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I. LIST OF ABBREVIATIONS

AA arachidonic acid

ASA acetylsalicylic acid

BSA bovine serum albumin

CD cluster of differentiation

ConA concanavalin A

COX cyclooxygenase

CTL cytotoxic T lymphocyte

ELISA emzime linked immunosorbert assay
HLA human leukocyte antigen

IFN-y interferon y

IL interleukin

INDO indomethacine

IVF in vitro fertilization

KAR killer activator receptor

KIR killer inhibitory receptor

LAK lymphokine activated killer

LPS lipopolysacharide

MAb monoclonal antibody

MHC major histocompatibility complex
NC natural cytotoxic

NK natural killer

PBL peripheral blood lymphocyte
PBMC peripheral blood mononuclear cell
PBS phosphate buffered saline

PG prostaglandin

PHA phytohaemagglutinin

PIBF progesterone-induced blocking factor
PLA2 phospholipase A2

RSA recurrent spontaneous abortion
TBS tris buffered saline

TCR T cell receptor



Th T helper
TNF-a tumor necrosis factor o

I1I. INTRODUCTION

Immunological relationship between the mother and fetus. The role of the trophoblast

Medawar' was the first to formulate the basic problem of human pregnancy : « How does
the pregnant mother contrive to nourish within itself, for many weeks or months, a fetus that
is antigenically foreign body ? ““ . Fifty percent of fetal antigens are of paternal origin, thus the
fetus should be seen as an allograft and rejected via T cell mediated, major histocompatibility
complex restricted mechanisms.

It would seem plausible that non-recognition of fetal antigens by the maternal immune
system favors a normal pregnancy outcome. However, this is not true. Antibodies with anti-
parental specificity have been detected in sera of multiparous women *, clearly showing that
maternal recognition of fetal antigens does not compromise pregnancy. Inadequate recognition
of fetal antigens might result in failed pregnancy. Activation of the immune system seems to
be necessary for a normal pregnancy outcome. Non-specific immunstimulation of the pregnant
females reduces the originally high resorption rates in abortion prone murine strain
combination * and a similar effect is achieved by immunization of the mothers with paternal
strain type spleen cells *. These findings obtained in murine model, can be extended to human
system. In women suffering recurrent spontaneous abortions (RSA) the induction of
recognition of paternally derived human leukocyte antigen by lymphocyte immunization

>67 Komlos et al.® suggested that HLA matching between the

improves pregnancy outcome
parents is associated with spontaneous abortion and in a recently published 10 year
prospective study Ober et al.” confirmed these data.

Taken together these data suggest that immunologic recognition of pregnancy is needed
for the success of gestation.

The fetus itself does not come into direct contact with maternal tissue. It is the trophoblast,
which forms the interface between the maternal and fetal compartments. The trophoblast is a

tissue of fetal origin and it is in intimate and continuous contact with maternal

immunocompetent cells throughout gestation. Thus, the trophoblast should be the interface



where fetal antigens are presented to the maternal immune system, and also the target of
maternal anti-fetal effector mechanisms. Since placental cells are devoid of HLA class II
antigens, interest has focused on the expression of HLA class I molecules. Different classes of
the trophoblast (ec. syncyctiotrophoblast, villous cytotrophoblast ) are devoid of HLA
antigens. Extravillous cytotrophoblast cells form the only trophoblast subpopulation which do

10,11
express HLA molecules '

. The HLA class Ia or classical gene family include the three
highly polymorphic molecules HLA-A, -B and -C, which are expressed in most somatic
tissues and able to present intracellular peptides to cytotoxic T cells '%. Three additional class I
genes, the less polymorphic HLA-E, -F and -G antigens form the class Ib or non-classical
group. These molecules show homology to classical class I molecules but generally have
limited polymorphism, low level cell surface expression and more restricted tissue distribution
1 Immunohistochemically HLA-G ', -E and a small amount of HLA-C were the only HLA
class I molecules that could be detected in extravillous chorionic cytotrophoblast cells '>'%!7,

The polymorphism of HLA-G is low, only a few allels have been described. Since
paternally inherited HLA-G is present on the trophoblast cells, it would be possible to be
recognized as foreign by the maternal immune system. The limited HLA-G polymorphism
ensures that paternal and maternal HLA-G are extremely similar or identical and hereby does
not induce a maternal alloresponse.

The trophoblast does not induce transplantation immunity and resists NK as well as
CTL mediated lysis in vitro '*. Transfection with HLA-G renders cells that had been originally
CTL or NK sensitive, resistant to lysis by these effectors. In addition HLA-G may cause
anergy and apoptosis of allogeneic cytotoxic CD8+ T cells '°. This suggest that resistance of
trophoblast cells to cytotoxic effectors is due to the presence of HLA-G. Antigen recognition
by cytotoxic T lymphocytes is MHC restricted, whereas activation of NK cells depends on the
lack of MHC expression on the target cells. Since trophoblast is readily killed by lymphokine
activated killer cells, the former phenomenon can be explained by a disturbed antigen
recognition. HLA-G might induce resistance to lysis by decidual NK cells expressing KIR (
ec. LIR1/ILT2, ILT4, p49, BY55) that recognize HLA-G ** *'*?. Ligand binding of these
receptors conveys a negative signal, thus the presence of HLA-G might defend the trophoblast
from NK mediated lysis.

The next potential function that HLA-G could exert, upon ligation to KIR receptors,

would be the release of particular cytokines by these NK cells **. In vitro experiments have



shown that co-culture of human peripheral mononuclear blood cells with HLA-G expressing
cells resulted in a Th2 response **.

Another possible role of HLA-G is antigen presentation. According to our present
knowledge HLA-G presents antigens for y/d T cells. HLA-G is likely to exert anti-viral
function as well. There is evidence that HLA-G is capable of binding peptides of viral origin
and play a critical role in the presentation of viral peptides to cytotoxic T cells in the placenta
14

The other important MHC class Ib molecule is HLA-E. However, the importance and
function of HLA-E during pregnancy is still under investigation. NK cells can interact with
HLA-E complexed with specific peptides on target cells and it is mediated by the
CD94/NKG2 receptor . Recent studies have demonstrated that the ligand of CD94/NKG2A
was in fact HLA-E and not HLA-G ***’. There is evidence now that HLA-G plays a role in the
regulation of HLA-E expression **. All these data indicate that HLA-G presents antigens for

v/0 T cells and at the same time defends the trophoblast from cytotoxic effector mechanisms.

2. Progesterone dependent immunmodulation

a. The effects of progesterone

Progesterone is essential for the maintenance of pregnancy in a number of mammalian
species. It inhibits the contractions of myometrial smooth muscle *°, blocks the activity of
uterine collagenase *° and modifies the activity of proteolytic enzymes in blastocyst as well as
in the uterus *'. It is produced first by corpus luteum and later by placenta. The serum
concentrations of progesterone range from 100 to 500 nM during pregnancy. High
concentrations of progesterone prolong the survival of xenogenic and allogeneic grafts *>*°
and this hormone affects various phases of the immune response in vitro. Many publications
reported that progesterone blocks T cell activation in concentrations of 5 to 20 pg/ml 3 Stites

et al.®

reported on different mechanisms resulting in T cell activation blocking by
progesterone and cortisol. In most investigations dealing with in vitro effects of progesterone
on lymphocytes reactivity, only supraphysiological (0.5 —20 ug/ml ) doses were found to be
effective. Thus, it was concluded that progesterone might have a role as a natural

immunosuppressant during pregnancy, although its action was assumed to be restricted to the

materno-fetal interface where progesterone concentrations reaches the high level required for



in vitro blocking **. NK activity of healthy pregnant women’s lymphocytes can be suppressed
by relatively low (100-400 nM) concentration of progesterone, whereas 100 times higher
concentrations are required for reducing the natural cytotoxic activity of non-pregnancy

lymphocytes >’

and this effect was shown to be inhibited by equimolar concentrations of
progesterone receptor blocker RU486 **. In lymphocytes from pregnant women progesterone
at physiological concentrations inhibited natural cytotoxic (NC) activity in a dose-related
manner, and in vitro an inverse relationship was found between progesterone concentration
and cytotoxic activity of these lymphocytes. Preincubation of lymphocytes with progesterone
depleted pregnancy serum did not result in significant inhibition on cytotoxic activity. In fact,
absorption with anti-progesterone antibody caused an 80 % decrease on cytotoxic activity of

38,39

pregnant sera . This findings led to the hypothesis that progesterone sensitive pregnancy

lymphocytes might express specific progesterone binding sites.

b. Progesterone receptor expression on lymphocytes

Lymphocytes of healthy pregnant women are more sensitive to the natural cytotoxicity
blocking effect of progesterone because they have significantly higher progesterone binding
capacities than those from nonpregnant individuals or pregnant women at risk for premature
pregnancy termination *’. By immuncytochemistry with different progesterone receptor
specific monoclonal antibodies our laboratory demonstrated progesterone-receptors in
peripheral pregnancy lymphocytes *'. The incidence of progesterone receptor expressing
lymphocytes was neglectable in peripheral blood of non-pregnant individuals. The reactivity
was mainly localized in the CD8+ population, and the majority of progesterone receptor
bearing peripheral lymphocytes expressed /8 TCR ***. Lymphocyte progesterone receptors
with a molecular weight of 40 kDa do not seem to be identical with the classical progesterone
binding sites (110 kDa). The percentage of progesterone receptor positive lymphocytes in
peripheral blood increased throughout gestation. Progesterone receptors appear in peripheral
blood lymphocytes as early as the tenth day of gestation and disappear during term labor.
Recurrent abortion, spontaneous abortion and threatened pre-term delivery were associated

M Therefore, it is conceivable, that lack of

with lower number of receptor positive cells
lymphocytic progesterone receptors during pregnancy might have functional consequences.
The regulation of lymphocyte progesterone receptor expression is activation dependent, but

hormone independent. In resting human lymphocytes progesterone receptors are induced by



mitogenic or alloantigenic stimulation and the mRNA of progesterone receptor is present in
activated, but not in resting human lymphocytes **. Furthermore, due to a chronic stimulation,
lymphocytes of transplanted patients express progesterone receptors also *°. Recurrent
spontaneous abortions are claimed by some authors to be associated with the lack of maternal
allorecognition of the conceptus. A high rate of HLA matching between the parents has been
implied by some groups *’°. In pregnant women with spontaneous abortions of unexplained
etiology the rate of receptor positive cells was significantly lower than that in healthy pregnant
women of corresponding gestational ages *'. It is likely, that in these cases, owing to unusually
coincident HLA matching or to holes in the T cell repertoire for placental antigens, fetal cells
fail to stimulate maternal lymphocytes, which might account for the failure of the latter to
develop progesterone receptors. Immunotherapy with paternal lymphocytes for unexplained
recurrent abortion induced a higher expression of progesterone receptors on lymphocytes.
Increase of progesterone receptor expression correlated with the success or failure of gestation
% These data suggest that in pregnancy a chronic alloantigeneic stimulation due to the
presence of fetus might be responsible for induction of progesterone receptors.

In the decidua /8 TCR positive cells significantly increase in number *’*®. The
number of these cells in the uterus is higher in allogeneic than in syngeneic pregnancy and the
expression of the y/6 TCR in the pregnant uterus has been shown to be hormonally controlled
¥ Therefore, it can not be ruled out that this population might play a role in recognition of
fetal antigens. The majority of decidual v/ T cells are in activated form ****°. In peripheral
blood of pregnant women there is an increased ratio of y/d TCR positive lymphocytes and
more than 90% of these cells express progesterone receptor suggesting a state of activation *.
These data allow the assumption that decidual y/d cells play a major role in progesterone

dependent immunomodulation.

c. Progesterone-induced blocking factor

In the presence of progesterone, progesterone receptor positive lymphocytes produce a 34 kD
protein °' | named the progesterone-induced blocking factor (PIBF). PIBF appears on the
lymphocytes of healthy pregnant women %, but not on those from pathological pregnancies.
The percentage of positive cells is significantly lower among peripheral blood lymphocytes of
women showing clinical symptoms of threatened preterm delivery and also from women with

miscarriages and preterm deliveries. Similar results were obtained by ELISA. PIBF can be
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detected in sera of pregnant women and its concentration is higher than that of non-pregnant
individuals or pregnant women with symptoms of threatened abortion. Furthermore, the
majority of sera from term deliveries was characterized by lower than normal concentrations
of PIBF, suggesting an association between the serum level of this protein and the termination
of pregnancy . Thus, the presence or absence of PIBF correlates with the failure or success
of gestation.

NK activity of peripheral blood lymphocytes is inversely correlated to their PIBF
positivity. Van den Heuven et al.”* have demonstrated the presence of progesterone receptor
positive NK cells in the decidua. Decidual CD56+ cells inspite of their high perforin content
show a low rate of cytotoxicity. All decidual CD56+ cells produce PIBF *°. PIBF blocks NK
activity by inhibiting degranulation of peripheral lymphocytes >° therefore, it can not be
excluded, that low NK activity of decidual NK cells is due to the high presence of PIBF in the
decidua.

Progesterone-treated murine pregnancy lymphocytes release a similar factor.
Treatment of Balb/c mice that were 8 days pregnant with progesterone receptor blocker
(RU486) resulted in 100 % resorption of the fetuses. Simultaneous administration of the
supernatant from progesterone-treated murine pregnancy spleen cells restored the resorption
rate to the original 6 % °°. These data suggest that functional lymphocytic progesterone
binding sites are needed for the maintenance of normal murine pregnancy as well. In pregnant
mice PIBF exerts a strong anti-NK activity and it has an anti-abortive effect, since PIBF
prevents resorptions induced by transfer of high NK activity spleen cells >

In women with recurrent spontaneous abortions paternal lymphocyte immunization not
only induces a higher expression of progesterone receptor expression but suppresses NK cell
activity as well *°.

Studies on IVF patients showed, that PIBF appears on the lymphocytes of pregnant
women early after implantation. The percentage of PIBF expressing cells increases as a result
of pregnancy and the stimulus for PIBF induction occurs in an early period of periimplantation
event, and may thus help with early escape from maternal immune surveillance *. These data
support the concept that PIBF may play an important role in early implantation possibly by
inhibiting destructive function of natural killer lymphocytes.

Another immunmodulatory effect of PIBF is influencing the rate of antibody synthesis
and the quality of antibody production. PIBF enhances asymmetric antibody production of

hybridoma cells ®°. Asymmetric antibodies have a mannose-rich olygosaccharide linked to one
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of the Fab arms of the molecule and though they bind the antigen with the same specificity as
this conventional counterparts, these Ig molecules are generally unable to activate effector
functions, such as complement fixation, phagocytosis and cytotoxicity, however, they can
block the antigen and thus might play a role in the protection of the fetus. The sera of pregnant
mice treated with anti-PIBF antibody contained four times less asymmetric antibodies than
those of normal pregnant animals ' suggesting the role of progesterone in the regulation of

nonprecipitating antibody production as well.

. Altered cytokine production during pregnancy

Cytokines play a major role both in the establishment and in the maintenance of
normal, human pregnancy and may have beneficial or negative influence on pregnancy
outcome depending on the cytokine level present.

CD4+ cells can be subdivided into different subsets on the kind of lymphokines they
produce . T helper 1 (Thl) cells secrete IFN-y and TNF, whereas T helper 2 (Th2) cells
secrete 1L-4, IL-5 and IL-13. Thl cells induce cellular-mediated inflammation and tissue
injury, whereas Th2 cells are prominent in the pathogenesis of allergic diseases %
Cytokines present during the initiation of a T cell response can determine the development of
a particular Th subset. For example Th2 cells develop when naive T cells are stimulated in the
presence of IL-4, while IL-12 is a critical factor driving the development of Th1 cells 06-¢7:6%,

Gestation is associated with a transient depression of maternal cell-mediated immunity to
protect the semi-allogeneic embryo from rejection. The hallmark of this immune tolerance is a
profound modulation of T cell responses, best characterized by a sift from Thl (IL-2, IFN-y)
to a Th2 (IL-4, IL-10, IL-13) type cytokine response *’*""* It was demonstrated that a
failure of the generation of Th2-type cytokine responses is associated with recurrent abortions
7 complications ", and poor pregnancy outcome. Th2 cytokines with anti-inflammatory
characteristics has been suggested to be compatible with a successful pregnancy . Abortion-
prone matings (CBAXDBA/2) in mice associated with the predominant production of Thl
cytokines, including IFN-y, IL-2 and TNF—a, culminate in fetal loss, which can be reversed by

administration of the Th2 cytokine IL-10 during pregnancy '®""’*”_ Although both pro- and
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anti-inflammatory cytokines, including IL-2, IL-4, IL-10 and IFN-y, are expressed in activated
PBMCs throughout pregnancy in contrast to their placental production, there is a significant
up-regulation of IL-10 during early pregnancy, which may be sufficient to exert moderate Th2

% On the other hand there is a more profound systemic Thl balance in

predominance
pathologic pregnancies *'. These studies suggest that systemic or placental presence of Th2

cytokines, particularly IL-10, would be supportive of normal pregnancy.

a. The protective role of IL-10 in pregnancy

Although human IL-10 does not fit in the classical Th2 cytokine profile because it can be
produced by both Thl and Th2 cells as well as non-T cells, this 18-kDa polypeptid exhibits
predominantly inhibitory effects on inflammatory reactions *. One of the major roles of IL-10
is down-regulation of chemokine and cytokine production by Thl cells and macrophages

838485 T1-10 also interferes with antigen presentation and directly or indirectly inhibits CD8+

T cell or NK cell responses 07558,

IL-10 may also act as the mediator of several other intrauterine regulators **'.
Progesterone, catecholamines and prostaglandins have been shown to induce production of
IL-10 ****% 1t has been demonstrated that IL-10 is a key cytokine produced by human
placenta, the expression of which was significantly down-regulated at term before the onset of
labor *°. Several lines of evidence suggest that IL-10 may play a major role in influencing the
activity of the placental trophoblast, which has been proposed as a key cell type in regulating

fetal immunoprotection *'*>%

. The placenta produces proinflammatory cytokines, which are
thought to be associated with trophoblast apoptosis, protease production, and stimulation of
several uterotonins (prostaglandins, etc.) which are produced in increased levels at the time of
spontaneous or preterm labor °"**. IL-10 displays a potent bioactivity in down-regulating the

82,100

expression and activities of proinflammatory cytokines and uterotonins . Importantly, IL-

10 modifies the activity and expression of prostaglandin dehydrogenase in cultured term

1% Furthermore IL-10 is a potent

human villous trophoblast and chorion trophoblast cells
inhibitor of cell-mediated immunity, which has been shown to be immunologically
incompatible with establishment of the feto-placental unit in mice "°. The down-regulation of
IL-10 at term may serve as one of the initial signals in a complex regulatory scheme necessary
to ensure up-regulation of proinflammatory cytokines (such as TNF-a., IL-1() and uterotonins

at parturition *°.
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The regulatory role of IL-10 is supported by the observations that this cytokine
successfully blocks LPS-induced preterm delivery in mice ''. In the resorption prone CBA x
DBA/2 murine mating combinations the placentas are quantitatively or qualitatively deficient
in their production of the anti-inflammatory Th2-type cytokines IL-4 and IL-10 compared with
the non resorption-prone CBA x BALB/c mating combination. Wastage in the previous
mating combination is accompanied by increased levels of local inflammatory cytokines.
Alloimmunization enhances the placental production of IL-4 and IL-10 in CBA x DBA/2
matings ”°. The re-expression of IL-10 mRNA after labor has been also described ** which
might be a part of delayed negative feedback mechanism. It has been suggested that TNF-a.,
IL-12 and prostaglandin E2 induce IL-10 to autoregulate their own production '*>'*. IL-10
has been shown to reverse experimental fetal growth restriction and demise '®* | while human
placental tissues or isolated cytotrophoblasts from 26-wk and 33-wk preterm labor deliveries
lack expression of IL-10 *. The lack of IL-10 results in pregnancy failure. IL-10 gene knock
out mice are born with significantly lower birth weight than their heterozygous siblings. This

can be prevented by rIL-10 or anti-TNF treatment '*°

. Thus IL-10 may be critical in normal
fetal development and down-regulation of inflammatory responses in the placental
microenvironment. These results indicate that the placentally produced anti-inflammatory
cytokines can play a key role in the survival to term of the fetal allograft, by counteracting

deleterious inflammatory cytokines.

b. Th-1 type cytokines in pregnancy

Several lines of evidence from studies using ex vivo cultures or gene-knockout mutations
mice, suggest that multiple cytokines are involved at various distinct steps in NK-cell
development and in the regulation of the activity of these cells.. IL-15 plays important role in
an early differentiation step of NK cells and their subsequent expansion '°*'*’. IL-12 and IL-

18 can induce IFN-y production by immune cells and enhance NK-cell cytotoxicity '**'%°. IL

12 is produced by myelomonocytic cells as a heterodimer composed of two disulfide-linked
chains, p35 and p40, encoded by separate genes ''*''!. Simultaneous expression of the two
genes is required for the production of biologically active IL-12 heterodimer. In mice
deficient in IL-12 p40 or IL-18, production of IFN-y and NK-cell cytotoxicity decrease

significantly ''*'"*. The reduced cytotoxicity of NK cells can be corrected to normal levels by

treatment with IL-2 in vitro or with IL-12 and IL-18 in vivo. Based on these results it is
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tempting to postulate that IL-12 and/or IL-18 are needed for the terminal differentation of NK
cells into fully functioning cells with the ability to produce IFN-y''*.

Several reports have now confirmed that unbalanced presence of Thl cytokines IL-2, IFN-
Y, TNF—a during murine pregnancy results in fetal ablation. In human studies significantly
lower mRNA levels of the Thl-type cytokines (IL-2 and IFN-y) were observed during
pregnancy compared with non-pregnant female controls. The mRNA levels of IL-18 were also
significantly reduced during gestation. These effects were already prominent in women during
the first trimester and continued throughout pregnancy. IL-2 and IFN-y levels tended to
increase towards late pregnancy but decreased again immediately after delivery. The IL-
4/IFN-y ratio (as an indicator of TH1/Th2 balance) was significantly higher during first and
second trimesters compared with early post-partum or with non-pregnant women. This
dominant Th2 cytokine profile was even more pronounced if the IL-4/IL-2 ratio was
calculated . Thl-type cytokines clearly have adverse effects on the conceptus in vitro and in
vivo. IL-2 and TNF-a are abortificent in mice ''°. Excessive TNF and IFN-y have also been
demonstrated in the placenta and decidua of aborting CBAXDBA/2 mice ”’, on the other hand
anti-TNF antibodies or TNF antagonists, e.g. pentoxifillin normalize the high resorption rates
in CBA/J x DBA/2 matings''®. IFN-y inhibits trophoblast outgrowth and causes the
degeneration of attached blastocysts''’. IFN-y also activates cytotoxic T cells and NK cells,
which, in a lymphokine activated state may damage trophoblast. In mice low doses of IFN-y
slow down intrauterine developement, whereas administration of high doses result in abortion
"¢ TNF-a inhibit mouse embryonic and fetal developement and also the proliferation of
human trophoblastic cell lines in vitro. Yui et al. have shown that TNF—a causes apoptosis of
the human cytotrophoblast cells which are known to express receptors for TNF-a, and they
suggested that TNF-a augmented by IFN-y may bring about a premature depletion of
progenitor trophoblast cells resulting in intrauterine damage °’. In vivo inflammatory
cytokines such as IL-2, TNF-a and IFN-y can terminate normal pregnancy when injected into

pregnant mice ''®

. In supernatants of trophoblast activated peripheral lymphocytes of recurrent
spontaneous aborters elevated levels of TNF-a and 3 have been demonstrated, suggesting that
these cytokines might act as a mediators in the developement of RSA. These data above
nevertheless led to the concept that succesful allopregnancy is a Th2 phenomenon .

These observations may explain the beneficial effect of pregnancy on various T cell-

mediated, organ specific autoimmune diseases. It has been described that the activity of

multiple sclerosis, rheumatoid arthritis or Crohn’s disease is reduced during pregnancy but
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flares up in the post-partum period ''*'**!*! As disease activity in these disorders is often
associated with increased Thl-type cytokine responses in the blood, it was suggested that a
cytokine shift during pregnancy may be protective process. Systemic lupus erythematosis, in
which the principal pathology is mediated by excessive autoantibody production, tends to flare
up during pregnancy, especially in women with recently active disease before contraception
122 There are also a number of infectious diseases caused by intracellular pathogens (ec. HIV-
associated infections '*, malaria '** and toxoplasmosis '*> ) which appear to be exacerbated
by pregnancy.

Thus, a shift in the balance of these two cytokines appears to be an important element in
the generation or correction of immune dysfunctions. During pregnancy materal immune
response is biased towards humoral immunity and away from cell-mediated immunity which
could be harmful to the fetus.

Taken together, these data suggest that normal intrauterine developement largely depends

on the cytokine balance. A Th2 biased cytokine pattern favors a normal outcome, whereas, a

Th1 dominant response is deleterious.

The role of NK cells in the feto-maternal relationship

Natural killer (NK) cells belong to the system of innate immunity and for cytolytic
activity do not require former antigenic stimulation. NK cells are defined as large granular
lymphocytes, which usually express CD16 and/or CD56 in human and do not express CD3 or
any known T-cell receptors'?®. NK cells may kill target cells by utilizing both secretory
mechanism ( perforin/granzyme-mediated) and non-secretory ( cell membrane-bound Fas
ligand-mediated) mechanisms, where Fas ligand is expressed on the cell surface of NK cells
and responsible for Fas-mediated cytotoxicity against Fas-expressing target cells '2"'*%,

NK cells are able to kill MHC negative target cells ( a common consequence of virus
infection or malignant transformation) without prior sensitization. A recent model of NK

activity, the so-called ,,two-receptor model” 129

suggest the role of two different receptors at
the same time. The NK cell activation receptor (so called killer activating receptor or KAR)
that binds to target cell carbohydrate structures, and the killer inhibitory receptor (or KIR)
specific for MHC class I molecules. The specific recognition of self-MHC class I molecules
on target cells upon NK cell receptors may repress cytotoxic function of NK cells.

Cytotoxicity may occur if target cells lose MCH class I expression, if NK cells lack the

16



appropriate killer inhibitory receptor or if there are changes in the structure of the peptide-
MHC molecule that impair recognition *°. Engagement of the MHC class I specific receptor
transmits negative signals that override the action of KAR, probably downstream of early
activation events. Multiple forms of each receptor, with potentially different specifities may
be expressed by a single NK cell.

NK activity plays an important role during pregnancy : it was shown to display
deleterious effects on fetal development, resulting in spontaneous abortion in mice *'. On the
other hand NK cells function is a first line of defence against infectious agents and malignant

processes. Normal human pregnancy is characterized by low peripheral NK activity *>'**, T

n
humans increased NK activity seems to play a role in spontaneous abortions of unknown
etiology, since it is well known that there is an increase in NK activity preceding all forms of
spontaneous pregnancy termination ° ', Cytotoxic mechanisms exerted by NK cells can
induce ablation of placenta, on the other hand , TNF-a produced by NK cells via facilitating
prostaglandin synthesis induces uterine contractions and initiates the induction of labor. NK
cells also play a physiological role in the regulation of haematopoesis, where their effects are
exerted by cytokine production. In early human pregnancy the majority of uterine lymphocytes
resembles phenotypically fetal NK cells. They are CD56™EM granulated NK cells, which do
not express CD16 or CD3 *°. Only 10 % of peripheral NK cells shows similar characteristics.
These NK cells show a low spontaneous cytotoxic activity in spite of their high perforin
content, but when activated by IL-2 they kill trophoblast cells. Since in early pregnancy these
cells are enriched at the implantation sites ( where trophoblast infiltrates the decidua) it
suggests that one of the functions of these cells is control of placentation.

In mice there is a direct evidence for the involvement of high NK activity in abortion.
NK cell infiltration was demonstrated in damaged mouse fetuses and placentae. Adoptive
transfer of high NK activity spleen cells to pregnant mice induces abortion'*.

The lack of harmful NK activity to the trophoblast during normal pregnancy is due to
several mechanisms. The presence of HLA-G and HLA-E on the trophoblast provides
protection againts NK activity partly due to recognition of these self MHC class I molecules
via killer inhibitory receptors"’, partly due to inhibitory effect of HLA-G on transendothelial
migration of NK cells, by which HLA-G may inhibit NK cell trafic across the placenta'>*. On
the other hand the generalized shift of systemic T-cell responses to Th2, as well as the effect
of PIBF are also responsible for the inhibiton of NK activity.
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5. The immunologic effects of prostaglandins

The biochemical signals that initiate human parturition are not completely understood.
There is a evidence that prostaglandins, in particular PGE2 and PGF2a, are important

mediators in the onset of human labor by inducing myometrial contractions ">, ripening of the

1 14

L Prostaglandins are produced by amnion, chorion,
142

cervix '* and membrane rupture

decidua, myometrium and placenta . Many factors can increase prostaglandin production,

including cytokines and growth factors 4344143146,

The first step in the synthesis of prostaglandins is the hydrolysis of arachidonic acid
from cell membrane phospholipids, predominantly by the action of phospholipase A2 (PLA2).
There are multiple forms of PLA2 which include the cytosolic group IV (cPLA2) ', the
secretory group (sPLA2) % and a cytosolic Ca2+-independent PLA2 (iPLA2) '*°. The free
arachidonic acid can then be converted to the intermediates PGG2 and PGH2 by the action of
prostaglandin H synthase (alternatively known as cyclo-oxygenase (COX) and then be further
metabolised to prostaglandins, prostacyclin or tromboxanes. There are two isoforms of
COX"™® : COX-1 is constitutively expressed, and COX-2, which can be upregulated in

144,151

response to stimuli such as cytokines and growth factors . Fetal membrane PLA?2 activity

increases throughout gestation and total cellular cPLA2 has also been found to be high before

the onset of labor '

. Futhermore there is evidence for increased amnion COX enzyme
activity and mRNA expression of COX-2 at term '*>.

Since inflammatory mediators such as IL-1p can rapidly induce cPLA2 and COX-2
mRNA and protein expression and activity, with a parallel increase in PGE2 synthesis in

amnion-derived WISH cells'>*

and also in villous and chorion trophoblast, it is possible that
they are involved in the biochemical mechanisms of parturition. This hypothesis is supported
by the data that IL-1f is found in increased levels in the aminotic fluid of women in preterm

> as well as spontanous labor at term "°°. IL-1ra has been

labor associated with infection '
found to prevent IL-1 induced preterm labor in mice '°’. Other pro-inflammatory cytokines
such as TNF-a or IL-6 cause similar changes in COX-2 expression and prostaglandin output
when added to fetal membranes in vitro '***'**. Anti-inflammatory cytokines may oppose these

effects. For example IL-10 inhibited the output of PGE2 from intact fetal membranes under
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basal and LPS-stimulated conditions, and there was a parallel decrease in the expression of
mRNA for COX-2 %, IL-4 also inhibits COX-2 mRNA and protein production in cytokine-
stimulated WISH cells '. These data suggest that in inflammatory conditions,
proinflammatory cytokines ( such as IL-1, IL-6 and TNF-a) can influence PG output through
effects on PG synthesis and metabolism and that these effects may be opposed by an
antiinflammatory cytokine. These interactions may be important in the progression of preterm
labor '%°.

The stimulating effect of proinflammatory cytokines in prostaglandin synthesis can be
inhibited by glucocorticoids and progesterone, since they downregulate cPLA2 and COX2
mRNA expression '°*'°'. Other inhibitors of PLA2 catalysis, such as quinacrine inhibit IL-1

162

and TNF release from LPS-stimualted cells °°, while the activatos of PLA2, such as melittin,

can cause cells to increase cytokine synthesis in the absence of LPS. Taken together, these
data indicate a pivotal role for PLA2 in the regulation of cytokine production '**'%*,

These findings suggest that COX-2 inhibitors may be useful tocolytics in the setting of
preterm labor with occult chorio-decidual infection. Selective COX-2 inhibitors have been
shown to block spontaneous uterine contractions in the rat and prevent preterm birth in
humans '®>'%_ Some authors described that PGE, inhibits lymphocyte function in vitro and it
has been proposed to be important in suppressing maternal rejection of the implanted
intrauterine conceptus '®’. Other observations gave no support to this concept. Studies by
Hilkens et al have shown that the net modulatory effect of PGE2 on the cytokine secretion
profile of T cells critically depends on the mode of T cell activation and consequently the
availability of IL-2. Since this parameter varies with the experimental conditions and the T
cell population studied, these findings may explain why certain immune responses may be
either up- or down-regulated by PGE2 under different conditions '°®. On the other hand the
effects of PGE2 on human peripheral blood lymphocyte responses to PHA are concentration-
dependent. PBL response to PHA is stimulated at low concentrations of PGE series (10-7 M),

whereas high concentrations (10-5 M) markedly inhibit the response 169

. High concentrations
(10°-107 M) of PGE2 inhibit the generation of both antigen-specific cytotoxic T lymphocytes
(CTL) and activated killers from precursor cells. As with PGF2, lower concentrations of the E
series (10°~10™ M) enhance the generation of antigen-specific CTL but inhibit the generation
of lymphokine and spontaneously-activated CTL '". Though PGE2 is the most studied
prostaglandin, it is not the only one produced, and certainly not the only one endowed with an

immunomodulatory potential. Ching et al. demonstrated a significant correlation between NK
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cell cytotoxicity and the plasma prostaglandin F series concentration in cord blood . Mice
with ablated gene for the PGF2a receptor experience normal gestation but fail to initiate
labour and delivery '"2. Our earlier studies reveled an increased PGF2a sensitivity of human
peripheral lymphocytes together with a decreased PGE2 sensitivity during labor '”°.

Both in human and rat decidua, the constitutive level of cyclooxygenase appears to be
down-regulated. Smith and Kelly showed '’* that PGE, synthesis is normally suppressed in
the first trimester decidua by a progesterone-dependent mechanism, and others found that
PGE, is present at inceased concentrations in decidua of human and mouse spontaneous
abortions 7. Gerdon et al. '’® reported on increased PGE, levels in the decidua of DBA/2-
mated CBA/J mice prior to the onset of resorption.

These results above questioned the in vivo relevance of PGE2 data obtained in vitro, gave no
support to the view that PGE, represents an important intrauerine molecular blocking process
and concluded that inhibition of PGE, synthesis by indomethacine (INDO) does not generally
lead to maternal rejection of the conceptus '’’. Women who take INDO or acetylsalicylic acid
(ASA) have not been reported to suffer a high abortion rate (even though clinically used doses
of INDO and ASA appear to reduce PGE, production in vivo) as reflected in clinical
improvement in conditions such as threatened abortion, polyhydramnions, and arthritic
inflammation '"®. ASA treatment starting before implantation may reduce the rate of abortion
in some types of patients suffering from recurrent miscarriages ' furthermore, the frequency
of post-maturity and the length of gestation were significantly increased in women who
regularly took large doses of prostaglandin synthesis inhibitors 180 As a site of action, the
uterine smooth muscle has generally been accepted. Data above suggest that immunologic
actions of prostaglandin synthesis inhibitors provide additional benefit to their known effects

on the uterine musculature and blood supply.
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IT1. AIMS OF THE STUDY AND RESULTS

1. The mechanims participating in the anti-abortive effect of PIBF in mice (paper 1.)

Immunologic effects of progesterone are mediated by a protein named the progesterone-
induced blocking factor (PIBF) °'. Lymphocytes of healthy pregnant women are able to
produce PIBF and the percentage of PIBF-positive cells is significantly reduced in peripheral

> Among other effects this protein inhibits NK

blood lymphocytes of recurrent aborters
activity *® and displays an antiabortive effect in mice . Earlier data show that adoptive
transfer of high NK activity spleen cells into pregnant mice induces abortion '*°. Simultaneous
PIBF treatment of pregnant mice corrects the abortive effect of NK activity >’. The above data
provide indirect evidence for the importance of PIBF in maintaining normal gestation. Direct
evidence for the biological significance of PIBF would be the induction of pregnancy loss by
neutralization of endogenous PIBF. NK activity is one major component of natural cell-
mediated cytotoxicity with natural cytotoxic (NC) activity being the second component ™',
Limited data indicate that NC activity is present in the decidua of pregnant mice '**,

Since PIBF is antiabortive in mice and inhibits NK activity in vitro, the present study was
aimed at investigating wheter neutralization of endogenous PIBF activity in vivo results in
pregnancy termination and if it does, what are the mechanisms that lead to this event.

We have shown that neutralization of endogenous PIBF activity results in pregnancy loss
in mice. Both progesterone receptor block and anti-PIBF treatment induced an increased rate
of resorptions, and in the former case pregnancy loss was due to the inability of spleen cells to
produce PIBF. However, anti-PIBF treatment did not in all cases result in pregnancy
termination, 23 % of mice did not respond. In non-responders, NK activity was significantly
lower than that in good responders. It is conceivable that in these mice abortion did not occur
because the spleen cells of the animals produced more than normal levels of PIBF, which was
not all neutralized by the addition of anti-PIBF and abortion was not induced.

NK and NC activities are probably the most important effector pathways in the
fetomaternal immunological relationship. NK activity has been shown to play role in

131,132,134

spontaneous pregnancy termination . Previously we showed that PIBF exerted a

marked inhibitory effect on NK activity in vitro **. NK activity is the major factor in

spontaneous abortions in mice. In murine systems increased NK activity results in pregnancy

1 57

termination *®, which can be corrected by simultaneous PIBF administration >.
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Our results show that treatment of anti-PIBF-treated mice with an anti-NK antibody (anti-
NK-1.1 monoclonal antibody, PK136) corrected the resorption rates and the mean number of
implantation sites. Anti-NC (1C4) treatment that neutralize cytotoxic cells also completely
corrected the anti-PIBF induced resorptions. The third monoclonal antibody (2B6-F2) reduces
both NK and NC activity in Balb/c mice '8 and corrected both high resorption rates and low
implantation rates due to the lack of PIBF. Our findings suggest that both NC and NK activity
are involved in pregnancy termination in Balb/c mice, and that PIBF exerts its antiabortive

effect via inhibition of nonspecific effector mechanisms.

2. The in-vivo effect of PIBF on cytokine production, and the relationship

between cytokine production, NK activity and pregnancy loss in mice (paper 2.)

A long line of evidence supports the role of nonspecific immunologic mechanisms in
pregnancy loss both in mice and humans. Natural killer (NK) activity is decreased in human
pregnancy, whereas spontaneous pregnancy termination is associated with increased NK
activity '”*. There is direct evidence for the role of high NK activity in pregnancy termination

131

in mice. Modulation of NK activity influences resorption rates ~ . NK activity in the decidua

of pregnant mice is mediated in part by NC cells '**.

184, 1
84,185 and an

Normal pregnancy is characterized by decreased cell-mediated responses
increased rate of antibody production, indicating a Th2-biased immune response. In
experimental conditions the outcome of pregnancy can be influenced by modulating the
cytokine balance. The administration of tumor necrosis factor alpha (TNF-a), interferon (IFN-
y) or interleukin-2 (IL-2) to normal pregnant mice causes abortions '**'*"* Th2-type cytokines
IL-4, IL-5 and IL-10 are detectable in murine feto-placental units in all three trimesters of
pregnancy '°°. It has been shown that PIBF alters the profile of cytokine secretion by activated
lymphocytes, since IL-3, IL-4 and IL-10 production of ConA-activated murine spleen cells
was significantly increased in the presence of PIBF '*°. Progesterone has been shown to exert
a positive effect on the induction of IL-5 gene expression in T cell lines '*°. Among other
effects PIBF inhibits NK activity and displays an anti-abortive effect in mice **'* . Our
previous data revealed an association of pregnancy termination and the lack of lymphocytic

PIBF positivity, as well as a negative correlation between PIBF production and NK activity in
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humans. Thus, PIBF determines the relationship between pregnancy termination and increased
NK activity.

The mechanism through which PIBF influences NK activity is manifested via multiple
systems, and the relationship between the different pathways has not been clarified yet. Since
PIBF affects cytokine secretion of in vitro activated lymphocytes, its action on NK activity
might involve cytokine effect, because though the trophoblast resists NK-mediated lysis in
vitro, it is susceptible to lysis by lymphokine-activated killer (LAK) cells ™"

Our study was aimed at investigating the in vivo effect of PIBF on cytokine production
as well as the relationship between altered cytokine production, NK activity, and pregnancy
loss in anti-PIBF treated mice.

In pregnant mice, the neutralization of endogenous PIBF activity, resulted in a high
resorption rate and NK activity, together with decreased splenic IL-10 production. Because IL-
10 inhibits cytokine production by Thl-type cells as well as CD8+ T cells, the lack of IL-10
production might be one of the factors responsible for high NK activity. The treatment
resulted in an increased percentage of IFN-y-positive spleen cells as well. We found a positive
relationship between NK activity and the percentage of IFN-y positive spleen cells.
Futhermore in animals with a high resorption rate the rate of splenic IFN-y expression was
significantly higher than in those with a low resorption rate. Splenic IL-10 production, on the
other hand, was inversely related to resorption rates.

Earlier (paperl) we have shown that treatment of anti-PIBF-treated mice with anti-NK
or anti-NC monoclonal antibodies (PK136, 1C4, 2B6F2) corrected the high resorption rates
and the low mean implantation sites. The PK136 antibody reacts with LGL-1-cells. This
functional subset of NK-1.1" cells that contains the majority of LAK cell progenitors '*>. The
trophoblast is resistant to lysis by NK cells, but it is lysed by LAK cells '*!, thus the latter cell
type may be involved in trophoblast damage. The antibody 1C4 reacts with natural cytotoxic
cells, and the third monoclonal antibody (2B6F2) reduces both NK and NC activity in Balb/c
mice.

In the present experiments injection of anti-PIBF-treated mice with anti-NK and anti-
NC monoclonal antibodies corrected the high splenic IFN-y, and decreased IL-10 production.
The highest inhibiton in the ratio of IFN-y positive spleen cells was obtained using the
antibody 2B6F2, which neutralizes both NK and NC activity. Since neutralization of NK and
NC activity in anti-PIBF treated mice corrected not only resorption rates but also cytokine

values, this implies that NK cells are not simply targets of cytokines but these cells are
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producers of the cytokines themselves. In mouse IL-10 is produced by Th2 cells as well as by
macrophages and B cells '"*'** IFN-y is produced by NK cells. Our findings are in
accordance with the results of Clark and Chaouat '** showing that not NK activity per se, but
cytokines produced by the NK cells are responsible for the high resorption rates in mice.

Our data suggest that PIBF contributes to the success of gestation via cytokine-mediated

inhibition of NK activity.

Fig. 1. The putative mechanism of progesterone dependent immunomodulation

and the effects of RU486, anti-PIBF and anti-NK treatment in murine pregnancy

3. The relationship between the effect of PIBF on arachidonic acid metabolism and the

IL-12 expression in humans (paper 3. and paper 4.)

PIBF exerts a strong anti-natural killer activity °'. The mechanism through which PIBF

influences NK activity is manifested via multiple systems, and the relationship between the
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different pathways has not been clarified yet. We have shown that PIBF affects cytokine
secretion, via increasing IL-10 and decreasing IFN-y and IL-12 production, PIBF inhibits NK
cell cytotoxicity ™.

Earlier data from this laboratory show that PIBF inhibits arachidonic acid (AA) release
from mononuclear cells. In vitro AA increased the cytotoxicity by peripheral blood
lymphocytes. Although the phospholipase inhibitory potential of our substance has not been
tested, it is likely that PIBF acts before the level of the cyclooxygenase and lipooxygenase
enzymes, since its blocking effect on cytotoxic activity was voided in the presence of
exogenous AA '°. Our previous observations revealed a relationship between PGF,, levels,
progesterone binding capacity and cytotoxic activity of the lymphocytes '*°. Earlier we
showed that LPS selectively stimulated prostaglandin synthesis and enhanced cytotoxicity '*°.

IL-12 stimulates cytotoxic NK activity, therefore in this study we investigated the
effect of LPS on IL-12 production by peripheral blood mononuclear cells. LPS treatment
significantly increased the percentage of IL-12 positive cells compared to the control. In a
previous experiment we demonstrated a significant reduction of cytotoxicity as a result of
treatment with the specific cyclooxygenase inhibitor, indomethacin (INDO). Therefore we
investigated the effect of INDO on LPS induced IL-12 production. In our hands inhibition of
prostaglandin synthesis by either blocking the phospholipase A2 enzyme or the
cyclooxygenase enzyme counteracted the effect of LPS on IL-12 expression, thus LPS
possibly acts on IL-12 production by increasing prostaglandin synthesis.

We also investigated the relationship between the effect of PIBF on AA metabolism
and IL-12 production. Neutralization of endogenously produced PIBF by anti-PIBF antibody
stimulated IL-12 production, while control antibody (preimmune polyclonal rabbit IgG) and
INDO did not cause any change in the IL-12 expression. PIBF blocks cytotoxicity by
inhibiting arachidonic acid liberation from phospholipids. Since anti-PIBF treatment
significantly increased IL-12 production, we investigated whether a simultaneous treatment
with quinacrine (that blocks phospholipase A2 enzyme) or INDO ( a known inhibitor of
cyclooxygenase) could reduce the effect of anti-PIBF on IL-12 production. Both quinacrine
and INDO treatment corrected anti-PIBF induced increased IL-12 production, suggesting that
PIBF inhibits IL-12 production via an action on arachidonic acid metabolism.

Prostaglandin synthesis inhibitors were reported to be effective in the treatment of

threatened abortion and preterm labor in humans, although the value of indomethacin

treatment for threatened abortion has been questioned. As a site of action, the uterine smooth
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muscle has generally been accepted. The present data suggest that immunological actions of
prostaglandin synthesis inhibitors provide additional benefit to their known effects on the
uterine musculature and blood supply.

Earlier we reported that progesterone binding capacity in lymphocytes of patients at
risk for premature pregnancy termination is impaired in comparison with those from healthy
pregnant women *°. Lymphocytes from the former patients are unable to bind a sufficient
amount of progesterone, therefore no PIBF is released, thus arachidonic acid metabolism
proceeds normally and results in high IL-12 production and consequently higher cytotoxic

1. "7 which revealed a

activity. This concept is supported by clinical observations of Varga et a
beneficial effect of low dose aspirin treatment of recurrent aborters, selected on the basis of
repeatedly high NK activity and reduced PIBF producing capacity of their lymphocytes.
Aspirin treatment reduced NK activity and resulted in an 82 % success rate in contrast to the
untreated group, where the success rate was 44 %.

On the basis of these findings we suggest the following mechanism. progesterone binding of
the lymphocytes is followed by the release of PIBF that affects arachidonic acid release. The

subsequent block of prostaglandin synthesis reduces IL-12 production and result in a lowered

NK activity which favors a normal pregnancy outcome.
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IV. THESES

1. The lack of PIBF effect results in pregnancy termination in mice.

Neutralisation of endogenous PIBF activity results in pregnancy loss in mice. Both
progesterone receptor block (with RU486 ) and anti-PIBF treatment induced an increased rate
of resorptions, and in the former case pregnancy loss was due to the inability of spleen cells to

produce PIBF.

2. The lack of PIBF effect results in increased NK and NC activity in mice.
Both anti-PIBF and RU 486 treatments resulted in increased NK activity of the spleen cells.

There was a positive relationship between NK activity and the rate of resorptions.

3. The anti-abortive effect of PIBF is mediated via controlling NK activity in mice.

Anti-PIBF treated mice showed a significantly increased resorption rate and reduced number
of implantation sites. Mice simultaneously treated with anti-PIBF and anti-NK1.1 (PK136),
anti-NC 1.1 (1C4) or anti-Ly-6¢ (2B6F2) did not show significantly altered resorption rates

and the mean numbers of implantation sites were also comparable to untreated controls.

4. In vivo inhibition of progesterone-dependent immunomodulation results in altered
cytokine production in mice.

Anti-PIBF treatment resulted in an increased percentage of IFN-y positive spleen cells, and

decreased splenic IL-10 production. There is a positive relationship between NK activity and

the percentage of IFN-y positive spleen cells. In animals with a high resorption rate the rate of

splenic IFN-y expression was significantly higher than in those with a low resorption rates.

Splenic IL-10 production, on the other hand, was inversely related to resorption rates.

5. Cytokines produced by the NK cells are responsible for the high resorption rates in anti-
PIBF treated mice.

Neutralization of NK and NC activity in anti-PIBF treated mice corrected not only resorption

rates but also cytokine values, suggesting that NK cells are not simply targets of cytokines, but

these cells are producers of the cytokines themselves.

6. Lipopolysaccharide stimulates IL-12 production by increasing prostaglandin synthesis in

human pregnancy lymphocytes.
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Lipopolysaccharide treatment of pregnant lymphocytes significantly increased the percentage
of IL-12-positive cells compared with the control cells. Inhibiton of arachidonic acid release
(by blocking of the phospholipase A2 enzyme) or prostaglandin synthesis (by blocking of the
cyclooxygenase enzyme) counteracted the effect of lipopolysaccharide on IL-12 production.
The inhibitory effect of quinacrine or indomethacin on lipopolysaccharide induced IL-12

production was concentration dependent.

7. PIBF inhibits IL-12 production via an action on arachidonic acid metabolism.

Neutralization of endogenously produced progesterone-induced blocking factor by anti-PIBF
antibody increased IL-12 production. Simultaneous treatment with the phospholipase A2
inhibitor quinacrine or the cyclooxygenase inhibitor indomethacin could reduce the

stimulating effect of anti-PIBF on IL-12 production.

CONCLUSIONS

In pregnancy chronic alloantigeneic stimulation due to the presence of the fetus activates
decidual y/0 T cells. These activated y/0 T cells express progesterone receptor. In the presence
of progesterone, progesterone receptor positive lymphocytes produce a 34 kDa protein, named
the progesterone-induced blocking factor (PIBF). PIBF appears on the lymphocytes of healthy
pregnant women, but not on those from pathological pregnancies. The percentage of positive
cells is significantly lower among PBL of women showing clinical symptoms of treatened
preterm deliveries. NK activity of PBL is inversely correlated to PIBF positivity of the
lymphocytes. Thus, PIBF determines the relationship between pregnancy termination and
increased NK activity. The mechanism through which PIBF influences NK activity is
manifested via multiple systems.

e PIBF interferes with arachidonic acid metabolism. Via inhibiting the release of
arachidonic acid, PIBF reduces the rate of prostaglandin production, which has a major
role in the initiation of labor. The effect of PIBF on NK activity is mediated by cytokines.
In anti-PIBF treated pregnancy lymphocytes we observed a significantly increased 1L-12
production, which was corrected by quinacrine or indomethacin. These data suggest, that
the phospholipase A2 and cyclooxygenase pathway is involved in the action of PIBF on

IL-12 production, and in return on its suppressive effect on NK activity.
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e PIBF alters the Th1/Th2 balance by stimulating the secretion of Th2-type cytokines (ec.
IL-3, IL-4, IL-10) as well. This altered cytokine ratio contributes to decreased cell-
mediated responses and increased antibody production. Besides influencing the rate of
antibody synthesis, PIBF acts on the quality of antibody production.

e In the presence of PIBF, B cells produce hypermannosylated ( asymmetric) antibodies.
These antibodies although bind the antigen with the same specificity as conventional
conterparts, these Ig molecules are generally unable to activate effector functions and thus
might play a role in the protection of the fetus.

e Recent data revealed that PIBF blocks NK activity by inhibiting degranulation and
perforin release of CD56+ lymphocytes, therefore it cannot be excluded, that low NK
activity of decidual NK cells is due to the high presence of PIBF in the decidua.

In conclusion via these multiple systems PIBF reduce NK cytotoxic activity that favours a

normal pregnancy outcome.

Fig. 2. The role of PIBF in normal pregnancy
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V. MATERIALS AND METHODS USED IN THIS STUDY

1. Separation of peripheral blood lymphocytes

Heparinized venous blood was obtained from healthy pregnant women between the 16™ and
26" week of gestation. Peripheral blood mononuclear cells (PBMC) were separated on Ficoll-
plaque gradient (Pharmacia, Uppsala, Sweden) and washed in Roswell Park Memorial
Institute (RPMI) 1640 medium (GibcoBRL, Life Technologies, Paisley, Scotland).
Lymphocytes were resuspended in RPMI 1640 containing 10 % fetal calf serum (GibcoBRL,

Life Technologies, Paisley, Scotland ) and adjusted to a cell count of 1x10%/ml.

2. Treatment of peripheral blood lymphocytes

Lipopolysaccharide ( prepared from second phase Shigella sonnei in this Institute ) was
diluted pg/ml in RPMI 1640 medium. Indomethacin ( Sigma Chemical Co., St. Louis , MO )
was dissolved in ethanol and further diluted in RPMI medium from 0.01 pg/ml up to 5 pg/ml
concentrations. Stock solutions were always freshly prepared before the incubations. PIBF
specific polyclonal antibody was prepared in this laboratory as described earlier (17) and used
at a concentration of 400 pug/ml. One million lymphocytes were incubated for 3 h at 37 C°, 5
% CO; with the following : a, medium ( RPMI medium plus 10 % fetal calf serum); b,
medium containing 10 pg/ml LPS; c-f, medium containing LPS and 0.01py/ml, 0.1 pg/ml, 1
pg/ml and 5 pg/ml indomethacin; g, medium containing 400ug/ml anti-PIBF; h, medium
containing anti-PIBF and 5 pg/ml indomethacin; 1, medium containing 5 pg/ml indomethacin;
J, 400pg/ml preimmune rabbit polyclonal IgG antibody was used as control.

At the end of the incubation the cells were washed twice in RPMI 1640 medium and

centrifuged on glass microscope slides.

3. Immuncytochemistry

Human peripheral blood mononuclear cells or mouse spleen cells were washed twice in
RPMI 1640 medium and centrifuged on glass microscope slides. The slides were dried at
room temperature, the cells were fixed for 5 min. in ice cold acetone and washed in tris

buffered saline (TBS). All incubations were carried out at room temperature in humid
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chamber. After blocking endogenous peroxidase activity with 1 % H,0O, the cells were further
incubated in TBS containing 1 % bovine serum albumin (BSA, Sigma Chemical Co., St. Lois,
MO ) for blocking nonspecific protein binding. The following Ab-s were used as primary
antibodies: mouse anti-human IL-12 Mab ( purchased from R&D Systems, Abingdon, Oxon,
UK ), anti-mouse IL-10- and IFN-g Mab (both from Endogen, Cambridge, MA), rabbit anti-
mouse anti-PIBF IgG. Anti-human and anti-mouse IgG1l ab and IgG from nonimmunized
rabbits gave the isotype controls. The monoclonal antibodies were diluted 1 : 50 in TBS
supplemented with 0.5 % BSA. Anti-PIBF was added at 10 pg/ml. The cells were incubated
for 1 h at room temperature in a humidified atmosphere. Secondary antibodies (horseradish
peroxidase-labeled-anti-mouse-, anti-goat- and anti-rabbit IgG) purchased from Dako
(Denmark), were applied at dilution of 1 :100 or 1:200 for an additional 30 or 45 minutes. For
the detection of cytokines the reaction was developed by diaminobenzidine (Sigma Chemical
Co., St. Lois, MO) followed by silver intensification. Anti-PIBF positive cells were visualized
by aminoethylcarbasol. The nuclei were counterstained with haematoxylin and the slides were
mounted with gelatin-glycerol. The slides were read in a blinded fashion and the percentage of
positive cells was determined after at least 500 lymphocytes were counted in the microscope

at high power magnification.

Fig. 3. Figure of a IL-12 positive lymphocyte

4. Determination of cytokines by ELISA
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Spleen cells from treated and untreated pregnant Balb/c mice were washed and, the cell count
was adjusted to 1x10%ml. The cells were activated with 1 pg/ml ConA (Sigma Chemical Co.,
St. Lois, MO) for 48 hr. After 48 hr the supernatants were collected and tested for IL-10. For
IL-10 determination we used a Biotrak (Amersham. Little Chalfont, UK) kit. The assay was

preformed following the steps suggested by the manufacturer.

5. Production of human and murine PIBF

Lymphocytes from healthy blood donors or spleen cells of 10-week-old Balb/c mice (Lati,
Godollo, Hungary) were adjusted to a cell count of 1x10%ml in RPMI supplemented with 10
% fetal calf serum (Gibco, Grand Island, NY) and were stimulated by 1 pg/ml of ConA
(Sigma Chemical Co., St. Lois, MO) for 48 hr at 37°C in CO, incubator. The cell number was
then adjusted to 10x10%ml and the cells were further incubated with 20 ug/ml of progesterone
for 16 hr. At the end of the incubation period supernatants were collected. Progesterone was
removed by dialysis. The supernatants were then 2000-fold concentrated on Amicon filters

and used as the source of the human or murine PIBF.

6. Production of PIBF-specific IgG

The PIBF containing supernatants were subjected to SDS-PAGE on 12 % polyacrylamide
gels. The separated bands were blotted to nitrocellulose filters, the 34-kDa band was cut out,
dissolved in DMSO, and injected into rabbits weighting 4 kg each, together with complete
Freund’s adjuvant. Boosters with incomplete Freund’s adjuvant were given at two weekly
intervals. IgG was purified on protein A columns. The PIBF-specific antibody content was

tested by ELISA.

7. Treatment of pregnant mice by RU486, anti-PIBF, anti-NK and anti-NC antibodies
Fourteen-week-old Balb/c mice (LATI, Godollo, Hungary) were kept under standard

conditions (4 animals per cage). Female mice were caged overnight with the males and

checked for the presence of vaginal plugs the following morning. The day on which the plug
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was observed is considered to be Day 0.5 of pregnancy. Pregnancy was later verified by

scoring corpora lutea. Various treatments were administered on Day 8.5 of pregnancy.

a. Females were injected intraperitoneally with 0,3 mg/kg RU 486 or with 0.5
mg of rabbit anti-PIBF IgG. Mice treated with the same amount of normal rabbit
serum or untreated mice of similar gestational age were used as controls.

b. A group of anti-PIBF-treated mice was at the same time injected with
monoclonal antibodies to cells mediating natural killer (NK), natural cytotoxic
(NC), or natural T cell (NT) activity. The monoclonal antibodies were:

1. PK136 (anti-NK-1.1) recognizes a 76- to 80 kDa type II integral membrane

C-type lectin protein encoded by a member of the mouse NKR-PI gene family

198,199

2. 1C4 (anti-NC-1.1) which recognizes a 45-kDa surface receptor and blocks

spleenic natural cytotoxic (NC) activity approximately 70% both in vitro and in

vivo 200201

3. 2B6-F2 (anti-Ly-6¢) identifies a subpopulation of murine Ly-6¢” NK1.1"
natural T (NT) cells 2°*?®. In the presence of complement 2B6-F2 reduces
splenic NK activity by approximately 50% in Balb/c mice.

The monoclonal 2B6-F2 antibody (kind gift from the laboratory of Smart YC (University of

Newcastle, N.S.W., Australia) and PK136 antibody (obtained from American Tissue Type

Collection, USA ) were used as serum-free supernatants and administered at a dose of 50

pg/mouse, whereas 1C4 (kind gift from the laboratory of Smart YC YC (University of

Newcastle, N.S.W., Australia) was affinity-purified IgG and administered at a dose of 25

pg/mouse.

The animals were sacrificed on Day 10.5 and their uteri were inspected. The ratio of
living versus resorbed embryos was determined. Spleens were removed under aseptic
conditions, cell suspension was prepared, and cytotoxic activity was determined in a 16-hr test
against human embryonic fibroblast targets. NK activity was also tested using the 4- hr single-

cell cytotoxicity assay against YAC targets. Smears were prepared and the expression of

PIBF, IL-10 and IFN-y on the lymphocytes was determined by immuncytochemistry.
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8. Cytotoxic assays

1. 16-hr Cytotoxicity Assay
Human embryonic fibroblast derived from 10- to 12-week embryos were used as
targets. Cells were seeded on 96-well Nuclon tissue culture plates at a density of 5000
target cells/well in 0.2 ml of RPMI-1640 medium supplemented with 10% fetal calf
serum (GibcoBRL, Life Technologies, Paisley, Scotland). The target cells were
allowed to attach by overnight incubation. The following day the medium was replaced
by 0.2 ml of lymphocyte suspension containing 5x10° lymphocytes. After 16 hr of
incubation, the plates were washed with PBS three times in order to remove
lymphocytes and damaged target cells. This was followed by addition of alkaline
phosphatase substrate (Sigma tablets No. 104.) in diethanolamine buffer at a
concentration of 1 mg/ml. The plates were incubated for 10 min at 37°C in the dark
and the resulting yellow reaction product was quantified photometrically at 405 nm.
The percentage reduction in enzyme activity relative to the target cell control was

considered as a measure of cytotoxicity.

2. 4-hr Single Cell Cytotoxicty Assay for NK activity
We used the assay originally described by Grimm and Bonavida ***. Briefly, 100 pl of
lymphocytes and the same amount of YAC target cells (2 x 10° cells/ml each) were
centrifuged at 500 rpm for 5 min and incubated at 37° C, in 5% CO, for 10 min. The
pellets were then resuspended and 200 ul of 1% agarose (Serva, Heidelberg, Germany)
in RPMI-1640 medium (GibcoBRL, Life Technologies, Paisley, Scotland) was added
to the mixture. One hundred ul of this suspension was spread over microscope glass
slides previously coated with 1% agar. Target cells alone were used to detect
spontaneous lysis. The gel was allowed to solidify and submerged in RPMI-1640
medium. The slides were incubated for 4 hr at 37° C in 5% CO,. Then the gels were
stained with 0.5% Trypan blue for 1 min. After 2 min washes with phosphate buffered
saline, the gels were fixed in 2% formaldehyde for 5 min and desalted in distilled
water. The slides were read using a light microscope with x 400 magnification. The
proportion of lymphocytes bound to the target cells was expressed as a percentage of

total lymphocyte population by counting 100 lymphocytes. Results are expressed as a
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percentage of target binding cells. Dead conjugates were scored as a percentage of the
total number of conjugates by counting 50 conjugates and results are expressed as a
percentage of dead conjugates (cytotoxic binding cells). The percentage of NK cell
activity was calculated according to the formula NK%= (target binding cells% x
cytotoxic binding cells %)/100. All results for cytotoxic target binding cell % were

corrected for the proportion of target cells that died spontaneously in control plates.

Fig. 4. Methods used in the murine experiments

9. Statistics
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The two tailed Student t test and the y” test as well as one-way analysis of variance with the
Bonferroni correction were used for statistical evaluation of the data. Mean +/- SEM are
indicated in the table and figures. Differences were considered significant if P value was equal

or less than 0.05.

36



VI.

PAPERS

37



VII. REFERENCES

10.

1.

12.

13.

. Medawar BP. Some immunological and endocrinological problems raised by the evolution

of viviparity in vertebrates. Symp Soc Exp Biol. 1953; 7: 320.

Billington WD, Bell SC. Evidence on the nature and possible function of pregnancy-
induced anti-fetal alloantibody. In Reproductive Immunology, S Isojima, WD Billington
(eds.). Elsevier/North Holland, Amsterdam 1983; p. 147.

Toder V, Strassburger D, Irlin I, Carp H, Pecht M, Trainin N. Nonspecific
immunopotentiators and pregnancy loss : Complete Freund adjuvant reverses high fetal
resorption rate in CBA/JXDBA/2 mouse combination. Am J Reprod Immunol 1990; 24:
63-66.

Chaouat G, Kolb JP, Kiger N, Stanislawsky M, Wegmann TG. Immunological
concomitants of vaccination against abortion in mice. J Immunol. 1985; 134: 1594-1598.

Makida R, Minami M, Takamizawa M, Juji T, Fujii T, Mizuno M. Natural killer cell
activity and immunotherapy for recurrent spontaneous abortion. Lancet 1991; 338: 579-
580.

Katano K, Ogasawara M, Aoyama T, Ozaki Y, Kajimura S, Aoki K. Clinical trial of
immunostimulation with a biological response modifier in unexplained recurrent
spontaneous abortion patients. J Clin Immunol 1997; 17 (6): 472-477.

Carp HJA, Toder V, Mashiach S. Immunotherapy of habitual abortion. Am J Reprod
Immunol. 1993; 28: 281-284.

Komlos L, Yamir R, Joshua H, Halbracht I. Common HLA antigens in couples with
repeated abortions. Clin Immunol Immunpathol 1977; 7: 330-335.

Ober C, Hyslop T, Elias S, Weikamp LR, Hauck WW. Human leukocyte antigen matching
and fetal loss: Result of a 10 year prospective study. Hum Reprod 1998; 13: 33-38.

Kovats S, Main EK, Librach C, Stubbelbine M, Fisher SJ, Demars R. A class I antigen,
HLA-G i1s expressed on human trophoblast. Science 1990; 248: 220-223.

Hammer A, Hutter H, Dorh G. HLA class I expression on the materno-fetal interface. Am
J Reprod Immunol 1997; 38: 150-157.

Le Bouteiller P. HLA class I chromosomal region, genes and products: facts and
questions. Crit Rev Immunol. 1994; 14: 89-129.

Parham P. Evolution of class I HLA polymorphism: Selection and drift. In HLA 1991.

Vol.2. Tsuji M, Aizawa M, Sasazuki T (eds). Oxford University Press, Oxford (UK) 1992;
p. 72-82.

38



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

LeBouteiller P, Solier C, Proll J, Aguerre-Girr M, Fournel S, Lenfant F. Placental HLA-G
protein expression in vivo: where and what for? Hum Reprod Update 1999; 5: 223-233.

Hutter H, Hammer A, Blaschitz A, Hartmann M, Ebbesen P, Dorh G, Ziegler A,
Uchanska-Ziegler B. Expression of HLA class I molecules in human first trimester and
term placenta trophoblast. Cell Tissue Res. 1996; 286: 439-447.

King A, Boocock C, Sharkey AM, Gardner L, Beretta A, Siccardi AG, Loke YW.
Evidence for the expression of HLA-C class | mRNA and protein by human first trimester
trophoblast. J Immunol 1996; 156: 2068-2076.

King A, Allan DS, Bowen M, Powis SJ, Joseph S, Verma S, Hiby SE, McMichael AlJ,
Loke YW, Braud VM. HLA-E is expressed on trophoblast and interacts with CD94/NKG2
receptors on decidual cells. Eur J Immunol. 2000; 30(6): 1623-31.

Zuckermann FA, Head JR. Possible mechanism of non-rejection of the feto-placental
allograft: Trophoblast resistance to lysis by cellular immune effectors. Transplant Proc.
1987; 1: 554-556.

Zavazava N, Kronke M: Soluble HLA class I molecules induce apoptosis in alloreactive
cytotoxic T lymphocytes. Nature Medicine 1996; 2: 1005-1010.

Colonna M, Samaridis J, Cella M, Angman L, Allen RL, O'Callaghan CA, Dunbar R, Ogg
GS, Cerundolo V, Rolink A. Human myelomonocytic cells express an inhibitory receptor
for classical and nonclassical MHC class I molecules. J Immunol. 1998; 160: 3096-3100.

Cantoni C, Verdiani S, Falco M, Pessino A, Cilli M, Conte R, Pende D, Ponte M,
Mikaelsson MS, Moretta L, Biassoni R. p49, a putative HLA class I-specific inhibitory
NK receptor belonging to the immunoglobulin superfamily. Eur J Immunol. 1998; 28:
1980-1990.

Agrawal S, Marquet J, Freeman G, Tawab A, Bouteiller PL, Roth P, Bolton W, Ogg G,
Boumsell L, Bensussan A. MHC class I triggering by a novel cell surface ligand
costimulates proliferation of activated human T cells. J Immunol. 1999; 162: 1223-1226.

Clark DA. HLA-G finally does something. Am J Reprod Immunol. 1997; 38: 75-78.

Maejima M, Fujii T, Kozuma S, Okai T, Shibata Y, Taketani Y. Presence of HLA-G
expressing cells modulates the ability of peripheral blood mononuclear cells to release
cytokines. Am J Reprod Immunol. 1997; 38:79-82.

Borrego F, Ulbrecht M, Weiss EH, Coligan JE, Brooks AG. Recognition of human
hystocompatibility leukocyte antigen (HLA)-E complexed with HLA class I signal
sequence-derived peptides by CD94/NKG2 confers protection from natural killer cell-
mediated lysis. J Exp Med. 1998; 197:813-818.

Braud VM, Allan DS, O’Callaghan CA, Soderstrom K, D’Andrea A, Ogg GS, Lazetic S,

Young NT, Bell JI., Phillips JH, Lanier LL, McMicheael AJ. HLA-E binds to natural
killer cell receptors CD94/NKG2A, B and C. Nature 1998; 391: 795-799.

39



27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

Lee N, Goodlett DR, Ishitani A, Marquardt H, Geraghty DE. HLA-E surface expression
depends on binding of TAP-dependent peptides derived from certain HLA class I signal
sequences. J Immunol. 1998; 160: 4951-4960.

Llano M., Lee N, Navarro F, Garcia P, Albar JP, Geraghty DE, Lopez-Botet M. HLA-E
bound peptides influence recognition by inhibitory and triggering CD94/NKG2A
receptors: preferential response to an HLA-G-derived nonamer. Eur J Immunol. 1998; 28:
2854-2863.

Lye SJ, Porter DG. Demonstration that progesterone “blocks” uterine activity in ewe in
vivo by a direct action on the myometrium. J Reprod Fertil. 1978; 52: 8§7-94.

Halme J, Woessner JF. Effect of progesterone on collagene breakdown and tissue
collagenolytic activity in the inovulating rat uterus. J Endocrinol 1975; 66: 357-62.

Denker HW. Proteases of the blastocyts and of the uterus in proteins and steroids. In Early
pregnancy. Beier HM, Karlson P. (eds.) Springer Verlag, Berlin 1982, p. 183.

Moriyama I, Sugawa T. Progesterone facilitates implantation of xenogenic cultured cells
in hamster uterus. Nature New Biol. 1972; 236: 150-153.

. Hansen PJ, Bayer FW, Segerson EC. Skin graft survival in the uterine lumen of ewes

treated with progesterone. Am J Reprod Immunol. 1986; 12: 48-54.

Neifeld JP, Toromey DC. Effects of steroide hormones on phytohaemagglutinin
stimulated human peripheral blood lymphocytes. Transplantaion 1979; 27: 309-314.

Stites DP, Bugbee S, Siiteri PK. Differential actions of progesterone and cortisol on
lymphocyte and monocyte interaction during lymphocyte activation : relevance to
immunosuppression in pregnancy. J Reprod Immunol 1983; 5: 215-228.

Schiff RI, Mercier D, Buckley RH. Inability of gestational hormones to acconut for the
inhibitory effects of pregnancy plasmas on lymphocytes responses in vitro. Cell Immunol.
1975; 20: 69-80.

Szekeres-Bartho J, Hadnagy J, Pacsa AS. The suppresive effect of progesterone on
lymphocyte cytotoxicity: unique progesterone sensitivity of pregnancy lymphocytes. J
Reprod Immunol. 1985; 7: 121-128.

Szekeres-Bartho J, Autran B, Debre P, Andreu G, Denver L, Chaouat G. Immunregulatory
effects of a suppressor factor from healthy pregnant women’s lymphocytes after
progesterone induction. Cell Immunol. 1989; 122: 281-294.

Szekeres J, Csernus V, Pejtsik B, Emody L, Pacsa AS. Progesterone as an immunologic
blocking factor in human pregnancy serum. J Reprod Immunol. 1981; 3: 333-339.

Szekeres J, Csernus V, Hadnagy J, Pacsa AS. Immunsuppressive effect of serum

progesterone during pregnancy depends on the progesterone binding capacity of the
lymphocytes. J Reprod Immunol. 1983; 5: 81-88.

40



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Szekeres-Bartho J, Szekeres Gy, Debre P, Autran B, Chaouat G. Reactivity of
lymphocytes to a progesterone receptor-specific monoclonal antibody. Cell Immunol.
1990; 125: 273-283.

Paldi A, d’Auriol L, Misrahi M, Bakos AM, Chaouat G, Szekeres-Bartho J. Expression of
the gene coding for the progesterone receptor in activated human lymphocytes. Endocrine
Journal 1994; 2: 317-321.

Polgar B, Barakonyi A, Szerekes-Bartho J. The role of /3 TCR positive cells in
pregnancy. Am J Reprod Immunol. 1999; 41: 239-244.

Szekeres-Bartho J, Reznikoff-Etievant MF, Varga P, Pichon MF, Varga Z, Chaouat
G.Lymphocytic progesterone receptors in normal and pathological human pregnancy. J
Reprod Immunol. 1989; 16: 239-247.

Szekeres-Bartho J, Weill BJ, Mike G, Houssin D, Chaouat G. Progesterone receptors in
lymphocytes of liver-transplanted and transfused patients. Immunol Letters 1989; 22: 259-
261.

Chiu L, Nishimura M, Ishi Y, Nieda M, Maeshima M, Takedani Y, Tadokoro K, Juji T.
Enhancement of expression of progesterone receptor on progesterone-treated lymphocytes
after immunotherapy in unexplained recurrent spontaneous abortion. Am J Reprod
Immunol. 1996; 35: 552-557.

Mincheva-Nilsson L, Baranov V, Yeung M, Mo-Way, Hammarstrom S, Hammarstrom
ML. Immunomophologic studies of human decidua-associated lymphoid cells in normal
early pregnancy. J Immunol 1994; 152: 2020-2032.

Liu WIJ, Gottshall SL, Hansen PJ. Increased expression of cell surface marker on
endometrial Y0 T cell receptor intraepithelial lymphocytes induced by the local presence of
the sheep conceptus. Am J Reprod Immunol. 1997; 37: 199-205.

Kimura M, Hanawa H, Watanabe H, Ogawa M, Abo T. Synchronous expansion of
intermediate TCR cells in the liver and uterus during pregnancy. Cell Immmunol. 1995;
162: 15-25.

Meeusen E, Fox A, Brandon M, Lee CS. Activation of uterine intraepithelial gamma delta
T cell receptor positive lymphocytes during pregnancy. Eur J Immunol 1993; 23: 1112-
1117.

Szekeres-Bartho J, Kilar F, Falkay G, Csernus V, Torok A, Pacsa AS. Progesterone-
treated lymphocytes of healthy pregnant women release a factor inhibiting cytotoxicity and
prostaglandin synthesis. Am J Reprod Immunol. Microbiol. 1985; 9: 15-19.

Szekeres-Bartho J, Faust Zs, Varga P. Progesterone-induced blocking factor (PIBF) in
normal and pathological pregnancy. Am J Reprod Immunol. 1995; 34 : 342-348.

Szekeres-Bartho J, Varga P, Pejtsik B. ELISA test for the detection of an immunological
blocking factor in human pregnancy serum. J Reprod Immunol 1989; 16: 19-29.

41



54.

55.

56.

57.

58.

59.

60.

61

62.

63.

64.

65.

66.

67.

van den Heuvel M, McBey BA, Hahnel AC, Croy BA. An analysis of the uterine
lymphocyte-derived hybridoma cell line GWM 1-2 for expression of receptors for
estrogen, progesterone and interleukin 2. J Reprod Immunol. 1996; 31: 37-50.

Faust Zs, Laskarin G, Rukavina D, Szekeres-Bartho J. Progesterone Induced Blocking
Factor inhibits degranulation of NK cells. Am J Reprod Immunol. 1999; 42: 71-75.

Szekeres-Bartho J, Chaouat G, Kinsky R. A progesterone-induced blocking factor corrects
high resorption rates in mice treated with antiprogesterone. Am J Obstet Gynecol 1990;
163: 1320-1322.

Szekeres-Bartho J, Kinsky R, Chaouat G. The effect of progesterone induced
immunologic blocking factor on NK mediated resorption. Am J Reprod Immunol. 1990;
24:105-107.

Kwak JY, Gilman-Sachs A, Moretti M, Kenneth D, Beaman KD, Beer AE. Natural killer
cell cytotoxicity and paternal lymphocyte immunization in women with recurrent
spontaneous abortions. Am J Reprod Immunol. 1998; 40(5): 352-358.

Check JH, Szekeres-Bartho J, O’Shaughnessy A. Progesterone induced blocking factor
seen in pregnancy lymphocytes soon after implantation. Am J Reprod Immunol. 1996; 35:
277-280.

Szekeres-Bartho J., Wegmann T., Kelemen K., Bognar 1., Faust Zs., Varga P.: Interaction
of progesterone- and cytokine-mediated immunomodulatory mechanisms in favor of
successful gestation. Regional Immunology 1994; 6: 315-319.

.Kelemen K, Bognar I, Paal M, Szekeres-Barthd J.: A progesterone—induced protein

increases the synthesis of asymmetric antibodies. Cell Immunol. 1996; 167: 129-134.

Mosman TR, Coffman RL. Thl and Th2 cells: different patterns of lymphokine secretion
leads to different functional properties. Ann Rev Immunol 1989; 7: 145-173.

Abbas AK, Murphy KM, Sher A. Functional diversity of helper T lymphocytes. Nature
1996; 383: 787-793.

Romagnani S. Lymphokine production by human T cells in disease states. Ann Rev
Immunol. 1994; 12: 227-257.

Swain SL, Weinberg AD, English M, Huston G. IL-4 directs the developement of Th2-like
helper effectors. J Immunol. 1990; 145: 3796-3806.

Seder RA, Gazzinelli R, Sher A, Paul WE. Interleukin-12 acts directly on CD4+ T cells to
enhance priming for interferon gamma production and diminishes Interleukin-4 inhibition
of such priming. Proc Natl Acad Sci USA. 1993; 90: 10188-10192.

Manetti R, Parronchi P, Giudizi MG, Piccinni MP, Maggi E, Trinchieri G, Romagnani S.
Natural killer cell stimulatory factor (Interleukin-12) induces T helper 1 type (Thl)-

specific immune responses and inhibits the developement of IL-4 producing Th cells. J
Exp Med. 1993; 177: 1199-1204.

42



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Rogge L, Barberis-Maino L, Biffi M, Passini N, Presky DH, Gubler U, Sinigaglia F.
Selective expression of an interleukin-12 receptor component by human T helper 1 cells. J
Exp Med. 1997; 185: 1-7.

Chaouat G, Menu E, de Smedt D, Khrihnan L, Hui L, Meliani A, Martal J,. Wegmann T.
The emering role of IL-10 in pregnancy. Am J Reprod Immunol. 1996; 35: 325-329.

Raghupathy R. Thl-type immunity is incompatible with successful pregnancy. Immunol
Today 1997; 18: 478-82.

Wegmann T, Lin H, Guilbert L, Mosmann T. Bidirectional cytokine interaction in the
maternal-fetal relationship: is successful pregnancy a Th2 phenomenon. Immunol Today
1993; 14: 353-356.

Kruse N, Greif M, Moriabadi NF, Marx L, Toyka KV, Rieckmann P. Variations in the
cytokine mRNA expression during normal human pregnancy. Clin Exp Immunol. 2000;
119: 317-322.

Szereday L, Varga P, Szekeres-Bartho J. Cytokine production by lymphocytes in
pregnancy. Am J Reprod Immunol. 1997; 38: 418-422.

Daniel Y, Kupferminc M, Baram A, Jaffa A, Fair G, Wolman I, Lessing J. Plasma
interleukin-12 is elevated in patients with preeclampsia. Am J Reprod Immunol. 1998; 39:
376-80.

Vince GS, Johnson PM. Is there a Th2 bias in human pregnancy? J Reprod Immunol
1996; 32: 101-104.

Krishnan L, Guilbert LJ, Wegmann TG, Belosevic M, Mosmann TR. T helper 1 response
against Leishmania major in pregnant C57BL/6 mice increases implantation failure and

fetal resorptions: correlation with increased IFN-y and TNF and reduced IL-10 production
by placental cells. J Immunol. 1996; 156: 653-62.

Tangri S, Raghupathy R. Expression of cytokines in placentas of mice undergoing
immunologically-mediated spontaneous fetal resorptions. Biol Reprod 1993; 49: 850-856.

Tangri S, Wegmann TG, Lin H, Raghupathy R. Maternal anti-placental reactivity in
natural, immunologically-mediated fetal resoprtions. 1994; 152: 4903-4911.

Chaouat G, Milani AA, Martal J, Raghupathy R, Elliot J, Mosmann T, WegmannTG. IL-
10 prevents naturally occuring fetal loss in the CBAXDBA/2 mating combination, and
local defect in IL-10 production in this abortion-prone combination is corrected by in vivo
injection of IFN-tau. J Immunol. 1995; 154: 4261-4268.

Hanna N, Hanna I, Hleb M, Wagner E, Dougherty J, Balkundi D, Padbury J, Sharma S.

Gestational age-dependent expression of IL-10 and its receptor in human placental tissues
and isolated cytotrophoblast. J Immunol. 2000; 164: 5721-5728.

43



81.

82.

&3.

&4.

85.

86.

87.

88.

9.

90.

91.

92.

93.

Marzi M, Vigano A, Trabattoni D, Villa ML, Salvaggio A, Clerci E, Clerci M.
Characterization of type 1 and type 2 cytokine production profile in physiologic and
pathologic human pregnancy. Clin Exp Immunol. 1996; 106: 127-133.

Lalani I, Bhol K, Ahmed AR. Interleukin 10: biology, role in inflammation and
autoimmunity. Ann Allergy Asthma Immunol 1997; 79: 469-483.

De Wall MR, Abrams J, Bennett B, Figdor C, de Vries J. Interleukin 10 (IL-10) inhibits
cytokine synthesis by human monocytes: an immunoregulatory role of IL-10 produced by
monocytes. J Exp Med. 1991; 174: 1209-1220.

Fiorentino DF, Zlotnic A, Vierira P, Mosmann TR, Howard M, Moore KW, O’Garra A.
IL-10 acts on the antigen presenting cell to inhibit cytokine production by Thl cells. J
Immunol. 1991, 146: 3444-3451.

Willems F, Marchant A, Delville JP, Gerard C, Delvaux A, Velu T, de Boer M, Goldman
M. Interleukin-10 inhibits B7 and intracellular adhesion molecule-1 expression on human
monocytes. Eur J Immunol. 1994; 24: 1007-1009.

Matsuda M, Salazar MF, Paterson M, Masucci G, Hansson J, Pisa P, Zhang QJ, Masucci
MG, Kiessling R. Interleukin 10 pretretment protects target cells from tumor- and allo-
specific cytotoxic T cells and downregulates HLA class I expression. J Exp Med. 1994;
180: 2371-2376.

Wang L, Goillot L, Tepper RJ. IL-10 inhibits alloreactive cytotoxic T lymphocyte
generation in vivo. Cell Immunol. 1994; 159: 152-169.

Zhai Y, Hong X, Wang J, Fechner JH, Goodman RE, Johnson MC, Knechtle SJ.
Modulation of alloimmunity to major histocompatibility complex class I by cotransfer of
cytokine genes in vivo. Transplant Immunol. 1998; 6: 169-175.

D’Andrea AD, Aste-Amezaga M, Valainte NM, Ma X, Kubin M, Trincheri G. Interleukin-
10 inhibits lymphocyte IFN-y production by suppresing natural killer cell stimulatory
factor/IL-12 synthesis in accessory cells. J Exp Med. 1993; 178: 1041-1048.

Bennet WA, Laggo-Deendayalan S, Whitworth NS, Bracklin MN, Hale E, Cowan BD.
Expression and production of interleukin-10 by human cytotrophoblast: relationship to
pregnancy immuntolerance. Early Pregnancy 1997; 3: 190-198.

Roth I, Curry DB, Locksley RM, Abrams JS, Litton MJ, Fisher SJ. Human placental
cytotrophoblasts produce the immunosuppressive cytokine interleukin 10. J Exp Med.
1997; 84: 539-548.

Piccinni MP, Beloni L, Livi C, Maggi E, Scarselli G, Romagnani S. Defective production
of both leukemia inhibitory factor and type 2 T helper cytokines by decidual T cells in
unexplained recurrent abortions. Nat Med. 1998; 4: 1020-1024.

Shreedhar V, Giese T, Sung VW, Ullrich SE. A cytokine cascade including prostaglandin
E,, IL-4 and IL-10 is responsible for UV-induced systemic immune suppression. J
Immunol. 1998; 160: 3738-3739.

44



94. Woiciechowsky C, Asadullah K, Nestler D, Eberhardt B, Platzer C, Schoning B, Glockner
F, Lankesh WR, Volk HD, Docke WD. Symphathetic activation triggers systemic
interleukin-10 release in immunodepression induced by brain injury. Nat Med. 1998;
4:808-813

95. Bennett WA, Lagoo-Deendayalan, Whitworth NS, Stopple JA, Barber WH, Hale E,
Bracklin MN, Cowan BD. First trimester human chorionic villi express both
immunoregulatory and inflammatory cytokines : a role for interleukin-10 in regulating the
cytokine network of pregnancy. Am J Reprod Immunol. 1999; 41: 70-78.

96. Trautman MS, Collmer D, Edwin SS, White W, Mitchell MD, Dudley DJ. Expression of
interleukin-10 in human gestational tissues. J Soc Gynecol Invest 1997; 4: 247-53.

97. Yui J, Gracia-Lloret M, Wegmann TG, Guilbert LJ. Cytotoxicity of tumor necrosis factor

—o and y-interferon against primary human placental trophoblast. Placenta 1994; 15: 819-
826.

98. Patel FA, Clifotn VL, Chwalisz K, Challis JRG. Steroidal regulation of prostaglandin
dehydrogenase activity and expression in human term placenta and choriodecidua in
relation to labor. J Clin Endocrinol Metab. 1999; 84: 291-299.

99. Librach CL, Feigenbaum SL, Bass KE, Cui TY, Verastas N, Sadovsky Y, Quigly JP,
French DL, Fisher SJ. Interleukin-1p regulates human cytotrophoblast metalloproteinase
activity and invasion in vitro. J Biol Chem. 1994; 269: 17125-17131.

100. Pomini F, Caruso A, Challis JRG. Interleukin-10 modifies the effect of interlukin-13
and tumor necrosis factor-o on the activity and expression of prostaglandin H synthase-2
and NAD +/- dependent 15-hydroxyprostaglandin dehydrogenase in cultured term human
villous trophoblast and chorian trophoblast cells. J Clin Endocrionol Metab. 1999; 84:
4645-4650.

101. Dudley DJ, Dangerfield A, Edwin SS. Interleukin-10 prevents preterm birth in a
mouse model of infection-mediated preterm labor. J Soc Gynecol Invest 1996; 6: 67A.

102. Daftarian PM, Kumar A, Kryworuchko M, Diaz-Mitoma F. IL-10 production is
enhanced in human T cells by IL-12 and IL-6 and in monocytes by tumor necrosis factor-
alpha . J Immunol. 1996; 157: 12-20.

103. van der Pouw Kraan TC, Boeije LC, Smeenk RJ, Wijdenes J, Aarden LA.
Prostaglandin-E2 is a potent inhibitor of interleukin-12 production. J Exp Med. 1995; 181:
775-779.

104. Rivera DL, Olister SM, Liu X, Thompson JH, Zhang JX, Pennline K, Azuero R, Clark
DA, Miller JS. Interleukin-10 attenuates experimental fetal growth restriction and demise.

FASEB J. 1998; 12: 189-197.

105. Kuhn R, Rajewsky K, Muller W. IL-4 and IL-10 deficient mice. 8™ International
Congress of Immunology 1992. Abstr 203.

45



106. Mrozek E, Anderson P, Caligiuri MA. Role of interleukin-15 in the developement of
human CD56+ natural killer cells from CD34+ hematopoietic progenitor cells. Blood,
1996; 7: 2632-46.

107.  Yu H, Fehniger TA, Fuchshuber P, Thiel KS, Vivier E, Carson WE, Caliguri MA. FtI3
ligand promotes the generation of a distinct CD34+ human natural killer cell progenitor
that respondes to interleukin-15. Blood 1998; 92: 3647-57.

108. Trinchieri G. Interleukin-12 : a proinflammatory cytokine with immunoregulatory
functions that bridge innate resistance and antigen-specific adaptive immunity. Rev
Immunol. 1995; 13; 251-276.

109. Okamura H, Tsutsi H, Komatsu T, Yutsudo M, Hakuara A, Tanimoto T, Torigore K,
Okura T, Nukada Y, Hattori K. Cloning of a new cytokine that induces IFN-y production
by T cells. Nature 1995; 378: 88-91.

110. Kobayashi M, Fitz L, Ryan M, Hewick RM, Clark SC, Chan S, london R, Sherman F,
Perussia B, Trinchieri G. Identification and purification of natural killer cell stimulatory
factor (NKSF), a cytokine with multiple biologic effects on human lymphocytes. J Exp
Med. 1989; 170: 827-845.

111.  Stern AS, Podlaski FJ, Hulmes JD, Pan YCE, Quinn PM, Wolitzky AG, Famillietti
PC, Stremlo DL, Truitt T, Chizzonite R, Gately MK. Purification of homogeneity and
partial characterization of cytotoxic lymphocyte maturation factor from human B-
lymphoblastoid cells. Proc Natl Adac Sci. 1990, 87: 6808-6812.

112.  Magram J, Connaughton SE, Warrier RR, Carvajal DM, Wu CY, Ferrante J, Stewart
C, Sarmiento U, Faherty DA, Gately MK. IL-12 deficient mice are defective in IFN-y
production and type-1 cytokine responses. Immunity 1996; 4: 471-481.

113. Takeda K, Tsutsui H, Yoshimoto T, Adadin O, Yoshida N, Kishimoto T, Okamura H,
Nakanishi K, Akira S. Defective NK cell activity and Thl response in IL-18 deficient
mice. Immunity 1998; 8: 383-390.

114.  Liu C, Perussia B, Young JD. The emerging role of IL-15 in NK-cell developement.
Immunol Today 2000; 21: 113-116.

115. Chaouat G, Menu E, Minkowsky DyM, Clark DA, Wegmann T. Control of the fetal
survival in CBAXxDBA/2 mice by lymphokine therapy. J Fertil Steril 1990; 89: 447-458.

116. Chaouat G, Menu E, Kinsky R, Minkowsky M, Delage G, Thang MN, Clark DA,
Wegmann TG, Szekeres-Bartho J. Lymphokines and non-specific cellular lytic effectors at
the feto-maternal interface affect placental size and survival. In Reproductive Immunology
Mettler L, Billington D (eds.) Elsevier 1990, p. 283.

117. Haimovici F, Hill JA, Anderson DJ. The effect of soluble products of activated

lymphocytes and macrophages on blastocyst implantation events in vitro. Biol Reprod
1991; 44: 69-75.

46



118. Ragupathy R, Tangri S. Immunodystrophism, T cells, cytokines and pregnancy failure.
Am J Reprod Immunol. 1996; 35: 291-296.

119. Da Silva D, Spector T. The role of pregnancy in the course and aetiology of
rheumatoid arthritis. Clin Rheumatol. 1992; 11: 189-94.

120. Castiglione F, Pignata S, Morace F, Sarubbi A, Baratta M, D’Agostini L, D’Arienzo
A, Mazzacca G. Effect of pregnancy on the clinical course of cohort of women with
inflammatory bowel disease. Ital J Gastroenterol 1996; 28: 199-204.

121.  Confavreux C, Hutchinson M, Hours M, Cortinnovis-Tourniaire P, Moreau T, Group
PiMS. Rate of pregnancy-related relapse in multiple sclerosis. N Engl J Med. 1998; 339:
285-91.

122.  Varner MW. Autoimmune disorders and pregnancy. Semin Perinatol. 1991; 15: 238-
250.

123.  Minkoff H, Nanda D, Meney R, Fikrig S. Pregnancies resulting in infants with aquired
immunodeficiency syndrome or AIDS-related complex: follow-up of mothers, children,
and subsequently born siblings. Obstet Gynecol. 1987; 69: 288-291.

124.  Watkinson M, Rushton DJ. Plasmodial pigmentation of placenta and outcome of
pregnancy in West African mothers. Br Med J Clin Res. 1983; 287: 251-254.

125. Luft BJ, Remington JS. Effect of pregnancy on resistance of Listeria monocytogenes
and Toxoplasma gondii infections in mice. Infect Immunol. 1982; 38: 1164-1171.

126. Trinchieri G. Biology of natural killer cells. Adv Immunol. 1989; 47: 187-200.

127. Kagi D, Ledermann B, Burki K, Seiler P, Odermatt B, Olsen K, Podack ER,
Zinkernagel RM, Hengartner H. Cytotoxicity mediated by T cells and natural killer cells is
greatly impaired in perforin-deificient mice. Nature 1994; 369: 31-37.

128. Arase H, Arase N, Saito T. Fas-mediated cytotoxicity by freshly isolated natural killer
cells. J Exp Med. 1995; 181: 1235-1238.

129.  Yokoyama WM. Natural killer cell receptors. Curr Opin in Immunol. 1995; 7: 110-
120.

130. Moretta C, Bottino M, Vitale D, Pende R, Biassoni R, Mingari MC, Moretta L.
Receptors for HLA class I molecules in human Natural Killer cells. Annu Rev Immunol.

1996; 14: 619-648.

131.  Gendron RL, Baines MG. Infiltrating decidual natural killer cells are associated with
spontaneous abortion in mice. Cell Immunol. 1988; 113: 261-267.

132. De Fougerolles R, Baines M. Modulation of natural killer activity influences
resorption rates in CBAXxDBA/2 matings. J Reprod Immunol. 1987; 11: 147-153.

47



133. Lee H, Gregory CD, Rees GB, Scott IV, Golding PR. Cytotoxic activity and
phenotypic analysis of natural killer cells in early normal human pregnancy. J Reprod
Immunol. 1987; 12: 35-47.

134. Aoki K, Kajiura S, Matsumoto Y, Ogasawara M, Okada S, Yagami Y, Gleicher N.
Preconceptional natural-killer-cell activity as a predictor of miscarriage. Lancet 1995; 345:
1340-2.

135. Parham P. Antigen presentation by class I major histocompatibility complex
molecules: A contex for thinking about HLA-G. Am J Reprod Immunol. 1995; 34: 10-19.

136. Kinsky R, Delage G, Rosin N, Thang MN, Hoffmann M, Chaouat G. A murine model
for NK mediated resorption. Am J Reprod Immunol. 1990; 23: 73-75.

137. Navarro F, Llano M, Bellon T, Colonna M, Geragthy DE, Lopez-Botet M. The
ILT2/LIR1 and CD94/NKG2A NK cell receptors respectively recognize HLA-G1 and
HLA-E molecules coexpressed on target cells. Eur J Immnol. 1999; 29: 277-283.

138. Dorling A, Monk NJ, Lechler RI. HLA-G inhibits the transendothelial migration of
human NK cells. Eur J Immunol. 2000; 30: 586-593.

139. Carraher R, Hahn DW, Ritchie DM, Mc Guire JL. Involvement of lipoxygenase
products in myometrial contractions. Prostaglandins 1983; 26: 23-32.

140. Ellwood DA, Mitchell MD, Anderson ABM. The in vitro production of prostanoids by
the human cervix during pregnancy: preliminary observations. Br J Obstet Gynecol. 1980;
87:210-214.

141. Challis JRG, Olson DM. Parturition. In The Physiology of Reproduction Knobil E,
Neil J.(eds.) New York, Raven Press p. 2177.

142. Olson DM, Zakar T. Intrauterine tissue prostaglandin synthesis: regulatory
mechanisms. Seminars in Reproductive Endocrinology 1993; 11: 234-250.

143.  Mitchell MD, Dudley DJ, Edwin SS, Shiller SL. Interleukin-6 stimulates prostaglandin
production by human amnion and decidual cells. Eur J Pharmacol. 1991; 192: 189-191.

144. Mitchell MD, Edwin SS, Shiller SL, Silver RM, Smotkin D, Trautman MS.
Mechanism of interleukin-1 beta stimulation of human amnion prostaglandin biosynthesis:
mediation via a novel inducible cyclooxygenase. Placenta 1993; 14: 615-625.

145. Norwitz ER, Lopez-Bernal A, Starkey PM. Tumor necrosis factor-o selectively
stimulates prostaglandin F2 alpha production by macrophages in human term decidua. Am
J Obstet Gynecol. 1992; 167: 815-820.

146. Ishihara O, Numari H, Saitoh M, Arai Y, Takanashi H, Kitagawa H, Kinoshita K.

Prostaglandin E2 production by endogenous secretion of interleukin-1 in decidual cells
obtained before and after the labor. Prostaglandins 1996; 52: 199-208.

48



147. Clark JD, Lin LL, Kriz RW, Ramesha CS, Sultzman LA, Lin AZ, Minola N, Knopf
JL. A novel arachidonic acid-selective cytosolic PLA2 contains a Ca®’-dependent
translocation domain with homology to PKC and GAP. Cell 1991; 65: 1043-1051.

148.  Seilhamer J, Pruzanski W, Vadas P, Plant S, Miller J, Kloss J, Johnson L. Cloning and
recombinant expression of phospholipase A2 present in rheumatoid arthritic synovial
fluid. J Biol Chem. 1989; 264: 5335-5338.

149. Buhl WJ, Eisenlohr LM, Preuss I, Gehring U. A novel phospholipase A2 from human
placenta. Biochem Journal 1995; 311: 147-153.

150. Hla T, Neilson K. Human cyclo-oxygenase-2 cDNA. Proc Natl Acad Sci USA. 1992;
89: 7384-7388.

151.  Albert TJ, Su HC, Zimmerman PD, lams JD, Kniss DA. Interleukin-1f regulates the
inducible cyclooxygenase in amnion-derived WISH cells. Prostaglandins 1994; 48: 401-
416.

152. Skannal DG, Brockman DE, Eis ALW, Xue S, Siddiqi TA, Myatt L. Changes in
activity of cytosolic phospholipase A2 in human amnion at parturition. Am J Obstet
Gynecol. 1997; 177: 179-184.

153. Slater DM, Berger LC, Newton R, Moore GE, Bennett PR. Expression of
cyclooxygenase types 1 and 2 in human fetal membranes at term. Am J Obstet Gynecol
1995; 172: 77-82.

154. Xue S, Brockman DE, Slater DM, Myatt L. Interleukin-1p induces the synthesis and
activtiy of cytosolic phospholipase A2 and the release of prostaglandin E2 in human
amnion-derived WISH cells. Prostaglandins 1995; 49: 351-369.

155. Romero R, Brody DT, Oyarzun E, Mazor M, Wu YK. Infection and labor. IIL
Interleukin-1: a signal for the onset of parturition. Am J Obstet Gynecol. 1989; 160: 1117-
1123.

156. Romero R, Parvizi ST, Oyarzun E, Mazor M, Wu YK, Avila C, Athanassiadis A,
Mitchell MD. Amniotic fluid interleukin-1 in spontaneous labor at term. J Reprod Med.
1990; 35: 235-238.

157. Romero R, Tartakovsky B. The natural interleukin-1 receptor antagonist prevents
interleukin-1 induced preterm delivery in mice. Am J Obstet Gynecol. 1992; 167: 1041-
1045.

158. Brown NL, Alvi SA, Elder MG, Bennett PR, Sullivan HF. The regulation of
prostaglandin output from term intact fetal membranes by anti-inflammatory cytokines.
Immunolgy 2000; 99: 124-133.

159. Gilmour JS, Hansen WR, Miller HC, Keelan JA, Sato TA, Mitchell MD. Effects of

interleukin-4 on the expression and activity of prostaglandin endoperoxidase H synthase-2
in amnion-devived WISH cells. J] Mol Endocrinol 1998; 21 (3): 317-25.

49



160. Xue S, Slater DM, Bennet PR, Myatt L. Induction of both cytosolic phospholipase A2
and prostaglandin H synthase-2 by interleukin—13 in WISH cells is inhibited by
dexamethasone. Prostaglandins 1996; 51: 107-124.

161. Ishihara O, Matsuoka K, Kinoshita K, Sullivan MH, Elder MG. Interleukin-1(3-
stimulated PGE2 production from early first trimester human decidual cells is inhibited by
dexamethasone and progesterone. Prostaglandins 1995; 49 (1): 15-26.

162. Bomalaski JS, Brophz DGL, Resirreccion NV, Spilberg I, Munian M, Clartk MA. A
phospholipase A2 activating protein (PLAP) stimulates human neutrophil aggregation and
release of lysosomal enzymes, superoxide and eicosanoids. J Immunol 1989; 142: 3957-
3962.

163. Palombella V, Vilacek J. Mitogenic and cytotoxic actions of tumor necrosis factor in
Balb/c 3T3 cells: role of phospholipase activation. J Biol Chem 1989; 264: 18128-18136.

164. Bomalaski JS, Fors T, Hudson AP, Clark MA. Phospholipase A2-activating protein
induces the synthesis of IL-1 and TNF in human monocytes. J Immunol 1995; 154: 4027-
4031.

165. Yousif MH, Thulesius O. Tocolytic effect of the cyclooxygenase-2 inhibitor,
meloxicam: Studies on uterine contractions in the rat. J] Pharm Pharmacol 1998; 50: 681-
685.

166. Sawdy R, Slater D, Fisk N, Edmonds DK, Bennett P. Use of a cyclooxygenase type-2
selective anti-inflammatory agent to prevent preterm delivery. Lancet 1997; 350: 265-266.

167. Lala PK, Scodras JM, Graham CH, Lysiak JJ, Parhar RS. Activation of maternal killer
cells in the pregnant uterus with indomethacin therapy, IL-2 therapy, or a combination
therapy is associated with embryonic demise. Cell Immunol. 1990; 127(2): 368-381.

168. Hilkens CM, Vermeulen H, van-Neerven RJ, Snijdewint FG, Wierenga EA,
Kapsenberg ML. Differenatal modulation of T helper type 1 (Thl) and T helper type 2
(Th2) cytokine secretion by prostaglandin E2 critically depends on interleukin-2. Eur J
Immunol 1995; 25(1): 59-63.

169. Kikuchi Y, Hirata J, Kuki E, Nagata I, Fukushima M. Modulation of human
lymphocyte resonse to phytohemagglutinin by antineoplastic prostaglandins. Int J
Immunopharmacol 1992; 14(1): 105-10.

170.  Skinner M, Skinner S, Marbrook J. The effect of prostaglandins and indomethacin on
cytotoxic T-lymphocytes and their percursors. Int J Immunopharmacol 1989; 11(3): 267-
73.

171. Ching CY, Ching N, Seto DS, Hokama Y. Relationships of prostaglandin levels and

natural killer (NK) cell cytotoxicity of mononuclear cells in cord blood. J Med 1984;
15(3): 233-6.

50



172.  Croz BA, Chantakru S, Narumiya S, Ichikawa A, Sugimoto Y. Prolonged gestation
does not extend survival of uterine natural killer lymphocytes in mice deleted in the
receptor for prostaglandin F2alpha. J Reprod Immunol 2000; 46 (2): 125-9.

173.  Szekeres-Bartho J, Varga P, Pacsa AS. Immunological factors contributing to the
initiation of labour-lymphocyte reactivity in term labour and threatened pre-term delivery.
Am J Obstet Gynecol 1986; 155: 108-112.

174.  Smith SK, Kelly RW. The release of PF2a and PGE2 from separated cells of human
endometrium and decidua. Prost Leuk Essent Fatty Acids. 1988; 33: 91-96.

175.  Branch DW, Dudley DJ, Mitchell MD. Prostaglandin E, (PGE;) production by
murine decidua is increased in response to abortifacient doses of lipopolysaccharide (LPS)
Am J Reprod Immunol. 1992; 27: 30-35.

176. Gerdon RL, Farookhi R, Baines MG. Murine pregnancies predisposed to spontaneous
resorption show alterations in the concentration of leukotriene B4 and prostaglandin E;.
Biol Reprod. 1992; 47: 72-75.

177. Clark DA, Banwatt D, Chaouat G. Effect of prostaglandin synthesis inhibitors on
spontaneous and endotoxin-induced abortion in mice. J Reprod Immunol. 1993; 24 : 29-
44.

178. Chaouat G, Menu E, Kinsky R, Brezin C. Immunologically mediated abortions: one
or several pathways ? Res Immunol (Inst. Pasteur) 1990; 141(2): 188-195.

179. Kwak JYH, Gilman-Sachs A, Beaman KD, Beer AE.  Reproductive outcome in
women with recurrent spontaneous abortions of alloimmune and autoimmune causes:
preconception versus postconception treatment. Am J Obstet Gynecol 1992; 166: 1787-
1795.

180. Lewis RB, Schulam JD. Influence of acetylsalicylic acid : an inhibitor of
prostaglandin synthesis on the duration of human gestation and labour. Lancet 1973; 2 :
1159-61.

181. Brien JH, Smart YC, Farrelly ML, Burton RC. Phenotype and morphology of murine
NC-1.1+ natural cytotoxic cells. Immunol Cell Biol. 1994; 72: 161-168.

182. Clarke GR, Roberts TK, Smart YC. Natural killer and natural cytotoxic cells are
present at the maternal-fetal interface during murine pregnancy. Immunol Cell Biol. 1994;
72:153-160.

183. Szekeres-Bartho J, Chaouat G. Lymphocyte-derived progesterone induced blocking
factor corrects resorption in a murine abortion system. Am J Reprod Immunol. 1990; 23:
26-28.

184. Luft BJ, Remington JS. Effect of pregnancy on augmentation of natural killer cell
activity be Corynebacterium parvum anf Toxoplasma gondii. J Immunol 1984; 132: 2375-
2380.

51



185. Dresser DE. The potentiating effect of pregnancy on humoral immune responses of
mice. J Reprod Immunol. 1991; 20: 253-266.

186. Parant M. The role of TNF in nonspecific stimulation of the mouse resistance to
infection. Immunobiology 1987; 175: 26-30.

187. Tezabwala BU, Johnson PM, Rees RC. Inhibiton of pregnancy viability in mice
following IL-2 administration. Immnuology. 1989; 67: 115-119.

188. Lin H, Mosmann TR, Guilbert L, Tuntipopipat S, Wegmann TG. Synthesis of T helper
2-type cytokines at the maternal-fetal interface. J Immunol. 1993; 151: 4562-4567.

189. Szekeres-Bartho J, Wegmann TG. A progesterone-dependent immunomodulatory
protein alters the Th1-Th2 balance. J Reprod Immnol. 1996; 31: 81-95.

190. Wang Y, Campbell HD, Young IG. Sex hormones and dexamethasone modulate
interleukin-5 gene expression in T lymphocytes. J Steroid Biochem Mol Biol. 1993; 44:
203-210.

191. Drake BL, Head JR. Murine trophoblast cells can be killed by lymphokine-activated
killer cells. J Immunol. 1989; 143: 9-14.

192. Mason LH, Mathieson BJ, Ortaldo J. Natural killer (NK) cells subsets in the mouse :
NK-1.1" / LGL-1" cells restricted to lysing NK targets, whereas NK-1.1" / LGL-1" cells
generate lymphokine activated killer cells. J Immunol. 1990; 145: 751-759.

193. LeGros G, Erard F. Non-cytotoxic, IL-4, IL-5, IL-10 producing CD8+ T cells: Their
activation and effector functions. Curr Opin Immunol. 1994; 6: 453-457.

194. de Waal Malefyt R, Abrams J, Bennet B, Figdor CG, de Vries J. Interleukin 10 (IL-10)
inhibits cytokine synthesis by human monocytes: an autoregulatory role of IL-10 produced
by monocytes. J Exp Med. 1991; 174: 1209-1220.

195. Szekeres-Bartho J, Falkay G, Torok A, Pacsa AS. The mechanism of the inhibitory
effect of progesterone on lymphocyte cytotoxicity. II. Relationship between cytotoxicity
and the cyclooxygenase pathway of arachidonic acid metabolism. Am J Reprod Immunol
Microbiol. 1985; 9: 19-22.

196. Szekeres-Bartho J, Csernus V, Hadnagy J, Pacsa AS. Influence of treatment of
prostaglandin synthesis inhibitor or progesterone on cytotoxic activity and progesterone
binding capacity of lymphocytes during pregnancy. Prostaglandins 1983; 26: 187-195.

197. Varga P, Giinther W, Repasy I, Szereday Z, Szekeres-Bartho J. Low dose salicylate
(LDS) treatment of habitual abortions of immune etiology. In Recent Progress in Perinatal

Medicine. Gatil (ed.), Postgraduate Medical School, Budapest 1993, p. 147-150.

198. Koo GC, Peppard JR. Establishment of monoclonal anti-NK-1.1 antibody. Hybridoma.
1984; 3(3):301-3.

52



199. Ryan JC, Turck J, Niemi EC, Yokoyama WM, Seaman WE. Molecular cloning
of the NK1.1 antigen, a member of the NKR-P1 family of natural killer cell activation
molecules. J Immunol. 1992; 149 (5): 1631-5.

200. Smart YC, Stevenson KL, Farrelly ML, Brien JH, Burton RC. Production of a
monoclonal allo-antibody to murine natural cytotoxic cells. Immunol Cell Biol. 1990; 68:
277-84.

201. Holmgreen SP, Wang X, Clarke GR, Noltorp RS, Roberts TK, Burton RC, Robinson
PJ, Smart YC. Phosphorylation of the NC-1.1 receptor and regulation of natural
cytotoxicity by protein kinase C and cyclic GMP-dependent protein kinase. J Immunol.
1997; 158(5): 2035-41.

202. Martiniello R, Burton RC, Smart YC. Natural cell-mediated cytotoxicity (NCMC)
against NK-sensitive tumours in vitro by murine spleen Ly-6C+ natural T cells. Int J
Cancer. 1997; 70(4): 450-60.

203. Martiniello R, Burton RC, Smart YC. Ly-6C+ natural T (NT) cells mediate immune
surveillance against NK-sensitive and NK-resistant transplantable tumours in certain
strains of mice. Int J Cancer. 1996; 66(4): 532-7.

204. Grimm E, Bonavida B: Mechanism of cell mediated cytotoxicity of the single cell

level. Estimation of cytotoxic T lymphocyte frequency and relative lytic efficiency. J
Immunol 1979; 123: 2861-2869.

53



VIIIL. LIST OF AUTHORS PUBLICATIONS

1. Szekeres-Bartho J, Par G, Dombay Gy, Smart YC, Volgyi Z. The anti-abortive effect of
progesterone—induced blocking factor in mice is manifested by modulating NK activity. Cell.

Immunol. 1997 May 1; 177 (2): 194-9.

2. Szekeres-Bartho J, Par G, Szereday L, Smart YC, Achatz I. Progesterone and non-specific
immunologic mechanisms in pregnancy. Am J Reprod Immunol. 1997 Sep; 38(3): 176-82.

3. Par G, Bartok B, Szekeres-Bartho J. Cyclooxygenase is involved in the effects of
progesterone-induced blocking factor on the production of interleukin 12. Am J Obstet

Gynecol. 2000 Jul; 183 (1):126-30.

4. Szekeres-Bartho J, Barakonyi A, Polgar B, Par G, Faust Zs, Palkovics T, Szereday L. The
role of gamma/delta T cells in progesterone-mediated immunmodulation during pregnancy : a

review. Am J Reprod Immunol. 1999 Jul; 42 (1): 44-48.

5. Szekeres-Bartho J, Barakonyi A, Polgar B, Par G, Faust Zs, Palkovics T, Szereday L.
Nonspecific immunological mechanisms and hormones. In Reproductive Immunology S.K.

Gupta (Ed) Narosa Publishing House, New Delhi, India, 1999. P. 218-222.

6. Par G, Geli J, Kozma N, Varga P, Szekeres-Bartho J. Phosholipase A2 is involved in the
progesterone-dependent regulation of the IL-12 expression by pregnancy lymphocytes.
(submitted)

7. Par A, Paal M, Horanyi M, Par G, Gasztonyi B, Szekeres B. J., Mozsik Gy. Role of viral
and host factors in the pathogenesis of Hepatitis C Virus infection and in the response to

interferon treatment. Periodicum Biologorum. 1998. Vol. 100. No. 4. 515-519 .

8. Par A., Paal M., Horanyi M., Szekeres J., Kadas 1., Hegedus G., Par G., Gasztonyi B.,
Mozsik Gy. A hepatitis C virus (HCV) infekcidé pathogenesisét és az antivirdlis therdpiara
vald valaszkészséget befolyasold viralis és gazdai tényezok vizsgalata Magyar Belorvosi

Archivum 1999; 52: 9-14.

54



9. Par G, Par A, Rukavina D, Podack ER, Horanyi M, Szekeres-Bartho J, Hegedus G, Paal
M, Mozsik Gy. Impairment of natural killer cell activity is associated with decreased CD3"
CDS8" and Vy9/V32 TcR+ lymphocyte count and low perforin expression in chronic hepatitis
C. (submitted)

55



	THE INHIBITORY EFFECT OF PROGESTERONE
	II. INTRODUCTION
	The protective role of IL-10 in pregnancy
	IV. THESES
	The lack of PIBF effect results in pregnancy termination in mice.
	Neutralisation of endogenous PIBF activity results in pregnancy loss in mice. Both progesterone receptor block (with RU486 ) a
	2.  The lack of PIBF effect results in increased NK and NC activity in mice.
	The anti-abortive effect of PIBF is mediated via controlling NK activity in mice.
	In conclusion via these multiple systems PIBF reduce NK cytotoxic activity that favours a normal pregnancy outcome.
	Fig.  2. The role of PIBF in normal pregnancy
	Fig. 3.  Figure of  a IL-12 positive lymphocyte
	VIII. LIST OF AUTHORS PUBLICATIONS




