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Abstract.—Mechanisms determining survival and growth of the semi-allogeneic fetus in the maternal uterus are still 
not completely defined.  Studies in mammals have shown that soluble substances with autocrine/paracrine action 
(cytokines) have a central role in the maternal-fetal immunotolerance, thus, contributing to the expansion of fetal 
tissues in the maternal uterus.  We report here about a methodological approach based on analysis of cytokines in 
reproductive tissues of vertebrates using different reproductive strategies, i.e., placental and aplacental viviparity and 
oviparity. Most of the studies focused on Interleukin-1 (IL-1), an evolutionarily conserved cytokine with many roles 
in mammalian reproduction, particularly in uterine receptivity and blastocyst implantation.  The presence of IL-1, 
mainly IL-1β and of its functional membrane receptor IL-1 receptor type I (IL-1R tI) in reproductive tissues of 
oviparous and viviparous species, suggests that this cytokine is a fundamental mediator of maternal-fetal 
immunotolerance. 
 
Key Words.—amphibians; cytokines; elasmobranch fishes; maternal-fetal immunotolerance; oviparity; squamate reptiles; 
viviparity 
 
 
 

VIVIPARITY: AN IMMUNOLOGICAL CHALLENGE 
 

Viviparity is a reproductive strategy usually 
attributed to mammals.  However it is also present in 
other vertebrates such as squamate reptiles, 
amphibians, and elasmobranch fishes.  Though 
viviparity is considered a great advantage for nutrition 
and protection of the embryo, it involves prolonged 
exposure of the semi-allogeneic fetal tissues to the 
maternal immune system (Medawar 1953).  This is a 
great risk for the embryo that could be rejected and 
thus not reach complete maturation.  Therefore, 
viviparity required the development of immunological 
mechanisms to allow the survival and growth of the 
fetus in the maternal tissues (Medawar 1953). 

Many studies in the last few decades have identified 
biochemical, molecular, and cellular factors involved 
in these immunological mechanisms. Although none 
of them alone provides a complete explanation, 
together they shed light on the processes that prevent 
fetal rejection.  The proposed mechanisms include  (a) 
the placenta as a barrier separating fetal and maternal 
blood; (b) the lack of trophoblastic expression of 
classical major histocompatibility complex (MHC) 
class I antigens and the expression of HLAG (Kovats 
et al. 1990); (c) the immunologically privileged nature 
of the uterus due to the increase in NK cells at 
implantation (King and Loke 1991); (d) the local 
release of immunoregulatory peptides or glycopeptides 
(cytokines) with autocrine/paracrine action at the 
maternal-fetal interface (Saito 2000). 

In this paper we will focus on cytokines and 
summarize the concepts that make these substances 
critical mediators of maternal-fetal immunotolerance. 
We will report on the methodological approaches and 
animal models that have contributed much to our 
understanding of the role of cytokines in reproduction. 
Among the methods used, we will emphasize the 
evolutionary approach based on the presence of 
cytokines in non-mammalian vertebrates with different 
reproductive strategies. 
  
CYTOKINES AT THE MATERNAL-FETAL INTERFACE 
 
Cytokines are proteins or glycoproteins of molecular 

weight < 100 kDa produced by different cell types, 
which act as autocrine/paracrine signals by binding to 
specific membrane receptors (Vilcek and Le 1994). 
Cytokines are involved in a variety of biological 
effects including inflammation, immunosuppression, 
cell differentiation, and cell apoptosis.  Therefore, 
their presence at the maternal-fetal interface may 
modulate the maternal immune response and 
contribute to the expansion of fetal tissues in the 
maternal uterus (Saito 2001; Paria et al. 2002; Schäfer-
Somi 2003).  In the last two decades, a great number 
of cytokines have been shown at the maternal-fetal 
interface, mainly in humans and mice (Moffett and 
Loke 2006; Chaouat et al. 2007).  These include 
Interferons (IFNs), Interleukins (ILs), Leukemia 
inhibitory factor (LIF), Tumor necrosis factors 
(TNFs), Transforming growth factors (TGFs), Colony 
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stimulating factors (CSFs), Vascular endothelial 
growth factors (VEGFs), and others (Table 1). 

Important studies have established a hierarchy of 
cytokines secreted at the maternal-fetal interface. 
Wegmann et al. (1993) first proposed that a prevalence 
of Th2 cytokines (IL-4, IL-5, IL-10), i.e., those 
produced by Th2 lymphocytes whose immunity is of 
the humoral type, rather than Th1 cytokines (IFN, IL-
2) whose immunity is of the cytotoxic type, is crucial 
for the success of pregnancy.  Albeit the Th1/Th2 
paradigm has been the foundation of studies on 
cytokines at the maternal-fetal interface, it is currently 
recognised that Th2 cytokines are mainly responsible 
for the maintenance of pregnancy while Th1 cytokines 
mainly contribute to the earliest and latest stages of 
pregnancy characterized by transient local 
inflammatory reaction (i.e., blastocyst implantation 
and labor; Chaouat et al. 2007).  Yet, although still 
considered valid, the simple Th1/Th2 cytokines 
dichotomy now appears too simplistic (Chaouat et al. 
2007).  In recent years the balance between anti-
inflammatory/pro-inflammatory cytokines appears 
overlapping to that of Th1/Th2.  In fact, anti-
inflammatory cytokines, such as IL-11 and IL-13, 
seem to be of prime importance in maintaining 
pregnancy, and a prevalence of inflammation-
associated cytokines (IL-1, IL-12, IL-15) have been 
demonstrated during implantation and labor (Simón et 
al. 1997; Zourbas et al. 2001; Piccinni 2005). 

Therefore, reproductive processes are based on a 
complex network of cytokines that can evolve with 
changes in the cytokine type or concentration.  All 
these molecules work in concert or in sequence, first 
one or a group and then another or another group.  
Moreover, cytokines have unique properties including 
pleiotropism: a single cytokine has multiple target 
cells and produces different responses; redundancy: 
different cytokines act on the same cell type and 
produce the same responses; and synergism or mutual 
antagonism: different cytokines potentiate or inhibit 
each other’s actions.  This complex network of 
cytokines at the maternal-fetal interface makes it 

difficult to determine the crucial role of single 
cytokines in specific reproductive events.  

 
METHODOLOGICAL APPROACHES 

 
Most in vivo studies have been conducted on mice 
after administration of cytokines or after ablation or 
modification of specific genes.  For obvious reasons, 
studies in humans have mainly been performed on 
tissues or on isolated cells either exposed to exogenous 
cytokines or treated with specific cytokine inhibitors.  
Thanks to the complex interaction between cytokines, 
a new balance is established after removal or addition 
of one of the cytokines with no apparent 
consequences.  This is true for all the cytokines at the 
materno-fetal interface with two exceptions: LIF and 
IL-11 (Stewart et al. 1992; Robb et al. 1998; White et 
al. 2004).  LIF knock-out mice and animals lacking the 
IL-11 receptor are infertile owing to complete 
implantation failure and defective decidualization 
(Stewart et al. 1992; Robb et al. 1998).  In humans, the 
biological roles of LIF and IL-11 are still unknown 
and data are sometimes contrasting, as in the case of 
intrauterine LIF in fertile and infertile women 
(Hambartsolumian 1998; Tsai et al. 2000; Ledee-
Bataille et al. 2002). 

We think that analysis of cytokines in the whole 
organs preserving tissue homeostasis could help 
identifying the real situation.  In this context, a 
physiological approach, performed in the last 15 years 
(Paulesu et al. 2005, 2008), is based on evolutionary 
studies in vertebrates using similar or different 
reproductive strategies including, viviparity, with or 
without formation of placental structures, and 
oviparity, with or without egg retention.  In all these 
reproductive strategies, maternal reproductive tissues 
have to deal with paternal-derived antigens on sperm, 
fertilized eggs, and embryo.  Therefore, there can be 
cytokine-mediated molecular mechanisms to prevent 
rejection of the embryo by the mother. 

 
TABLE 1. Main cytokines in mammalian reproduction. 

 

Cytokines Species References 

IFN-α/β/γ 

IFN- 
IFN γ 

Human 
Ovine 
Porcine 

Paulesu et al. 1991 
Imakawa et al. 1987 
Lefevre et al. 1990 

LIF Murine/Human Stewart et al. 1992; Charnock-Jones et al. 1994  
IL-1 Human Simon et al. 1997   
IL-4, 5, 10 Murine Wegmann et al. 1993 
IL-6 Human Tabibzadeh et al. 1995 
IL-11, 12, 13, 15 Murine/Human Zourbas et al. 2001; Chegini et al. 2002 
GM-CSF Human Jokhi et al. 1994 
CSF-1 Murine Pollard et al. 1991; Pollard 1997  
TNF-α Murine Toder et al. 2003 
TGF-α/β Human/Murine Graham et al. 1992; Das et al. 1997a 
VEGF Rabbit Das et al. 1997b 
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NON-MAMMALIAN VERTEBRATES: A MODEL FOR 

THE STUDY OF MATERNAL-FETAL 

IMMUNOTOLERANCE 
 

Among non-mammalian vertebrates, studies on 
cytokines in reproduction have been performed in 
fishes, amphibians, and squamate reptiles (Table 2).  
In particular, placental viviparity has been investigated 
in elasmobranch fishes, specifically in the viviparous 
Mustelus canis (Cateni et al. 2003) and in squamate 
reptiles, namely, the Three-toed Skink Chalcides 
chalcides and the lizard Lacerta vivipara (Paulesu et 
al. 1995; Paulesu et al. 2005b).  Aplacental viviparity 
has been studied in the viviparous amphibian, 
Salamandra lanzai (Jantra et al. 2007) while oviparity 
has been investigated in oviparous specimens of L. 
vivipara and in the oviparous amphibian Triturus 
carnifex (Paulesu et al. 2005b; Jantra et al. 2007; Table 
2).  

Studies on cytokines in species different from 
mammals focused on Interleukin-1 (IL-1), an 
evolutionarily conserved cytokine with many roles in 
mammalian reproduction (Simón et al. 1997).  IL-1 is 
in fact one of the pro-inflammatory cytokines mainly 
involved in the earlier and later stages of pregnancy 
(Dinarello 1997; Krüssel et al. 2003; Romero et al. 
2007).  Numerous reports from in vitro and in vivo 
studies have shown that the action of IL-1 is 
fundamental for uterine receptivity and blastocyst 
implantation (Simón et al. 1994; Simón et al. 1998).  
Nonetheless, mice lacking the most important 
components of IL-1 system, IL-1β, or IL-1 RtI have 
been shown to breed normally (Abbondanzo et al. 
1996; Horai et al. 1998).  These data further support 
that the action of single cytokines is expressed in the 
interplay with the other cytokines and that a cytokine 
deficiency may result in an alternative pathway.  
Studies on IL-1 in fishes, amphibians, and reptiles 
have been possible because of the highly conservative 
properties of IL-1 components(i.e., IL-1 β and its 
functional membrane receptor, IL-1R tI).  In 
particular, cloning of IL-1β has been performed in 
mammals, birds, amphibians, and fishes reflecting the 
well known phylogenetic relationships within 

vertebrates (reviewed in Bird et al. 2002; Huising et al. 
2004).  The IL-1 signaling system is also 
evolutionarily conserved and contains a highly 
conserved region in its cytoplasmic domain.  
Homologous regions have been found in a receptor-
like protein of the Drosophila fruit fly, called Toll and 
in the Toll-like receptors, present in mammals and 
other vertebrates including amphibians, fishes, and 
birds (Luo and Zheng 2000; Fallon et al. 2001; 
Medzhitov et al. 1997; Du et al. 2000; Roach et al. 
2005; Purcell et al. 2006; Ishii et al. 2007).  The 
conserved region of the IL-1R/TLR superfamily has 
been termed a Toll/IL-1R domain.  

Studies in non-mammalian vertebrates have shown 
that IL-1 components, mainly IL-1β and IL-1 RtI, are 
expressed in the placenta of elasmobranch fishes 
(Cateni et al. 2003) and in that of squamates reptiles, 
including the highly specialized chorioallantoic 
placenta of C. chalcides (Paulesu et al. 1995) and the 
very simple one of L. vivipara (Paulesu et al. 2005b).  
Similarly to mammals, evidence of IL-1 cytokine and 
receptor was shown in the uterine tissues as well as in 
the extraembryonic membranes (the yolk sac) in fishes 
and in the chorioallantois in squamates.  Interestingly, 
IL-1 system components were also shown in the 
female reproductive tissues of the aplacental 
viviparous amphibian S. lanzai.  Similarly, the IL-1 
system was present in the oviparous T. carnifex (Jantra 
et al. 2007) and in the oviparous specimens of L. 
vivipara (Paulesu et al. 2005b).  

The presence of IL-1 and its specific membrane 
receptor in reproductive tissues of non-mammalian 
vertebrates using different reproductive strategies, 
placental and aplacental viviparity, and oviparity, led 
us to speculate that oviparous as well as viviparous 
females are adapted to tolerate the semi-allogeneic 
embryo by making numerous changes in their 
reproductive tissues, including the secretion of 
immunoregulatory molecules, namely, cytokines.  In 
fact, in oviparity as in viviparity, the egg is fertilized 
inside the female body and paternal-derived antigen-
bearing cells such as sperm, fertilized eggs, and 
developing embryo, are in contact with female 
reproductive tissues.  In this context, the local 

 
TABLE 2. IL-1 system in reproductive tissues of non-mammalian vertebrates. 

 
Vertebrate class Species Tissues expressing IL-1  References 
 
Fishes 

 
Mustelus canis 

 
Yolk sac placenta; uterine tissues 
during gestation.                    

 
Cateni et al. 2003 

 
Amphibians Salamandra lanzai Uterine tissues during gestation. Jantra et al. 2007 

Triturus carnifex Oviductal tissues during reproductive 
season. 

Jantra et al. 2007 

Reptiles Chalcides chalcides Chorioallantoic placenta; uterine 
tissues during gestation. 

Paulesu et al. 1995 

Lacerta vivipara Uterine tissues during gestation, in 
both viviparity and egg retention, in 
oviparity. 
 

Paulesu et al. 2005 
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presence of cytokines appears to be crucial for 
preventing maternal immunological attack versus these 
cells and therefore allowing the reproductive success. 

  
CAN VERTEBRATE STUDIES BE USEFUL FOR 

HUMAN REPRODUCTION? 
 

Vertebrates with different reproductive strategies 
appear to be a good physiological model for the study 
of cytokines in maternal-fetal immunotolerance.  In 
fact, the presence of cytokines in oviparous as well as 
in viviparous species suggests the importance of these 
molecules in the immunological mechanisms allowing 
the tolerance of paternal-derived antigens in female 
reproductive tissues.  These mechanisms seem to be 
highly conserved from fishes to mammals.    
Understanding molecular events underlying maternal-
fetal immunotolerance might be useful to develop  
new strategies for the treatment of infertility, new 
contraceptives, new therapeutic interventions to 
prevent miscarriage or other pregnancy disorders, and 
new strategies to improve reproductive technologies.  
  

LITERATURE CITED 
 
Abbondanzo, S.J., E.B. Cullinan, K. McIntyre, M.A. 

Labow, and C.L. Stewart. 1996. Reproduction in 
mice lacking a functional type 1 IL-1 receptor. 
Endocrinology 137:3598–3601. 

Bird, S., J. Zou, T. Wang, B. Munday, C. Cunnigham, 
and C.J. Secombes. 2002. Evolution of interleukin-
1ß. Cytokine & Growth Factor Reviews 13:483–
502. 

Cateni, C., L. Paulesu, E. Bigliardi, and W.C. Hamlett. 
2003. The interleukin 1 (IL-1) system in the 
uteroplacental complex of a cartilaginous fish, the 
Smoothhound Shark, Mustelus canis. Reproductive 
Biology and Endocrinology 1:25. 

Chaouat, G., S. Dubanchet, and N. Ledée. 2007. 
Cytokines: important for implantation? Journal of 
Assisted Reproduction and Genetics 24:491–505. 

Charnock-Jones, D.S., A.M. Sharkey, P. Fenwick, and 
S.K. Smith. 1994. Leukaemia inhibitory factor 
mRNA concentration peaks in human endometrium 
at the time of implantation and the blastocyst 
contains mRNA for the receptor at this time. Journal 
of Reproduction and Fertility 101:421–426. 

Chegini, N., C. Ma, M. Roberts, R.S. Williams, and 
B.A. Ripps. 2002. Differential expression of 
interleukins (IL) IL-13 and IL-15 throughout the 
menstrual cycle in endometrium of normal fertile 
women and woman with recurrent spontaneous 
abortion. Journal of Reproductive Immunology 
56:93–110. 

Das, S.K., I. Chakraborty, J. Wang, S.K. Dey, and 
L.H. Hoffman. 1997b. Expression of vascular 
endothelial growth factor (VEGF) and VEGF-
receptor messenger ribonucleic acids in the peri-
implantation rabbit uterus. Biology of Reproduction 
56:1390–1399. 

Das, S.K., H. Lim, J. Wang, B.C. Paria, M. 
BazDresch, and S.K. Dey. 1997a. Inappropriate 
expression of human transforming growth factor 
(TGF)-α in the uterus of transgenic mouse causes 
down-regulation of TGF-β receptors and delays the 
blastocyst-attachment reaction. Journal of Molecular 
Endocrinology. 18:243–257. 

Dinarello, C.A. 1997. Interleukin-1. Cytokine & 
growth factor reviews 8:253–265. 

Du, X., A. Poltorak, Y. Wei, and B. Beutler. 2000. 
Three novel mammalian toll-like receptors: gene 
structure, expression, and evolution. European 
Cytokine Network 11:362–371. 

Fallon, P.G., R.L. Allen, and T. Rich. 2001. Primitive 
Toll signalling: bugs, flies, worms and man. Trends 
in Immunology 22:63–66. 

Graham, C.H., J.J. Lysiak, K.R. McCrae, and P.K. 
Lala. 1992. Localization of transforming growth 
factor-β at the human fetal-maternal interface: role 
in trophoblast growth and differentiation. Biology of 
Reproduction 46:561–572. 

Hambartsolumian E. 1998. Endometrial leukaemia 
inhibitory factor (LIF) as a possible cause of 
unexplained infertility and multiple failure of 
implantation. American Journal of Reproductive 
Immunology 39:137–143. 

Horai, R., M. Asano, K. Sudo, H. Kanuka, M. Suzuki, 
M. Nishihara, M. Takahashi, and Y. Iwakura. 1998. 
Production of mice deficient in genes for interleukin 
(IL)-1α, IL-1β, IL-1α/β, and IL-1 receptor 
antagonist shows that IL-1β is crucial in turpentine-
induced fever development and glucocorticoid 
secretion. Journal of Experimental Medicine 
187:1463–1475.  

Huising, M.O., R.J. Stet, H.F. Savelkoul, and B.M. 
Verburg-van Kemenade. 2004. The molecular 
evolution of the interleukin-1 family of cytokines; 
IL18 in teleost fish. Developmental and 
Comparative Immunology 28:395–413. 

Imakawa, K., R.V. Antony, M. Kazemi, K.R. Marotti, 
H. G. Polites, and R.M.  Roberts. 1987. Interferon-
like sequence of ovine trophoblast protein secreted 
by embryonic trophoectoderm. Nature 330:377–379.  

Ishii, A., M. Kawasaki, M. Matsumoto, S. Tochinai, 
and T. Seya. 2007. Phylogenetic and expression 
analysis of amphibian Xenopus Toll-like receptors. 
Immunogenetics 59:281–293. 

Jantra, S., E. Bigliardi, R. Brizzi, F. Ietta, N. Bechi, 
and L. Paulesu. 2007. Interleukin 1 in oviductal 
tissues of viviparous, oviparous, and ovuliparous 
species of amphibians. Biology of Reproduction 
76:1009–1015. 

Jokhi, P.P., A. King, and Y.W. Loke. 1994. Production 
of granulocyte-macrophage colony-stimulating 
factor by human trophoblast cells and by decidual 
large granular lymphocytes. Human Reproduction 
9:1660–1669. 

King, A., and Y.W. Loke. 1991. On the nature and 
function of human uterine granular lymphocytes. 
Immunology Today 12:432–435. 



Herpetological Conservation and Biology  
Symposium: Reptile Reproduction. 

339 
 

Kovats, S., E.K. Main, C. Librach, M. Stubblebine, 
S.J. Fisher, and R. DeMars. 1990. A class I antigen, 
HLA-G, expressed in human trophoblasts. Science 
248:220–223. 

Krüssel, J.S., P. Bielfeld, M.L. Polan, and C. Simόn. 
2003. Regulation of embryonic implantation. 
European Journal of Obstetrics, Gynecology, and 
Reproductive Biology 110:S2–S9. 

Ledee-Bataille, N., G. Lapree-Delage, J.L. Taupin, S. 
Dubanchet, R. Frydman, and G. Chaouat. 2002. 
Concentration of leukaemia inhibitory factor (LIF) 
in uterine flushing fluid is highly predictive of 
embryo implantation. Human Reproduction 17:213–
218. 

Lefevre, F., F. Martinat-Botte, M. Guillomot, K. 
Zouari, B. Charley, and B. La Bonnardiere. 1990. 
Interferon-gamma gene and protein are 
spontaneously expressed by the porcine 
trophoectoderm early in gestation. European Journal 
of Immunology 20:2485–2490. 

Luo, C., and L. Zheng. 2000. Independent evolution of 
Toll and related genes in insects and mammals. 
Immunogenetics 51:92–98. 

Medawar, P.B. 1953. Some immunological and 
endocrinological problems raised by the evolution of 
viviparity in vertebrates. Symposia of the Society 
for Experimental Biology 7:320–338. 

Medzhitov, R., P. Preston-Hurlburt, and C.A. 
Janeway. 1997. A human homologue of the 
Drosophila Toll protein signals activation of 
adaptive immunity. Nature 388:394–397. 

Moffett, A., and C. Loke. 2006. Immunology of 
placentation in eutherian mammals. Nature reviews. 
Immunology 6:584–594. 

Paria, B.C., J. Reese, S.K. Das, and S.K. Dey. 2002. 
Deciphering the cross-talk of implantation: advances 
and challenges. Science 296:2185–2188. 

Paulesu, L., E. Bigliardi, E. Paccagnini, F. Ietta, C. 
Cateni, C.P. Guillaume, and B. Heulin. 2005b. 
Cytokines in the oviparity/viviparity transition: 
evidence of the interleukin-1 system in a species 
with reproductive bimodality, the lizard Lacerta 
vivipara. Evolution & Development 7:282–288. 

Paulesu, L., V. Bocci, A. King, and Y.M. Loke. 1991. 
Immunocytochemical localization of interferons in 
human trophoblast populations. Journal of 
Biological Regulators and Homeostatic Agents 
5:81–85. 

Paulesu, L., S. Jantra, F. Ietta, R. Brizzi, and E. 
Bigliardi. 2008. Interleukin-1 in reproductive 
strategies. Evolution and Development 10:778–788. 

Paulesu, L., R. Romagnoli, and E. Bigliardi. 2005. 
Materno-fetal immunotolerance: is Interleukin-1 a 
fundamental mediator in placental viviparity? 
Developmental and Comparative Immunology 
29:409–415. 

Paulesu, L., R. Romagnoli, M. Marchetti, M. 
Cintorino, P. Ghiara, F.M. Guarino, and G. Ghiara. 
1995. Cytokines in the viviparous reproduction of 
squamate reptiles: interleukin-1 alpha (IL1 alpha) 

and IL1 beta in placental structures of a skink. 
Placenta 16:193–205.  

Piccinni, M.P. 2005. T cells in pregnancy. Chemical 
Immunology and Allergy 89:3–9. 

Pollard, J.W., J.S. Hunt, W. Wiktor-Jedrzejczak, and 
E.R. Stanley. 1991. A pregnancy defect in the 
osteopetrotic (op/op) mouse demonstrates the 
requirement for CSF-1 in female fertility. 
Developmental Biology 148:273–283. 

Pollard, J.W. 1997. Role of colony-stimulating factor-
1 in reproduction and development. Molecular 
Reproduction and Development 46:54–61. 

Purcell, M.K., K.D. Smith, L. Hood, J.R. Winton, and 
C. Jared. 2006. Conservation of toll-like receptor 
signalling pathways in Teleost fish. Comparative 
Biochemistry and Physiology. Part D, Genomics & 
Proteomics 1:77–88. 

Roach, J.C., G. Glusman, L. Rowen, A. Kaur, M.K. 
Purcell, K.D. Smith, L.E. Hood, and A. Aderem. 
2005. The evolution of vertebrate toll-like receptors. 
Proceedings of the National Academy of Sciences of 
the United States of America 102:9577–9582. 

Robb, L., R. Li, L. Hartley, H. Nandurkar, F. Koetgen, 
and C.G. Begley. 1998. Infertility in female mice 
lacking the receptor for interleukin-11 is due to a 
defective uterine response to implantation. Natural 
Medicine 4:303–308. 

Romero R., F. Gotsch, B. Pineles, and J.P. Kusanovic. 
2007 Inflammation in pregnancy: its roles in 
reproductive physiology, obstetrical complications, 
and fetal injury. Nutrition Reviews 65:S194–202.  

Saito, S. 2000. Cytokine network at the feto–maternal 
interface. Journal of Reproductive Immunology 
47:87–103. 

Saito, S. 2001. Cytokine cross-talk between mother 
and the embryo/placenta. Journal of Reproductive 
Immunology 52:15–33. 

Schäfer-Somi, S. 2003. Cytokines during early 
pregnancy of mammals: a review. Animal 
Reproduction Science 75:73–94. 

Simon, C., A. Mercader, M.J. Gimeno, and A. Pellicer. 
1997. The interleukin 1 system and human 
implantation. American Journal of Reproductive 
Immunology 37:64–72. 

Simόn, C., A. Frances, G.N. Piquette, I. el Danasouri, 
G. Zurawski, W. Dang, and M.L. Polan. 1994. 
Embryonic implantation in mice is blocked by 
interleukin-1 receptor antagonist. Endocrinology 
134: 521–528. 

Simόn, C., D. Valbuena, J.S. Krüssel, A. Bernal, and 
C.R. Murphy. 1998. Interleukin-1 receptor 
antagonist prevents embryonic implantation by a 
direct effect on the endometrial epithelium. Fertility 
and Sterility 70:896–906. 

Stewart, C., P. Kaspar, L.J. Brunet, H. Bhatt, KBhatt, 
F. Köntgen, and S.J. Abbondanzo. 1992. Blastocyst 
implantation depends on maternal expression of 
leukemia inhibitory factor. Nature 359:76–79.  

Tabibzadeh S., Q.F. Kong, A. Babaknia, and L.T. 
May. 1995. Progressive rise in the expression of 



Paulesu et al.—Cytokines in reproduction. 

340 
 

interleukin-6 in human endometrium during 
menstrual cycle is initiated during the implantation 
window. Human Reproduction 10:2793–2799. 

Toder, V., A. Fein, H. Carp, and A. Torchinsky. 2003. 
TNF-α in pregnancy loss and embryo 
maldevelopment: a mediator of detrimental stimuli 
or a protector of the fetoplacental unit? Journal of 
Assisted Reproduction and Genetics 152:2411–
2420. 

Tsai, H.D., C.C. Chang, Y.Y. Hsieh, and H.Y. Lo. 
2000. Leukemia inhibitory factor expression in 
different endometrial locations between fertile and 
infertile women throughout different menstrual 
phases. Journal of Assisted Reproduction and 
Genetics 17:415–418. 

Vilcek, J., and J. Le. 1994. Immunology of cytokines: 
an introduction. Pp. 1-19 In The Cytokine 

Handbook, 2nd ed. Thomson A. (Ed.). Academic 
Press, London, UK. 

Wegmann, T.G., H. Lin, L. Guilbert, and T.R. 
Mosmann. 1993. Bidirectional cytokine interactions 
in the maternal-fetal relationship: is successful 
pregnancy a TH2 phenomenon? Immunology Today 
14:353–356. 

White, C.A, L. Robb, and L.A. Salamonsen. 2004. 
Uterine extracellular matrix components are altered 
during defective decidualization in interleukin-11 
receptor α deficient mice. Reproductive Biology and 
Endocrinology 10:76.  

Zourbas, S., S. Dubanchet, J. Martal, and G. Chaouat. 
2001. Localization of pro-inflammatory (IL-12, IL-
15) and anti-inflammatory (IL-11, IL-13) cytokines 
at the feto maternal interface during murine 
pregnancy. Clinical and Experimental immunology 
126:519–528. 

 

  
LUANA PAULESU is Professor of Physiology and Director of the 
Center “Biology of Reproduction” at the University of Siena 
(Italy). She carried out research on the Immunology of 
Reproduction considering species with different types of placenta 
good models to understand the role of cytokines in embryo 
acceptance and its growth in the female reproductive tissues.  In 
particular she examined the chorioallantoic placenta of the Three-
toed Skink Chalcides chalcides and the choriovitelline placenta of 
the elasmobranch fish, Mustelus canis.  More recently, she used 
amphibians characterized by external fertilization as natural 
negative controls in the maternal-fetal immunotolerance.  
 

SILKE JANTRA (left) obtained her graduated degree at the University 
of Florence (Italy) with a thesis on amphibian reproduction.  She 
obtained her Ph.D from the University of Siena working on maternal-
fetal immunotolerance in amphibians and reptiles with different 
reproductive strategies. 
 
ROSSANA BRIZZI (right) is Professor of General Biology at the 
University of Florence (Italy).  Her herpetological research focused 
on the involvement of different cutaneous and cloacal glands in the 
reproductive strategies with particular attention to spermatophore 
formation and spermathecal structure. Other studies were devoted to 
the ecology and conservation of amphibian and reptiles in the 
Mediterranean countries.  
 

ANNA MARIA AVANZATI (not pictured) is a Researcher at the Department of Evolutionary Biology, University of Siena.  She works on soil 
zoology and reproductive biology.  Her main interest in reproductive approaches is related to the evolution of the viviparous reproductive 
behaviour  in invertebrate and vertebrate animals.  She is an expertise on light and electron microscopy.  
 
ELISA BIGLIARDI (not pictured) is Professor of Zoology and Developmental Biology at the University of Siena.  She has carried out 
research on the biology of reproduction using oviparous and viviparous populations of Lacerta vivipara.   
 
FRANCESCA IETTA (not pictured) is a Researcher at the Department of Physiology, University of Siena.  Her main research interest is on 
human and animal placenta.  She carried out in vitro studies on the effect of low oxygen tension on placenta cell proliferation and 
differentiation. 
 
Erratum:  Technical changes were made to the text which did not alter the meaning of any parts of the manuscript.    


