an array of proteases,
only MMPs have the capability of digesting the different components of the basement membrane
and the extracellular matrix. Nevertheless, in the immune modulation, these MMPs also have
different substrate specificities and cellular sources, with complicated regulation of cytokines and
other inflammatory mediators on immune cells. These MMPs may trigger the proteolytic
cleavage of cytokines and their receptors, including tumor necrosis factor receptor (17, 18), IL-6
receptor (19, 20), and also IL-2Ra, as shown in the present study. Therefore, due to destruction of
the IL-2 receptor, supposed by trophoblast cells through MMPs system, the decidual lymphocytes
loss the ability to respond to IL-2, which is the essential cytokine for T-cell activation and the
development of rejective phenomenon.

The apparent lack of IL-2Ra expression in the population of decidual T cells may represent
the induction of tolerance locally within the uterine microenvironment. However, the mechanism
for the inhibition of IL-2Ra expression on activated T cells in decidua is governed by a
villus-directed and MMP-dependent cleavage. Through the MMP-proteolytic pathway, The
MMPs can inhibit the proliferative function of T cells and therefore their activation. This may
explain the relative anergic state of the decidual T lymphocytes, and no rejection found at the
fetomaternal interface. Our finding should provide important insights into the understanding of
the interaction between fetus and maternal immune system, as well as into the development of

anti-rejective strategies in tissue transplantation.
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