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ABSTRACT -

Successful pregnancy involves the accumulation of non-T,
FcR-positive cells at - the implantation site of syngnneic allogeneic
pregnant mice Thg decidua-associated cells sediment at 3 + 0.5 mm/h,
contain cytoplasmic granules, and can inhibit the generation of CTL
(cytotoxic T cells) in vitro and in vivo by blocking the response to
interleukin 2. It hag been shown that xenogeneic embryos can be ges—
tated succeésfully if envelopéd in the trophoblast genotypically com-
patible with the pseudopregnant recipient (Rossant et al,, 1982, J.
Emb. Exp. Morph., 69: 141). we have recently demonstrated that the
trophoblast plays a critical role in the localization of the decidua-
associafed Suppressor cell in pseudopreqnant mice. We now show that
Supermatants generated from trophoblast cell cultures and day 9.5
ectoplacental cone cultures were successful in the recruitment of the
non-T, granulated suppressor cell which sediments at 3 + 0.5 mmn.
These results ‘Suggest that the trophoblast elaborates a factor(s)
which plays an important role in the accumulation of the decidua—
associated suppressor cells in the decidua which may protect the antji-
genic fetus from maternal immine rejection.
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Chapter 1

Introduction



1 Introduction . N o

In an outbred poﬁ:lat:iojn, such as man, spontaneous abortion is
the most commom complication of pregnancy. Although the percentage of
pregnancies which fail is unclear, Rbth (1963) has calculated that 15%
of diagnosed ﬁrggﬁancies resulted in abortion, while Miller et al
(1980) reported 43% and Edmonds et al (1982) has suggested as many as
60%.0of conceptuses are lost before 16 wéeks gegtation. Several
reasms.have been given for the failure of these preérxanciesf. Chromo-
somal abnormalities are a. well “established cause of fetal death in
humans (Khudr, 1974; Boue et al 1973; Byrd et al, 1977) mice (Bennett
1975; Kl?in and Bammerbery, 1977) and rats (Gill and Repetti, 1979;
Kunz et al 1980). Other possible causes of abortion may be infection,
anatomical and/or hormonal abnormalities. . Recently Johnson et al
(1984) has suggested that a majority of spontaneocus abortions are
immmnological in that the woman fails to make an appropriate response
 to the pregnancy and thus she fails vto circumvent the allograft
rejection leading to the @jnation of the fetus. The impact of
recurrent spontaneous abortions has provicied‘ a great momentum for many
highly mi:ivated investigators into basic biomedical research in
immmne regulation during pregnancy. This momentum is driven by the
hope that in the not too distant future immmological approaches will
be exploited in fertility control. The following section will briefly
review the evolution of reproductive imminolegy to the importént and
fascinating discipline that it is today. The review will highlight
the current state of knowledge in reproductive  imminology,
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particularly the paucity of information on im.g— regulatory
mechanisms within the uterus during pregnancy. .
In 1953 Medawar proposed that the semi-allogeneic fetus is not

‘rejected as a foreign graft for the following reasons. (1) The con-

ceptus may not be immunogenic and therefore does not evoke an immno-
logical response. (2) Pregnancy may alter the maternal immmological

response. (3) The uterus may provide an immmological pivileged site.

(4) The placenta may be an effective immmological barrier between the
mother and the fetus. Over the 1last 30 years, since Medawar’s
proposals, an enormous amount of knowledge has been generated to de-
lineate the immological mechanisms of successful pregnancy.

In all mammalian spec:les the placental trophoblast ig the only
fetal element in direct contact with maternal tissues. It is there-
fore important to understand the structure and immunobiology of the
placental-—trophoblast to determine the potential susceptibility to
maternal immine attack.

1.1 'Organization of the Placenta

The organization and immmobiology of the placenta are very
restricted and almost solely derived from information on the pro-
liferating trophoblast and organized placenta of the mouse, and the

early villous trophoblast and full-term placenta of man (reviewed by
Billington, 1975). In brief, there are two tissue types of placenta;
the chorion~vitelline Placenta where the vascularized yolk sac fuses
with the trophoblast or the chorion, and tpe chorio-allantoic placenta
where the chorion is vascularized. The human and mouse placenta are

of the la_tter type. The choric-allantoic placenta shows great diver— -



sity of form. 'Iha classification is dependent upen the degree of in- -
vasiveness of the trophoblast into the maternal tissue. 1In the pig,

the trophoblast wall does not invade maternal tissue but simply lies

in mtimate contact with the uterine epithelium, and is referred to as -
an epithelio-chorial placenta. Where there exists a slight invasion
of the uterine wall, with the trophoblast. in contact with connective
tissue, the plaeel_lta is referred to as sy;uiesmochorial. When the
trophoblast erodes through to the endothelium of the maternal blood
vessels in.the uterus this establishes an endothelio~chorial placenta.
Where the degree of trophoblast invasiveness involves the breaching of
uterine capillaries to bath the trophcblast in maternal blood is
designated the hemochorial placenta. Such is the Placenta type of
man, other primates and rodents (see review, Billington, 1975).
1.1.1 Mouse Placenta;l Development :

The primary tropﬁoblast giant cells arise from the trophecto-
derm in the abembryonal lateral - areas of the blastocyst. Their

" function is not clear:ly defined, but an anchoring mechanism during im-

plantation has been suggested The trophectoderm overlying the inner
cell mass at the embrycnic pole of the blastocyst undergoes rapid
proliferation to form the ectoplacental cone :hich is composed of
highly invasive trophoblast cells. The ‘- centre of .the ectoplacental
cone proliferates and differentiates to form the labyrmthine and
spongiotrophoblast. The composition of the mature murme placenta is
illustrated diagrammatically in Figure 1. All three types of tropho-
blast cells are in contact with maternal tissue. The giant cells and

spongiotrophoblast cells abut uterine decidual tissue with cloge <
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Figure 1

Diagrammatic representation of the mouse placenta
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cellular contact. fThe labyrinthine trophoblast is bathed by matemal K
blood :ln placental sinuses.
1.1.2 Buman Placental Develggggﬁt: .

 After ‘1mpiantation of the human blastocyst, the t:rophectoderm
givns rise to two forms of trophoblast, an inner cellular cytotropho—
blast, and an outer syncytiotrophoblast.. The. syncytial trophoblast is
derived from the differentiation and breakdown of cytotrophcblast cell
membranes, ' and progressively increases during pregnancy ‘At an early
stage of placental development columns of cytotrophoblast push through
the syncytium forming the chorionic villi, and spreads out at the ends
to form a "shell" around the embryo, referred to as the cytotropho-
blastic shell As the placenta matures the villj develop with ;:b
outer covering of syncytium and an underlying layer of cytotrophoblast
which in the later stages of pregnancy becomes discontinuous. The
villous syncytium is bathed in maternal blood and the cytotrophoblast
shell or the basal plate is in direct contact with the uterine deci-
dual tissue. Figure 2 shows a diagrammatic illustratiaon of the human
placenta (Billington, 1975; Moore, 1977).
1.2 Tropﬁoblast Antigenicity

According to the classidal view, for a host to un&érgo 2 maxi-
mal allograft rejection response, major histocompatibility (MuC) anti—v
gens of both Class I and Class I need to be recognized by allore-
active T cells of the host (Cerottini and Brunner, 1974), Cytotoxic T
cell precursors, bearing the receptors for Class I MHC molecules res-
pond to the alloantigen and undergo clonal expansion and maturation
into effector CTL with help provided by T helper (TH) cells. . Pre-
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Diagrammatic representation of the human placenta
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cursors of Ty recognize allo Class IT MuC molecules and undergo clonal .

expansion, leading to the - generation of Ty which provides help by
elaborating 1nter1§uk1n 2. (McDevitt, 1980). and finally by virtue of
Eacogn:lzing_class I MEC molecules, CTL destroy the target cells (Alter

and Bach, 1979). 1In 1981, Loveland et al Proposed an alternate hypo-

thesis based on studies in T cell depleted rats,. which stipulated that
the T cells which respond to forekgn MEC antigens and mediate graft
rejection are not the conventional CTL but are. T cells phenotypically
identical to thoge mediatipg delayed type hypersensitivity and upon
stimilation they elaborate ‘lynphokiné?s to recruit macrophages and

-other effector cells which may . des.froy the graft (Loveland et al.,

1981).

What ever the mechanism of graft rejectioﬁ,‘ MHC antigens serve
as principle allo recognition molecules on the alloérafted cells,
Thus the alloantigenic status of the trophoblast cells'is a key deter—
minant of the immme interactions between the mother and her fetus.

The opinion about trophoblast immnogenicity is divided.
Simmons and Russell demonstrated that some cells‘ from the ectopla-
cental‘ cone ﬁransplanted under the kidney capsule were not rejected,
and therefore suggested that thig trophoblast is devoid of transplan-
tation antigens (éim and Russell, 1962). However, other trapho-
blast cell populations such as giant c\ells were not examined in this
manner. For ins‘tance, Raneko et al have shown that in certain straing

of mice, transplanted trophoblast cells may be subject to rejection

(Kaneko and Nislﬁnmra, 1978). Using serological fechniques, it has
been demonstrated that the murine blastocyst expresses only low levels



'of paterfial h:lstocmpatibility antigens prior to implantation
. (Billington et al., '1977; Webb et al., 1977). at the time of implan-
tation, both H-2 and non-g-2 transplantation antigens disappear from
" the eptoplacental cone which will give rise to the trophoblast (Searle
“ et. al 1976) Ueing a sensitive hemadsorption technique, Sellens et

al. were unable to detect H-2 alloantigens on the trophoblast giant
cell outgrowths cultured from 7 1/2 day ectoplacental cones {Sellens

et al., 1978). Human trophoblast studies have shown that little, if

any, HLA or g2 microglobulin are present on the surface.of trophoblast
lining the placenta (Faulk and Temple, 1976; Goodfellow et al,, 1976;

Faulk et al., 1977). Uhlike trophoblast cells, the cells of a growing
fetus-transplanted into extrauterine sites were successfully rejected
implicating the presence of MHC antigens on their surface (Wbodruff

1958; Simmons and Russel 1962; Gill and Repetti, 1979). Taken
together, these cbservations suggest that the trophoblast cells

Tprotect the antigenic fetus by acting as a quarantining barrier

between -the .fetus and maternal tissues.

On the other hand, Kirby and his colleagues developed the idea
that the trophoblast is aﬁtigenic but that it is enveloped iqla peri-
cellular layer of placental fibrinoid, an amorphous mucopolysaccharide

rich in sialic acid, which protects it from immmnological damage by

masking the antigenic sites (Rirby et al., 1964). currie and Bagshawe
(1967 Qurrie et al, 1968) have reported human and mouse in wvitro
studles that trophoblast cells stripped of its covering sialomucin by
enzyme treatment undergo cytolyszs in the presence of allogeneic
lymphocytes, whereas tthe control cultures of trophoblasts.with the

-

S
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E - . fibrinoid coat intact were not destroyed.
' B Racont‘dbservationt using a sensitive radioautogréphic tech-
niqne Chatterjee-Hasrouni and: Lala, (1981) have  shown that MHC.
antigens of both parental type are present on mouse trophoblast cells""‘“‘
at densities equivalent to or higher than those on adult thymocytes.
In vi.vo localization studies using = radioiodinated monoclonal
i | | . antibodies or labelled F'ab2 ‘against paternal H-2 antigens have shown
| that the majority of the antibodies localized in  the
spongiotrophoblast region, which is in direct contact with the
maternal circulation at the fetal-maternal interface and in the yolk
sac venous plexus in the lateral areas of.the placenta (Raghupathy et

qal., 1981). Taken together, these data does not support the negative
results on -the expression of transplantation antigens as previously
discussed in mouse (Webb et al., 1977) and human placenta (Faulk et
al., 1977).  This disparity may be explained by the presence of
several types of trophoblast cells in the placenta (Billington, 1976),
only scme of which express the paternal MHC antigens. Taken together,
these data indicate that while trophoblast cells that are in direct
contact with maternal blood in the labyrinthine/syctiotrophoblast may
express only low levels of Class I paternal antigens in giég
(Jenkinson and Owen, 1980; Sunderland et al., 1981; Wegmann, 1981),
those tropheoblast cells that directly contact the maternal decidual
cells.in the spongiotrophoblast which serve to anchor the placenta to
the uterus do appear to express significant quantltles of paternal MHC
antigens (Jenkinson and Owen, 1980; Raghupathy et al. 1981;
Sunderland et al., 1981).
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Contrary to the cbservation of the presence of class I anti—
gens (MEC) 1t has been observed that murine trophob ast cells lack
Class II (Ia) antigens (Chatterjee-nasrouni et al., 1981- Raghupathy
ot al., 1981; JFnkinson and Searle, 1979} which are postulated to
serve as potent helper determinants in allogeneic reactions (McDevitt,
1980).

Several additional lines of evidence now reveal problems with
tha inert trophoblast barrier ' theory, suggesting that the putative
lack of paternal transplantation antigens on the syncytiotrophoblast

. is not sufficienﬁ‘%o explain the survival of the fetal-allograft.
~Trophohlast-specific Tnl and TA2 antigens have been detected on human

trophoblast cells (Faulk et al., 1979) and rat trophoblast cell which
is designated the pregnancy-associated (Pa) antigen (Ghani et al.,
1985). In addition, the presence of allotypic trophoblast-lymphocyte
cfoss—reactive { TLX) antigens have been described on the syncytio-
trophoblast cell membrane (McIntyre et al., 1983) Some investigators
claim that maternal recognition of TLX antigens is essent1al for
successful pregnancy (McIntyre et al., 1983).

Data from horse-donkey matings describes a situation where
some trophoblast cells detach from the placenta and form cellular
islands in the maternal decidua. Dpuri g the pregnancy these island
clusters regress in a manner rgsemblingzg,tfﬁical allograft rejection
with massive lymphocytic infiltraéion (Allen, 1979). Thus, a putative
lack of MHC antigens on the trophoblast does not necessarily render
the trophoblast inert. It has been previausly shown that non-MHEC

LY

antigens can elicit a strohg graft rejection response {Halle-Pannenko
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et al., 1978). Taken together, these data suggest that the tropho-
- blast is sot necessarily immmologically invulnerable.
A “The trophoblast htrrier theory is weakened by‘the' evidence
rly«ff“  that there exists cellular and molecular traffic between the mother

- and fetus - Fetal cells may be found in maternal blood (Herzenberg et
al., 19797. and although it has been shown that the passage of signi-
ficant numbers of maternal lymphoid - cells into the fetus is rare
(Hunziker et al., 1984) some have shown that maternal WBC may enter
the fetus in sufficiept mumbers to produce the occasional chimera
(Barnes and Holliday, 1970; Gill, 1977). There have been reports that
intensive active immmization of the mother with tissues bearing

paternal or embryonic antigens can lead to 1nfertility, resorption or
naonates which subsequently. develop a runting syndrome similar to a
graft-vs~host reaction (Parmiani and Della Porta, 1973; Milgrom et
al., 1977; Hamiltan et al., 1979; Webb, 1980). Thege observations
suggest that imﬁunity to paternal or embryonic antigens can overcome
‘the ‘putative trophoblast barrier and potentially damage the fetus.

1.3 The Uterine Response ‘

1.3.i Decidualization

During early mammalian pregnancy the mesenchymal cells of the
uterine stroma undergo a local proliferation referred to as deciduali-
zation. The mechanisms which eiicit the decidual reaction remain un-
clear. It is known that progesterone is critical in preparing the
uterus for decidual induction (Yochim, 1984). 1Ipdiction signals in-
clude the implanting blastocyst and a variety of artificial stimali
such as, trauma to the endometrial epithelial or oil injected into the

N



utarine lumen of hormonally primed mice (Miller and Ehmens, 1969)

Racently, it has been shown ‘that factors _such as prostagla.n_dinq, PGE,,
BGF, . (Ohta, 1983), histaﬁine (Hatanaka et al., 1982; Wordinger et

" al., 1985) and pyridine nucleotide metabolism (Yochim 1984; Cumings -
" and Yochim, 1984) are important in the cytodifferentiation of the
uterine stroma.

The fundamental role of decidual tissue rem2ins undefined
although many functions have been proposed, including, nutrition' of
" the embryo (Rrehbiel, 1937), protection of the maternal tissues
against invading t;9phqblast cells of the placenta (Kirby, 1968) and
inlr:nmoregtﬂ:tion (Rirkwood and Bell, '1981; Slapsys and Clark, 1982).

Rearns and Lala (1982) claim the decidual matrix to be derived
from the bone marrow on the merit that it possessed immunoregulatory
properties and upon examination of the decidual cell H-2 haplotype of
radiation chimeras. At present, this idea has been challenged and re-
futed by a number of groups who have shown by isozyme marker methods
that the decidual cell proper is not derived from the bone marrow
(Gambel et al., 1985a; Fowlis and Ansell, 1985). The bone marrow
derived cells in the decidua may be accounted for by the lymphoid
cells, monocytes and macrophages which infiltrate the decidua in early
Pregnancy (Padykula et al., 1978; Bulmer and Johnson, 1985; Kabawat et
al., 1985). 1It is therefore apparent that decidua tissue ig compgiged
not only of classically defined decidual cells but of a spectrum of
cell types.

One explanation proposed for the survival of the fetal-

allogriiijjg,;§at the uterus provides a "privileged site", similar to

/
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the antafior chamber of the eye and cornea; However, unlike the -
chamber of the efe where the donor tissue is not rejected due to' the 
absence of vascularization, the ' murine endometrium has been shown - to
be richly vascularized (Kirby et al. .r 1967) Skin isografts placed in

- a nnn—decidualized uterus have been ghown to be promptly rejected

{Beer et al., 1971; Beer and Billingham, 1974) In contrast, skin
isografts survived significantly longer in a decidualized uterus (Beer
et al., 1971; Beer and Billingham 1974; Dodd et al., 1980). Not only
does decidualization protect the graft _ffcm immunological rejection

but it also protects the mother against ‘the invasion of the myomettium

by trophoblastic cells. Kirby (1968) demonstrated that ectoplacental
cones transplanted in the uterus of ovariectomized mice resulted in
trophoblast cell invasion into the myometrial layer which was pre—
vented in deciduallzed ce. It is therefore apparent that the
development of a decidual layer between the maternal endometrial layer
and the fetal placental ayer is important in normal gestation. 1In
reéent years much interest has been focused on the properties of the
decidua,_in particular immunoregulatory, which will be discussed in
greater detail in the following sections.

1.4 The Maternal Immunological Reaction to the Fetus

1.4.1 cCell mediated Sensitization

To understand successful pregnancy it is important to deter—
mine whether fetus specific effector cells are generated by the
mother. A number of assays have been employed to address this issue
which unfortunately present conflicting results. 1t ig known that
after in Vivo alloimmunization the sensitized individual’'s cells re-
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spond -in the mixed'lymphocyte reaction (MLR) to cells from the im-
mun;;ing donor with a heightened response ' (Oppenheim et al., 1965);
This provides a means of studying pregnancy sensitization, in that if
the mother has become sensitized to her fetus her lymphocytes should’
give a heightened MLR on contact with fetal (paternal) MHC in vitro.‘

" This assay has not detected a primed«type of secondary response by

maternal cells with neonatal or paternal stimulatory cells (Carr et
al., 1974; Sargent et al., 1982, Moore et al., 1983; Vanderbeeken et

'al., 1984). In contrast,. the release of a lymphokine—macrophage

migration inhibition factor (MIF) has been detected in short term
cultures of maternal lymphocytes with neonatal and paternal lympho-
cytes which is absent from nulliparous women ‘males, suggesting
that maternal cellular hypersensitivity is detected {Rocklin et al.,
1973; Youtananukorn et al., 1974).

W~ Circulating primed effector cells may be detected in vivo by

means of skin grafting. If a mother has been sensitized, then one
would see an accelerated rate of graft rejection of paternal or infant
skin (Ward et al., 1978). Maroni ang Parrot (1973) reported such an
accelerated rejection in mice against paternal skin grafts. However,
this phenomena was usually seen after the second Pregnancy (Maroni and
Parrot, 1973). 1In contrast, Andersen and Monroe (1962) showed that
post partum ‘women grafted with their children’s skin, the graft
survived mich longer than skin grafted between other family members,
The appearance of circulating primed Cytotoxic T cells mea-
sured against fetal cells could not be detected by some investigators -
(Vanderbeekan et al., 1984; sargent et al., 1985) but have been demon-
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strated in some ~(but not all) multiparaus women (Chardonnens and

Jeannet, 1980; Genetet et al., 1982) and in the spleens of some allo—
pregnant mice (Smith, 1983). ‘I‘hus a minority of women may possess

specific cytotoxic cells, although the success of pregnancy does not

appear to be threatened v

another indication of the mother’s cellular response to her
allogeneic fetus is the enlargement and weight gain of the paraaoctic
lymph nodes draining the‘ uterus (DLN) in rats (Beer and Billingham,
1979; McLean et al., 1980) and in mice (Baines et al., 1977; Ansell et

| al., 1978) This observation is conmn place in the inductive  phase

of transplantation imminity to allografts such as skin and bone

" (Parrott 1967; Burwell 1962). DLN enlargement has been attributed to

increased cellularity due to T blast cell expansion (Maroni and
DeSousa 1973; Foster et al., 1979) and is more pronounced in allo-
geneic compared to syngeneic matings (Maroni and DeSousa 1973). It is
of interest that the extent of stimulation observed in the DLN of

allogeneic is not as striking as .the node draining the site of skin

allografts (Scotherne and McGregor, 1955). This may be due to the
separation of the mother from the conceptus by the, deéidual cells, o
the antigenicity of the trophoblast and/or to the peor lymphatic
drainage of the endometrium in mice (Head and Seeling, 1984).
Contrary to the observations of .DLN enlargement during pregnancy,
Chambers and Clarke (1979) showed no difference in bLN enlargement
between allogenic and syngenic matings. This may be explained by the
fact that the size of DLN may change during pregnancy and therefore

the time chosen to make these measurements may reflect variability
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(Maroni and DeSouza 1973; Chambers and Clarke 1979; Mclean et al.,
1980). ‘ ‘ . : .

Surgical removal of DIN appears to impair fertility (Beer and
Billingham 1977; Gill and Kunz 1979). Therefore, with this evidence
it has been postulated that DIN enlargement may represent a positive
stimulating effect in uloge:ieic pregnancies and may be associated
with a generation or accumulation of regqulatory suppressor cells which

inhibit transplantation immnity " against fetal and trophoblast

antigens. LY
1.4.2 Humoral Sensitization' '

It is now clearly eetablished_ that the maternal- 'imrma system
develops a humoral response against antigens present on the semi-
allogeneic conceptus. These antibodies have ‘been reported in the sera
of pregnant mice (Mishell.et al., 1963; Gooqlin and Herzenberg 1964},
rats (Smith and Sternlicht 1982), horses (Allen 1979; Antczak 196b)
and humans (Terasaki et al., 1970; Nymand et al., 1971). This re-
-sponse is not unique to mammals, humoral factors heve been detected in
the amphibian salamander (Chateaureynand et al.; 1979). There exists
much variability on the kinetics of this response. In some women the
first pregnancy elicits only a weak antibody response of variable
titre. It is not until subsequent allopregnancies that a strong allo-
antibody response is detected (Voisin and Chaguat 1974; Smith and
Sternlicht, 1982; Ghani et al., 1985). In contrast, others have shown
a maternal antibody-response to be maximum in the first trimester of
gestation (Bell.and Billington 1980; Power et al., 1983;'Davies and
Browne 1985). This discrepancy might be explained, in that, the
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detecticn of alloantibody is identified primarily against paternal MHC
specificities _ The appearance of antibodies early in first:
pregnancies is usually against non-lmc specificities on trophoblast
cell preparations (Pcwer et al., 1983; Davies 1985; Davies and Browne
1985). This my suggest that the kinetics and strength of the

‘antibody response myy be due to antigen processing at the fetal

maternal interface. Ghani et al. (1985) have . shown that pregnancy
induced antibodies against MHC reacted with a Class I selective haplo-
type differing from the haplotype eliciting antibody response ‘from
solid organs, suggesting a unique immnological difference at the

. Placenta interface.

It is apparent that pregnancyhinduced antibodies are primarily
non-complement fixing in nature (Voisin and Chacuat 19744 Bell and
Billington 1981; Smith and Sternlicht, 1982;-Power et al. 1983; Ghani
1985) although low levels of C'—dependent‘ cytotoxicity have been
reported in the mouse (Baines et al., 1976) and human (Nymand et al.,

1971) with multiparity. Purther investigation into this area showed

no correlation of the presence of Cytotoxic antibody and the frequency
of abortions (Nymand et al., 1971). The pregnancy-induced
alloantibody has been shown to be predominantly of the 1gG isotype and
IgG, subclass in mice (Voisin and Chacuat 1974; Bell and Billington
1980) and humans (Taylor and Hancock 1975; Power et al., 1983; Singal
et al., 1984; Davies 1985). It 1is known that non-complement fixing
antibodies, especially of IgG subclass, to be the main humoral
component. of the facilitation reaction that may leadﬁto the enhanced
grcwth of a correspondng allografted tumor threatened by a rejection
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reaction, provided the alloantibodies are directed against the
alloantigen molecules (Voisin and Chaouat, 1974). 1In transplantation
wedicine it has been known for many years that simultaneous grafting'
of an allogene:lc organ and inoculation of alloantlbody against the
graft antigens can delay graft rejection (Hellstrom and Hellstrom,
1970). "Blocking Antibodies“ are thought to prevent contact between
cells of the graft and circulating "sensitized" cytotoxic cells of the
host by sterically blocking or masking the alloantigens involved in
the rejection reaction (Hellstrom and Hellstrom 1970; chang and
Sugarbaker 1980). In humans, the 19G fraction of sera from pregnant
wamen has -been claimed . to protect trophoblast cells from lysis by
maternal lymphocytes (Taylor and Hancock, 1875). vVoisin and Chaouat
(1974) and Wegmann et a). (1979) have eluted IgG from the Placenta

‘which shows paternal leukocyte specificity (Wegman et al. 1981).

Since the IgG eluted from the placenta is non—c’ fixing it is postu-
lated to be a "blocking” or an "enhancing antibody" (Voisin and
Chaguat, 1974) which may have immunological significance in the pro-

‘tection of the conceptus. Studies have shown that sera from pregnant

women can inhibit antipaternal activity in mixed lymphocyte cultures
iE.!iEEE (Voisin and Chaocuat 1974; singal et al., 1984). Therefore,
in addition to the "blocking antibody" theory; the alloantjibody may
hlock the functioning of maternal lymphocytes, for example, in the
form of immme complexes.

. Immune complexes may activate regulatory mechanisms such as
Suppressor T cells (Raoc et al., 1980). Circulating immune complexes
have been detacted during human pregnancy (Masson et al., 1977;
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Davies, 1985) and in rodents (Tung 1974). In additicn, Singal and his
associates (1984) have shown the generation of an antiidiotypic block-
ing antibody which binds - to the antipaternal specificity idiotype on

: mtemal gsensitized lyq.hocytes. A lack of alloantibody blocking

factor has been obsetved in abortion prone women (Rocklin et al.,

-1976; Stimson et al., 1979; Pcwer et ag._., 1983). _ This does not ex-

clude the possibility of their presence in early pregnancy and sub-
sequent disappearance as pregnancy fails. It has been shown that the
enhancing action are alloantibodj.es directed against class II antigens
in mice (Segal et al., 1979) and humans (Rocklin et al., 1976)

There are some "problems that weaken the validity of immino-
logical enhancement as an explanation for the success of allogeneic
pregmncy.' For example, agammaglobulinemic women undergo successful
pregxﬁncy despite the‘Afact that they'would not be expected to produce
any 1g6 enhancing antibody (Holland and Holland 1966; Kobayashi et
al,, 1980). 1In mice, there are stains which are "non-respondérs" and
produced no alloantibody in spite of multjple pregnancies with H-2 and
non-H-2 incampatible strains (Bell 1984). Thus a lack of alloantibody
in women witp recurrent abortion may be a result rather than a cause
of the failure of successful'pregnancy. Furthermore, it has- been
shown thaé lysis of target cells by activated CTL occur rapidly and is
only temporatily delayed by precoating the targets with alloantibody
(Faanes et al., 1973). Therefore, one would not expect that allcanti—
body in placenta would offer significant protection against the 1local
action of sensitized CTL.

Taken together, these data suggest that immunological enhance-
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ment by alloantibody against paternal ‘antigens may not be sufficient

to account for the survival of the fetal allograft, and that it now
appe&rs'mre likely that requlation of the cytotoxic cells involved in -
graft rejection (Fernandez-Cruz et al., 1980) mﬁ play a key role in
fetal protection. - | B
1;5 Requlatory Cells 1 -~

As discussed previously,' a mmber of different types of cells

appear to participate in allograft_: rejection (Roberts and Bayry 1976;
Storm et al., 1977; Hayry et al., 1979; Loveland et al., 1981). * In
many experimental systems, it has been confirmed that there is an ac-
cumilation of an enriched populaticn of specifically sensitized cyto-
toxic T effector cells at the site of allograft rejection (Ascher et
al., 1981; Von Willebrand et al., 1979; Hayry et al., 1979). Recent -
evi;lence has shown that resorbing (aborting) xenogenéic and allogeneic
blastocysts are infiltrated with Cytotoxic T lymphocytes following
implantation in pseudopregnant mice (Croy et al., 1982; Chacuat et al,
1986). Thus the regulation of.CTL may be an important mechamism that

may impair the major effector pbpulation of fetal-allograft rejection.

It is well known that suppressor T cells play an important
role in the requlation of #mﬁﬁe responses (Benacerraf, 1980). In
vivo genef:ation of CIL has B;en shown to be regulated by a sSuppressor
T cell population (Rollinghoff et al., 1977). 1In addition, Rich et
al. (1979) and Truitt et al. (1978) have shown that H-2 antigens

stimilate suppres T cells which inhibit the generation of CTL in

ite of allogeneic challenge. Therefore

it is postulated t the generation of suppressor T cells in allo-
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geneically pregnant femles could . act to prevent rejection of the
fetus, | | |

SUppressor T cells are generated in the mother as a result of
allogeneic pregnancy, both in women (chichael and Sa.sazuki 1977) and
in mice (duow:t and Voisin 1979; Chaouat and Voisin, 1980; dmouat

et al,, 1982). However, 1n thess situations, in otder to detect the,

suppressor T cell activity multiparous allopregnant mice are . required
(Chacmat and Vois:ln, 1979; 1980; cChacuat et al., ‘1982) since
suppressor T cells are not detected until the 3rd—4th parity. E:xperi-
mental studies have shown that suppressor T cells generated during
allopregnancy do not afford protection to intrauterine or subcutaneous
grafts of paternal tumors (Nagarkatti and Clark, 1983). These
observations suggest that suppressor T cells may be an epiphenomena of
pregnancy and do not contribute to the success of the fetal allograft.
If suppressor T cells played a significant role in ”t:he success of
pregnancy one would expect to see a high frequency of patemel
haplatype sharing among children in large families. Such a situation
would contradict the Darwinian theory of mximizing the genetic
variation established with mating if haptotype selection occurred.

On account of the evidence demonstrating the generation of
suppressor cells in the local nodes draining the site of antigenic
challenge (Rich et al., 1979; Truitt et al., 1978), a mmber of
studies were done to investigate the local uterine draming nodes
(paraaortic lymph nodes) in allogenelcally pregnant mice. ‘

Cells harvested from the paraaortic lymph nodes from allo~
geneic and syngeneic pregnancies, demonstrated a depressed immune

LY
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response in vivo, in terms of their ability to react against paternal
alloantigens in a GVH mortaiity assay (Clark and McDermott -1978;
Nicklin and Billington 1982) and in vitro in terms of the n,\umber of

cytotoxic cells generated during mixed lymplwcyte culture (Hamilton

and Hellstrom 1977; -Clark and Mcdermott, 1978; smith 1981). Rastner
_et al. (1977) have reported that immme suppression may be induced by
- non-H-2 histocompatibility antigens where H-2 homology is present.

This. observation may explain the suppression observed ‘in the DLN of
syngeneically pregnant mice. For example, the suppression may have
been triggered by maternal recognition of embryonic and/br placental-
specific antigens. Although a reduced immune response is observed in
both allogengic and syngeneic combinations, the greatest reduction is

. observed in allogeneic matings (Nicklin and Billington 1982). ' 1In

strain comhinations where there exists a high tendency to resorb their
fetuses, a lack of supptessor activity was found in the pLN whenever
resorption (abortion) occurred (Clark and McDermott 1978; smith 1981).

Although .some investigators have found systemic antibody responses to
be suppressed in mice during the latter half of pregnancy (Baines et

-al., 1977; Sasaki and Ishida 1975) there are a mumber of reports

which have found nommal or- increased antibody responses in pregnant
mice {Kenny and Diamond 1977; Merrit and Galton 1969; Clark et al.
1980) and women ° (Murray et al., 1979) Taken together, these data
suggest that there is a. localized seleetive impairment of CTL
generation in the DLN during pregnancy which may bear in Vvivo
significance ‘in ensuring the survival of the fetal allograft

Many varieties of suppressor cells have been described to sup—-
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_press by elaborating soluble suppressor factors (Rich et al., 1979;

Truitt et al., 1978; Rich and Pierce 1974). Truitt et al. (1978) have
described such a factor produced by H—Z specific suppressor T cells.
Although the suppressor T cell was H-2 specific, the factor produced
inhibited the generaticn of CTL to unrelated B-2 determinants. - Thus,
it appears that the regulation of CTL generation can have both a spe-
cific and & non-specific component.. It hag been demonstrated that

- specific soluble suppressor factors (Chaouat et al., 1982) and non-

specific soluble suppressor factors (Clark et al., 1980; Maraz. et al.,

-1974) are generated during allogeneic pregnancies.

The non-specific suppression of CTL generation in the DIN of
pregnant mice has been shown to be associated with a non-T suppressor

s »cell (c1ark and McDermott, 1981; smith 1981) A variety of non-T
.1suppressor cells have been described in a number of systems. For

éxample, Suppressor B cells have been described in mrine
cell—mediated autoimmmity (Russell ' et al., "1974) and in the
activation of suppressor T cells in tumor associated immnosuppression
(Ninneman 1978). Suppressor cells without conventional T cell or B
cell surface markers, are called "null cells" and have been described
in spleens of neonate mice (Rodrigquez et al., 1979) ageing mice.(Roder

et al., 1977) and in murine trypanosomiasis (Pearson et al. 1979).-

Recently, Nﬁiﬁells have been shown to possess B cell immunoregulatory
functions in vivo (Abruzzo and Rowley 1983; Brieva et al. . 1984).

1.6 local and Systemic. Suppressor Mechanisms
1.6.1 Systemic Suppression

Systemic weakening of the maternal immunological system may be

23
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one explanaticn for the survival Of the fetal allograft. Non-specific
inuumological modifications during gestation have been demonstrated.
F% , . Certain autoimmune disorders have been noted to decrease during

‘ pregnancy, such as rheumatoid arthritis (Persellin 1977) and auto-
? immme experimental allergic encaphalamyelitis (Keith 1978). There
; - also appears to be an increased susceptibility to certaip bacterial‘
and viral infections (Ybung and Gomez 1979; van Zon and Eling, 1980;
Taina et al., 1985) and enhancement of certain malignant neoplasms
(Gustafsson and Kottmeier 1962 shiu et al., 1976)
" It has been known for some time that dramatic thymic involu-
tion occurs in mirine (Persike 1940 taken from phuc et al. 1981;
Pepper '1961; Maroni and DeSousa 1973) and human pregnancy. (Nelson et"
- al., 1967 1973). - With the abave mentioned information many
investigators have examined changes in lymphocyte subpopulations and
various functional aspects of cell mediated immunity during pregnancy
(Strelkanskas et al., 1978; Birkland and Kristoffersen, 1980; Lucivero
e et al., 1983; Tallon et al., 1984; éailey et al., 1585). These in-
vestigations have yielded interesting and conflicting results. The
general conclusions drawn from thege studies are that although preg-
nant women appear to have a decreased proportion of T helper cells,
they do have adequate T ‘helper function activity (Lucivero et al.,
1983; Tallon et al., 1984; Bailey et al., 1985) ang therefore the
changes that might be observed in lymphocyte subpopulations are not
primarily responsible for the 1mmunodeficiency of pregnancy.
Several investigators have demonstrated a suppressive act1v1ty

in the serum of pregnant mice {Hellstrom et al. ' 1960 Harrison 1976)
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and pregnant women (Kasakura 1971; Pence et al., 1975). _Although the

_natuzre of the Suppressor molecules in pregnancy serum are unknown,

some suppression may be due to "Early Pregnancy Factor® (EPF) which
appears in serum shortly after fertilization’ and disappears in women
and animals who are 5pontaneously aborting (Noonan et al., 1979).

-waever, rejection of pdternal. skin grafts is only slightly delayed by

allogeneic pregnanqy (Beer and/,81llingham 1974). In addition,

Woodruf £ (1958) described an - experiment where fetal tissue grafts,
transplanted- intramiscular, were successfully rejected by the mother

“while developing fetuses in utero were unharmed It is therefore

difficult to imagine how - non-spec1fic systemic suppression could

prevent fetal allograft rejection without presenting a serious threat

to the mother by reducing her ability to resist infectious agents,

For this reason local Suppressor mechanisms at the fetal-maternal

interface have been proposed. _ . &
1.6.2 Local suppression

A potential suppressor substance, produced by the fetus and
localized in the feto-placental unit - is alpha—fetoprotein. It is
known that . alpha-fetoprotein Suppresses antibody production and the
generation of cytotoxic T cells (Dattwyler and Tomasi, 1975; Peck et

‘al., 1982). Hooper and Murgita (1981) have shown that the primary

target for alpha-fetoprotein mediated immunosuppre551on is a Ly 1t 23

1a* T cell which serves as a helper cell for antibody synthesis and
collabotates with CTL precursors in . However, despite a high
concentration of alpha-fetoprotein in fetal serum, the fetus is

capable of rejecting skin grafts while in utero (Ssilverstein 1977)
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thereby demonstrating that alpha—fetoprotein - does not prevent'
allograft rejection. , : '

Recent st;udies haVe focused on suppressive factors produced by
trophoblast cells. It has been demonstrated by coculture techniques, ., '
that trophoblast: cells suppress in vitro generation of CTL activity o
-without affecting the antibody response (Barg et al., 1978), a pattern
typical of that seen in the DLN of allopregnant mice (Clark et al.,
1980) It has been reported that soluble suppressor factors’ produced
by trophoblast cells, in particular the synoytiotrophoblast inhibit
mitogen and allogeneic cell stimulation in the MLC reaction. (Duc et
a.l., '1985; Degenne et al., 1985; Remacle-Bonnet et al., 1985; Drake

) and Rodger 1985). The exact nature and immoregulatory mochanism(s)
which mediate suppression are yet unclear. It is known that tropho—
blast cells produce the hormones chorionic gonadotropin, progesterone
and estrogen which play an important endocrine role in the success of
pregnancy. Progesterone in local high concentrations can suppress

| graft rejection (Beer and Billingham 1979; Siiteri et al. .r 1977) with-
cut altering the magnitude of the antibody response (Fabris et al.,

. 1977; Fabris 1973; Beer and Billingham 1979). Although these data

taken together would argue that.progesterane may be responsible for

o the maternal immunosuppression and protection of the fetal allograft

in pregnancy, there ig evidence to suggest that the mechanism of pro-

gesterone action is indirect, For example, recent experlments have
demonstrated that within one horn of a uterus, transferred ‘xenogeneic

M. caroli blastocy\s_t—:_s)a;e rejected after implantation while the

adjacent allogeneic or syngeneic M. musculus transferred blastocysts
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_ are unharmed {(Croy et al., 1982). it_was showﬁ that the resorbing
xenogeneic blastocysts are infiltrated by CIL at day 9.5 of gestation,.
just prior to enzyme synthesis for progesterone production by the
placenta (Chew and shermen, 1975). Therefore, one would expect that

the local uterine progesterone cpncehtration at the time of the
observed CTL infiltration to be similar for adjacent blastocysts
_ f . within cne'JﬁEerine hormn. It therefore appears unlikely that
- progesterone is the direct suppressive agent 1nvolved in pregnancy.
? Furthermore, the concentrations of progesterone which must be added to
E in vitro MC cultures to produce suppression (Clark and McDermott
1981) are 5-10 times greater than the highest concentration of
progesterone that has been observed in the studies of placenta and
trophoblast tissue (Smith and Bush, 1978). Thus, the mechanism by
which progesterone suppresses may be to facilitate the production of
immunosuppressive proteins by trophoblast such as described by ﬁegenne
et al., (1985) and Remacle-Bonnet et al. (1985). Progesterone may
also stimulate the -generation or local accumulation of suppressor
cells in the.genital tract. This idea ig consistent with observations
described by Wira et al. (1980) and McDermott ef al. (1980) where
gestational hormones appeared to influence the localization of
lymphocytes in the genital tract.
A mmber of studies have shown the development of local sup-
pressor activity in the uterine decidua of pregnant mice (Kirkwood
1981; Slapsys and Clark 1982; Badet et al,, 1983) and women (Golander
_> et al., 1981; Daya et al., 1985; Nakayama';t al., 1985). We have con-

ducted intensive studies in the allopregnant mouse uterus and have
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of suppressor 6911 which is . lymphocytic in morphology, bears no. con-
ventional T cell markers ("null ceil") and contains eosinophilic cyto—
plasmic granﬁles (Slapsys and Clark 1982)._ This suppressor- cell pre—

. vents the generation of crr, in vitro andlig vivo (Slapsys and Clark,

1982; 1963)'by a soluble factor tﬁatﬂbldéks the proliferation résponse
of T celist_;p interleukin 2 (Slapsys and Clark 1983; Clark et al.,
1985).. - Chatter{ee-Hastoum et al. (1980) and Bernard et al. (1978)
have described the accumilation of non-T cells or "null cells™ in the

. uterine decidua of pregnant mice. It wag therefore our hypothesis

that the deciduaZassociated suppressor cells localize in the uterus
during allopregnancy under the influence of trophoblast.

. 1.7 Purpose of this Study

The sfudies described in. this thesis, éontiqued the investi-
gation of localized immuno-suppression in the uterine decidua of allo-
Pregnant mice, Honoclonél'antibodies allowed further characterization
of the decidua—associated‘suppressor cell, a ¥enopregnancy model dem-
onstrated the' absence of  the decidua-associated suppressor cell in
failing pregnancy. And lastly, the role of fetal tissue components in
the recruitm;;t of the decidua-associated suppressor cell to the
uterus was examined. These studies will provide ground work for
quyre Studies on the specific .soluble factors elaborated by the
trophoblast which are important ip the recruitment ang triggering of

the decidua-associated suppressor cell for successful Pregnancy.

L
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2. Materials and flethods

2.1 Animals . . ‘ _
Female mice of Qarious inbred strains were oﬁtained fram the .
Jackson Laboratory, Bar Harbor, maine, and .mated to DBA/2J males
(Jackéon’Laboratory) Mus caroli mice were provided by bpr. J.
Rossant, Brock Uhiversity, St. Catharine’ s, Ontario, Canada., Ha (ICR)
mice were provided by Dr. V Chapman, Roswell Park, Buffalo, New York.
Pregnant mice were produced in a controlled breeding situation. The
morning that a vaginal plug was sighted was designated day 0.5 of
gestation {Theiler, 1972]. C3D2F1 mice were bred in our own colony.
All animals were housed in a 12h light/12h darkness regime and allowed
food and water ad libitum.  Cell suspensions were isclated from
age-matched virgin mice or 10-20 wk old animals undergoing their first
allogeneic pregnancy or pseudopregnancy. For some specific
experiments CD1 nu/mu female mice were. employed which were obtained
from McMaster University Medical Cent;e's breeding colony, Hamilton,
Ontario. .
2.2 Media

Hanks’ balanced salt solution ( HBSS) (Gibco Ltd., Gra(nd
Island NY) (Hg2+ and Ca2 free) was used in the initial preparation
of the uterine decidual cell preparations. o-Minimum Essential Media
{o-MEM) (Grand Island Biolegical Co., Grand Island, NY) was supple-
mented so as to contain 103 (v/v) fetal calf serum (FCS; Grand Island
Biological Co., 200 iu/ml of penicillin and 200 yg/ml streptomycin
(Gibco Ltd.).was used for all cell washings and cell cultures. RPMI
similarly supplemented cultured media obtained from the Culture Media

1-d

/
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_Centre Resources (Dr. W. Rawls, McMaster University, = Hamilton,

Ontario) was used in the 'maintenance of the in vitro trophobast cell
cultures. | ' ,
2.3 Préparation of Cell Suspensions )

Animals were sacrificed by cervical dislocation and celi popu~
lations were obtained from primigravid’ allopregnant mice between 12.5

- 19 5 days post mating, from age matched pseudopregnant mice and

virgins. N

 The PIN and spleens were aseptically removed and placed in ice
cold o-MEM, and were disrupted by pressing through a GO—mash stamless
steel wire sieve into ice cold oMEM, The cell suspensions were cen-—
trifuged at 200 x g for 10 min. The pellet was resuspended -in cold
o-MEM and viable nucleated cells were enumerated in'a hemocytometer
using 0.4% (w/vi trypan blue.
2.4 Preparation of Uterine Decidual Cell Suspensions

2.4.1 Mechanical isolaticn

Decidual and deciducma lymphocytes were obtained from pregnant
and pseudopregnant mice using aseptic-technique. The procedure in-
volved peeling the fetoplacental unit from the decidua (in pregnant
mice) and scraping the remaining underlymg dec1dua or deciduoma from
the uterine wall. The decidua was pressed gently through a 60-mesh
stainless steel sieve, and the lymphoid cells were isolated by centri-
fugation over 2 ml of Lympholyte M (Cedarlane Laboratories, Hornby,
Ontario). The mmber. of viable cellg were enumerated in 0.4% trypan
blue. |

2.4.2 Enzymatic Isolation
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' In scme experimnts, decidual and deciduoma lymphocytes were
isolated by cutting the uterus into small pieces (after removing the

fetoplacental unit) and stirred in a collagenase preparation for 90

min. at 37°C (25 units of collagenase from (ﬂostridium histolyticmn
[Boehringer Mannheim]) in 100 ml of Hanks' solution supplemented with
5% FBS and 200 iy/ml of penicillin and 200 uqg/ml streptomycin (Gibco
Ltd., Grand Island, N. Y }). -After 90 min., the suspension_ was poured

- through a sterile gauze filter, centrifuged,. resuspended in medila' and

viable cells emmerated in 0.4% trypan blue.
2.5 Cell Separation |

2.5.1 cell separation by velocity sedimentatwn

Separation of cells on the basis of size was aciueved by velo- .
city sedimentation at unit g:avity at 4% in the Sta-Put system (O.H.
Johns Scientific Lo. Ltd. Torento, Ontario, Canada) as originally des-
cribed by Miller and Phillips (1969). Briefly, cell populations were
prepared as discussed in section 2.4.1. and raised as a thin band on a
layer of PBS .in a Sta-Put sedlmentation chamber (chameter, 11.5cm).
Beneath the cell layer a discontinuous step gradient, ranging from
0.35% (wAv) to 2% (w/v) BSA in PBS was established. The cells were
allowed to sediment through the gradient for 3.5 - 4.0 h. Twenty-five
ml fractions were collected ang centrifuged at 200 x g for 10 min at
4° C. Cell pellets were resuspended in ice cold o«-MEM and enumerated
in 0.4% trypan blue. The mean sedimentation velocity of each fraction
was camputed by a programme entitled SvAL3 (for use in a Texas
Instrument SR52) as prepared by Dr. David A. Clark, Department of
Medicine, McMaster University.
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- 2.6 ‘Eumeration of Granulated Lymphocytes
| e | To determine the percent granulated cells in a uterine deci-
dual cell su5pensidn the cell populations were prepared as described -
in sect.ion 2.4.1 and 2.4.2. - Cell smears were prepared by cytocentri-
'_Afugaticm at 5000 rpm, for 5 min (Cytospin Centrifuge, Shanden Southern
‘Instnnnents, Camberly, mgland) and stained with Diff—Qm.ck (Harleco,
Gibbstown, N.J. ).
2.7 H.i.xed Lym[.ilocyte Cultures’

_. ) To test the ability of cells from the uterine decidua of preg-
. nant and pseudopregnant micd to syppress the generation of CTL in'
vitro, washed PIN' from strain matched vzrgins were co~cultured with
test cells in 17 x 100 mm polystyrene tubes (Falcon Plastics, #2057,
Qxnard, CA) in 3.2 ml of culture medium supplemented 50 as to contain
5x10 SH 2-mrcaptoethanol (Sigma Chemical Co., St. Louis, Mo.) and
lx 10 irradiated (1500  rads 5-°c:o) C3D2F1 stimulatory spleen cells,
and incubated at 379C in 6-7% 0. for 5 days.

2
2.8 51c:r Release Assay

The cytotoxic activity of each culture was quantitated using a
modified Brunner °cr release assay (Brumner et al., 1968).

2.8.1 Target cells

Two tumor lines were used in the Cytotoxic assay. P815X2, a
DBA/2 (H—2 ) mastocytoma line which was maintained in serial ascites
transfer in DBA/2 mice, and Yac-19, a lymphoma line, kindly provided
by Dr. John C. Roder, which was maintained in tissue culture in RPMT
plus 10% FCS. For use as CTL target cells, 2 x 10 -4 x 10 P815 cells
in «MEM were incubated with 500 uCi of Slcr-labelled sodium chromate
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(New England Nucléar, Boston, mi) fof 90 min then washed 3 times w.{th'

tissue culture medium.  Cells were then counted by t:rypan blue ex-
clusion and adjusted to .the desirable concentration. For use as NK -
target cells, Yac-19 cells were px:epared as orutlined above for P815

cells. _
' 2.8. 2 CIL cytotoxic assay - _ l :
After a 5-day culture period, 2.0 ml of medium were carefully
removed from each tube w:lthcut disturbing the cell pellet The pellet

was then resuspended in the remaining 1.2 ml and 100 w1l from each tube
was serially diluted in microtit:er trays (Cat. No. 75-002—08, Flow.
Leboratories Inc., Mclean, VA) and incubated with2 x 10 Sler
labelled EB1S target cells for 4 h at 37°C. - After 4h the Slcr release
reaction was stopped by cooling the trays to 4°C. One hundred iicro-
liters of supernatant was carefully removed, transferred to a 12 x 75
mm glass tube and counted for 2 min in a Beckman Gamma 8000 Radiation
Counter (Beckman Instrumentation, Inc., Fullerton, CA).

A single numerical value for cytotoxic T cell content (Nat x
3

lg + SEM) was determined from titration curve of percent e,

specific release (P) vs Target/Effector ratio
luo‘-r -
%
51Cr

release

1:8 1:4 1:2 1:1
by computer fitting of the model P (percent specific 51Cr—release) -



1100 (1- eNote-Vy .} where N-total mmber ' of: sensitized cells, « is a

'comtant proportional to CIL frequency, t represents crL-target

interaction time, and « corrects for the inhibi.tory effect of
bystander cells, and accounts for the bend. in the curve at higher cell
' concentrations

2.8.3 KK cytotoxic assay :

NK activity was tested by incubating effector  and targets at

apprOpriate ratios (most normally starting at: 100:1 and serially
diluting to 1: 1) in microtitre trays. (The targets being cells 5]'Cr:-
labelled (Yac-19)) for 6 hours at 37%. After th the 51Cr release
reaction was stopped by cooling the tréys to 4°C.  oOne hundred micro-
litres of supernatant was carn,fully removed, transferred to a 12x75 mm
glass tube and com':ted for 5 min in a Beckmann Gamma 8000 Radiation
Counter. The parameter Natx103 + SEM was determined from the t;.itra-
“

tion curve discussed above in section 2.8.2.
2.9 Antiserum Treatments

Test suopensions of lymphocytes at 1 x 106 per ml in o-MEM,
without FBS but containing 0.2% BSA were incubated for 45 min at 4%

with various antisera, centrifuged, and resusnended in a 1,20 solution:

of Low-Tox rabbit complement (Cedarlane Laboratory, Hormby, Ontario)
in pBS for 45 min at 37° - The antibody treatments included mono-
clonal antibody Thy 1.2 (New England Nuclear, Cambrldge, MA) used at a
dilution of 1,100, monoclonal anti-~IgG-FcR (New England Nuclear used
at 1,100}, anti—GMl_z (New England Nuclear, used at 1/100), anti-Macl
(Bybritech, San Diego, CA. used at 1/100) and anti-asialo GM. which

1
was kindly produced by Dr. K. Ckumira and used in a final dilution of

34
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1/50. The- utions used represent that which produced optimal cyto-
toxicity on paripheral lymphoid cells.
2.10 PcR-positive Cell Isolation

’

Rosette separation technique was carried by Mr. carl bp.

L‘!l.lt:harcls as described by Gauldie et al. (1983). - Briefly, SRBC were

treated with ™P ( trinitrophenol) as described by Strober (1978), and
the I™NP-SRBC were incubated with rabbit polyclonal 1gG anti-'.lNP
Equal volumes (100 41) of Ab-TNP-SRBS 2% v/v in PBS and uterine, deci-
dual cell suspension were mixed and centrifuged at 200 x g at * 4 C.

.The cells were then gently resuspended and centrifuged over Lympholyte

M (Cedarlane Laboratory, Homby, Ontario). Cells were harvested from

the interface and pellet - 'I‘he pellet containing the rosetted cells.

was designated as the FcR positive (Fcr') population and the interface

‘ -pgpulation was designated as the FcR negative (FeR™ ) population.

2.11 §ponge Graft. Assay

Cellulose sponge (Kongsors E‘abrikker, Oslo, Norway) cut into 3

- 4 nm Cubes was implanted in the peritaneal cavity of DBA/Z mice for
5 days to allow fibroblast coloni.zation as described ‘by Roberts and

Hayry (1976). The spenge matrix grafts were then removed from the

mice and - injected with 20 .1 of medium or medium containing test

cells. Test cells were obtained from uterine decidua were separated
according to size as outlined in section 2.5. ‘The test cell popula—
tions were treated with Thy 1.2 antisera plus ¢’ as described in
section 2.9, and then 1ncubat:ed at 37°C with 50 gg/ml of Mitomycin ¢
(Boehringer Manneheim w. Germany) for 20 min. -After 3 Washes in
culture medium the pellet was resuspended in ce-MEM and enumerated by

5
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The treated sponges. were implanted subcutaneously into virgin
C3H recipients and 7 days later removed: and placed in tissue c:ulture
medium. 'me 1nfiltrat:lng cells were isolated by squeezing the sponges

" and were _tested for CTL actlvity at several ' dilutions in V-bottom

microtrays (Linbro) using 2 x 103 P-815 target cells.
2.12 Uterine Suppressor Cell Characterization in Multiparous Animals

Cell suspensions were prepared from monoparous mice as des-

cribed in section 2.4.1 and treated with monoclonal anti.—'my 1.2 (New

Cambridge, MA, ) as cutlined in section 2.9. Mlce were considered
monoparcus 15 days after parturition, and were then allowed to mate
with DBA/J males. The first litters were removed et birth so that
these mice were not lactating.

-

2.13 The Anatomical Location of the Decidua—hssociated Suppressor
. Cell

For detection of the d901dua—assoc1ated suppressor cell w1th1n
the uterus, the uterus was excised and the feto-placental units re-
moved. The decidual capsule was then cut away from the uterus and
placed in ice cold o-MEM.” The remaining uterus was d;ssected into two
components, the tissue below the decidual capsule and the tissue be-
tween the decidual capsules. All tissues (capsule, below capsule and
between capsule) were then prepared in the manner described in section
2.4.1 and tested for suppressor activity as described in section 2.7.
The percent granulated lymphocytes was determined for each tissue as

outlined in section 2.6.
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virg”i/n females ‘were made pseudopr:egnant by two different hor—

‘monal regi.mes. , : : .

A. The Hiller and Emens primed (1969) regime the virgin mice
intramscularly (im) “with 100 ng of 17 ﬁ-estradiol (Sigma Chemical.

Co., St. Louis, m) in 0.10 ml peanut oil en days .1-3. The mice re—

.ceived no hormone on days 4 and 5. oOn days 6 through 13, the. mice

were injected with 6 7 ng of "estradiol and 100 mg of progesterone
(Sigma) in 0.1 ml peanut 0il at a separate subcutaneous (sc) site. On
the eighth day of the schedule 10 ul of peanut oil were administered
intralmninally to the left uterine horn through “the dorsal ovarian
tip, using'a syringe and a micrometer and a 25 gauge needle - in order
to etiunlate formation of a deciduoma. The animals were sacrificed on
the fourteenth day and ‘the cells harvested, prepared and tested as
outlined in sections 2.4.1 and 2.7.

B. 1In the sec_end pseudopregnancy regime, virgin female mice

- received 5.0 IU pregnant mare’s serum gonadotropin (Sigma) ip, 48

hours later the female mice were injected with 5.0 IU bhuman chorienic

gonadotropin ' (hOG) (Sigma) ip,' and 6 hours later were vaginally stim—:

ulated with a wire probe. (Where Mus caroli females were used, half
tl-te dose of hormcne was used to induce pseudopregnancy).  Twenty-four
hours after the administ¥ation of hCG, 10 ul of peanut oil was in-
Jected into the left uterine horn to stimulate deciduoma formation as
described above. ‘The animals were sacrificed 6 days later and the
cells harvested, prepared and tested as outlined in sections 2.4.1 and
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2.7. To detemine the yield of percent granulated lymphocytes removed
from pseudopregnant an:lmals, the cell preparations were treated as

.~ described in section 2.6.

2.15 Xenopregnancy'__ .

.38 -

Xenopregnancy between Mus’ musculus and Mus- carol.t was estab— o

1ished by Dr. Janet Rossant’ and Dr. Ann Croy of - Brock University, St..

Catharine’s, Ontario, Canada. Briefly, 7 h Mus caroli blastocysts
" and 86 h Mus misculus. blastocysts (at which point they had achieved a
~ similar stage of developnent) were transferred into oppos:.te or the

- same horn of the Mus mnsculus uterus on day 2.5 of pseudopregnancy

(four to eight blastooysts of each type were transferred). on day 9.5
the récipient pseudopregnant females were sacrificed and the number of
viable implanted embryos in each horn counted. Previous observations
demnstrated that Mus caroli embryos appear viable and morphologically
normal up to day 9.5 of -pregnancy in the Hus msculus uterus (Croy
et al., 1982). The viaRle embryo and its-placenta were peeled. from
the decidua, and the remaining decidua was scraped from the wall of
' the uterus, prepared and tested for Suppressor activity as outlined in
sgctions 2.4.1 and 2 8. FEnumeration of granulated cells was carried
out as ‘cutlined in section 2.6. - A
2.16 Recruibnent of Decidual Suppressor Acti\uty

2. 16 1 Trophoblast Cell Line

A spontaneous cell line derived from C3H/HeJ mated CBH/HeJ
placent:a showed the following trophoblastic characteristics p051t1ve
staining for alkaline phosphatase (Beeson et al., 1984), progestercne
synthesis (assay described in sect:‘ton 2.16.1.1), growth of a solid
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umi:-cmpoéed of trophoblast-iike giant cells when injected into " an
irradiated mouse - (300 - 400 rads), and positive stain for cytokeratin.

_The cell line was a qgift from Dr. James Beeson (Department of
‘Obgtetrics and Gynecology, University of oklahoma, Tulsa, OK.) and is_

referred to as the Be6 line, . . o
2.16.1.1 Progesterone Syhthesls - An ‘Hi'stochemi‘cal'Assay
Scme enzymatié ‘reactions involved in the metabolic pathway of

steroid synthes:ls provide a histological technique in assessing progem
sterone synthesis. 'l‘he enzyme ﬁ—hydroxy—steroid dehydrogenase cata-

lizes one reaction in the synthesis of progesterone. This enzyme with .

the cofactor NAD', oxidizes the 3g-hydroxy group of pregnenolone.
Enzymatic reactions in which NAD serves as a co-enzyme can be coupled
with tetrazolium salts (Wattenberg, 1958) which can be demonstrated by
micr:oscoplc hist'ological techniques. The hisl:ochetnical assay was‘
carried out by Dr. .E.V. YounglLai as descr—ibed by Hay and Moor (1975).

Briefly, the Be6 cells, which adhere to glass cult:ure wells, were
washed with cold acetone and cold phosphate buffer. Preqnenclone
(Sigma, St. Louis, MO.) dissolved in dimethyl formamide was used as a
substrate to demoqstrate the presence of 3ﬁ-hydroxysteroid dehydro—
genase. In some instances, NAD was-used as the substrate (Sigma, §t7
Louis, MO.) to demonstrate the presence of tetrazolium reductase (dia-

" phorase).

2.16.1.2 Cytokeratin - An immunchistochemical assay 2

HistoGen PAP (BioGenex f.abotatories, Dublin C.A.) 1is a kit
which utilizes immnoperoxidase for staining cytokeratin in Beb

trophoblast cells. Briefly, Be6 cells were grown in Lab-Tek tissue



TRy g ey g

R TR T e D oy e

r

¥

culture trays (4838 Fisher, Whitby, ontario) (10°/0.2 ml x 48 hrs) and
were then fixed with acetone.. After treatment ‘with H,0,, the cells
were reacted with control or anti—cytokeratin followed by second
antibody with peroxidase label and then the’ substrate solution.‘
Development of a brown colour signified the conversion to’ coloured
. ‘ | end-product by antibody that ‘had adhered to the. cellular camporients.
© 2.16.2 Trophoblast cell culture Supernatants
;7 : Supernatante from the Beb cell culture were generated by plac—

¥ .
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ing 10 mls of fresh " ReMI medium over a monolayer of Be6 in a culture
flask and incubated at 379C for 48h. . The supernatant from the flask
was then clarified by centringation and assayed for the ability to
recruit Suppressor activity into the pseudopregnant uterus as
discussed in section 2.16.3.

2.16.3 Effect of trophoblast cells (Be6) in utero

virgin females were made pseudopregnant by either a proges—

\\1-

terone—estrogen regime or the pregnant mare sera—human chorion~
icgonadotrqpin regime as described in section 2.12. One million Beg
cells were injected into the uterine lumen at the time of the- oil
injection. After six days the cells were harvested from the uterus as
outlined in section 2.4.1 and tested for its activity to suppress CTL
generation as described in section 2.7, Other cell lines were also
tested and compared to the Be§ ‘line in their ability to recruit sup-
pressor activity into the uterus, such as P815, ‘and’ P19 which is a c3H
‘teratocarcinoma line and was supplied by Dr. M. McBurney, Ottawa.
Percent granulated cells were also determined with each decidual
stimilus as described in section 2.6.
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2.16.4 MQSectoplacental supernatants L R
Supematants were generated from ectoplacental cones which

- were -dissected from day 9.5 embryos. The dissected - ectoplacental .

., Cones were placed in a 10 x 15m petri dish (Falcon, Oxnard, Ca,

U.S.A.) in 5 mls of fresh oMEM and incubated at 37% for 48 h. The
' - supernatant from the petri dish was clarified by centrifugation and
assayed. for - the ability to recruit suppressor activity into the
,’ | pseudopregmnt uterus as discussed in secticn 2.14.3. | o
| 2.17 Statistical Analysis

g : ‘A ccmparison of CTL activity within experiments was by the
Student"s t test. Experimental repeats were dche to protect against
artifacts of multiple camparisons. Where CTL respanse was - suppressed
to "o", no SEM was determinable; therefore, p<0.05 applies if control
> 0 + SEM. |
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3.1 Bvaluating Mechanical and Enzymatic Cell Preparation Techniques
Since other laboratories have prepared i.:teri_ne cell suspen—
sions by enzymatic- methods, we compared our original isolation pro-
ucédure of mechanically. écraping the uterus to coilagénase digestion
p;;cedutqs. The . resuii:s in Table 1l show that similar decidua-
associaéed.suppressor-activity was recovered by both isolation proce—
dures. The cell distfibution profile of Figure 3 shows that cell
separation by velocity sedimentation of the two isolation pProcedures.
Although figure 3 shows a .1loss of larger cellg by the mechanical

preparation, 1/5 collagenase preparations also showed a loss of the
1§rger cells. The larger célls are lost in 2/4 meéhanicgl prepara
tions, possibly due to the variation of mesh size. Névert;.heless, 1
 agreement with our previous findings, using the mechanical procedure
\DE cell Preparation, the Suppressor activity was Predominantly associ-
ated with small lymphocyte-like cells when decidual suspensions were
Prepared by collagenas‘e digestion (see Table 2). Although 'collagenase
digestion provided a greater c.;ell Yield per animal thap the mechanical

1t should be noted ‘that the use of certain commercially available
collagenage Preparations eliminated the decidua-associated suppressor
activity (Clark et al., 1986a) possibly by modifying the cel] surface.
These data indicated that our originally chosen mechanical proce&ure
for the preparation of decidual cell suspensions wWas appropriate ' for

SN
.‘
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‘ ‘ » Table 1 . i
Comparison of.decidua-assdciated cellagprepatation pracedures
Test Cells . ' CTL Activity per Culture
| Nat x 103 + sEn -
-
3 x 10° viN 1690 + 150
o+ 105_mechanically;isolated calls - ‘-.10§5‘i g2P
-4

+ 10° collagenase preparation of cells 945 + 58P

a. Decidua-associated cells were obtained from allopregnant mice in Ve

the second half of pregnancy by either mechanical or enzymatic
procedures as described in Materials and Methods.

b. Significant suppression by Student’s t-test P < 0.05.
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‘ Table 2 )
Suppressor activity of decidua—associated cells separated
by velocity sedimentation

4

Test Cells -~ -~ - | Cytotoxic Activity
: o : ) Cu}ture .
! ' th x 10° + SEH

3 x 105 vpry S 1494 + 265
_+.large decidual cells (54 x 103)° 1770 + 145

+ large macrophage-like cells (10°) 1574 + 80

+ large monocytoid (109 cellg,;, 997 + 120

+ medium monocytoid (10%) cells - 1527 + 207
+ 4P

+ small lymphocytes (10%) . 550

a. Decidua-associated cell suspensions from allopregnant mice were
prepared by collagenase d;gestiqn and cell Separation by sedi-
mentation velocity performed as described ip Materials and
methods. ' @

. b. Significant suppression by Student's_t—test P < 0.05,

€. Number in parenthesis equals the number of decidua-associated
cells tested.



I
L}
'
r.
\
|
!
!
;
|
t
L.
]
i
l
|

. 46

I . o
o,

A

" the study of suppressor activity within the uterus during pregnancy.
'3, 2 mrther dmracterization Of the Dacidtm-associated Suppressor °

. )
Ceu Surface Phenog.m S_uppressor -Cell.

3. 2 1l Charactorizatim using antisera plus m' ement treatmen

It has previously been shown that the decidua—associated sup~

- pressor cell activity in the second half of pregnancy in allopregnant
mice is resistant to-destruction by anti-thy 1. 2 and anti Lyt reagents

(Slapsys and Clark” 1983), suggesting the decidua-associated suppressor

not to be a conventional T suppressor cell, - Similar treatment didq

lower T suppressor function (Nagprkatti and Clark, 1983). In further
_detennining t&e surface phenotype of the decidual cell, decidual cell
preparations were treated with various antigera plus complement (Cr)
Prior to co-culturing with oells fran virgin PLN. Ssuch ant:isera
treatment has suggested the decidua—associated suppressor activity

lacks a Natural killer -cell marker - asialo Gﬂl (Table 3), a

mao;opluge%rker - Mac 1l (Table 4) and a granulocyte, bone marrow

:marker -?_granulocyte Gdl 2 (Table 5). However, treatment of dgcidual

cell preparations with monoclonal antibody agsinst IgG-Fc receptor did
eliminate the suppressor activity (Table 6). Therefore, by the
criteria of .antibody Plus complement elimination, the uterine
suppressor cell appears to bear no surface markers tested except for

the Fc receptor for IgG.

3.2.2 _ Characterization of Fc receptors on__decidua-associated

Suppressor_cells by rosetting technique

Decidual cell suspensions wene rosetted with various immmno-
globulin coated SRBC as descnbed in Materials and Methods. SRBC
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Table 3 o Lh,'

§gp§ressor cell-surface markers - anti-asialo GH1'+ C' treatment -

Test cells ' - _ CTL Activity per Culture
J Natx10® + sem
- | Expt. 1 Expt. 2
_ 3x10% veen - 457 + 24 4897 + 213

" + 10° decidua-associated cells®

(untreated) 390 + 11° 11384+ 570
"4 10° decidua-associated cells ) \b

{C’ only) N.D. 724 + 179
"4 10° decidua-associated cells == b b
o (anti-asialo @y, +c) 374 +:19 699 + 172

Decidua~associated cells were obtained from allopregnant mice in
second half of pregnancy énd were untreated or exposed to C' or

anti-asialo GM1 debcribed in Materials and Methods. Anti-

killed approximately 10% of the cells in the
ratiohl No correction was made in cell number

tested for altered viabilty caused by treatment.

Significant suppression by Student’s t test p < 0.05.

\
/
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. - Table 4 . _ _
S Suppressor ‘cell surface markers - anti- Mac 1 + C’ treatn:ent.:,___

.Tbst_célls o _ CTL Activity per Culture
' Nu:tx103 + SEM
. , _Expt, 1 Expt. 2
3x1b6 W ; 1487 + 188 3045 + 169
" 105 decidua-associated | cells? b b
{untreated) . 747 + 164 826 + 85
n o100 decidua—associated cells ' 5'
(C* only) 1125 + 155 960 + 76
"+ 105 dacidua—associated cells b B
. (anti-Mac'l + cr) 22 + 52 1910 + 60

a. Decidua-associated cellg were obtained from allopregnant mice in
secand half of Pregnancy and were untreated or exposed to C* or
anti Mac 1 + ¢r ag described in Materials and Methods, Anti Macl
+ C' killed 15 + 5% of the cells in the decidual Preparation. No
correction was made for altered viability caused by treatment.

b. Significant suppression by Student’s t-test P < 0.05.
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§gppfeésor ceil surface markers - anti-granulocyte

_ .. @4, %+ C7 treatment -
: Test cells . . CTL Activity per Culture
| | Ntx10® % SEM
_E Expt. 1 Expt. 2
i 3x108 vern 30454169 2406 + 131
; "+ 105 decidua-associated cells® . b b
; X . (untreated) 826 + 85 1572 + 91
“ | "'4';05 decidua-associated cells

(C* anly) 906+ 76° 2248 4+ 411

" 4100 decidua-associatéd cells b b
(anti-gramilocyte @y 5 +C) 634+ 77 1298 + 77

a. Decidua—associated cells were'obtained from allopregnant mice in
second half of pregnancy and were untreated or exposed to C’ or
anti granulocyte GMI.Z + C' as described in Materials ang
Methods. Anti granulocyte G , + ¢’ killed 14 + 2% of the cells
in the decidual cell preparation. No correction was made for

altered viability caused by treatment.

b. Significant suppression by Student’s t—test P < 0.05.

-
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* Table 6

. Suppressor cell surface markers - anti-Fc Receptor + C’ treatment

Tbét cells

CIL Activity per Culture
& E NatxiOB_i SEM
.
Expt. 1 Expt. 2
32x10° very 947.+ 73 1685 + 259
" + 10° decidua-associated cells® o o
(untreated) 783 + 50 760 + 30
v o "o 105.decidua-éssociatéd cells b
(C’ only) , N.D. 1092 + 517 .
"t 105 decidﬁa-associated cells, . ‘
877 + 232 1490 + 45

(anti-FcR + C’)

a. Decidué—associated cells were obtained from allopregnant mice in

second half of pregnancy and were untreated or exposed to C' or

anti Fc Receptor + C' as described in Materials and Methods.

Anti-FcR + C’ killed 14 + 2% of the cells in the decidual cell

- preparation. No correction was made for altered viability caused

by treatment.

b. Significant suppression by Student’s t-test p < 0.05.
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- coated with polycloqgl IgG rosetted with 25 + 2% (mean + SEM) of the. .
- recovered decidual population. In contrast, preliminary studies have
shown that very few cells obtained from the decidua rosette with IgAp
_smac (1.6%) and IgE:—-SRBC (0.6%), ' '
Since it has previously been shown that decidual _Suppressor

cell activity correlates with a populatlon of small granulated lympho-
Cytes we examined the. percentage of granulated lymphocytes which
rosetted with polyclonal IgG and found it to be 88%. In an attempt to
separate the rosetted population from the non—rosetted population, we
centrifuged the cell suspension on Lympholyte M. The population of
decidua—associated cells which rosetted with polyclonal IgG or
monoclonal I9G coated SRBC were collected in the Pellet and designated
Fc receptor positive population (FcRY) and the non-rosetted cells
collected from the interface were designated Fc receptor negative

population (FcR") The two populations were added separately to MLC
cultures to test for suppression of o, generation. In Table 7, panel
A, two representative ‘experiments demonstrate that the suppressor
activity is associated with the Fcr* population of decidual cells.
SRBC that had not been coated with antibody failed to bing the the
decidua-associated Suppressor cells (Table 7, panel B)." Thus, in
agreement with the data presented in the previous section (3.2.1), th
decidua-associated Suppressor cell activity appears to be associated
with cells bearing FeR for IgG.

3.2.3 Characterization of in vivo Suppressor cell recovered from

uterine decidua

Since allogeneic pregnancy is usually successful in mothers
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'I'ab]._eT 7 .
" 'FcR for IgG on decidua-associated suppressor cells

Test cells ‘ , o CTL Activity per Culture
) Natx103 + s
S -EXpt. 1 mxpt. 2
3x10° very 1540 + 115 4249 4 212
. A .
"+ 107 decidua-associated celis® b b
(untreated) <0 2634 + 217

"4 105 décidua—associated cells
rosetted poly-I
interface (FcR ) 1583_: 58 3972 + 410

" +'10° decidua-associated cellg o
rosetted polthgG—SRBC
pellet (FcrR™)

"4 10s decidua~associated cells

. rosetted mono-1gG, -SRBC
interface (FcR™)

"+ 105 decidua-associated cells

rosetted mono-IgG, —SRBC

pellet (FerR™) 1 -

850 + 35° 2068 4 7

1306 + 56

903 + 43
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Table 7 (continued)

- FeR for I9G on decidtﬁ-associated suppressor cells

Test cells : | ’ CTL Activity per Culture
| | Nakx10® 4 SEM
"~ B. _ .
3x10° very | 1417 + 63
" 4 10° decidua-associated celisé
rosetted - no antibody-SRBC : b
irfeerface 771 + 59

"+ 105 decidua-associated cells
rosetted - no antibody-SRrac :
pellet ' 1277 + 112
no antibody-SRBC pgi}et C

decidua-associated celis
rosetted poly-IgG-SREC
interface (FcR") 1289 + 111

4100

S 105 decidua—aésociated cells

rosetted poly-IgG-SRBC
)

pellet (FcR 767 + 30°

Decidua-associated cells were obtained from allopregnant mice in
second half of pregnahcy and were untreated or exposed to d;;
coated or coated SRBC with polyclonal I9G or monoclonal IgG, as
described in Materials and Methods. The cells were then centri-
fuged on Lympholyte and the nonrosetted cells (FeR™) aspirated

frﬁm the interface. The rosetted cells (FcR+) were recovered

from the pellet.

Significant suppression by Student’s t-test P < 0.05.

e ———— e
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pre-immmized against paternal HBC;_ antigens where itized ‘e‘ffec;t-’.‘or‘ |
cells can be circulating in the blood at the same time of implantation
and initial growth of the fetus (Wegmann et al., 1979; Burton and
RusselL 1981), we conducted a study to test whether the r;on-‘r
suppressor” cell in decidua was capable of preventing the infiltration
-of allografts in y_i_g_df (Slapsys and Clark, 1983). In our previous work
we.had demonstrated that in vitro decidua—associatéd suppressor cell
activity is associated with sm;il iymphocyté like cells sedimenting at
3.0+ 0.5 myh at unit gravity (Slapéys and Clark, 1982). To deter
mine if a small cell was capable of suppression of CTL development °
observed in sponge grafts in ggxg, the decidua-associated cells . were
separated accoraing to size ig a StaPut apparatus as outlined in
Materials and Methods Section 2.5.1. The cells recovered from the
StaPut were pooled into two groups: (1) r.'Sm.anll'! cells sedimenting at
2.0-3;9 myh and (2) "large" cells sedimenting at 4.0-8.0 mm/h.
Sponge matrix grafts were prepared as described in Materials and
Methods Section 2.11 and injected with 20 ul of medium (no test
cells}, "large" cells or "small" cells from pregnant mice (each sponge
received an inocuium of approximately 3_x 103 cells). Prior to in-
jection the test .cells were treated with anti—thy 1.2 plus complement
plus mitomycin C to eliminate T cells iﬁ the inoculum that might
dexelop‘into CIL or secrete lymphokines that can act to recruit circu-
lating CTL into grafts from the circulation (Ascher et al., 1981;
Hanto et al., 1982). A second aspect of the experimental design which
was important was that sponges that had received each type of treat-

ment were transplanted together to the subcutaneous tissues of a
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- single recipient. - Table 8 shows that significant CTL activity was

present in medium treated control sponges g0 that the presence of
putativa suppressor cells in other sponges in the same animal did not
prevent ths immme system from generating CIL. 1In comparing the
ability of "large" -and "sﬁall" cells to inhibit CTL activity it was
fbund that significant in vivo suppression was associated with "small"
lymphocytes sedimenting at rates of less than. 3.9 nnvh Thus we con-
clude that, similar to the in vitro system, small, non-T sSuppressor
cells in. the decidua are capable of inhibiting ¢TL. development in
allografts in vivo.

- 3.3 A study to demonstrate that the utetine decidua-associated

'§gppressor cell is distinct from decidual NK cells.

1t has been documented that some types of NK cells may also
lack conventional T cell . mirkers (Herberman et al., 1979), contain

- Cytoplasmic gramiles (Luini et al., 1981), and express FcR (Herberman

et al., '1979), in addition, there is evidence to suggest that NK
cells may exert immmoregulatory functions in vivo (Abruzzo and
Rowley, 1983; Brieva et al., 1984). In view of the similarities
between ‘decidua-associated suppressor cells and NK cells, we tested
whether the decidua-associated Suppressor cell possessed properties of
an NK cell.

3.3.1 size of decidua-associated NK cells,

It has previously been shown that suppressor activity in the
decidua and uterine venous blood of mice during the second half of
pregnancy is associated with lgmphoid cells that have a modal sedi-
mentation of 3 + 0.5 mm/hr (Slapsys and Clark, 1982). To dQetermine if
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Table 8

Size gharacterization of decidual suppressor cell activity in vivo

- -

Treatment of sponge graft CIL activity per spongea
| Notx10% + sEM
Medium alone - : 1185 + 225
R b ~N.S
"large” decidual cells
sedimenting «4.0-8.0mm/h 938 + 154 = -P < 0.05
"small” decidual cellsP P < P05
sedimenting 2.0-3.9mm/h 475 + 133 =— |

a . CTL activity is obtained using cells pooled fraom 3 sponges im-
planted in 3 different animals. P values were obtained using a
Student’s t Test. |

b Cells treated with anti-thy 1.2 serum + complement + mitomycin C
before inoculation into sponge graft.
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the natural killer cell activity might also be associated with a small
lymphoid cell in decidua, decidual cell suspensions were separated by
: sedimentation velocity QwEigure 4 shows the cytolytic -activity against
'th-lg targets in the different fractions. It can be seen that NK
activity was present in unseparated decidua. However, uniike'the dis-
tribution of-SUppressor cell activity, NK cell activity was associtted
with a larger cell sédimenting at a modal peak of 4 myhr. It was
unfortunately not possible to obtain enough cells to do both an NK
assay and a suppressor activity assay simultangdusly. However, the
StaPut is sufficientlf reproducible tﬁat from the repeat studies we
have done, NK activity (4 + 0.5 mm/hr Ne6) and suppressor cell
actlvity (3 + 0.5 myh Ne8) show a significant difference (p < 0. .05)
in the modal distribution profile.
3.3.2 Effect of NK depletion on decidua-associated suppressor cells.
Tagliabue et al (1982) have shown that the asialo @1, marker

may be present on some types of NK cells. In treating the decidual
cell preparations with anti-asialo @, plus complement we were able to
ablate 63% of the NK cytotoxicity recovered from the decidua. Similar
treatment of a spleen cell suspension eliminated 89% of the NK
activity. In contrast, as Presented in section 3.2.1 Table 3, the
suppressor activity in the decidua was resistant to treatment with
anti-asialo G, and complement.

It has been previously reported: that only 31% of NK cell acti-
vity associated with mucosa of the GI tract and about 83% of splenic
NK activity possesses the asialo a1y garker (Tagliabue et al., 1982).
Not surprisingly, complete elimination of decidua-associated NK acti
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NK activity of cells recovered from the decidua

Decidua-assocoiated cells were cbtained from mice 12,5 - 18.5 days
after mating, centrifuged over Lyﬁrplwlyte M , and separated in
fractions of different sizes.by velocity sedimentation. NK cell
&ctivity of each fraction was assessed against YAC-19 tumor line at
various effector-to-target ratios (0). The viable nucleated cell
mumber (e) and erythrocyte mmber (o) per fraction is also shown. An
insufficient number of cells sedimenting (>5.5 mm/hr) was recovered to
permit testing.
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vity with anti-asialo GHl was not achievable. iher:efore_ rw_e tested
bg/bg mice that are genetically deficient in NK cell activity (Roder
et al., 1977). Table 9 Experiment 1 documents a lack of detectable NK
activity in both the spleen amiﬁecidm\ of these mice mated to DBA/2
'males in contrast to the presence of measurable NK activity recovered .
from the: spleen and decidua of allopreg:nant C3H mi,ce. Nevertheless,
decidua—associated cells remved from the uteri of allopregnant bg/bg
mice proved capable of suppressing CIL-generation in 3 of 3 experi-

.'ments. Experiment 2 in Table 9 is a representative example demon-

strating the presence of suppressor cell activity in bg/bg decidua but
not in the spleen. Since previous studies demonstrated a correlaticn

| between _Suppressor cell activity and small graxmlated lymphocytes

(Slapsys and "Clark, 1982; sSlapsys and Clark, 1983), we prepared
stained slides of our decidua preparation and cempared the percentage
of granulated cells in the decidua from NK deficient bg/bg to that in
normal C3H/HeJ mice. The percentage of small lymphocytes that were
granulated in allopregnant bg/bg was 33 + 5%, a value similar to that
found using allcpregnant C3H/HeJ mice. 'Ihus.,' both suppressor cell
activity and granulated small lymphocytes were present in the pregnant
bg/bg uterus in the absence of detectable NK cell activity. Thus, in
taking into account all the available data, the non-T supptessor cells
in the decidua appear to represent a distinct. cell population and are
not "regulatory" NK cells.

3.4 Suppressor  cell activity of decidua during secondary
allopregnancy.

-

To test decidua-associated suppressor cell activity of multip-
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' 'I‘able 9
SUppressor cell activity and Nk activity in allopregnant bqrbg mice
Cells cultured E . NK aetivity . CTL activity
' v Netx 103 4 SEH_" Net x 10% + smn
Expt. .1 | | Y
Allopregnant bg/bg spleen celle : 0 - B 2
Allopregnant bg/bg decidua— ‘ 0 _
. .- assoclated cells : , .. B
Allopregnant ok} spleen cells 706 + 261
’Allop:egmnt C3H decidua- N 248 + 70
associated cells - : ‘} \
Exp. 2 : .
3 x 10° VPLN/bg/bg - ¢ 536 + 61
-~ ' + 10° bg/by spleen celis 460 + 116
oy .
. 5 . c
+ 10°Khg/bg decidua— _ 40 + 10
. associated cells Jb .

NK activity was measured against 51Cr—labellecl Yac-19 target
cells with a range of effector cell to target cell (E: T) ratio of

30:1 to 4:1. Cytotoxic activity was calculated as previoysly

described. " . ;

CTL was f-gener:atiéd in vitro by culturing virgin PLN from bg/bg

mice'with 106\ lrradlated C3D2F1 stimulator cells. CTL were
&

measuted S days later ag'a:i.nsiii Cr—labelled target célls,

.- . S

L

Significant suppression £ < 0.05 by Student’s ‘t test.

e,
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arous mice, decidua'm obtained ‘from ‘the second half of preonancy of
CBEVBeJ females undergoing their second allopregnancy and tested for
its ability to suppress CIL generation. of virgin PLN cells in a CML

The data in table 10, Experiment 1 shows that decidual suppressor
activity was recoverable from the decidua .0f mondparous pregnant mice,
which. suppressed the in vitro generation of CTL in a dose response

- manner. Experiment 2 demonstrated that the suppressor cell . activity

was resistant to ant:l-'Ihy 1.2 plus complement treatment Thus,
sim.ilar to primary pregnancy, there apmars to be an accumilation of
non-T suppressor cells in the uterus of xmtiparous mice which may

" protect the developing fetus against maternal immume Tejection.

3.5  Anatomical localization of decidua associated suppressor cell
activit_:y | -

In an- attempt to determine if the decidua-associated sup— |
pressor cell activity was /oncentrated at particular sites ;n the
pregnant uterus, the uterus was'initially divided into two components;
1) the implantation site and 2)Jthe tissue between the implantation
sites. Each camponent was then tested for its ability to suppress CTL
generation in vitro. 'I‘he number of viable cells recoveéred from .each
site was comparable {(data not shown). However, the degree of sup-
pression was signifiéaritiy greater at the implantation site compared
to the tissue tested between implantation sites (73. + 4.5% suppression
vs 53 + | 4.1% suppression re5pectively' (mean + SEM, P < 0.05 by
Student’s t':test). We have previously reported that during successful

pregnancy there is a corrBlation betw_een suppressor cell activity and
small lymphocytes with cytopliastic granules (Slapsys and Clark, 1982;

\ : .
s .
;
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Table 10

Decidua-associated suﬁpressor cell activity in multiparous female mice

Test Cells ) CTL Activity pér Culture
" Notx10> 4+ SEM
Expt. 1. :
,\mosvm: S 1823 + 85
" + 1x106 decidua—associated cells 0 b
P < 0.05
\ "+ 5KI0° decidua-associated cells = 361 + 42P
| &0 P < 0.05
n + 1x105 decidua—associated cells 1201 + 116b
Expt. 2. N
3x10° VT‘.N | 2853 + 124
+ 105 decidua-associated cells b
{untreated) 560 + 31
" + 105 decidua-associated cells b
(C’ only) 2005 + 97
" + 105 decidua-associated cells b
(anti-Thy 1.2 + C’) 1315 + 38:
a Decidua-associated cells were obtained from the second half of
pregnancy of mice under901ng their second allogeneic pregnancy.
.4
b

Significant suppression by Student’s t test P < 0.05 compared to

virgin PLN controls.



T S T T eyt

R st~y p A e T 2 T

63

b

Slapsys mﬂ.clark, 1983). In examining the percentage of _gramﬁate&
lymphocytes for each uterine site, it was found that 44 + 3% (mean ”i
SEM) of the small lymphocytes were gra_nulated. at the implant&tion site -
compared to 12 + 2% in the tissue between implantation sites.
Subsequent to this finding, the implantation site was further divided
into 1} decidual capsule, the spongy cushion upon which the placenta
rests, and 2) the tissue below the capsule representing the deeper
layers of the decidua and associated mtriﬁ. The data in Table 11
shows the suppressor cell activity - to be concentrated at the implant
site, but was most potent below the decidual éapsule. It could also
be seen that the percent granulated small lymphocytes was/greatest in
the ¥eeper uterine tissues where the suppréssor activity was greatest

(Table 11).
3.6 Xenopregnancy

A xenopregﬁancy model was developed to test the possible
relevance of the -described local non-specific immmne suppression to
spontanecus abortion. This model provides a system' of pregnancy
failure in which fetal' death consistently occurs and. is associat\ed
with maternal immme reactivity. Xenopregnancy involved the transfer

. of Mus caroli embryos into the\ uteri of hormonally primed Mus
misculus. The Mus caroli is a wild species of mouse from South East
Asia which is genetically distinct from the laboratory mouse, Mus
musculus, (Sutton and McCallum, 1972) with i interbreeding. wWhen day
2 embryos from Mus caroli are transferred i;lto the uteri of _MLS
st, they appear normal until 9.5 days of pregnancy but are
resorbed by 15 days (Croy et al., 1982). Death is preceded by
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Table 11 *
Suppressor cell activity at variable sites within the uterus
Test Cells CTL'Activity $ Granulated
| per culture . small
. Net X 105 +5eM ° Lymphocytes
3x10° veiy | 9602 + 712 |
+ decidual capsule 1910 + 551 (80%)@ 15%
+ below decidual capsule 541 + 57 (95%) 31%
+ between implant sites 3493 + 194 (63%) 12.5%




Antiltration with maternal lymphoid cells that bear thy 1.2, Lyt1*2*
- of the maternal allotype and lyse Mus caroli target cells in short

term “lerelease assay in vitro (Croy et al., 1982}.- It can be. seen

fr figu;e 5 that Mus caroli embryos still dis when - viable Mus

uS embryos'are..present in the same uterus ot even within the

Same’ uterine horn. Thus the failure of xenogeneic embfyﬁs [ to survive

is not due to a failure of the necessary physiolbgicgl conditiong for

Pregnancy in Mus musculus (Croy et al'..?a‘982).. |

. 3.6.1 Comparison of cell vields from interspecies and iht'raspecies
Pregnancies | -

 Table 12 summarizes the results from six experiments in which

the cell yield from the decidua in uterine horns bearing viable Xeno-

~

geneic Mus caroli embryos was compared with the yield from the oppo-
site horns bearing viable Mus musculus embryos, despite the normal

. morphology of the embryos at this stage. The reduction in average

yield proved to be 44.2 * 7.5% (mean + SEM) from the Mus carolj
implant sites in six experiments and wag statistically significant (p
< 0.01 by Student’s t test). The reduction was not due to excess cell
loss during isolation on Lympholyte M, becau§e the cell yield before
purificatiqn was 42% of the intraspecies contro]l in experiment 5 apg
48.4% in experiment 6. Because Previous cell separation .studies

Clark, 1982), stained slides were Prepared of decidual cells and

campared the percentage of granulat‘.éd cells in the decidua associated -

with Mus caroli embryos with that seen in the cell population isolated

A
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. Bus caroli embryos in right horn.

Figure §

Uteri. of C3H/HeJ mice on day 10.5 gestation.

Upper uterus contains Mus musculus embryos in left horn and resorbing

The lower uterus containing a mix-
ture of 2 Mus caroli embryos (arrow) and 2 Mus musculus embryos in the
right.

b
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- Cell yleld from decidua of uteri bearing interspecies and intraspecies
‘ R . Sanceptuses -
Expt. Genotype: of Genotype of cOncepths Number of Cell yield
- Mother : implants per implant
- gite
C3H/HeJ Ba(ICR) X Ha (ICR) 5 16 x 103
Mus caroli X Mus caroli -3 8X10
Ha(ICR) Ba(ICR) X Ha(ICR) 5 40 X 1o§
Mus caroli X Mus caroli 4 7 X 10
Ha(ICR) C3H/HeJ X -C3H/HeJ s’ 54 X 103
Mus caroli X Mus caroli 5 13 x 10°.
Ha(ICR) Ba(ICR) X Ha(ICR) 20 47 % 103
Mus caroli X Mus caroli 23 28 X 10
Ba(ICR) Ha(ICR) X Ba({ICR) 24 48 x 103
) - Mus caroli X Mus caroli 19 25 X 10
C3H/HeJ Ha(ICR) X Ha(ICR) 5 4 x 103
Mus caroli X Mus caroli 5 28 X 10

(\
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.from.the opposite ‘horn containing Mus musculus embryos-.' Of the
decidua-associated small llymphecytes isolated from Mus caroli only 8%
were granulated lymphocytes. In contrast, the decidua cell suspension
obtained from the horn containing Ba(ICR) X Ha(ICR) syngeneic embryos
cqntained small lymphocytes of which 30% were granulated. This
difference was statistically significant (P < 0 005) and observed in

six experimnts.
3.6.2 Assessment of suppressor activity recovered from the deu:idua of

inter and intraspecies pregnancies

L)

P
LR

To examine whether the reduction of gramulated ceiﬂ.‘s i correi
lated with 'a reduction in suppressor cell activity in the decidﬂﬁ .
associated with xenogeneic embryos, the recovered decidual cells were
added to ML{ cultures in vitro. Table 13 demonstrates that, in egree—
ment with previcus data, cells from decidua  bearing intraspecies
embryos (line 2, Expt. 1) sigrxificantly suppressed the generation of.
CIL in the MLC reaction. However, decidual lymphoid cells isolated .
‘fmm the contralateral uteriné homn that contained viable Mus caroli
embryos of the similar stage of developnent ‘as the Mus misculus
embryos failed to suppress CTIL generation (line 3). Experiment 2
illustrates the result from . a si_rqilar experiment in whlch C3H/HeJ -
pseudopregnant mice received allogeneic Ha(ICR) X Ha{ICR) xenogeneic
Mus caroli X Mus caroli blastocysts in opposite uterine horms. As in

experiment 1, decidual 1ymphoid cells obtained from the uterine horn/
bearing allogeneic embryos proved suppressive, whereas cells obtamedl

from the opposite horn containing xenogeneic embryos failed to sup—
press CIL generation. Table 14 demonstrates that the decidua—

Ve
r T Y T T ot
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o . ' 'I‘abl‘? 13 .
. ressor cell activity of cells recovered from
_ uterl bearing allo ﬁ Xeno conceptuses
E:xpt.-‘ i Test cells® Cytatoxic Agtivity

Genotype of - ‘Genotype of conceptus'in

Not X10™ + SEM

mother ‘ uterine horn e
1 no test cells added o 684 + 67
HA(ICR) X Ha(ICR) (10%)P 383 + 31°
Ha(ICR) < 5
Mus caroli X Mus caroli (107) 626 + 44
C3H/Hey C3H X DEAZZ (20%) 367 + 15°
2 . no test cells added ‘ 760 + 82
Ha(ICR) X Ha(ICR) (1P - 519 4+ 83°
C3H/Hed < 4
Mus caroli X Mus caroli (7X107) 776 + S0
C3H/Hed C38 X DRA/2 - (10%) 400 + 119°

a Decidua associated test cells were treated with gntiazhy 1.2 + ¢t

as described in Materials and Methods to remove any?llogeneic T

cells that might interfere with C3H/HeJ anti DBA/2 MLC reaction.
Dedicual cells from C3H/HeJ mice mated 9.5 days previ\ously with

DBA/2 mates' (treated with anti-Thy 1.2 + C’) were included as a

™ positive control.

b The number 'in parentheses equals the number of test cells added

totheHLC

c Sigmficant reduction in CTL yield compared with control
(P < 0.05 Student’s t test).

P
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Table 14

Decidua;associated suppressor -celllactivity recovered from Mus caroli

mated to Mus caroli o s v

Test cells - CIL Activity per culture
" | “Nat x 10% + sEM

3 x 0% Mus caroli N 1940 + 69
" Virgin spleen cells _ | o .

+ 10° decidua-associated cells? 1206 + 41€

+ 10° decidua-associated celysP 1006 + 75°

a decidua-associated cells obtained from day 9.5 of pregnancy of
Mus caroli Q mated to Mus caroli 0"

b decidua-associated cells obtained from day 13.5 of pregnancy of
Mus caroli § mated to Mus caroli

c Significant suppression by Student’s t test P ¢ 0.05.

-
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associated cells reccvered fran Mys caroli céroli mteduus éarol:lA preénan—- o
cies possess suppressor activity accwpanied by an accumilation of 30

+ 2% granulated small lymphocytes.
'3 7 Role of the. troﬂioblast in establishing suppressor cell activity.
in the decidua

Whilst the xemblaétocyst (Hus caroli) initially remains .
viable upen transfer into the Mus msculus uterus, it nevertheless

inevitably dies and is resorbed as the Mus misculus pregnancy pro-

gresses. However, it has -been demonstrated that Mus' caroli can
develop and gestate into viable offspring within . the Mus musculus

A when the Mus caroli inner mass is anveloped in Mus musculus tropho-
blast. in cont:rast, Mus nusculus inner cell mass enveloped in Mus

caroli trophoblast and transferred into a Mus musculus pseudopregnant“
.recipient fails (Rossant and - Frels, '1980).  Thus, it appears that
matching the tr'ophoblast‘genotype with that of decidua plays a crucial
~role in the outcome of pregnancy. With this information, we examined
the role of. rrc;phob-last in establishing nonspecific suppressor cell
activity‘in the decidua. With the acquisition of a C3§ murine
placentally-derived choriocarcinoma line (Be6 cells) (Beeson et al.,
1984). we were able to ‘test for the role of the trophoblasf in

recruiting or activating local uterine suppressor cells.

3._7.1. Properties of the Be6 trophoblast cells

It hag been shown that in addition to the fetal component of a
13 to 15 day murine placenta 30% of the placental cells are of
maternal origin (Rossant and Croy, 1985). Descriptive studies have
.suggested that decidual cells and maternal macrolphages.may infiltrate

\
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. the spongiotrophoblast (Bell, 1953) In the absence of any tissue~

_ specific marker which can unequivbcally identify. trophoblast in the
murine placenta, we can. only assess the trophoblastic nature of a,
trophoblast cell ‘line by demonstrating known trophoblastic properties.
Beeson et al. reported that the Be6 choriocarcinom cell line is of

placental, origin (versus maternal origin) from the evidence that the .
cell line expressed a. paterml X-linked enzyme isotype when congenic |

mice were mated, which carried different electrophoretic variants of
phonho—glycerate kinase (PGK-I) (Beeson et al., 1984). In addition
enzyme analysis revealed an incree_sed level of a trophoblast marker,
alkaline phosphatase (by 50X) in the Be6 line compared to two f£ibro-
sarcgaf lines RD-1024 and CR-80 - (Beescn et SIN¢ 1984). Other enzyne
ysis studies also strongly suggest that the Be6 cell line is-tro-
cectodermal in origin in that enzymes essential for progesterone
synthesis may be detected in the Be6 line. Placental progesterche isg
synthesized -from maternal plasma cholesterol in the pathway outlined
in Fiqure 6, One reqtiirement for the synthesis of progesterone from
p‘regnenolone is oxytjen angd reduced NAD' as a cofactor (Schulster et
al., 1976) and the second requirement involves two ertzyines:
ﬂ-hydroxy—steroid dehydrogenase and microsomal isomerase. In 'enzjme

histochemical assays the detection of NADH diaphorase and’

ﬂ—hydroxy-—st oid dehydrogenase in the Be6 line as seen in E‘igure 7
as granules in the cytoplasm indicates the potential for steroid syn-
thesis which is lacking in other tumor lines such as the P197. _

, Five m{lion Be6:cells injected subcutaneously into irradiated
.CBH,xHeJ mouse (300-400 rads) resulted in a SOlld t\mog@fter several
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Figure 6

Biosynthesis of progesterone from ptegnenolone

1, 3ﬁ-hydroxy-steroid dehydrogenase

2. Microsomal isomerage



73

Figure 6
CIH3
C=
CHj °
CH3
HO
PREGNENOLONE
@ é: O
CH3
CH3
o

5-PREGNENE-3, 20-DIONE

PROGESTERONE



Figqure 7

Enzyme histochemical assay for progesterone synthesis

granules - positive stain for 3B—hydroxy—steroid deh}drogenase
in Be6 cell line.

3ﬁ-hydroxy~steroid dehydrogenase-negative stain in P19 cells.

Positive stain for NADH diaphorase in Be6 cell line compared to
panel D in P19 cells.
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months.  Histologically the tumor was composed of small cells and
glant cells (gee Flgurere), similar to trophoblastic glant cells
(Rossant and Tamura-Lin, 1981).. 1n addition: Loke (1986) has shown
that Erophpblasf cells possess an epithelial characteristic, in that
it bears cytokeratin. Therefore, a cytdkeratin imminchistochemical
assay was used to examine the Beg ééil_line (as déséribed in Materials
and‘Mathods, section 2.16.1.2). Figure 9 demonstrates Ehat the Beé
cell line did bind anticytokeratin antibody further demonstrating the
Be6 cell line to be of a trophoblastic nature.

3.7.2  the role of the Be6 choriocarcinoma 1line in recruiting

Suppressor_activity to the uterine decidua

As discussed in section 3.7 the genotype of the trophoblast
appears to be critical in fetal survival. With a trophoblastic-like
cell line (Be6) we examined its ability to recruit the small
granulated lymphocytic Suppressor cells to the uterus. As described
in Materials and Methods, section 2.16.3, various stimili were
injected into the uterine lumen of pseudopregnant recipient female
mice. After six days the cells were harvested from the uterus, sepa-
rated according to size on a StaPut apparatus, and each fraction
tested for its ability to suppress cTL generation. Figure 10 demon-
strates that the recruitment of a small lymphocytic Suppressor cell,
sedimenting at 2-4 m/h  was achieved using the Be6 choriocarcinoma
line. A similar pattern was seen in the Suppressor ‘activity recovered
from the decidua of day 10.5 allopregnant C3H as seen in Figure 11,
In contrast neither a5 seen in Figures 12, 13 and 14, oil, nor p8isS

nor the C3H embryonal carcinoma line P19 respectively led to the

A

Y



Figure 8

Photomicrographs of Be6 tumor grown in C3H/HeJ mice.

Be6 tumor (x100) showing giant cell (A) development._

.



76




Figure 9

Imminchistochemical assay for cytokeratin in Be6 cell line

Panel A is a positive stain for cytokeratin compared to negative

control, panel B. :



Figure 9




Figure 10

Velocity sedimentation and separation of cells from uterine decidua
having received the Be6 cell line stimuli
u

Decidual cells obtained from pseudopregnant mice 6 days afer receiving

the Be6 cell line intrauterine stimuli and separated into fractions of

different sizes by velocity sedimentation. 105 cells of each fraction

was then tested for its ability to suppress CTL generation (e).

Percent viable cell mumbers recovered per fraction (o). Percent CTL

5

activity of each fraction against > Cr—labelled F815.
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a Figure 11

Velocity sedimentation and Separation of cells from uterine decidua

underqoing successful allopregnancy v

n‘

Decidual cells obtained from day 10.5 allopregnant C3H, ey mated DA 2
and separated into fractions of Qdifferent sizes by velocity
sedimentation. 1¢° cells of each fraction was then tested for its
ability to suppress CTL generation (o). Percent cell numbers
Lecovered per fraction (o).  Percent cTL activity of each fraction
against lcc_labelleq s,
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Figqure 12

Velocity sedimentation and separation of cells from uterine decidua
| ' having received oil stimli

! ‘
i .
: P
i .
' .
K . .
.

Decidual cells obtained from pseudopregnant mice 6 days afer receiving

the oil intrauterine stimuli and separated into fractions of different
sizes by velocity sedimentation. 105 cells of each fraction was then
tested for its ability to Suppress CIL generation (e}. Percent viable
cell numbers recovered per fraction (o). Percent cIL, activity of each
fraction against >lcr-labelled pg1s.
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, Figure 13

Velocity sedimentation and séparation of cells from uterine decidua

having received the P19 stimgli

Decidual célls obtained from pseudopregnant mice 6 days afer receiving

the P19 cell line intrauterine stimz:li and separsped into fractions of

different sizes by velocity sedimentation. 105 cells of each fraction

was then tested for its ability to suppress CIL generation (

e).
Percent viable cell numbers recovered per fraction (o).

Percent CTL
activity of each fraction against 51C|:—-1abelled P815.

\
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Figqure 14

Velocity sedimentation and separation of cells from uterine decidua
' having received the R§15 cell line stimyli

Decidual cells obtained from pseudopregnant mice § days afer receiving

the P815 cell line intrauterine stimgli and separated into fra

ctions
of different sizes by velocity sedimentation.

10° cells of each
fraction was then tested for its ability to suppress CTL, generation
(®). Percent viable cell numbers recovered per fraction (o).

Percent
.CTL activity of each fraction against 3

Ler-1abelled pais.
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Figure 14
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appearance of granulated s&gil lymphocytes with éqppressor' activity.
The litter-stimuli did lead to the appearance of a suppressor cell
distinctly_larger than the previously described decidua-associated
suppressor cell, sedimenting at >6 ﬁnvh. Preliminary characterization
of the larger Suppressor cell recovered from pséudopregnant animals,
showed it to be resistant to treatment with anti-thy 1.2 + ¢r ang
anti-Mac 1 + C’ (Table 15).  In addition, when percent granulated
small lymphocytes was enuerated it was found that the trophoblastic
Be6 line recruited significantly‘more smail granulated cells campared
to the non~trophob1$stic stimili (Figure 15).

In the Mus caroli system it can be seen from‘Fiéure 15 that
when Mus caroli females were mated to Mus caroli males the resulting
allopregnant decidua yielded 30 + 13 (mean + SEM) small gramilated
lymphocytes similgr to the percent recovered from allopregnant decidua
of Mus musculus. When the suppressor activity of the Mus caroli

decidua was tested, significant suppression was recovered as shown in
Table 14. However, when the Mus musculus Be6 choriocarcinoma line was
injected into the uterus of pPseudopregnant Mus caroli, it failed to
rec;u%t small granulated cells, possibly demnnstrating a species re-
stricﬁion in the trophoblast-decidua interaction. This could not be
tested in the reciprocal direction due to lack of availability of a
Mus caroli placental—trophoblast line.

3.7.3 The effect of injecting Be6 cell line supernatants into uterine

lumen

Supernétants were prepared from the Be6 choriocarcinoma cell

line, P815 mastocytoma line and day 9.5 ectoplacental cone as des—

b A e oy . - . o e By g e,
B e T e et e iy g Bl



Table 15

"L&iga“ Suppressor cell surface markers - anti-ihy 1.2 and anti-Mac 1

Plus complement treatment

Test cells CTL Activity per culture

Net x 107 + sen

Expt. 1.
3 x 10° vey 4656 + 477
LN 10° decidua-associated cells® 414 + 19P
(untreated) .
" + 10° decidua-associated cells 686 + 25°
{anti-thy 1.2 + c’) . .
Expt. 2.
3 x 10° vern 1564 + 267
" + 10° decidua-associated cells 582 + 240
(untreated)
" + 10° decidua-associated cells 318 + 16"

(anti-Mac 1 + Cr)

a Decidual cells were obtained from pseudopregnant animals receiv—

ing oil intrauterine stimuli and were untreated or treated with

anti-thy 1.2 + ¢ or anti-Mac 1 + C’ as described in Méé;rials
‘and Methods.  Anti thy 1+ c’ killed. approximately 10% of the

cells in the decidua and anti-Mac 1 + ¢’ killed approximately 22%

of the cells. No correction was made for altered viability,

b Significant suppression by Student’s t test p ¢ 0.05.

™
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Figure 15

Percent small granulated cells recovered from pPseudopregnant animals

receiving various intrauterine stimli

~

Percent granulated Cells emmerated by Diff-Quick

staining of
cytocentrifuge smears of

decidual suspensions recovered from

Pseudopregnant animals.
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. Figure 15
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'ﬂvw’_\\sfibed in Materials and Hethods;' sections 2.16.2 and 2.16.4, on " the
third day of the hoG (mman chorionic gonadotropin) hormnne regime, 20
4l of supernatant was injected into the uterine lumen of allopregnant
mice along with 10 p1 of peanut oil to ensure decidualization. On the
eighth day of the hormone schedule the animals were boosted with 20 ul
of supernatant in the same uterine horn as injected previously.
Decidual cells were harvested aft?r 6 days and examined for suppressor
cell activity and percent granulated small lymphocytes. As shown in
Figure 16, the Be6 trophoblastic line Supernatant and the day 9.5
ectoplacental cone. supernatant recruited significantly more small
lymphocytes to the uterus compared to p81§ supernatant.

Figure 17 shows that a suppressor cell sedimentxng at 3 mm/h
is recovered from the decidua of animals receiving Be6 tropheoblastic
Supernatant. 1In addition, there also appears to be suppressor acti-
vity associated with a larger cell sedimenting at >Smm/h. This may
represent the same uncharacterized cell discussed in the previous
section which is apparent in pseudopregnant animals receiving the non-
trophoblastic stimuli, Figure 18 demonstrates the ability of day 9.5
ectoplacental-cone supernatant in recruiting a small suppressor cell
sedimenting at 3 mm/h to the uteri of pseudopregnant animals.
3.7.3.1 characterization of the cell recovered from the decidua of
animals stimulated with Be6 supernatant

Since it has been Previously shown that the decidua-associated

*
Suppressor cell recovered from allopregnant mice ig resistant to
anti-T cell antisera Plus C’ treatment (Slapsys and Clark, 1983), we

examined the sensitivity of the Suppressor activity recovered from the
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Figure 16-

Percent small granulated lymphocytes recovered from pseudopregnant
animals receiving supernatants of various intrauterine stimalj

Percent granulated cells enumerated by Diff-Quick staining
Cytocentrifuge smears of

of

decidual suspensions recovered from
pPseudopregnant animals,

.
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Velocity sedimentation and separation of cells recovered from

m/nu uterine decidua having received Be§ supernatant

Decidua-associated cells cbtained from athymic pseudopregnant mice 6
days after receiving Be6 supernatant intrauterine stimii and
separated in fractions of different sizes by velocity sedimentation.
10S cells of each fraction was then tested for its ability to suppress
CIL generation (e). Percent viable cell mmbers 'recovered pér
fraction (o). Percent CTL activity of each fraction against

Sler labelled P81S5.
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Pseudopregnant uterus stimulated with the Beﬁ cell line supernatant
Table 16 is a representative experiment demonstrating the resistance
of the suppressor-activity £rom pseudopregnant animals whi ceived
Be6 supernatant to anti~-thy 1.2 + ¢’ treatment, suggesﬂing that the
trophoblastic cell line is capable of recruiting a similar cell to

~that described during successful allopregnancy.

_In addition, to substantiate the suppressor cells non-T - cell
nature Table 17 demonstrated that decidua-associated suppressor acti-
vity may be recovered from T cell deficient or nu/nu  pseudopregnant
females when stimnlated with Be6 supernatant. Upon examination of the
$ granulated small lymphocytes in prepared decidual cell suspen51ons
it was found that ‘the pseudopregnant nuy/nu females which received Beb
Supernatants contained 28 + 2% granulated small lymphocytes campared
to 6 + 1% from pPseudopregnant nu/nu females not receiving the Beé6
stimilation. Also, in confirmation, with previous reports, size.
characterization of the decidua—suppressor activity isolated from
my/mu, Beé stimulated mice was associated with a small lymphocyte
sedimenting at_ 3 nnvh as seen in Figqure 19. Therefore, it appears
that a factor(s) elaborated by the trophoblast is important for the
recruitment of a population of suppressor cells which 'are small,
non-T, .gramulated lymphocytes to the decidua of pseudopregnant females
similar to the ‘decidua-associated Suppressor cells described in
Successful allopregnancy. ‘

To recapitulate, lthe studies feported in this chapter have
shown that during successful pregnancy there is an accumilation of 3
novel type{s} of suppressor cell(s) in the uterus of. allopregnant
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. r Table 16 .
s Suppressor cell surface marker — anti~Thyl.2 + ¢ treatment

E‘ Test cells CTL activity per culture
Net x 103 + SEM
3 x 10° very 256 + 7
"+ 10° decidus-associated cells® 56 + 5P
(untreated)
i " 4+ 10° decidua-associated cells N.D.
&  (C’ only)
"+ 105 decidua-associated cells 53 + gP
(anti-Thyl.2 + ¢r)
a

Decidua-associated cells were obtained from pseudopregnant

C38/HeJ females stimulated with Be6 supernatant and were
untreated or exposed to anti-Thy 1.2 + ¢’
in Materials and Methods.

treatment as described
No correction was made for altered
viability caused by treatment.

Significant suppression by Student’s t-test P < 0.05.
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3 | | Table 17 _
% Decidua-associated suppressor activity of nu/mu mice -

; * Test ‘cells CTL activity per cul

Net x 10° + sEM

3 x 10% vern 805 + 30
"4 10 nu/nu virgin uterine cells 1399 + 36
5 '
! " +3x10 gu/nu mouse decidua—associated
’ - cells 78 + gP
" 41 x10° my/mu mouse decidua-associated 124 + oP
: cells -
a Decidua-associated cells were isolated from nu/hu pseudopregnant
mice having received Be6 supernatant.
b

Significant suppression by Student’s t-test P < 0.05.
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'Fiqure 18

Velocity sedimentation and separation of cells recovered from

uterine decidua having received day 9.5 ectoplacetal cone supernatant

Decidua-associated cells obtained from pseudopregnant mice 6 days
after receiving day 9.5 ectoplacental cone supernatant intrauterine
stimili and separated in fractions of different sizes by. velocity
sedimentation. 105 cells of each fraction was then tested for its
ability to suppress CIL generation (e). Percent viable cell mmbers
recovered per fraction (o). Percent CTL activity of each fraction

against > Cr-labelled P81S.
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Figure 19

\

Velocity sedimentation and separation of cells recovered from

uterine decidua of m/nu mice that received Beg supernatant

Decidua-associated cells obtained fram nu/nu pseudopregnant mice 6
days after feceiving Be6 .Supernatant intrauterine stimuii and

CTL generation (o). Percent viable cell numbers recovered per

fraction (o). Percent CTL activity of each fraction against
*lec-labelled pais.
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~mice. Characterization of the decidua-associated suppressor cell has
shown the cell to bear no positive surface markers tested (i.e.

T-cell, macrophage, granulocyte) except for the FcR. The mechanisms

‘responsible in the recruitment or triggering of the decidua-associated
suppressor activitir remain unknown, although trophoblast factors have
been shown to play a critical role in the accumulation of the des-
cribed suppressor activity.
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Discussion

The murine pregnancy provided a convenient model for studying
the inuunology of the feto—maternal interface. Mechanical isolation
of the maternal uterine decidual cells provided a reliable technical
tool by which we could examine their immunorequlatory capacity of
Cytotoxic: events. There were two major findings. Firstly, aborting
pregnancies fail to accumulate decidua—associated suppressor cells
in the uterine decidua Secondly, the appearance of decidua-
associated suppressor cells is dependent upon a  decidua-trophoblast

interaction.

To recapitulate, successful murine pregnancy is associated

/

with the presence of non T, small lymphocyte-like cells ({sedimenting

at 3.0 + 0.5 mm/) which appear to contain eosinophilic gr
f}he scant cytoplaan Further characterization. studies outlided in
this thesis reveal the decidua-associated suppressor population toX be
devoid of conventional cell markers for macrophages (Table 4) and
granulocytes {Tables 3 and 5? in addition to T cell markers (Slapsys
and Clark, 1983). In contrast, the decidua-associated suppressor
pPopulation did appear to bear FcR for imminoglobulin IgG (Tables 6 and
7). The significance of FcR on the suppressor population remains to
be established. One may .only speculate that immunoglobulin molecules
l} of the IgG class may be involved in triggering the suppressor popula-
tion. Fc mediated immmoregulation has been described for T cell and
; B cell mediated immmosuppression (Panoskaltsis and Sinclair, 1986).
Further, blocking antibodies of the IgG class have been eluted from
the maternal-placental interface by a pumber of independent labora-
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tories (Voisin and Chacuat, 1974; Wegmann et al., 1979). There is
‘evidence that .the abortion rate can be decreased in particular' stain
matings (ie. CBA x DBA/2 ) when an appropriate IgG immunoglobulin is
generafed by vaccination (Chacuat et al, 1985) suggesting immmo-
logical significance of immmoglobulins in association with the
decidua-associated suppressor cell. ‘ |
Hopt et al. (1980) ha5; shown that sensitized lymphocytes were
preferentially recruited to allografts bearing the sensitizing allo-
antigen in mice. They were also able to show that unsensitized
lymphocytes were also recruited to the graft site. This observation
has been confirmed by Hanto et al. (1982) who have reported lymphocyte
recruitment to a graft site, which may be mediated by the in:éraction
of sensiéizgd cells and alloantigen, resulting in the elaboration of
lymphokines and increasing the accumulation of other sensitized and
nonsepsitized cells. However circulating Sensitized CTL generated by
immmizing females against paternal MHC allo-éntigens does not
threaten normal fetal dgvelopnau:(WEgmann et al. 1979). In addition,
NK cells have élso been demonstrated in Eﬂé decidua during pregnancy
(Table 9; Croy et al., 1986). The demonstration of cytotoxic cells
during pregnancy raises the gquestion ,of whether cytotoxic cells
possess a potential threat to the developing embryo. Since NR cells
have been shown to selectively lyse target cells bearing embryonic
differentiation antigens (Gidlund et al., 1981; Stern et al., 1980)
such cells may in fact be capable of exerting harmful effects on ~the
implanting embryo. Chang and Tanaka (1982) have reported that splenic
NK cells can kill trophoblast cell lines in vitro. This observation

is similar to that of Georgina Smith (1983) who showed that Ffresh
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i:ryg&inized' trophoblast cellis could be lysed by mc—sensit;i.zed
lymphocytes. Kreck et al. (1982) have reported that small lymphocytes
infiltrate the trophoblast giant cell layer of the mouse
spongioi:rophoblast ‘on day 10.5 of pregnancy and that greater infiltra-
tion was seen in alloprggmné mice compa:__red to syngeneic matings. It .
is of interest that we f£ind maximm suppressor cell activity in the
- decidua at this time (Slapsys and Clark, 1983), at a developmental
~point when paternal B-2 antigens are expressed by the placenta as
detected by the binding of circulating antibody (Raghupathy et al.,
1981). Croy et al. (1982) have shown that xenogeneic Mus caroli
embryos that implant in the uterus of Mus msculus females survive

until day 9.5 of pregnancy where upon they are infiltrated by CTIL aﬁd
undergo necrosis and resorption by 12.5 days of pregnancy. The sponge
graft data in Table 8 suggests~th5t a small, non-T granulated sup-
pressor population in the decidua may prevent the infiltration of the
fetal allograft by sensitized CIL in vivo. Therefore the recruitment
of non-T, granulated suppressor cells to the implant site may be an
important immmo-regulatory mechanism to protect the fetal allograft
from cell mediated immine rejection.

The mechanism of cytotoxic inhibition hég been shown to be via
a soiuble factor isolated form the non-T suppressor population which
blocks the IL-2 response of both CIL and an IL-2 dependent cloned NK
cell line in vitro. (Clark et al., 1985}, possibly by inhibiting the
induction and function of the IL-2 receptor. (This issue is currently
being investigated). Bulmer and Johnson (1986) reported that although
T lymphocytes were abundant in first trimester human decidua, none

expressed the IL-2 receptor. Thus, localization of non-T suppressor
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cells in the decidua should be able to protect the fetal graft by
blocking NX cell activation and generation of lymphokine activated
killer cells (Grimm et al., 1982; Grimm et al., 1983) by 1r-2.
Indeed, NK cell activity in decidua appears to decline progressively
between days 6.5 and 9.5 of pregnancy (Gambel et al., 1985) as sup-
pressor cell activity is increasing (Slapsys and Clark 1983)

The significance of local uterine suppressor cells in. protect-
ing the fetal allograft from tejection is Support:ed by studies using
failing pregnancy models. Firstly, it has been report:ed that sup-
pressor activity is absent from the DLy of allopregnant CBA mice that
resorb thei'r litters (Mal., 1980; chaouvat et al., 1983;
Chacuat et al., 1985). Similar findings in mice resorbing their
litters have also been reported by Smith (1981). 1t is interesting
that the decidua of cma 'strain mice appears to be deficient in the
small Fc-receptor positive cell population'(Kirkwood, 1981) that has
been associated with a soluble Suppressor activity and in decidua-
associated suppressor cell activity {Clark et al 1986b).

Secondly, xenopregnancy in sheep-goat, horse—donkey and Mus
musculus - Mus caroli systems show a high rate of embryo failure
assoclated with infiltration of the fetus by maternal cytotoxic
lymphoid cells (Clark, 1984; Hancock et al, 1968; Croy et al, 1982).
Immmnization of the Mus musculus female against Mus caroli lymphoid
cells accelerated the rate of "rejection"” Suggesting an immmological
mechanism. It was of tremendous interest in that, in the Mus caroli -
Mus musculus model 'sgstem, viable Mus caroli fetuses could be obtained
by enveloping the inner mass of the Mus caroli in a trophoblast of the

Mus musculus type (Rossant et al., 1983). 1In contrast Mus musculus



B s i e S .

Sar T LS

= - . - .99
R -

Y e

- -

"inner cell mass that was sucoessful when left within Mus musculus

'trophoblast underwent necrosis and resorption when enveloped in Mus

 caroli trophoblast (Rossant et al., 1983). This observation could be
explained by firstly, incorrect xenolatclung between trophoblast and

| : : decidua that might lead to abnormal growth and development of the

f _ “ trophoblet/placenta And secondly, species-restricted trophoblast-

decidua interactions that may lead to failure to recruit local non-T
: suppressor cells. In support of the latter hyppthesis we found that
% at day 9.5 of pregnancy the xenopregnancy embryo is viable and appears
; completely normal despite the dramatic deficiency of uterine sup-
E _ pressor cells (Table 13). However by 10.5 days of pregnancy, the Mus
: | caroli embryo begin to die and the conceptuses became ’ infiltrated by
.,_maternal cytotoxic cells. .

Acquisition of'a trophoblast cell line (Be6) has provided some
direct evidence for a recruiting-role of trophoblast in a species.
restricted fashion. Padykula et al. (1578) and Bulmer and Johnson

- (1985) have shown a lymphoid /infiltrate some of which are granulated
cells in association with maternal endometrial glands which have
acquired fetal trophoblast antigens in early human pregnancy. It is
tempting to postulate that maternol cells (ie. ‘endometrial gland
cells) modify their cellular antigens, possibly via hormonal control

: (Natalli et al » 1981; Natalli et al., 1984) t\\encourage recruitment

| of the non-specific, non-T granulated decidua-associated suppressor
cell. It now appears that trophoblast soluble factors, elaborated in
vitro by the trophoolast cell line and ectoplacental cone possess the-
ability to signal the decidua forithe development of suppressor cells
at the implantation site.
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It has been demonstrated that suppressive activity can be

measured in human decidua using soluble products elaborated by this

tissue in culture (Golander et al., 1981), and using lymphocytes

isolated from first trimester decidua (Daya et al., 1985) Further

experiments are necessary to determine to what extent local activity
in human pregnancy reflects the findings in murine pregnancy..
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In conclusion, the presence or abséﬁce of a novel population

_of non-specific non-T granulated sﬁppressor lymphocytes in the uterine
decidﬁa correlates cidSely with susceptibility to maternal immumnity

and the outcome of pregnancy. The fetal trophoblaét appears to play‘;

key role in the generation of this popultion of suppressor cells in

the decidua. The précisé cellular and molecular events underlying

suppressor cell recruitment remain to be detérmined. The under—
st;nding of thé mechanisms by which decidua-associated supﬁressor
cells are requlated could have practical applications in dealing with
problems of human pregnancy failure.
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