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Introduction 
Implantation of blastocyst into the 
endometrium is a progressive, delicately 
controlled local tissue remodeling process 
and a prerequisite for the furtherance of 
mammalian species (Makrigiannakis et al., 
2006). Orchestrating the blastocyst–
endometrial summit requires a perfect 
synchronization between embryo 
development and endometrial maturation. 
This synchronization involves not only the 
embryo and endometrium but also maternal 
pituitary and the ovary. The endometrium is 
a highly specialized tissue, providing an 
optimal micro-environment to enable, yet 
regulate, the implantation of the semi-
allogeneic embryo. Implantation can take 
place only in a receptive uterus. In humans, 
the uterus becomes receptive during the 
midsecretory phase of the menstrual cycle 
(days 19 to 23), commonly known as the 
window of implantation (WOI) (Gnainsky  et 
al., 2010). 
 
The process of implantation consists 
basically of three stages (Enders et al., 
1986;  Norwitz  et al., 2001):  
 
i) Apposition of the blastocyst to the uterine 
luminal epithelium 
ii) Stable adhesion to the epithelium 
 

 
 
iii) Penetration through the epithelium and 
basal lamina and invasion into the stromal 
vasculature. 
 
A complex network of molecules is involved 
in preparing both the endometrium and 
blastocyst for a successful interaction. 
However, the exact molecular steps are 
poorly understood. The human implantation 
process is unique thus no other mammal 
can provide a true model (Bischof and 
Campana, 2000). Consequently most 
knowledge comes from in vitro experiments 
using cultured human trophoblasts or cell-
lines. 
 
Ethical restrictions and limited availability of 
human placental tissue limits the 
possibilities of human implantation studies. 
Despite efforts by many investigators, a 
simple in vitro model of implantation is not 
yet available in order to examine either the 
hierarchy of events triggered in the uterus by 
the embryo or the function of individual 
signaling proteins. It is expected that 
elucidating the molecular background of the 
process will enable accurate diagnosis and 
effective treatment of infertility 
(Makrigiannakis et al., 2006). It is assumed 
that inadequate uterine receptivity is 
responsible for approximately two-thirds of 
implantation failures (Gnainsky  et al., 2010; 
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Simon  et al., 1998). Although many fertility 
disorders have been overcome by a variety 
of assisted reproductive techniques, failure 
of the transferred embryo to implant remains 
the most important rate-limiting step for the 
success of in vitro fertilization (IVF). 
Progress in improving early pregnancy rates 
depends on a better understanding of the 
mechanisms underlying uterine receptivity. 
 
It is a daunting task to decode and unravel 
the apparently complicated dialogue 
between implanting blastocyst and uterus, in 
order to understand the physiology and 
pathology of implantation process which is 
the 'sine qua non' to maintain the survival of 
the species. It is becoming increasingly 
apparent that the complex process involves 
an intricate interplay of several molecular 
players apart from hormones. Yet as the 
picture unfolds, it is indeed surprising that 
potentially simple mechanisms with built-in 
redundancy are more effective than 
complicated schemata for piecing together 
the beautiful jigsaw of implantation process. 
Steroid hormones act systemically in the 
preparation of endometrium for implantation 
thus establishing 'the implantation window'. 
These actions are not only endocrine 
through specific steroid receptors but also 
modulated by paracrine/autocrine effectors 
such as cytokines, adhesion molecules and 
invasive proteinases.These biologically 
active molecules released at and around the 
implantation site form the major players for 
implantation. Steroid hormones may initiate 
a cascade of molecular events through 
these local paracrine/autocrine effectors 
which account for the molecular 
mechanisms of this enigmatic process.  
 
Finn (1986) proposed that “the response of 
a uterus to an implanting blastocyst bears 
considerable resemblance to inflammation 
and may have evolved from it”.  Provocative 
statement: which considers that viviparity 
has used and modified the mechanisms of 
inflammation, points to the possibility that 
similar molecular mechanisms are involved 
in attachment and penetration. Taking this 
lead, many workers have focused on the 
probable major role of cytokines in the 
implantation process. 
 
It is believed that cytokines may play an 
important role in the successful 

establishment of pregnancy (Chard, 1995) 
not only by facilitating the attachment 
reaction of adhesion molecules but also by 
regulating the activity of invasive 
proteinases through the signaling cascades. 
It is hypothesized that implantation failure 
following IVF treatment may be caused by 
abnormal cytokine expression by embryos 
and endometrium. The activity of these 
cytokines has been characterized as pro-
inflammatory and anti-inflammatory. While 
initial exposure to pro-inflammatory 
cytokines is necessary to stimulate invasion 
of the blastocyst and formation of new blood 
vessels at the time of implantation, 
prolonged exposure of pro-inflammatory 
cytokines to the pregnancy is detrimental. 
Thus, for pregnancy to be successful a 
change in balance of secretion of cytokines 
from pro-inflammatory to anti-inflammatory 
cytokines must occur. 
 
Thus analysis of cytokine levels in culture 
media of embryos, follicular fluid, 
endometrial secretions and serum samples 
during 'the window of implantation' offers the 
opportunity to study the cross-talk between 
the embryo and endometrium and identify 
optimal cytokine concentrations required for 
successful implantation in IVF (Unpublished 
observations). Increased knowledge of 
cytokine involvement at various stages of 
the implantation process may help increase 
the success rate of pregnancy in IVF-ET 
cycles. 
 
This review aims to summarize the role of 
cytokines and their regulatory effects on 
other effector molecules like cell adhesion 
molecules & proteinases during the various 
steps of implantation process with special 
reference to IVF-ET cycles. 
 
Cytokines 
Cytokines are regulatory multifunctional 
peptides or glycoproteins that can be 
produced by virtually every nucleated cell 
type in the body. Their biological actions are 
mediated locally by specific receptors. 
Unlike hormones, cytokines usually act as 
intercellular (paracrine) and/or intracellular 
(autocrine) signals in local tissue, only 
occasionally spilling over into the circulation 
to act as endocrine mediators (Vilcek and 
Le, 1991).  
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Human endometrium is an active site of 
cytokine production and action 
(Tabibzadeh.. 1991) and the embryo is able 
to communicate with the endometrium using 
the same cytokine receptor language 
(Chard,  1995; Simon et al., 1995, 
Tabibzadeh et al, 1995.). Locally expressed 
and acting growth factors and cytokines 
under endocrine regulation form the main 
mediators of endometrial development (Irwin 
et al., 1994; Dunn et al., 2003; 2006; 
Dimitriadis et al., 2005). Endometrial 
decidualisation induces the production of a 
wide array of growth factors and cytokines, 
which act in concert to mediate the 
decidualisation reaction and/or to create an 
extracellular and immunological environment 
conducive to trophoblast invasion. Not only 
are cytokines hormonally driven, but they 
also regulate each other in a cascade 
process, which provides 'redundancy' to the 
system. 
 
In women, analysis of the temporal and 
cellular expression patterns of cytokines and 
their receptors in the endometrium, and 
application of a limited number of in vitro 
models, have indicated but not proven that 
cytokines are key regulators of human 
implantation. 
 
This review discusses few members of the 
three major families of cytokines, namely the 
Interleukin-1 (IL-1) system, the gp130 
cytokines and the TGF- superfamily. We 
will also discuss separately, the role of 
cytokines in adhesion and invasion reactions 
of the implanting blastocyst. 
 
A) The IL-1 system 
It has been evidenced that the immune 
system is an additional local regulator of 
ovarian function, involving reciprocity among 
soluble polypeptides of immunologic origin, 
the cytokines, and the reproductive system 
(Adashi, 1989). Because changes observed 
in the ovary during ovulation may constitute 
an inflammatory-like reaction (Espey, 1980), 
and because IL-1, an established mediator 
of inflammation (Dinarello, 1992), is present 
in both animal (Takakura et al., 1989) and 
human (Khan, 1988; Wang and Norman 
1992; Barak et al., 1992; Huyser et al., 1994 
Watanabe et al., 1994) ovarian follicular 
fluid, focused intense research on IL-1   has 
been done. 

The IL-1 system consists of three 
structurally related polypeptides. The first 
two are IL-1 and IL-1β, each of which has 
a broad spectrum of beneficial and harmful 
biologic actions, and the third is the IL-1-
receptor antagonist (IL-1RA), which inhibits 
the activities of IL-1 (Dinarello, 1991). The 
two interleukins IL-1 and IL- have a 
common molecular weight of approximately 
17.5 kDa, comprise 159 and 153 amino 
acids, respectively, and have only 26% 
amino acid sequence homology. They bind 
to the same receptors. The IL-1 receptors 
have extracellular Ig domains and belong to 
the Ig superfamily, representing a large 
number of cell surface and secreted 
proteins. IL-1 receptors have been shown to 
increase significantly during the midluteal 
phase in human endometrium, and high 
levels of embryonic IL-1 in culture media 
may be associated with embryonic 
implantation after IVF/ET. 
 
The ability of IL-1 to modulate the 
expression of gonadotropin receptor on 
ovarian granulosa cells (Gottschall et al., 
1988) as well as progesterone accumulation 
and prostaglandin secretion (Brannstrom 
and Norman, 1993) is receptor mediated 
(Kokia et al., 1995). Recent findings have 
revealed the existence of a complete, highly 
compartmentalized, gonadotropin-
dependent human intraovarian IL-1 system 
replete with ligands, a receptor, and a 
receptor antagonist (Hurwitz et al., 1992). 
These findings suggest that the IL-1 system 
might regulate some ovarian functions. 
However, the physiologic and pathologic 
roles of IL-1 and IL-1 in ovarian function 
were not well understood. 
 
All components of the IL-1 system have now 
been examined in the human endometrium 
and at the maternal–trophoblast interface 
during implantation. 
 
IL-1 is present at the feto-maternal 
interphase; trophoblastic cells and 
decidualized stromal cells produce IL-1, and 
the IL-1 receptor is present in endometrial 
epithelial cells as well as in trophoblasts 
(Bischof and Campana, 2000). IL-1 may be 
one of the first signals of the blastocyst 
acting upon the endometrium, since in vitro 
IL-1 increases endometrial secretion of 
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prostaglandin E2, LIF and of integrin β3 
subunit expression (Vigano et al., 2003). 
 
Unlike its action in fibroblasts which 
proliferate when exposed to IL-1 (Raines et 
al., 1989), this cytokine is a potent inhibitor 
of normal human endometrial stromal cell 
growth (van Le et al., 992), suggesting that 
its action may contribute to the homeostasis 
in normal endometrium. Therefore the 
presence, tissue-specific localization, cycle-
dependent changes and functions of the IL-1 
system in the human endometrium indicate 
a putative autocrine/paracrine/intracrine 
action which may be relevant for 
decidualisation and implantation. 
 
Some correlations have been demonstrated 
between IL-1 and success of IVF. Higher 
levels of IL-1 were detected in follicular 
fluid in implantation versus non implantation 
cycles although a direct causal relationship 
was not demonstrated (34); whereas high 
concentrations of IL-1 in IVF culture medium 
correlated with successful implantation (35). 
However, production and secretion of IL-1 
by human embryos is still under discussion. 
Several authors have detected the presence 
of bioactive and/or immunoreactive IL-l and 
IL-1 during in-vitro fertilization (IVF) in 
embryo-conditioned media from day 1 and 
day 2 by the human preimplantation embryo 
(35-39) whereas other authors have failed to 
detect any measurable amounts of IL-l in 
human embryo growth media (40, 41).  
 
Karagouni et al. (1998) compared systemic 
and local production of both IL-1 α and IL-1 
β in serum and follicular fluid of patients 
undergoing IVF-ET. They reported 
significantly higher amounts of FF IL-1 as 
compared to IL-1 α in implantation versus 
nonimplantation cycles. They also reported 
a parallel, systemic FSH/hMG-dependent IL-
1 and IL-1 production in implantation 
cycles but not in nonimplantation cycles. 
Karagouni et al concluded that 
gonadotropins used during IVF (or at least 
steroid hormones produced during IVF-ET) 
induce local and systemic production of IL-
1 and IL-1 and that detectable 
concentrations of IL-1 and IL-1β on the day 
of hCG administration in patients undergoing 
IVF-ET may have higher implantation rates 
compared to patients who do not have 

detectable concentrations of these cytokines 
(Karagouni et al., 1998). Although these 
observations are promising, in vivo studies 
in a greater number of patients who are 
undergoing several different IVF-ET 
protocols are required to validate the 
positive correlation between elevated serum 
IL-1 levels on the day of hCG administration 
and success in IVF-ET cycles. 
 
Their results confirmed and extended 
previous observations that demonstrated the 
existence of IL-1 and IL-1 in human 
preovulatory follicular fluid and in serum 
during follicular maturation, ovulation, and 
corpus luteum formation in FSH/LH–
stimulated cycles of women undergoing IVF-
ET. Their results also demonstrated that 
approximately 50% of sera from IVF-ET 
patients contained detectable amounts of IL-
1 and IL-1 during the periovulatory phase. 
In contrast, both forms of IL-1 were 
undetectable in the serum of unstimulated 
women in the proliferative phase of their 
menstrual cycle. On the other hand, 
concentrations of IL-1 in the follicular fluid 
or serum of IVF-ET patients were lower than 
those of IL-1. Although the two forms of IL-
1 are structurally related at the three-
dimensional level and share common 
biologic activities (Dinarello, 1992), there is 
evidence that most IL-1 remains in the 
cytosol in its precursor form, whereas a 
considerable amount of IL-1 is released by 
the cell into the extracellular space and into 
the circulation (Dinarello, 1991). These 
findings are in agreement with those in 
earlier reports by Hurwitz et al. (1992) in 
which IL-1 transcripts were significantly 
more abundant than their IL-1 counterparts 
in preovulatory follicular aspirates of a 
stimulated IVF-ET cycle. The cellular origin 
of IL-1 and IL-1 present in follicular fluid 
during IVF-ET procedures remains a matter 
for speculation. These cytokines could arise 
from the plasma ultra filtrate, as occurs for 
some other follicular fluid substances, or 
alternatively, they could be produced by 
ovarian macrophages or somatic ovarian 
cells. Although Karagouni et al (1998) were 
unable to identify the cell type responsible 
for IL-1 production, other investigators have 
noted that granulosa cells, thecal ovarian 
cells, stromal ovarian cells, as well as 
resident macrophages and monocytes are 



Cytokines and growth factors in implantation 223 

capable of secreting IL-1 (Brannstrom and 
Norman, 1993; Hurwitz et al., 1992; 
Brannstrom et al., 1994; Baranao et al., 
1995;  Machelon et al.,  1995; Jasper and 
Norman, 1995; Loukides et al., 1990).  
 
In a non-disruptive approach to study the 
role of endometrium in human embryo 
implantation, Boomsma et al (2009) recently 
analyzed the cytokine profile in endometrial 
secretions aspirated immediately prior to 
embryo transfer following IVF. They reported 
significant positive associations between IL-
1  and TNF- levels and clinical pregnancy. 
The predictive value for pregnancy of IL-1β 
and TNF- was observed to be equivalent 
and additive to that of embryo quality. 
Secretion of embryonic IL-1 seems to be 
the first response of the blastocysts to the 
receptive endometrium, inducing a second 
wave of cytokines such as LIF, IL-1, and 
others (Cross et al., 1994). 
 
B) The gp130 cytokines 
The gp130 cytokines act through the 
activation of the janus kinase/signal 
transducer and activator of transcription 
(JAK/STAT) signal transduction pathway 
(Heinrich et al., 1998). Of the cytokines that 
utilize gp130 for signaling, LIF, IL-6 and IL-
11 have been implicated in the implantation 
process. 
 
1. Leukemia inhibitory Factor (LIF) 
LIF is a glycoprotein of 180 amino acid 
residues, with a molecular mass ranging 
from approximately 38 to 67 kDa depending 
on glycosylation (Hilton and, Gough, 1998). 
LIF was the first cytokine shown to be critical 
for implantation in mice (Stewart et al., 
1992). LIF pattern of expression in the 
human endometrium also suggests a role in 
human implantation (Laird et al., 1997; 
Ledee-Bataille et al., 2002), moreover, as 
the endometrial glands are the most 
important sites for LIF production. The 
expression of LIF varies during the 
menstrual cycle; the maximal increase in LIF 
is observed between days 19 and 25, 
coinciding with the implantation window 
(Nachtigall et al., 1996, Charnock-Jones et 
al., 1994). The abundant expression of LIF 
in the late-secretory phase is manifested 
also in uterine flushings, where LIF 
concentrations rise from day LH+7 to a 
maximum at day LH+12 (Laird et al., 1997). 

 
LIF secretion is independent of the presence 
of trophoblast (Uzumcu et al., 1998), and 
secretion seems regulated by maternal 
steroid hormones, other cytokines, and 
growth factors in the uterine environment. 
Up-regulation of uterine LIF expression at 
implantation is coincident with increased 
estrogen levels. LIF is involved at several 
stages of the reproductive process including 
preimplantation, implantation, embryo 
development, and placentation and has a 
variety of roles including proliferation, 
differentiation and cell survival, all functions 
that are essential for blastocyst development 
and implantation (Hilton, 1992; Metcalf, 
1992).  
 
 Thus LIF is an obvious candidate in 
screening for endometrial receptivity. In fact, 
abnormal expression of LIF in the 
endometrium has been associated with 
some forms of human infertility and this is 
supported by findings of mutations in the 
coding region of the LIF gene in some 
infertile women (Giess et al., 1999). Further, 
a greater proportion of women with 
unexplained infertility have undetectable 
levels of LIF in the endometrial flushings 
obtained on days LH+7, LH+10, and LH+12 
compared with normal fertile women (Laird 
et al., 1997) whereas endometrial explants 
from infertile women secrete less LIF than 
those from fertile women in the mid-late 
secretory phase of the menstrual cycle at 
the time of expected implantation, 
suggesting a role in uterine receptivity (Laird 
et al., 1997; Ledee-Bataille et al., 2002). 
Should LIF be released basally from uterine 
epithelium, paracrine effects on the 
underlying stroma and leukocytes would be 
possible. In vitro, a role for LIF in regulating 
human endometrial stromal cell survival but 
not decidualization has been demonstrated 
(Nakajima et al., 2003). A role for LIF in 
trophoblast cell growth and differentiation 
has also been shown (Nachtigall et al.,1996; 
Kojima et al., 1995: Sawai et al.,  1995; Ren 
et al., 1997). Thus in humans, LIF may 
signal to both embryonic and uterine tissues 
during implantation. 
 
Interleukins (ILs)  
2) IL-11 
IL-11 was initially described as a growth 
factor acting at multiple stages during 
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hematopoiesis, synergizing with other 
factors (Du and Williams, 1994). It has been 
demonstrated to have important anti-
inflammatory activities (Sands et al., 1999) 
as well as pleiotropic actions in multiple cell 
types (Du and Williams, 1994). There is 
increasing evidence that IL-11 has an 
important function in implantation in 
humans. IL-11 is expressed in endometrial 
glandular and luminal epithelium. 
 
3) IL-6. 
It has been suggested that IL-6 may 
contribute to trophoblast growth and 
placental development in humans (Nishino 
et al. 1990). In humans, IL-6 is weakly 
expressed during the proliferative phase, but 
strong immunoreactivity is present during 
the mid-secretory phase, predominantly in 
the glandular and luminal epithelial cells 
(Tabibzadeh et al., 1995; Vandermolen and 
Gu, 1996). Furthermore, IL-6-R is localized 
in glandular epithelium throughout the 
menstrual cycle (Tabibzadeh et al.,1995). 
Therefore, a role in the human implantation 
could also be postulated for this cytokine. 
Importantly, when levels of IL-6 secretion 
were measured from endometrial biopsies 
isolated from infertile women compared with 
fertile women between days LH + 6 and LH 
+ 13, no difference was found (Sherwin et 
al., 2002), and it is therefore likely that IL-6 
has a redundant role in uterine receptivity.  
 
Pellicer et al (1998) analyzed the endocrine 
milieu in terms of IL-1, IL-6 and vascular 
endothelial growth factor (VEGF) production 
in women with endometriosis and 
summarized that IL-6 production was 
elevated in these patients (69). The analysis 
of stimulated cycles evidenced an 
impairment of IL-6 release in serum, 
probably as a consequence of E2 secretion 
during ovarian stimulation with 
gonadotropins. The data also showed the 
ability of granulosa cells to accumulate IL-6 
in vivo as well as in vitro, with higher 
amounts in patients with endometriosis 
compared to controls and a decrease in 
VEGF accumulation in the FF of patients 
with endometriosis. All these changes 
indicate a different paracrine and autocrine 
milieu in patients with endometriosis and 
may be related to lower implantation rates 
found in these patients, through impairment 
of oocyte and embryo quality. 

In a comparative study of GnRH agonist 
long and antagonist protocols and their 
effect on implantation rate & pregnancy 
outcome, Ficicioglu et al (2010) compared 
FF and serum cytokine concentrations in 
women undergoing these protocols. 
Analysis of IL - 1β, IL-6, IL-8, IL-12, tumor 
necrosis factor- α (TNF-α) in FF showed no 
significant difference between the two 
protocols. However, serum IL-6 levels were 
lower in women given antagonists. 
 
Gnainsky et al (2010) had just previously 
demonstrated that endometrial biopsies 
taken during the spontaneous cycle 
preceding IVF treatment more than double 
the rates of implantation, clinical pregnancy, 
and live birth (Barash et al., 2003). The 
favorable influence of local injury to the 
endometrium was later confirmed by others 
(Raziel et al., 2007;  Karimzadeh et al., 
2009). The success of implantation in biopsy 
treated IVF patients is secondary to the 
development of an injury-induced 
inflammatory reaction. A high level of 
endometrial proinflammatory cytokines, such 
as IL-6, LIF, and TNF-, characterize early 
implantation (Van Mourik et al., 2009). 
These cytokines can be secreted by the 
endometrial cells as well as by cells of the 
immune system that are recruited to the site 
of implantation. 
 
Other Pro and anti-inflammatory 
Cytokines: 
Khonina et al (2005) reported suppressive, 
marked anti-inflammatory, and apoptosis-
stimulating activity both at systemic (in blood 
serum), and at local (in follicular fluid) levels 
in IVF patients with controlled ovarian hyper-
stimulation. 
 
However, they detected the pro-
inflammatory/immunostimulatory (IL-1, 
TNF, IL-8, IL-2) as well the anti-
inflammatory/immunosuppressive (IL-4, IL-
1Rα) cytokines in FF from women 
undergoing IVF. The IL-2 values correlated 
positively with the number of mature oocytes 
and embryo quantity but high level of IL-2 in 
FF was also associated with complicated 
course of IVF due to ovarian 
hyperstimulation syndrome. They also 
reported that the concentration of human 
gonadotropin - the early marker for 
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successful embryo implantation and maturity 
- significantly correlated with enhanced 
immunosuppressive and anti inflammatory 
activities of regulatory factors in FF. 
Obtained data suggest that the pro-
inflammatory / immuno-stimulatory cytokines 
participate in maturation of oocytes and may 
be important for human pre-embryo 
development, whereas the following shift of 
regulatory balance toward the anti 
inflammatory/immunosuppressive cytokines 
contribute to successful embryo implantation 
and may be necessary for the establishment 
of pregnancy in women undergoing IVF. 
It is thus clear that members of the gp130 
cytokine family in cohort with other cytokines 
are appropriately expressed and positioned 
to have major roles both in the preparation 
of the endometrium for implantation and 
during implantation and placental formation. 
 
C) Transforming growth factor β (TGF 
) superfamily 
TGF β superfamily members are closely 
associated with tissue remodelling events 
and reproductive processes. The TGF 
superfamily comprises at least 42 distinct 
mammalian dimeric proteins that share a 
similar structure (Kingsley, 1994;  Piek et al., 
1999). These are divided into two 
subfamilies, the TGF/activin/nodal 
subfamily and the bone morphogenetic 
protein (BMP)/müllerian inhibiting substance 
(MIS)/growth and differentiation factor (GDF) 
subfamily, which are defined by sequence 
similarity and the specific signalling 
pathways that they activate. Given the level 
of complexity of this system, it is probably 
not surprising that disruption of any one 
member of the family by gene targeting in 
mice has not resulted in disruption of 
implantation. Furthermore, the lack of a 
uterine-specific promoter which would 
enable uterine-specific deletions has made it 
impossible to establish the importance for 
implantation of certain family members such 
as the activins which disrupt earlier events in 
female reproduction or cause lethality prior 
to reproductive maturity. 
 
Whether TGFbs influence decidualisation is 
unclear, as studies in the literature report 
contrasting effects on prolactin production 
(an established marker of decidualisation) 
by endometrial stroma (Kubota et al., 1997, 

Kim et al., 2006). Other TGF superfamily 
members are likely to be expressed by the 
decidua, and involved in decidualisation. For 
example, macrophage inhibitory cytokine 
(MIC)-1 is upregulated in decidual cells and 
facilitates decidualisation in vitro (Marjono et 
al., 2003). 
Jones et al (2006) summarised the current 
state of knowledge regarding the expression 
and actions of TGF β superfamily members 
in the uterus, during the menstrual cycle and 
establishment of pregnancy. TGFβs and 
activin β subunits are abundantly expressed 
in the endometrium, where roles in 
preparation events for implantation have 
been delineated, particularly in promoting 
decidualisation of endometrial stroma. 
These growth factors are also expressed by 
epithelial glands and secreted into uterine 
fluid, where interactions with preimplantation 
embryos are anticipated. 
 
1) Activins/ Inhibins 
In the human endometrium during the 
menstrual cycle and early pregnancy, the 
synthesis of inhibin/activin subunits varies 
with cycle stage and as the uterus remodels 
and differentiates to form the decidua 
(Petraglia et al., 1990; Leung et al., 1998; 
Otani et al., 1998; Jones et al., 2000). In 
many species, activin A is involved in 
embryogenesis (Smith et al., 1990; 
Thomsen et al., 1990) but similar role has 
not been verified in humans, although activin 
subunits and type I and II receptors are 
expressed by human blastocysts (Heet al., 
1999). Following the initial implantation 
events, trophoblast cells invade the maternal 
decidua and therefore are in intimate cell–
cell contact with decidualized stromal cells. 
Activin A produced by decidualized stromal 
cells (Jones et al., 2002) might play a further 
role in augmenting invasion and supporting 
placental function. Indeed, activin A 
promotes cytotrophoblast differentiation 
towards an invasive phenotype and 
stimulates the production of paracrine 
agents involved in invasion (Caniggia et al., 
1997a), along with the placental hormones, 
hCG, 17  estradiol and progesterone 
(Petraglia et al., 1989; Song et al., 1996). 
 
Chang et al (2002) had reported that inhibin 
B in FF may serve as an effective marker of 
follicular development and a useful predictor 
of embryo quality during controlled ovulation 
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stimulation. Earlier, Dokras et al (2000) had 
reported decreased serum inhibin B 
secretion in patients with endometriosis 
suggesting impaired granulosa cell function. 
Furthermore, abnormal embryonic 
development (Brizek et al., 1995) and lower 
implantation rates (Arici et al., 1996) have 
been reported in these women. The inhibin 
B levels might therefore reflect on the 
implantation potential of the developing 
embryo. 
 
2) Macrophage Colony Stimulating 
Factor (M-CSF or CSF-1) 
M-CSF or CSF-1 is a hemopoietic growth 
factor that is primarily responsible for 
proliferation, differentiation and survival of 
the monocyte–macrophage cell lineage, as 
well as their recruitment (Stanley et al., 
1983; Wood et al., 1997). Monocytes and 
macrophages have been identified as the 
most abundant leukocyte subtypes within 
the tissue of the human ovary and are also 
found in large numbers in human follicular 
fluid (Brannstrom et al., 1994; Loukides et 
al., 1990;  Wang et al., 1992a). It has been 
reported that CSF-1 is a regulator of 
placental function and supports trophoblast 
growth and differentiation (Pollard et al., 
1987; Saji et al., 1990; Regenstreif and 
Rossant, 1989; Beauchamp et al., 1991). It 
has also been suggested that M-CSF plays 
a major role in fetal development (Bartocci 
et al., 1987); however, there are few reports 
that discuss the role of M-CSF in human 
follicular development (Brannstrom et al., 
1993). It has been shown that fertilized 
oocytes can produce M-CSF during the 
early stages of embryogenesis (Zolti et al., 
1991). In the human, CSF-1 protein is much 
higher in the pregnant than the non-
pregnant endometrium and is high in the 
placenta throughout pregnancy (Kauma et 
al., 1991, Daiter et al., 1992). 
 
Simdn et al (1996) proposed that CSF-1 
produced by the uterine epithelium interacts 
with CSF-1R present on the trophectoderm 
and this dialogue may promote blastocyst 
attachment. Shinetugs B et al (1999) 
compared the circulating levels of CSF-1 in 
natural and stimulated cycles between fertile 
and infertile women undergoing IVF 
treatment. In the fertile group, follicular fluid 
(FF) was sampled at laparoscopy for tubal 
sterilization. During spontaneous cycles, no 

significant variations in plasma CSF-1 
concentrations were detected, but CSF-1 
concentrations in FF from the dominant 
follicle were four times higher than those in 
plasma of the same patients. Furthermore, 
in the IVF group, peripheral levels of CSF-1 
did not change significantly in samples taken 
before and after hyperstimulation but before 
oocyte retrieval. In contrast, on day 9 after 
hCG, the levels of CSF-1 were significantly 
higher compared with those before 
stimulation. CSF-1 levels in FF at oocyte 
retrieval were about seven times higher than 
in the blood samples (Shinetugs et al., 
1999). 
 
Another study has reported rise in serum M-
CSF levels on day of oocytes retrieval with a 
concomitant rise in pregnancy rates from 
low to moderate to high response women 
undergoing ovarian stimulation with rFSH 
(Salmassi et al., 2010). 
 
Similar results (Brannstrom et al., 1993; 
Nishimura et al., 1998) had earlier shown 
that ovarian stimulation with hMG leads to a 
gradual increase in M-CSF levels in patients 
with >20 follicles (good response) but not in 
those with ≤2 follicles (poor response).  
 
Thus, M-CSF levels in serum may reflect 
successful stimulation and ample follicle 
maturation. Although the cause of poor 
response to gonadotropins is complicated 
and may consist of several dysfunctions of 
cytokines or growth factor networks, the 
defect in the mechanism of local 
(intrafollicular) M-CSF production could be 
one of the causes or results of poor ovarian 
response to gonadotropins. 
 
Salmassi et al (2010) also measured the M-
CSF level in serum in all cycle phases until 4 
weeks after ET, to the time of gestation or 
new menstruation and found that M-CSF 
levels in serum increased gradually 
throughout the ovarian stimulation cycle and 
the day of hCG injection and reached a peak 
on the day of oocytes retrieval, indicating 
that gonadotropins influence M-CSF 
release. The M-CSF level increased 
significantly from the day of ET through 
implantation and reached its highest level on 
the day of confirmation of pregnancy. After 
implantation the M-CSF level decreased and 
reached a plateau during gestation (3 to 4 
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weeks after ET). In contrast, those patients 
who did not become pregnant showed no 
changes in M-CSF level from the day of ET 
to the day of confirmation of pregnancy. 
Therefore, high level of M-CSF during the 
luteal phase (implantation, day of 
confirmation of pregnancy, gestation) 
indicates the important role of this cytokine 
during the implantation process. The 
increase in M-CSF and its plateauing at a 
high level during the early pregnancy phase 
could serve as a pregnancy biomarker. 
Similar results (Bhatnagar et al., 1995) 
showed that M-CSF–treated embryos have 
significantly more trophoblast cells than 
control embryos. Furthermore, Guleria and 
Pollard (2006) reported that trophoblast cells 
can take over M-CSF–regulated functions 
from the macrophages for the modulation of 
immune responses to invading pathogens at 
the maternal–fetal interface. M-CSF is 
involved in follicle development and 
ovulation and could be an additional 
predictor for IVF outcome.  
 
3) Granulocyte colony stimulating 
factor (G-CSF) 
G-CSF is a member of the colony 
stimulating factor family (Clark et al., 1987). 
Western blotting and immunohistochemistry 
have located the GCSF protein and its 
receptor in the ovary, mainly in the 
granulosa cells of the follicle and in luteal 
cells (Salmassi et al., 2004). 
 
Salmassi et al. (2005) reported much higher 
G-CSF concentrations in FF than in serum 
at ovulation. Reports of higher serum levels 
of G-CSF at implantation in successful 
natural cycles (Yanagi K, et. al. 2002) and 
after successful IVF/ICSI attempts have 
provided some evidence of the involvement 
of this cytokine in the implantation process. 
 
Lédée et al (2009) have reported that the 
pre-treatment of mice with G-CSF before an 
allograft promotes T cell tolerance towards 
these grafts. It has been hypothesized that 
FF G-CSF may inform on the mRNA content 
of the oocyte itself and its immune potential 
of tolerance (adhesion molecules at the 
oocyte cell surface). Another hypothesis is 
that the FF G-CSF provides the embryo with 
crucial information on how to repair itself. FF 
G-CSF appears as an immunological 
biomarker of the oocyte immune tolerance 

and is predictive of implantation. It may help 
to promote the single embryo policy by 
helping to distinguish even before 
fertilization the oocyte with a good or a bad 
potential of implantation. FF G-CSF may 
also be helpful to evaluate individually the 
oocyte’s immune tolerance (women with a 
low ovarian reserve) and identify the best 
protocol of ovarian stimulation to apply. A 
prospective randomized study needs to 
confirm the hypothesis. 
 
Cytokines such as LIF, CSF-1, and IL-1 
have all been shown to play important roles 
in the cascade of events that leads to 
implantation. They participate in a 
synchronized cooperation between the 
endometrium and the preimplanting embryo 
under the influence of steroid hormones. 
However, studies performed to date have 
mostly included only small groups of 
patients with a lack of fertile controls, and 
only a few prospective, controlled trials have 
been carried out. The usefulness of these 
factors to assess endometrial receptivity and 
to estimate the prognosis for pregnancy in 
natural and artificial cycles remains to be 
proven. 
 
Further evaluation of their function and 
importance during implantation is needed. 
 
Adhesion 
Cell Adhesion Molecules (CAM)  
Adhesion molecules are proteins involved in 
cell-surface mediated processes essential 
for normal morphogenesis and for the 
maintenance of tissue integrity in 
multicellular organisms. Cell binding to the 
extracellular matrix triggers signals that 
greatly influence behaviour patterns of 
migration, proliferation and differentiation. 
CAM are represented by three subfamilies 
of molecules: cadherins, immunoglobulins 
and integrins. Cadherins are membrane 
glycoproteins involved in Ca-dependent 
cell–cell binding, immunoglobulins allow 
cell–cell binding in a Ca-independent 
manner and integrins mainly (but not 
exclusively) regulate Ca-dependent cell–
substrate interactions. 
During the mid-luteal stage of the menstrual 
cycle, apparently in response to 
progesterone, epithelial apical membrane 
projections named pinopodes make a short 
appearance in the uterus during the 
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implantation window. Adherence of 
trophectoderm cells of blastocyst to the 
pinopode membrane has been suggested to 
occur through adhesive molecules such as 
E-cadherin, present in the pinopode 
epithelial membrane (Lopata et al., 2002). 
 
 Integrins are widely expressed cell surface 
adhesion receptors. The primary function of 
integrins is to mediate the cellular binding to 
extracellular matrix (ECM) proteins by 
means of specialized cell attachment sites 
such as the tripeptide sequence Arg-Gly- 
Asp (tripeptide RGD) which is the target 
sequence for integrin binding (Ruoslahti et 
al, 1987). Integrins are considered to be 
transducers, signaling the nature of 
extracellular environment to the interior of 
the cell. This signal is then translated into 
events which allow the cell to change shape, 
migrate and adhere to other matrices and 
release proteases. This will, in turn, modify 
the micro-environment of the cell, to which it 
will re-adapt by changing its integrin 
repertoire. Precisely how the transduction 
mechanism works is unclear as yet, but it 
involves the clustering of integrins at focal 
contacts on the cell membrane, the 
phosphorylation of the kinase focal adhesion 
kinase 125 and possibly the induction of 
gene transcription (Kornberg et al.,. 1992). 
The integrin repertoire of the endometrium 
may play an important role for obtaining a 
successful implantation. The trophoblastic 
cells are confronted with various matrix 
proteins and basement membranes, when 
penetrating the uterine wall. These ECM 
components influence cell functions by 
binding to integrins, thereby effecting 
adhesion, migration, differentiation and 
spreading (Bischof  and Campana, 2000,). 
The components of the ECM are changed 
during the menstrual cycle (Salamonsen et 
al., 2001). The changes associated with 
decidualization, during the mid-secretory 
phase, are especially relevant for 
implantation and occur in the presence of 
11, 31 integrins (Korhonen et al., 
1991). In patients with unexplained infertility, 
alterations in the endometrial integrin pattern 
have been identified (Lessey et al., 1994). 
 
Once the blastocyst has traversed the basal 
membrane, the migration of first trimester 
invasive trophoblast in vitro requires the 
expression of 5 and 1, integrins. This 

migration is stimulated by insulin-like growth 
factor-II (IGF-II) and IGFBP- 1 (through 
interactions with the RGD binding site of the 
5 and 1 integrin) and can be inhibited by 
TGF- (Irving et al.,  1995). Bischof et al., 
(1995) have shown that the extravillous 
cytotrophoblast expressing the 6-subunit 
represents the invasive population of cells 
(elevated secretion of gelatinase and 
reduced secretion of fibronectin) and when 
expression of the 5-subunit is turned on, 
invasive behaviour ceases concomitant with 
reduced secretion of gelatinase and 
elevated secretion of fibronectin (Bischof et 
al., 1995). 
 
Cytokines and Adhesion molecules 
Autocrine/paracrine factors including 
cytokines and growth factors are 
increasingly implicated in modulation and 
regulation of cell adhesion molecules. The 
first stage of this hypothesis is that cytokines 
(CSF-1, LIF and IL-1) and their specific 
receptors, being properly distributed 
throughout endometrium and embryo and 
adequately controlled at the endocrine 
(hormonal) and paracrine/ autocrine 
(cytokines and growth factors) levels, initiate 
the mutual recognition of implanting 
blastocyst and endometrium. Cytokines and 
growth factors may also serve as the link in 
the regulation of adhesion molecules that 
provide the physical contact between 
embryo and uterus. The mechanism by 
which IL-1 may be involved in embryonic 
attachment remains to be elucidated. 
However, the potent ability of IL-1 to induce 
the adherence of neutrophils to endothelial 
cells has already been demonstrated 
(Schleimer and Rutledge,. 1986). 
 
By binding to their receptors, the cytokines 
may induce molecular changes in the 
expression patterns of adhesion and anti-
adhesion molecules, which are essential for 
attachment of the blastocyst. A study by 
Simon et al (1997) indicated that embryonic 
secretion of IL-1 results in localized changes 
in the endometrium before adhesion (Simon 
et al., 1997). Binding of IL-1 to the IL-1 
receptor present on the luminal epithelium in 
vitro results in increased endometrial 
secretion of prostaglandin E2 (Tabibzadeh 
et al., 1990). The expressions of the integrin 
3-subunit and LIF secretion have been 
found to increase simultaneously (Simon et 
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al., 1997;  Sawai et al., 1997). LIF seems to 
be regulated in the human like it is in the 
mouse, where endometrial LIF secretion is 
decisive for embryo implantation (Stewart et 
al.,  1992). LIF and CSF-1 have also been 
shown to support embryo development and 
blastocyst hatching (Sjoblom et al., 1999). 
Observations on the correlation of high 
levels of IL-1 secreted by human embryos 
before ET and establishment of pregnancy 
after ET may partly be explained by this 
paracrine loop (Baranao et al., 1997). 
 
Invasion 
Trophoblast invasion is a self-controlled 
event. By 8 days after ovulation the 
blastocyst is embedded in the stroma and 
the site of entry is covered by fibrin over 
which the epithelial cells grow. For those 
species with invasive implantation, the 
basement membrane is the first barrier that 
must be breached. Trophoblast further 
invades the stromal compartment and then 
penetrates the maternal blood vessels. Tight 
regulation of this process is required to 
prevent pathological invasion, as occurs in 
placenta accreta or in pre-eclampsia (Zhou 
et al., 1993). This action is mediated by 
several classes of proteinases including 
serine proteases, metalloproteinases and 
collagenases that degrade the extracellular 
matrix (ECM) (Alexander et al., 1991). 
 
1) Serine proteases 
The PA system (t-PA / u-PA, u-Par, PAI) 
The plasminogen activator (PA) system 
includes the Urokinase type plasminogen 
activator (uPA), the tissue-type plasminogen 
activator (tPA), the PA inhibitors PAI-1 and 
PAI- 2 and the cell surface uPA receptor. u-
PA and t-PA are serine proteases that 
catalyze the conversion of plasminogen into 
the active serine protease plasmin, which 
can degrade ECM (Dano et al., 1985). The 
uPA proteolytic cascade is involved in cell 
adhesion, cell migration and is the most 
relevant PA in embryonic implantation. uPA 
activity is mediated by binding to cell 
membrane high affinity receptors (Blasi et 
al., 1994). The activity of the PA system is 
balanced by the inhibitors (PAI-1 and -2) 
(Vassalli et al., 1991) which serve to control 
their activity (Schleef et al., 1988). Besides 
directly degrading ECM, the PA system has 
an indirect effect, through proteolytic 
activation of MMPs. Both uPA and plasmin 

are reported in the uterus (Nordengren et 
al., 2004) and in trophoblasts (Floridon et 
al., 1999). 
 
PA activity of human endometrial tissue in 
vivo increases during the proliferative phase, 
reaches a maximum at midcycle and is low 
in the secretory phase (Casslen et al., 1981;  
Casslen et al., 1983). Indeed, intense PAI-1 
activity is localized to the decidual cells in 
human secretory endometrium (Lockwood et 
al., 1994). Schatz and Lockwood (1993), 
Casslen et al (1995) and Schatz et al (1995) 
have suggested that under progesterone 
regulation, decidual cell-derived PAI-1 may 
restrain blastocyst invasion into the stroma 
by inhibition of trophoblast-associated uPA 
(Schatz et al. 1993, 1995; Casslen et al., 
1995). Hofmann et al. (1994) identified 
immunoreactive uPA on the cell surface and 
microvilli of invasive trophoblasts (Hofmann 
et al 1994). The presence of 
immunoreactive uPA, PAI-1 and PAI-2 in 
early human implantation sites, and the 
finding of the uPA receptor on trophoblast 
suggest that the effect and control of uPA 
activity during implantation is governed at 
the level of the plasma membrane of the 
trophoblast. 
 
 
2) Metalloproteinases 
The matrix metalloproteinases (MMPs) are a 
family of zinc dependent endopeptidases 
possessing proteolytic activities against 
several components of the extracellular 
matrix (Matrisian, 1990). Tissue inhibitors of 
matrix metalloproteinases (TIMPs) are the 
main inhibitors of MMPs in tissue, 
physiologically controlling their activity. 
TIMPs (Makrigiannakis et al., 2006; 
Gnainsky et al., 2010; Enders et al., 1986) 
are produced by trophoblastic and decidual 
tissues throughout gestation. (Hurskainen et 
al., 1996; Ruck et al., 1996; Niu et al., 2000). 
TIMP genes are among the first genes to be 
expressed in the developing embryo, 
preparing for implantation (Wang et al., 
2003).  
 
Cytokines and Proteinases 
Proteinases are also regulated by the action 
of hormones, cytokines and growth factors. 
TIMPs and PAI-1, known to effect 
trophoblast invasiveness, are regulated by 
cytokines and growth factors. 
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1) Regulation by Cytokine TGF  and IL-1 
TGF-1 is the main candidate responsible 
for cytokine control of trophoblast 
invasiveness and is expressed in human 
decidua (Graham et al., 1992), in 
endometrial and trophoblastic cells (Bischof 
and Campana, 2000). After secretion, most 
TGF is stored bound to ECM components 
as a complex of TGF, propeptide and a 
peptide called latent TGF-binding protein. 
Release of active TGF from the complex is 
a critical regulatory step (Sinha et al., 1998). 
TGFs regulate proliferation and 
differentiation and have profound effects on 
ECM production and degradative enzymes: 
therefore they are important mediators of 
tissue remodeling (Letterio et al., 1997). 
Given the complexity of the system, 
understanding the actions of TGFs in 
implantation will require information about 
presence or absence of the ligands and 
receptors at the trophoblast–endometrial 
interface, knowledge of their state of 
activation and of the molecules constituting 
and modulating the TGF-signalling 
cascades. Given that the TGFs are 
produced and stored as latent factors, it is 
difficult to predict function at implantation. It 
may be that they remain in their latent forms 
until the premenstrual rise in urokinase-type 
plasminogen activator (PA) stimulates 
activation (Casslen et al., 1998). 
 
TGFs may play a role in human 
implantation via their stimulation of 
fibronectin or vascular endothelial growth 
factor VEGF production (Feinberg et al., 
1994; Chung et al., 2000) or by promotion of 
adhesion of trophoblast cells to the ECM 
(Irving and Lala, 1995). In vitro, TGF can 
regulate proteins such as insulin-like growth 
factor binding protein-1 (IGFBP-1) that are 
abundantly produced in decidual cells 
(Mazella et al., 2004), whereas trophoblast 
invasive capacity can be inhibited by 
treatment with TGF1, probably by the 
inhibition of matrix MMP-9 and plasmin 
(Graham and Lala, 1991; Graham, 1997) 
and/or by overexpression of endoglin, the 
TGF transmembrane-binding protein 
(Caniggia et al., 1997b). 
 
TGF- β was shown to inhibit trophoblast 
proliferation and invasion apparently by 
stimulating TIMP secretion and decreasing 

MMP activation through downregulation of 
PAs (Grahamet al., 1994). In another study 
TGF- β was found to inhibit trophoblast 
invasion by reducing MMP-9 and uPA 
secretion, but did not affect TIMP levels or 
cell proliferation (Lash et al., 2005). Elevated 
TGF- β activity has been reported in the 
plasma of pre-eclamptic mothers (Djurovic 
et al., 1997) and may be implicated in the 
impaired implantation associated with pre-
eclampsia (Caniggia et al., 2000). 
 
IL-1 stimulates production of a number of 
MMPs and components of the PA/PA-
inhibitor cascade from endometrial stromal 
cells (Singer et al., 1999; Salamonsen et al., 
2002). IL-1 can stimulate MMP-9 activity in 
trophoblasts (Meisser et al., 1999) and 
expression in endometrial stroma cells 
(Huang et al., 1998), thereby inducing 
trophoblast invasion. In vitro, release of IL-
1 by cultured cytotrophoblast cells is 
directly proportional to their invasive 
capacity (Librach et al., 1994), and IL-1 
increases the production of MMP-2 
(Karmakar and Das, 2002). In vivo, it is 
therefore likely that decidual IL-1 may act 
in a paracrine manner by binding to IL-1R1 
expressed by trophoblasts and regulating 
MMP-mediated invasion and HCG secretion. 
 
2) Regulation by Epidermal growth factor 
(EGF) 
EGF family members are transmembrane 
proteins that undergo proteolytic cleavage to 
release their mature form into extracellular 
space. The common structural domain 
shared by these family members is a 40–60 
amino acid domain characterized by six 
cysteine residues forming three disulphide 
bonds (Savage et al., 1973). The EGF 
members signal through a family of receptor 
tyrosine kinases. These transmembrane 
receptors are composed of an extracellular 
ligand binding domain and a cytoplasmic 
domain (Ullrich and Schlessinger, 1990). 
This structure allows signals to transverse 
the cellular membrane and lead to a signal 
transduction cascade that regulates diverse 
functions, including cell proliferation, 
survival, adhesion, migration and 
differentiation (Yarden et al., 2001). 
 
EGF is expressed both in decidual (Haining 
et al., 1991) and trophoblastic cells 
(Hofmann et al., 1991) but not CTB (Bass et 
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al., 1994) and affects implantation in several 
ways. EGF induces trophoblast invasion 
(Bass et al., 1994; Staun-Ram et al., 2004) 
trophoblast differentiation (Maruo et al., 
1995; Dakour et al., 1999) and trophoblast 
proliferation (Li and Zhuang, 1997) and is 
therefore regarded a major regulator of the 
implantation process. EGF has been shown 
to increase MMP-2 and MMP-9 activity in 
trophoblastic cells (Staun-Ram et al., 2004; 
Anteby et al. 2004; Qiu et al., 2004) and also 
uPA and PAI-1 activity (Anteby  et al., 2004) 
in trophoblastic cells, thereby inducing cell 
invasion. 
 
Endometrial EGF and TGF-1 have 
opposite effects and can by themselves 
explain the endometrial modulation of 
trophoblast invasion. This does not mean 
that the endometrial regulation of CTB 
invasion is limited to these two cytokines — 
the in-vivo situation might be much more 
complicated. Nevertheless, these 
observations clearly demonstrate that the 
decidualized endometrium controls the 
degree of trophoblast invasion during 
implantation in a paracrine or juxtacrine 
manner. 
Finally, invasive proteinases are closely 
inter-related with adhesion molecules and 
are regulated by hormones, growth factors 
and cytokines. This provides a connection 
which, although possibly merely 
circumstantial, may lead us to a better 
understanding of the implantation process. 
 
IGF-1, 2/ IGFBP-1 
The insulin-like growth factor (IGF) system 
has been shown to be involved strongly in 
endometrial proliferation and differentiation. 
(Irwin et al., 1994; Irwin et al., 1991; Giudice 
et al., 1998; Giudice and  Irwin, 1999; Han et 
al., 1996; Herrler et al., 2003). In the human 
endometrium, IGFBP-1 is the most 
abundantly expressed member of this family 
of binding proteins, which can regulate the 
amount of bioactive IGF (Frost et al., 1993). 
Furthermore, endometrial IGFBP-1 is 
strongly expressed in decidualized 
endometrial stromal cells and directly 
modulates early implantation (Gleeson et al.,  
2001;  Irwin and Giudice, 1998). hCG is an 
early signal the implanting embryo sends 
toward the maternal endometrium (Lopata 
and Oliva, 1993). It has been recently 
demonstrated that hCG reduces IGF binding 

protein (IGFBP)-1 in decidualized 
endometrial stromal cells in vivo and in vitro 
(Fluhr et al., 2006; Licht et al., 2002). The 
regulatory effect of hCG on endometrial 
IGFBP-1 suggests a direct influence of the 
embryo on the endometrial milieu at the 
implantation site.  
 
IGFBP-1 modulates the metabolic effect of 
IGF-I and IGF-II and has been shown to 
increase the gelatinolytic activity of 
trophopblasts (Bischof et al., 1998) and 
trophoblast invasiveness mainly by 
increasing cell migration (Irving and Lala, 
1995; Hamilton et al., 1998). IGF-I seems to 
be expressed preferentially in the mid to late 
proliferative and early secretory phase and 
is therefore believed to mediate the 
mitogenic actions of E2 (Giudice et al., 
1993; Irwin et al., 1993; Irwin et al., 1999; 
Zhou et al., 1994).  
 
In a study, Fluhr et al (2007) demonstrated 
that the temporary up-regulation of IGF-I 
coincides with the first half of the window of 
implantation, which ranges from day 6 to 10 
after the LH peak (Wilcox et al., 1999). It 
may therefore be speculated that IGF-I has 
some role in preparing the endometrium for 
embryo implantation. Moreover, hCG has 
been found to have an inhibitory effect on 
IGF-I in decidualized endometrial stromal 
cells (Fluhr et al 2007). This finding fits in 
with previous observations showing effects 
of embryonic hCG on endometrial 
differentiation and receptivity (Fluhr et al., 
2006; Licht et al., 2001a, 2001b; Fazleabas 
et al., 1999; Tesarik et al., 2003) suggesting 
that the implanting embryo might suppress 
IGF-I, which is no longer necessary or even 
disturbing in early pregnancy. This theory is 
further supported by recent findings 
demonstrating an inhibitory effect of 
trophoblast-conditioned medium on IGF-I in 
decidualized endometrial stromal cells (Hess 
et al., 2007). In addition, IGF-I has been 
shown to be undetectable in early decidua 
(Rutanen et al., 1997). IGFBP-1 may also 
contribute to the down-regulation of IGF-I 
action, because it directly inhibits IGF-I 
(Frost et al., 1993; Ritvos et al., 1988). In 
this respect it is worth mentioning that 
IGFBP-1 is up-regulated during 
decidualization and strongly expressed in 
early decidua (Giudice et al., 1998, 1999). 
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Taken together, endometrial IGF-I seems to 
have a biphasic pattern of expression. 
During the proliferative phase IGF-I acts as 
a mediator of estrogen and promotes a 
sufficient proliferation of the endometrium 
(Giudice et al.., 1993, 1998;  Irwin et al., 
1993, 1994). A temporary upregulation in 
the early secretory phase seems to be 
necessary to render the endometrium 
receptive (Gao et al., 1995). Later on IGF-I 
may not be needed any more and is 
therefore downregulated by maternal P in 
concert with embryonic hCG in a 
conceptional cycle. The selective influence 
of hCG on IGF-I in decidualized endometrial 
stromal cells underlines the importance of 
this embryonic signal during early 
implantation. 
 
It has been also hypothesized that IGF-2 
stimulates implantation and invasion (by 
promoting aggression), whereas IGFBP-1 
counteracts this effect by inhibiting IGF-2 
action. Evidence confirming this theory is 
that elevated levels of IGFBP-1 lead to 
implantation failure (as a result of a lack of 
aggression), and increased levels of IGF-2 
are associated with tumor development 
(Fowler et al., 2000).   
 
The IGF/IGFBP system thus plays a role in 
establishing the implantation balance by 
stimulating and limiting inflammation. 
 
Conclusion 
A plethora of cytokines and growth factors 
are involved in the human embryo 
implantation process; from their effects on 
the blastocyst within the uterine lumen, 
through the phases of initial attraction and 
attachment to the endometrium, to effects 
on preparation of the endometrium for 
pregnancy by formation of the decidua. 
Since there is a lot of redundancy in their 
functions and they seem to regulate each 
other, it is a challenging task to identify 
specific role and position of each in the 
sequential cascade of signaling 
events.Morover, the cytokine profile may 
exhibit alterations in expression and function 
in ART treatment protocols like IVF –ET as 
against natural cycles. 
 
Though at the beginning of this review, we 
had mentioned that nature follows simple 
schemata for complex processes, yet to 

explore these very simplistic mechanisms is 
a biological wonder we need to 
unravel.Inspite of lot of current research, the 
‘window’ is just cracked open.Indepth 
studies on certain as yet unexplored 
cytokines are still required to open this 
window wider.  
 
It is becoming clearer that the approach 
towards implantation studies should be 
holistic and should focus on studying all 
metabolites of biological fluids (e.g. follicular 
fluid and serum) rather than concentrating 
on identification of single molecular markers. 
The metabolomic approach may be a 
powerful tool to study biochemical predictors 
though its application in this area is still in its 
nascent stage (Revelli et al., 2009). 
 
Cytokines that are low molecular weight 
signaling molecules found in Follicular fluid 
represent the intermediate stage between 
the information encoded in the genome and 
the functional cell’s phenotype. Their 
analysis in biological fluids may provide 
more information than the direct study of 
gene expression, mRNAs or proteins. It may 
provide the actual functional status of a 
biological system and its cell and therefore 
may better explain the contradictory actions 
& functions as also redundant roles of 
cytokines as given by gene expression 
studies. Follicular fluid provides an ideal 
microenvironment, is abundant and easily 
available during IVF cycles and might be an 
optimal non-invasive predictor of 
implantation in IVF-ET. 
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