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MATERNO-FETAL IMMUNOTOLERANCE: AN EVOLUTIONARY VIEW

Luana Paulesu

Department of Life Sciences, University of Siena

Abstract. Since Medawar (1953), much attention has been given to the immunological paradox of the survival and growth
of the semi-allogeneic fetus in the maternal uterus. Numerous studies, mainly on the human placenta, have established fun-
damental mechanisms of this phenomenon; however, many aspects are still unclear and the complex process has yet to be
completely defined. One of the accepted principles is that the secretion and action of mediators, i.e. cytokines, at the materno-
fetal interface have a central role. Focusing on the cytokine Interleukin-1 (IL-1) the review highlights the importance of a
physiological approach based on evolutionary studies in animals using similar or different reproductive strategies. Data on
1L-1 in viviparity and oviparity, two reproductive strategies in which female reproductive tissues have to deal with paternal-
derived antigens on sperm, fertilized eggs, and embryo, will be presented and discussed in the light of materno-fetal im-
muntolerance. Ovuliparity, a reproductive modality in which the eggs are released from the female reproductive tract and
fertilization and embryonic development take place in the external environment will also be extensively reported as a negative
control in the studies on materno-fetal immunotolerance.

The evidence shown reveals that non-mammalian vertebrates with different reproductive strategies represent a good model
to understand biological mechanisms allowing fetal acceptance and growth in the maternal tissues.
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THE MATERNO-FETAL
IMMUNOTOLERANCE

Retention of the embryo within the maternal repro-
ductive tissues (viparity) has many evolutionary ad-
vantages but implies the coexistence of the
semi-allogeneic foetus with the mother for the duration
of pregnancy. The zygote, the first cell of the new indi-
vidual is in fact formed by the union of the male
(sperm) and the female (ovum) gametes and is there-
fore contains DNA derived from both parents (Figure
1). This might cause a complex conflict between the
mother’s own genes and those of the paternal ones rep-
resenting a great risk for the embryo which could be
rejected and thus not reach complete maturation [1].

It was Sir Peter Medawar in the far 1953 [2] in his
lecture at the conference of the Society for Experimen-
tal Biology, which was held in Oxford back in 1953,
that first brought to attention of scientists some im-
munological problems raised with the evolution of Vi-
viparity. He defined, the relationship between the Figure 1. The zygote, the first cell of a new individual, is
pregnant mother and her antigenically foreign fetus as formed by‘ the ul}ion of a Paternal sperm and a maternal egg.
an immunological paradox [3]. Despite the antigenic The fetus is semi-allogenic to the mother.
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dissimilarities between mother and foetus, the concep-
tus is in fact not rejected. The fetus grows undisturbed
in the mother’s womb until its complete development.
Viviparity is not a unique characteristic of mammals
but is also present in many species of other vertebrate
groups (reptiles, amphibians, fishes) (Table 1). Al-
though the acquisition of this reproductive strategy has
the advantage to protect the fetus from the external en-
vironment, the viviparous species have to develop im-
munological mechanisms to prevent rejection of the
semi-allogeneic embryo by the mother [4].

THE PLACENTA IS AN IMMUNOLOGICALLY
ACTIVE SITE

Viviparity may involve the formation of a placenta, a

structure formed by the apposition of fetal extra-em-
bryonic membranes and maternal tissues [5]. It is at
the level of the placenta, and fetal membranes, that tis-
sues contact between the fetal graft and the maternal
host is made [6]. The placenta is therefore the truly
materno-fetal interface, the organ in which immuno-
logical mechanisms have to develop to prevent rejec-
tion of the embryo by the mother.

Different types of placenta can be distinguished de-
pending on the relationship between fetal membranes
and maternal tissues (Figure 2). In the epithelio-cho-
rial type, fetal membranes are only juxtapposed to the
uterine lining with no invasiveness. This type of pla-
centa is present in some species of mammals including
pigs, horses, cows and sheep [7]. It is also present in
some species of squamate reptiles and elasmobranch
fishes [8-10]. In other species of mammals, fetal mem-
branes can penetrate the uterus up to the endothelium

Table 1. Viviparity in vertebrates.
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Figure 2. Types of placenta present in mammalian and non-mammalian vertebrates.
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of maternal vessels (endothelio-chorial placenta) or to
the maternal blood (hemo-chorial placenta) [11-12].
The most invasive hemo-chorial type of placenta is
present in humans, primates and rodents. In this type
of placenta, the chorion destroys the vasal endothe-
lium and is in direct contact with the maternal blood.
While this type of placenta is the most advantageous
in terms of the transfer of nutrients from the mother to
the fetus, it is at higher risk of immunological attack
because of the direct contact of fetal chorion with the
maternal immune cells. For obvious reasons, the
human hemo-chorial placenta is the most studied.
Much knowledge on this type of placenta has also
been obtained studying in mice, the animal species
most used in the laboratories.

IMMUNE FEATURES AT THE HUMAN
MATERNO-FETAL INTERFACE

Besides having defined the relationship between the
pregnant mother and her antigenically foreign fetus as
an immunological paradox, Medawar offered some
possible solutions to the problem. He proposed that:
“The reasons why the foetus does not habitually provoke an im-
munological reaction from his mother may be classified under
three headings: (a) the anatomical separation of foetus from
mother; (b) the antigenic immaturity of the foetus; and (c) the
immunological indolence or inertness of the mother”.

Although evidence obtained in the fifty years follow-
ing Medawar’s postulates revealed that none of his
postulates provide a complete explanation, Medawar
is considered as the founding father of the Reproduc-
tive Immunology, the science that deals with the im-
munological mechanisms that allow fetal survival and
growth in the maternal uterus. Medawar’s postulates
provided in fact the framework for scientific research
on this topic from the 50s to the present day [2].

The placenta as an anatomical barrier

The human placenta is divided into functional units
called cotyledons. Within the cotyledon, the chorionic
villi, form trees with numerous branches and sub-
branches terminating in villous blunt-endings. These
villi, named “floating villi” directly contact the mater-
nal blood that flows in the relatively open intervillous
space where they are embedded (Figure 3). A layer of
trophoblast cells forms the interface between the ma-
ternal blood and fetal tissues. This interface consisting
of a syncytium of multinucleated and differentiated tro-
phoblast cells (syncytiotrophoblast) forms the placen-
tal barrier between maternal and fetal circulation. In
the first trimester, there is also a layer of proliferative
mononuclear trophoblast cells (cytotrophoblast) be-
neath the syncytiotrophoblasts [13].

The placental barrier separates the maternal from the
fetal circulation preventing maternal cell traffic into the

fetus. However in human pregnancy, the constant
turnover of villous trophoblast results in extrusion of
apoptotic material into the maternal circulation. This
material is commonly referred to as “fetal”, but is actu-
ally derived from the placenta [14]. Furthermore, in a
minority of villi (anchoring villi) trophoblast cells
overcome the epithelial layer and form cell columns
that fix the villi to the maternal tissue. Then these cells
move deeper into the maternal tissues up to the spiral
arteries (Figure 3).

Therefore, in spite of the anatomical separation of
fetal and maternal circulation, there are, in the
placenta, intimate contact surfaces between trophoblast
and maternal immune cells. These are a) the villous
trophoblast that is in direct contact with maternal
blood in the intervillous space; b) the extra-villous tro-
phoblast that is in contact with maternal immune cells
both in the tissue and in the maternal blood.

The immunological mechanisms put in place either
on one side or the other of the materno-fetal interface
will be reported in the following paragraphs starting
from the postulates of Medawar.

Trophoblast antigenicity

Medawar hypothesized that the trophoblast could
not endure the rejection by the mother because of its
immunological immaturity. Studies have shown that
that human trophoblast is characterized by the lack of
the highly polymorphic classical MHC class II and
class I antigens, human leukocyte antigen (HLA)-A
and HLA-B [15]. It however expresses a combination
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Figure 3. A schematic illustration of human placenta with
cotyledons. In the right panel is illustrated differentiation in
floating villi and anchoring villi. Cytotrophoblast cells (CT)
within the placental villi serve as progenitors of all the dif-
ferentiated trophoblast cell populations including the syncy-
tiotrophoblast (ST) of the floating villi and the extravillous
trophoblast (EVT) of the anchoring villi. The ST provide the
physical barrier preventing maternal cell traffic into the fetus.
The EVT of the anchoring villi migrate into the stroma of the
decidua up to the spiral arteries thus coming in contact with
maternal cells both in the tissue and in the blood.
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of classical HLA-C and non classical HLA-G and HLA-
E thus displaying a highly unusual surface antigen
repertoire [16]. Since non-classical MHC class I
molecules exhibit extremely limited polymorphisms
they do not elicit a prominent immune response [17].
Moreover, even though the specific roles of HLA-G and
-E are not fully defined, their unusual properties seem
to contribute to a toleragenic rather than an
immunogenic phenotype during early pregnancy by
downregulating maternal allogeneic responses locally
in the uterus [16, 18, 19].

These evidences clearly indicate that despite
exhibiting reduced antigenicity fetal trophoblast does
not hide its diversity. It reveals itself but showing its
features less aggressive.

Maternal immunocompetence

Unlike Medawar’s postulates that evoked the
mother’s immunological inertness as a cause of non-
rejection of the fetus, the mother is not immune-
suppressed during pregnancy, a condition that could
indeed be harmful to her health, making it more
susceptible to disease. The mother recognizes and
reacts to the semi-allogeneic fetus “the foreigner”. Her
response is beneficial thanks to a unique population of
immune cells in the decidua.

Already in the secretory phase of the cycle and to a
greater extent after the implantation of the blastocyst,
the uterus is increasing the number of a population of
NK cells. These cells differ from the peripheral NX cells
in genotype, phenotype and functionality, and are
therefore characterized as uterine NK (uNK) cells. uNK
cells display the potential capacity to interact with the
fetal counterpart as they express receptors for non-
classical MHC class I molecules HLA-E and HLA-G
expressed by trophoblast [20-22]. T regulatory (Treg)
cells also abandon in the decidua in early pregnancy
[23-25]. Treg deficiency is associated with early
spontaneous abortion in animal models [26, 27] and
low Treg levels are associated with recurrent
miscarriage in humans [28]. Although the specific
function of Treg cells during implantation has not been
elucidated, these cells play a critical role in
maintaining tolerance to paternal-derived antigens
expressed by the developing fetus [29].

All together, the studies carried out on the basis of
the Medawar’s postulates have confirmed that both
parties involved, trophoblast and uterus, contribute to
the survival and growth of the fetus in the womb of the
mother. However, unlike from what it was postulated,
the two parties recognize each other and interact. It is
currently known that the recognition and interaction
of fetal trophoblast by maternal immune cells occur in
normal pregnancy and play a crucial role for the
success of reproduction [30]. Indeed this particular
relationship between the maternal and fetal tissues
causes the secretion of soluble molecules which acting
on one and/or the other side, provide beneficial effect
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for fetal survival and growth as well as pregnancy
health [31, 32].

I will now focus on the molecules at the materno-
fetal interface trying to summarize the concepts that
make these molecules critical mediators of materno-
fetal immunotolerance. Moreover I will report data on
the presence of some of these molecules at the materno-
fetal interface in various vertebrates and discuss these
data with regard to the importance of these molecules
in the development of viviparity.

THE FETO-MATERNAL MOLECULAR
DIALOGUE

A complex of soluble molecules is produced by
different cell types in both the fetal and maternal
tissues and acts on these tissues contributing to the
activation and coordination of the series of events
necessary for successful pregnancy [31, 32]. Thus,
mother and embryo interact via specific tissues (tro-
phoblast and uterus) in a reciprocal exchange of mole-
cules that act as communication signals. This
interactive relationship between the embryo and the
mother has the characteristics of a true dialogue (feto-
maternal dialogue): a dialogue that uses molecules in-
stead of words (Figure 4).

The feto-maternal dialogue begins in very early
pregnancy, before implantation in the uterus. The em-
bryo, still in the state of unformed cell mass, produces
some “signals” which act on the mother to create a
uterine environment favourable to its implantation
[33, 34].

Human chorionic gonadotropin (hCG) is the first
known hormonal signal in human pregnancy [35]. Its
measurement in the maternal blood and urine is not
only diagnostic but also has good predictive value for
pregnancy outcome both in normal and in in vitro fer-
tilization (IVF) pregnancies [36, 37]. The feto-maternal
dialogue becomes more intense when the trophoblast,
the outer layer of the blastocyst, comes into contact
with the uterine wall and invades it [38]. Molecules
with autocrine/paracrine action (cytokines) play a crit-
ical role in pregnancy [39]. Since they are potent im-
munoregulators, cytokines play a key role in the
maternal tolerance to the semi-allogeneic embryo [34].
They are also mediators of cell proliferation/differenti-
ation and apoptosis contributing to fetal growth and
expansion in the maternal tissues [39, 40]. Therefore,
their presence at the materno-fetal interface may mod-
ulate the maternal immune response and contribute to
the expansion of fetal tissues in the maternal uterus
[41, 42]. In the last three decades, virtually all known
cytokines have been found at the materno-fetal inter-
face, mainly in humans and mice [34, 43]. These in-
clude interferons (IFNs), interleukins (ILs), leukemia
inhibitory factor (LIF), tumor necrosis factors (TNFs),
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transforming growth factors (TGFs), colony stimulat-
ing factors (CSFs), vascular endothelial growth factors
(VEGFs) and many others (Fig.4). The action of these
molecules is expressed in a network in which cy-
tokines can induce or inhibit each other (Figure 4).
They may act either in concert, or in sequence, first one
or a group and then another or another group as it will
be better described in the following chapter.

ROLE OF CYTOKINES IN PREGNANCY

Despite the great progress of knowledge in the last
two decades, the specific role of cytokines at the
materno-fetal interface still remains unclear and much
work remains to be done.

Molecules

Molecules

Figure 4. Mother and embryo interact in a reciprocal ex-
change of molecules forming a true dialogue.

Thi

Pro-inflammatory cytokines

A balance among different cytokines is believed to
be fundamental for the success of reproductive
processes. In this context, an important theory pro-
posed by Wegmann hypothesizes a prevalence of Th2
cytokines (IL-4, IL-5, IL-10), whose immunity is of the
humoral type, rather than Th1 cytokines (TNFa, IFNy,
IL-2), whose immunity is of the cytotoxic type [44].
This theory defines Th2 cytokines as “beneficial” and
Th1 cytokines as “bad” for pregnancy.

Yet, although still receiving much attention, the
Th1/Th2 cytokine dichotomy now appears too simplis-
tic [45]. It considers pregnancy a single event while it
is now currently recognized that pregnancy is charac-
terized by three distinct biological phases, each one
characterized by different pools of cytokines. Moreover,
the balance between pro-inflammatory and anti-in-
flammatory cytokines overlaps with that of Th1/Th2
[46-48]:

In brief, the early phase of pregnancy, corresponding
to blastocyst implantation and placental development,
is characterized by an inflammatory environment with
an increase of Thl/pro-inflammatory cytokines. The
second phase of pregnancy corresponding to the
maintenance of pregnancy, is characterized by an anti-
inflammatory state with the predominance of Th2/anti-
inflammatory cytokines. This phase which begins as
soon as pregnancy is established and lasts almost up
to the term, allows uterine quiescence and fetal growth
and development. In the third phase, near term, a new
increase of Thl/pro-inflammatory cytokines plays a
fundamental role in uterine contraction and cervical di-
latation.

In summary, pregnancy is based on an evolving bal-
ance of cytokines which undergoes changes in the cy-
tokine type or concentration at different phases of
pregnancy (Fig.5).

Th2

Anti-inflammatory cytokines

I |

Establishment of
preghancy

Maintenance of pregnancy

T >

Term of
nCy

Figure 5. Evolving balance of Th1/Th2 and Pro-inflammatory/anti-inflammatory cytokines in different phases of pregnancy.
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Important studies on cytokines in pregnancy have
been conducted on mice, offering the possibility of an-
imals with specific cytokine gene deletions. These
studies have shown that only three (LIF, IL-6, IL-11)
of the cytokines present at the materno-fetal interface
are unequivocally required for implantation in mice
[49-51].

However, as specific reproductive processes in preg-
nancy, e.g. implantation, maintenance of pregnancy
and parturition, are characterized by a balance of cy-
tokines with agonistic or antagonistic effects, it appears
to be logical that a lack of specific cytokines may acti-
vate alternative pathways involving the secretion and
action of other cytokines with a similar role. LIF, IL-6
and IL-11 are members of the same cytokine family
sharing an accessory signal transducing glycoprotein
(gp) 130 through separate receptor subunits [52].
Therefore, depletion of either one cytokine may not be
sufficient to reveal the specific role of this molecule in
reproduction.

We think that analysis of cytokines in an intact organ
preserving tissue homeostasis could help identify the
real situation. In this context, a physiological approach,
performed in the last 15 years [53, 54], is based on evo-
lutionary studies in animals using similar or different
reproductive strategies including, viviparity, with or
without formation of placental structures, and ovipar-
ity, with or without egg/embryo retention. In all these
reproductive strategies, maternal reproductive tissues
have to deal with paternal-derived antigens on sperm,
fertilized eggs, and embryo. Cytokines are mediators
of the innate immune response, an ancient immuno-
logical system which can be found throughout verte-
brates up to mammals. It can be assumed that these
molecules might have played a role in the maternal im-
munotolerance from the simplest forms.

INTERLEUKIN-1, A CYTOKINE FAMILY
WITH HIGHLY CONSERVATIVE PROPERTIES
AND IMPORTANT ROLES IN MAMMALIAN
REPRODUCTION

Studies of the IL-1 family in vertebrates with differ-
ent reproductive strategies are possible because of the
highly conservative properties of its components, IL-
1B and its functional membrane receptor IL-1R tI.
Cloning of IL-1p has been performed in different
classes of vertebrates including mammals, birds, am-
phibians and fishes [55]. IL-1 signaling system is also
evolutionarily conserved as the intracytoplasmic region
of IL-1R shows strong sequence similarities with the
corresponding region of Toll-like receptors (TLRs)
identified in mammals and other vertebrates (fishes,
amphibians, birds) [56-58]. This region, homologous
to the cytoplasmic region of Drosophila Toll protein
which mediates embryo dorso-ventral polarity, also
plays an important role in triggering defensive reac-
tions against microbial infections in both Drosophila and
mammals [59-61]. On these bases, binding of IL-1 to
its receptor produces signals of the body’s response to
microbial invasion from insects to mammals [62].

Studies performed in humans and mice have shown
that the IL-1 plays important roles in uterine receptiv-
ity and embryo implantation. The first evidences
obtained in both humans and mice date back to the
early 90s (Table 2). It was shown that IL-1 family com-
ponents were present in the endometrium with maxi-
mal expression in the period of blastocyst implantation
[63, 64]. IL-1 is also expressed in the fetal counterpart
in early pregnancy both in humans and mice suggest-
ing its potential role in the cross-talk between embryo
and endometrium [65, 66]. IL-1p is able to act in fact
in the syncytio-trophoblast by inducing hCG release
[67] and in the human endometrium by stimulating the
secretion of different cytokines (IL-6, IL-8, LIF and

Table 2. The first evidences on IL-1 in pregnancy establishment.

Studies in humans

Studies in mice

> IL-1B and IL-1R tI are present in the en-
dometrium with a peak in the secretory phase
[63,64]

> IL-1x e IL-1PB is present in the tro-
phoblast [65]
> The presence of IL-1 in the embryo cul-

ture medium has been correlated with successful
implantation after in vitro fertilization [69]
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> IL-1B and IL-1R tI are present in the
uterus at the time of implantation [70]

> IL-1 family components are present pre-
implantation mouse embryos at various develop-
mental stages [66]

> Implantation in mice is prevented by ad-

ministration with IL-1 Receptor antagonist [70]
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TNF-a) [68]. The importance of IL-1 in blastocyst im-
plantation has been also supported by studies in in vitro
fertilization and embryo transfer techniques [69]. Un-
doubtedly, the most important role of the IL-1 family
in embryonic implantation has been revealed by in vivo
studies in mice. Simon et al. [70] showed that intraperi-
toneal injection of an antagonist of IL-1 biological ac-
tivity (IL-1Ra) into pregnant mice prior to implantation
caused implantation failure. Indeed, IL-1Ra interferes
with embryonic attachment by a direct effect on the en-
dometrial epithelium as a result of down-regulation of
integrins a4, av and b3 [71]. Although all these studies
support a fundamental role of the IL-1 in successful re-
production, mice lacking the most important IL-1 fam-
ily components, e.g. IL-1p or IL-1R tI genes, breed
normally with only a slight reduction in mean litter
size [72, 73].

In order to clarify the role of IL-1 in materno-fetal
immune-tolerance, we performed studies in animal
species characterized by different reproductive
strategies.

STUDIES ON IL-1 IN SQUAMATE REPTILES
AND ELASMOBRANCH FISHES

Our study on different species of vertebrates is based
on the hypothesis that biological mechanisms allowing
materno-fetal immunotolerance had to be developed
since viviparity was established [74]. We also specu-
lated that similar biological mechanisms also had to be
present in species with internal fertilization even if the
embryo does not grow in the maternal tissues [75]. In
these species that lay fertilized eggs in the external en-
vironment (oviparity), a more or less prolonged phase
of embryonic development can take place in the
mother’s tissues before egg laying. As in viviparity, the

Figure 6. A. Prof. Gianfranco Ghiara (1922-2007); B. The
three-toed skink Chalcides chalcides. C. The chorio-allantoic
placenta of Chalcides chalcides.

female reproductive tissues of species with oviparity
are necessarily exposed to paternal-derived antigens,
first on the sperm and then on the zygote/embryo.

We began the so-termed “evolutionary studies”
within a collaboration with Prof. G. Ghiara (Figure
6A), soon after he became a member of the Faculty of
Sciences at the University of Siena (Italy) in the early
90s. I learned from him for the first time that some
species of squamate reptiles were characterized by a
placental viviparity. By means of his collaborators from
the University of Naples, we were able to get the
placenta of a squamate reptile of the family Scincidae,
the three-toed skink Chalcides chalcides [76] (Figure 6B).
Like other squamates, C. chalcides has a very specialized
epithelio-chorial placenta with morphological and
functional similarities to the one found in many therian
mammals [76-79]. In this type of placenta, the chorion
forms very high ridges that interdigitate with corre-
sponding ridges of the uterine mucosa [76, 77] (Figure
6C).

We examined this type of placenta for expression of
IL-1 and found that, similarly to mammals, IL-1 was
present at the materno-fetal interface both in the
chorion and in the maternal uterus [80]. Furthermore,
as IL-1 is an essential molecule for blastocyst implan-
tation in mammals [63-66, 70], we performed studies
also in the uterus of C. chalcides at the pre-vitellogenic
and vitellogenic stages. These studies revealed that, IL-
1B and IL-1R tI are expressed in reproductive tissues
of C. chalcides at the peri-implantation time and preg-
nancy [80, 81].

To further verify the importance of IL-1 in non-
mammalian placental vertebrates, we later studied the
placenta of a cartilaginous fish, the smoothhound shark
Mustelus canis [82] (Figure 7). The placenta forms in this
species [10] at approximately mid-gestation, in con-
junction with yolk store depletion, and persists until

Egg Envelope

Figure 7. The smoothhound shark Mustelus canis.
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term. This study was made possible thanks to the col-
laboration with Prof. W. C. Hamlett, from Indiana Uni-
versity School of Medicine, Notre Dame, Indiana
(USA).

We then wondered whether IL-1 was a cytokine
involved in placental viviparity or it could be involved
also in viviparity without the formation of a true
placenta or even in oviparity. We were able to answer
all these questions thanks to collaboration with
French scientists, Dr. B. Heulin and Dr. C. P. Guil-
laume who brought us specimen of Lacerta vivipara, a
species which exhibits reproductive bimodality, i.e.
the coexistence of viviparous and oviparous popula-
tions depending on the habitat [83] . Viviparity in this
species is characterized by a very simple type of
chorioallantoic placenta in which the chorioallantois
is juxtaposed to the uterine lining, with the eggshell
interposed between them throughout gestation [8].
Oviparity is characterized by embryo/egg retention
until stage 30-35 in oviparity [84].

The studies revealed that IL-1 family components
were expressed in the female reproductive tissues of
both the oviparous and viviparous species [85] sup-
porting that immunological mechanisms mediated by
cytokines are required in species in which maternal tis-
sues must deal with exposure to paternal antigen-bear-
ing cells i.e. sperm and embryo.

On the whole, the studies in squamate reptiles and
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fishes led us to speculate that secretion and/or action
of cytokines at the materno-fetal interface represents a
form of adaptation toward tolerance of paternal anti-
gen-bearing cells.

STUDIES IN AMPHIBIANS

In addition to oviparity and viviparity, amphibians
and fishes include species with external fertilization, a
reproductive strategy named ovuliparity. In these
species, the eggs are released from the female repro-
ductive tract and their fertilization and embryonic de-
velopment take place in the external environment.
Thus, there is no contact at all between embryonic anti-
gens and maternal tissues and species presenting
ovuliparity, can be considered natural negative controls
in studies on materno-fetal immunotolerance.

By a collaboration with Prof. R. Brizzi, from the Uni-
versity of Florence (Italy) we were been able to
compare viviparity with oviparity and ovuliparity in
amphibians. The species selected were: the viviparous
Salamandra lanzai, the oviparous Triturus carnifex and the
ovuliparous Bufo bufo (Figure 8).

The data obtained showed that, although at a much
lower degree in respect to viviparity/oviparity, expres-
sion of IL-1B and IL-1R tl, was present in ovuliparity
as well [86]. At first these data appeared to contradict

-
mmp Viviparity
\ Internal
fertilization
m amp Oviparity
-
External
fertilization

Figure 8. Species of amphibians with different reproductive strategies, viviparity, oviparity and ovuliparity. In Urodels,
the eggs are fertilized in the female reproductive tissues and a more or less prolonged phase of embryonic development
takes place in the mother’s tissues. In Anurans, both the egg fertilization and embryo development occur in the external

environment.
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the role of the IL-1 system in materno-fetal immuno-
tolerance. As species not having the need of materno-
fetal immunotolerance, ovuliparous species were
indeed thought not to express IL-1 in the female repro-
ductive tissues. However in the light of the role of IL-
1 in the innate immunity, these studies provided a new
understanding of the expression of IL-1 components in
the female reproductive tissues. In every species in fact,
apart from their reproductive strategy, the mucosa of
the female reproductive tract interfaces with a lumen
exposed to an extensive variety of both commensal and
pathogenic microbes coming from the external envi-
ronment. To control the bacterial antigenic load, the
mucosal epithelium of the female reproductive tract,
develops defense mechanisms mainly based on the ex-
pression of TLRs [87-89]. Given the high homology of
TLRs and IL-1R, a basic expression of IL-1 and IL-1R
t1 in the female reproductive mucosa can be considered
an immune mechanism for host’s protection against the
attack of pathogens. This was confirmed by a spatial
distribution of IL-1 components in the female repro-
ductive tract of an ovuliparous species, Xenopous laevis,
with a general increase toward the external environ-
ment [90].

Besides the important role of IL-1 in the protection
against infection, IL-1 response in the female reproduc-
tive tract of viviparous and in some extent in oviparous
species has to contribute to maternal tolerance versus
the paternal-derived antigens present on sperm, fertil-
ized eggs, and embryo. The data in amphibians, which
show increasing expression of IL-1 components, from
ovuliparity to oviparity and viviparity appear to sup-
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port the above hypothesis leading us to propose that
an enhancement of the innate immunity in the female
reproductive mucosa is an important biological mech-
anism in the materno-fetal immunotolerance (a
schematic representation of the IL-1 response in
species with different reproductive strategies is shown
in Figure 9).

CONCLUSIONS

Studies in humans showed that a) the trophoblast
does not hide its diversity, but reveals itself by
showing its less aggressive features; b) the maternal
immune system in the uterus/decidua recognizes fetal
trophoblast and interact with it; c) a proper molecular
materno-fetal dialogue is fundamental for the success
of pregnancy.

Studies in non-mammalian vertebrates revealed that
an increase in the innate immune response in the female
reproductive tissues occurs in species having the need of
maternal immunotolerance versus the paternal-derived
antigens on sperm and zygote/ embryo.

It can be concluded that, although non-mammalian
vertebrates are far from mammals, they appear to rep-
resent a good model to understand the role of cytokines
in materno-fetal immunotolerance.

Future perspectives:

Determination of the molecular mechanisms that
allow fetal growth and survival in the maternal tissues
might be useful to:

EXTERNAL
FERTILIZATION

INTERNAL
FERTILIZATION

Figure 9. Enhancement of IL-1 expression in the female reproductive tissues from Ovuliparity to Oviparity and Viviparity

in response to the increasing needs.
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develop new strategies for the treatment of infertility
in humans;

develop new contraceptives;

develop new therapeutic interventions to prevent
miscarriage or other pregnancy disorders such as
preeclampsia and fetal growth retardation;

develop new strategies for improving the success of
assisted reproduction;

Some personal considerations

The multiple biological mechanisms of materno-fetal
immunotolerance arise in me some theoretical consid-
erations that may be useful for human Society:

The materno-fetal tolerance accepts the difference
and specificity of the other;

The materno-fetal tolerance recognizes
interdependence existing between the parties;

A correct dialogue is at the basis of the harmony
among strangers;

The materno-fetal tolerance is a model of coexistence
in human society.

the
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