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Abstract

The primary embryonic signal in primates is chorionic gonadotropin (CG, designated hCG in
humans), that is classically associated with corpus luteum rescue and progesterone production.
However, research over the past decade has revealed the presence of the hCG receptor in a variety
of extragonadal tissues. Additionally, discoveries of the multiple variants of hCG, namely, native
hCG, hyperglycosylated hCG (hyp-hCG) and the B-subunit of the hyperglycosylated hCG (hCG-
free B) has established a role for extragonadal actions of hCG. For the initiation and maintenance
of pregnancy, hCG mediates multiple placental, uterine and fetal functions. Some of these include
development of syncytiotrophoblast cells, mitotic growth and differentiation of the endometrium,
localized suppression of the maternal immune system, modulation of uterine morphology and gene
expression and coordination of intricate signal transduction between the endometrium. Recurrent
pregnancy loss, preeclampsia and endometriosis are associated with altered responses of hCG, all
of which have a detrimental effect on pregnancy. A role for hyp-hCG in mediating the
development of both trophoblastic and non-trophoblastic tumors has also been suggested. Other
significant non-gonadal applications of hCG include predicting preeclampsia, determining the risk
of Down’s syndrome and gestational trophoblastic disease, along with relaxing myometrial
contractility and preventing recurrent miscarriages. Presence of hCG free-f in serum of cancer
patients enables its usage as a diagnostic tumor marker. Thus, the extragonadal functions of hCG
encompasses a wide spectrum of applications and is an open area for continued investigation.
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1 The multiple variants of human chorionic gonadotropin

Gonadotropins are glycoprotein hormones primarily of pituitary or placental origin that play
an integral role in regulating and maintaining the complex endocrine system. In primates
and humans, the primary embryonic signal, CG/hCG, maintains a functional corpus luteum
and progesterone production to prevent the sloughing of the endometrial lining in the event
of conception. Typical to the structure of glycoprotein hormones, hCG is a non-covalently
linked heterodimer composed of o and B subunits, structurally related to, but considerably
more potent than luteinizing hormone (LH). hCG is synthesized in two stages, primarily by
the cytotrophoblasts which produce the CGa subunit, followed by multiplication and
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differentiation of the cytotrophoblasts to form syncytyotrophoblasts, which then produce the
B subunit [1]. This process of cytotrophoblastic differentiation [2] as well as the initial
differentiation of the embryonic stem cells into trophoblasts [3] is regulated by hCG itself
[4]. The levels of hCG become detectable 3 weeks after the last menstrual period (LMP) in a
conception cycle, continue to rise exponentially to peak around week 10, then drops to one
tenth the concentration and plateaus until term. Through weeks 67 of gestation, the primary
function of hCG is the rescue of corpus luteum and the maintenance of progesterone
production, following which the placenta takes over progesterone production from the
corpus luteum. However, these 3—4 weeks of activity encompasses only about 10% of the
gestational length, leading to the initial speculation that corpus luteum rescue and gonadal
actions are not the sole function of hCG.

Research over the past decade has established that the trophoblasts embark upon two
discrete pathways involving the villous and the extavillous trophaoblast cells, in order to
generate three distinct variants of hCG, all of which share the hCGpB amino acid sequence
[5]. These are: native hCG, hyperglycosylated hCG and the hyperglycosylated hCG free
subunit, each having separate roles in evolution and distinct physiological functions [6] (Fig.
1). The syncytyotrophoblasts that are generated from the villous trophoblast cells produce
regular hCG while the extravillous invasive trophoblasts produce hyp-hCG [5]. The peptide
structure of hCG, established by Bahl et al. revealed that the regular hCG molecule
comprises a 145 amino acid -subunit and a 92 amino acid a-subunit [7]. However, 20-30%
of the total molecular weight of hCG is contributed by oligosaccharide side chains, which
also establishes the distinction between the different forms of hCG, for example increasing
the molecular weight of hyp-hCG to 41,000 as compared to 36,000 for native hCG [8, 9].
The free B subunit of hCG represents the alternatively glycosylated monomeric variant of
hCG, generated by all non-trophablastic advanced malignancies [10].

hCG signals primarily through the same seven-transmembrane G-protein coupled receptor
as does LH—the LH-CG receptor (LHCGR) [11], however with a higher binding affinity.
The LHCGR is an 880 kb gene comprising 10 introns and 11 exons. The greater part of the
receptor including the entire carboxyl terminal consisting of the seven transmembrane
helices, the three interconnecting extracellular and intracellular loops and the cytoplasmic
tail is encoded by the 11th exon. The first ten exons only comprise the extracellular N-
terminal exodomain consisting of numerous leucine-rich repeats involved in protein-protein
interactions. Previously, the extragonadal responses of hCG appeared to evolve through the
modification of gonadal function, either through enhanced or inhibited response to LH/hCG
stimulation. However, the detection of the LHCGR in multiple tissues and organs of non-
gonadal origin (Table 1) has led us to the concept that extragonadal gonadotropin action
forms an integral function of this incredibly dynamic molecule.

2 Biological actions

2.1 Native hCG—endometrial responses and initiation of embryo implantation

Fertilization in primates, as in most species occurs in the oviduct. Around the sixth day
following fertilization, the developing embryo (called a blastocyst at this stage) hatches from
the zona pellucida prior to its attachment to the uterine epithelium. In addition to hCG and
its different variants, as described above, the trophoblast and syncytio-trophoblast produce
various hormones and cytokines e.g. interleukin —1 and insulin- like growth factor II,
displaying profound effects on the endometrium [12-14]

Studies have confirmed that the LHCGR is present in the primate and human endometrium
[15, 16]. However, the regulation and expression of the receptor in the endometrium appears
to be highly dynamic and for the most part, is still under speculation. We have studied
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LHCGR expression in the baboon very closely and have reported that that the LHCGR is
absent in the endometrium during the proliferative phase, while in the secretory phase, both
the luminal and the glandular epithelial cells express the receptor. With the onset of
pregnancy, the expression of the LHCGR is limited to the stromal cells surrounding the
spiral arteries. This expression persists until day 25 of pregnancy and subsequently
decreases between days 40-60 as pregnancy progresses, in a manner similar to that in
humans [17]. We confirmed these results in vitro by demonstrating that decidualization (the
differentiation of stromal cells into a secretory phenotype) of endometrial stromal cells, is
associated with a decrease in LHCGR expression, and also showed that hCG regulates the
levels of its own receptor [15].

The paracrine effects of hCG on the endometrium have been explored in detail using the in
vivo baboon model of implantation [18]. Infusion of hCG into the uterine cavity of normal
cycling baboons during the window of uterine receptivity induces a multitude of
morphological, biochemical and molecular changes in the estrogen and progesterone primed
endometrium. The luminal epithelium forms plaques and increases its overall secretory
function while the stromal response is characterized by induction of a-smooth muscle actin
(«SMA). Additionally we analyzed the genes that were expressed in the endometrium in
response to treatment with hCG using a cDNA array [19]. Among the genes significantly
influenced by CG are the leukemia inhibitory factor (LIF), an interleukin 6 class cytokine,
the complement component C3, the radical scavenging enzyme superoxide dismutase 2
(SOD2), the matrix metalloproteinase 7 (MMP7) and the immunomodulatory compound
glycodelin, all of which were up-regulated in response to CG. The regulator of the Wnt-
signaling pathway, soluble frizzled receptor protein 4 (SFRP4) and ApolipoprotenAl
(ApoAl) were down-regulated in response to CG treatment [19, 20] which suggest that the
effects of hCG on the uterine endometrium plays a role in inhibiting apoptosis and
enhancing cell adhesion [21, 22]. Affymetrix microarray analysis further demonstrated that
hCG synergizes with estrogen and progesterone to regulate gene expression in a human
endometrial epithelial cell line (Banerjee et al., unpublished data).

The role of hCG in coordinating embryo implantation has been demonstrated by its
extragonadal responses in multiple model systems. Remodeling of the extracellular matrix to
facilitate trophoblast invasion requires a delicate balance between tissue degradation and
restoration, mediated by CG-regulated MMPs [19, 23-25] and LIF [26—28]. The expression
of LIF is mediated upstream by prokinectin which is also regulated by hCG [29].
Stimulation of isolated epithelial cells with hCG significantly increased the production of of
proteins such as interleukin 11, CXCL 10, granulocyte macrophage colony-stimulating
factor and FGF2 all of which have been postulated to play a role in endometrial receptivity
and embryo implantation [30]. Validation of the hCG response in epithelial cells was further
demonstrated by the up-regulation of two known hCG-regulated proteins, vascular
endothelial growth factor and leukaemia inhibitory factor. Additionally, the process of
implantation necessitates modulation and the localized suppression of the maternal immune
response to prevent rejection of the fetus by the mother. hCG, a molecule with potent
immunological properties [31], is known to play a critical role in regulation of the maternal
immune system. This is mediated by multiple mechanisms, including in conjunction with a
progesterone regulated molecule, glycodelin [18, 32, 33], the complement component C3
[19, 34] or by conferring resistance to oxidative stress via FOXO1 and SOD2 [35]. Uterine
natural killer (UNK) cells play a critical role in the establishment of pregnancy The
proliferation of uNK cells has been reported to be modulated via the mannose receptor
(CD206) as opposed to the classical LHCG receptor [36]. This altered signaling pathway
might be of significance since the endometrial LHCG receptor is rapidly down regulated
following the establishment of pregnancy and the onset of decidualization [15]. Interestingly
dysregulation of hCG either in the form of altered levels of the hormone or modification of
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the oligosaccharide chains has been suggested to play a role in preeclampsia [37]. Since
deglycosylation of hCG inhibits binding to the mannose receptor, it leaves open the question
whether oligosaccharide modifications to hCG may be a contributing factor to pregnancy
complications that are associated with hCG dysregulation.

We have recently shown that in the pathological condition of endometriosis, which
essentially represents the presence of endometrial glands and stroma outside the uterine
cavity, the endometrial response to hCG is altered [38]. Using the baboon model of
endometriosis, we treated animals with experimentally induced or spontaneous
endometriosis with hCG during the window of uterine receptivity and analyzed alterations in
gene expression using microarray analysis. We confirmed abnormal responses of known
hCG-regulated genes. APOA1, SFRP4, and pregnancy associated plasma protein A (PAPPA)
which are normally down regulated by hCG were up-regulated by hCG in animals with
endometriosis. These studies suggest that the induction of endometriosis results in altered
responses to hCG. Some endometrial transcripts, which are normally regulated by hCG,
show attenuated responses, whereas others respond in the opposite manner to that seen in
normal animals. Cytoskeletal reorganization as manifested by the expression of aSMA is a
prerequisite for decidualization and this process is impaired as a consequence of
endometriosis [38, 39]. The decidual response to embryonic signals is also impaired in other
instances. Decidual cells can be sensors of embryo quality since when co-cultured with
defective or arresting embryos the decidualizing cells respond by shutting down the
production of key implantation mediators and immunomodulators [40]. In a recent study of
decidual cells obtained from women with recurrent pregnancy loss, prolactin production was
attenuated and prokineticin-1 production was prolonged and enhanced. This was also
associated with a complete dysregulation of both proteins in response to treatment with hCG
[41]. Therefore, these altered responses prevent the acquisition of the full endometrial
molecular repertoire necessary for implantation.

To study the intricate signaling pathways that were induced by hCG in the endometrium, we
studied hCG signaling in an endometrial cell line and compared these responses to a gonadal
cell line [42]. Interestingly, we discovered that the signal transduction pathway that is
activated by hCG via its receptor in epithelial cells is distinct from hCG signaling in the
gonads. While gonadal hCG signaling by the LHCGR has been shown by multiple groups to
be primarily mediated through a cAMP-PKA pathway [43-45], we have shown a novel
cAMP-PKA independent and PI3K-Akt dependent MAPK pathway is activated in the
endometrium by hCG, [42, 46]. We believe that since the epithelium is the first area of
contact for hCG, this epithelial response to hCG serves as the initial trigger for implantation.
We further speculate that this alternative pathway may be a mechanism employed within the
endometrium to prevent rapid receptor desensitization [47] in the presence of high
concentrations of ligand that would be present during implantation and early embryonic
development. Thus this pathway would ensure that hCG continues to modulate the signaling
via the endometrial receptor to develop a receptive endometrium that is essential for embryo
implantation. hCG induced phosphorylation of ERK1/2, activates the nuclear transcription
factor, Elk1, in a PI3K-MAPK-dependent manner which in turn regulates the expression of
the microsomal enzyme PGE, synthase (MPTGES), a terminal prostanoid synthase
responsible for PGE, synthesis. Subsequently, PGE, via PTGER2 induces expression of
CXCR4 the chemokine receptor which is an important regulator of early events associated
with pregnancy. These data suggest that early embryonic signals may regulate fetal-maternal
crosstalk in the human endometrium by inducing CXCR4 expression via the PGE,-
PTGER2-mediated induction of the EGFR, PI3K and ERK1/2 pathways [48]. hCG also has
a significant influence on the stromal compartment of the endometrium, which undergoes a
shift from proliferation to differentiation (decidualization) in response to pregnancy. CG
mediates this by the induction of aSMA [18] as a consequence of stromal integrin binding to
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secreted ECM proteins [49, 50]. This change in cytoskeletal architecture is also critical to
prevent these cells from undergoing apoptosis that usually occurs at the end of each non-
conception cycle [22]. Decidualization requires the disruption of actin filaments but the
apoptotic response is now inhibited by prolactin and insulin-like growth factor binding
protein-1, which are the major proteins associated with stromal cell transformation into the
decidual phenotype [22, 51]. The role of hCG in preventing stromal cell apoptosis has been
well documented [21] and we have further shown that hCG induces the induction of anti-
apoptotic genes e.g. Bcl2. Finally, we propose that all these responses that enable stromal
cell cells to undergo decidualization may be regulated by Notch 1 which is induced by hCG
and can transcriptionally regulate aSMA. Inhibition of Notch1 in stromal cells prevents
them from undergoing decidualization. This has been further validated in a mouse model in
which tissue specific ablation of Notch 1 in the uterus results in an inhibition of
decidualization and an increase in apoptosis (Afshar et al., 2011—manuscripts submitted).

2.2 Hyperglycosylated hCG—role in trophoblast invasion and placentation

Cole and colleagues initially reported that the hCG molecules from choriocarcinoma (cancer
of the cytotrophoblast cells) patients bore oligosaccharide side chains that were significantly
different from those of normal patients [52], paving the way for exploring the biological role
of the hyperglycosylated variant of hCG. In a normal pregnancy, hyp —hCG accounts for
~90% of the total hCG during the peak hCG production in the week following implantation
[53]. In normal women, hyp-hCG is an autocrine factor produced by the cytotrophoblast
cells, regulating its own production and also promoting trophoblast invasion. Muller’s group
has suggested it’s becoming established as a marker for early trophoblast invasion [54].
Evidence for the invasive properties of hyp-hCG came from a series of in vitro and in vivo
experiments. Using a Matrigel preparation of choriocarcinoma cells, followed by treatment
with hyp-or regular hCG, Cole et al. observed that hyp-hCG preparations led to significant
penetration of cells as compared to the native hCG. This suggested a possible role of hyp-
hCG, acting as an autocrine factor, on the choriocarcinoma cells, assisting their invasion and
thus promoting malignancy [55]. They further elucidated the tumor-promoting
characteristics of hyp-hCG by demonstrating that tumors developed in nude mice
transplanted with choriocarcinoma cells regressed rapidly using a specific antibody against
hyp-hCG [55]. Similar anti-apoptotic characteristics of hyp-hCG were also established by
Hamada et al. [56].

To permit deep penetration of the trophoblast into the myometrium, it has been proposed
that hyp-hCG interacts with native hCG to coordinate the invasive activities of the
trophoblastic villi. The extravillous cytotrophoblast cells are the main invasive cells of the
placenta, forming fingerlike projections or villi, as a result of rapid cellular proliferation
[57]. The trophoblastic villi produce hyp-hCG, which multiplies the proliferative response
exponentially, invading the villi through the decidua and driving the embryo deep into the
myometrium, thus anchoring it [58]. The gestational villous tissue, by the 7th week of
gestation is primarily composed of syncytiotrophoblast cells, below which are the villous
trophoblast cells awaiting fusion to form more syncytiotrophoblast cells. This action is aided
and augmented by the action of native hCG, which brings about angiogenesis and elaborate
transformation of myometrial spiral arteries and ensures blood supply to the villous area
after around 10 weeks of gestation [2]. Subsequently, the endometrium transforms into the
decidua. The vascularization of the endometrium and decidua is primarily maintained by
hCG via vascular endothelial growth factor (VEGF) [59], the intrauterine concentration of
which increases in a time dependent manner [60]. Using a microdialysis system, Licht et al.
demonstrated that hCG infusion into the uterine cavity during the secretory phase of the
menstrual cycle directly modulated VEGF expression [27]. Thus, hemochorial placentation
is the end result of a close interplay between hCG hormonal activity involving VEGF
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induction and hyp-hCG driven deep myometrial invasion, supplemented by development
and expansion of spiral arteries. Low levels of hyp-hCG and inadequate interaction between
the native and hyp-forms of hCG also appear to be associated with clinical preeclampsia,
which is marked by insufficient trophoblast invasion and poor spiral artery remodeling [61].
However, in must be kept in mind that studies on the role of hyp-hCG has been the focus of
a very few laboratories and by and large, not been extensively validated suggesting that and
significant more research is required to understand if this molecule has biological and
functional significance.

2.3 Free hyperglycosylated B subunit—role in malignancy and cellular transformation

The hyperglycosylated free  subunit of hCG is the alternatively gylcosylated monomeric
variant of hCG made by all non-trophoblastic advanced malignancies [6]. Excesses of the
free B-subunit are produced in hydatiform moles, choriocarcinomas and other cancers.
Acevedo et al analyzed human cancer cells of different types and origins and claimed that
synthesis and expression of the free g subunit of hCG is a common biochemical
denominator of cancer [62]. They demonstrated the presence of the B subunit in metastatic
malignancies in vivo [63] as well as in cultured cancer cells in vitro [64]. Other groups have
confirmed this is cervical cancer and other cancers [65-67].

The free B subunit has been shown to play a specific role in inducing malignancy and
transformation of cells. Using multiple models including bladder carcinoma [68] and other
tumor cell lines [69], the direct effect of the B-subunit on stimulation of malignant cell
growth has been demonstrated. When cancer cells regress and dedifferentiate, they express
cytotrophoblast proteins, and by default, the hyperglycosylated free f-subunit is expressed,
which then promotes cancer growth [62, 70]. Both hyp-hCG and the B-subunit has been
shown to act through the TGFp receptor, and it is hypothesized that this occurs via similar
pathways [6]. The application of hCG-p as a prognostic marker of poor prognosis in cancer
is being examined in multiple tumor paradigms including cervical, vaginal, endometrial and
bladder [65, 71-73]. These studies collectively indicate that the expression of the free 8-
subunit invokes a negative outcome in human malignancies.

This has directed efforts towards using the different free B-derivatives as vaccines in
treatment of non-gestational malignancies [74]. Immunotherapies using a synthetic vaccine
targeting B-hCG are being explored and have been associated with longer overall survival
rates [75].

3 Diagnostic and therapeutic applications of hCG

Assays for hCG and its variants are widely used clinically in pregnancy detection, prediction
of anomalous and pre-term pregnancies, managing gestational trophoblastic diseases and are
very useful in management of testicular malignancies and other germ cell malignancies.
Additionally, the ease of use of hCG, its relatively nontoxic nature, and scalability without
proportional increase in cost, lends itself as a very promising molecule that could be utilized
as a therapeutic agent [4].

3.1 Preghancy tests

The invention of radioimmunoassays led to large scale quantitative determinations of hCG
in the late 1960s and hence the development of the hCG assays [76]. Currently there are two
clear categories of hCG tests: intact hCG tests (detecting only the dimer) and the total hCG
test (detecting the dimer, the hyperglycosylated variant, as well as its free 3-subunit) [77].
As mentioned above, serum hCG in early pregnancy is primarily hyp-hCG (week 3-4 of
gestation), which is when most women test for pregnancy. hCG changes in its nature as
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pregnancy progresses, becoming primarily native hCG (~98% of total hCG in the third
trimester).

Hyp-hCG has several unique advantages as a pregnancy test [78], particularly in IVF
pregnancies, during which native hCG is administered to induce ovulation. It is only when
the exogenous hCG has been cleared from the system, that endogenous hCG can be detected
and the native hCG test provides an accurate result. Using hyp-hCG enables pregnancy to be
detected around 6-7 days following embryo transfer [79]. Further, hyp-hCG tests have also
demonstrated advantages in assessing pregnancy outcomes and failing term pregnancies as
discussed below.

3.2 Miscarriages and pre term birth

Implantation failures, both spontaneous and biochemical, account for approximately 41—
45% of human pregnancy failures, leading to this to be a significant concern in maternal and
neonatal healthcare. Traditionally, discriminatory hCG concentrations during early
pregnancy were considered the best indicators of pregnancies at risk for adverse outcomes
[80], however high false positives lead to these not being highly reliable tests. The
relationship of hyp-hCG to implantation defects and miscarriages had been first
demonstrated by Sasaki et al. [81]. Currently there is sufficient evidence to believe that high
ratio of native hCG vs. hyp-hCG during early pregnancy is considered the best indication of
miscarriages or abortions [82-84].

Over twenty years ago, Rao and colleagues had shown the presence of the LHCGR in the
myometrium, [16] but its functionality remained far from clear for a long time. The role of
hCG on myometrial quiescence has of late generated sufficient interest primarily to consider
it as a potential treatment option for recurrent miscarriages [85] or pre-term birth [86]. Rao
and colleagues showed the capability of hCG to inhibit prostaglandin-induced preterm
delivery in a murine model [87]. Recent physiological evidence has shown a dose dependent
decrease in myometrial contractility with increasing doses of hCG [88]. However clinical
trials have not yet been able to demonstrate any significant decrease in miscarriage rates
upon hCG administration and many of these postulated functions remain to be
independently validated in appropriate and well-designed clinical trials [89-91].

3.3 Gestational trophoblastic diseases

Gestational trophoblastic diseases (GTDs) are anomalies characterized by abnormal
proliferation of trophoblasts or abnormal formation of the placenta. As described in section
2.2, hyp-hCG has been proposed to play a role in cell proliferation and the invasion of the
trophoblast leading to hemochorial placentation and embryo implantation in humans. At the
other extreme, uncontrolled and unregulated proliferation and invasion is responsible for the
development of cancer.

A typical case of molar pregnancy involves the implantation of a non-viable fertilized ovum
(e.g. with an inactive haploid set), thereby leading to an abnormal pathological condition.
The mass of trophoblast tissue leads to the production of extremely high levels of hCG and
the formation of a hydatiform mole [92], which presents an extremely high risk of
persistence or invasion of the uterus and other organs. The presence of hyp-hCG is the
primary driving force of gestational trophoblastic neoplasms and choriocarnomas, which are
diseases characteristic only to humans [93]. Choriocarcinomas are known to originate when
residual deeply implanted extravillous cytotrophoblast cells transform and lose their ability
to fuse into syncytiotrophoblast, producing one of the most malignant diseases in humans
[92]. Hyp-hCG is currently the best marker of GTDs, with levels reaching >20% of the total
hCG in invasive moles and >60% of the total hCG in case of choriocarcinomas [94]. The

Rev Endocr Metab Disord. Author manuscript; available in PMC 2012 December 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Banerjee and Fazleabas Page 8

levels of hyp-hCG allow GTDs to be classified into aggressive, minimally aggressive or
quiescent. The presence of high hyp-hCG levels demonstrates a highly aggressive form of
GTD (40% of total hCG defined as minimally invasive and resistant to chemotherapy, while
60% or greater being classified as highly invasive and chemotherapy responsive). Further,
quiescent GTD represents highly differentiated syncytiotrophoblast cells with no significant
cytotrophoblast cells, and hence no detectable hyp-hCG [95].

3.4 Down’s syndrome

Screening of Down’s syndrome pregnancies was the first application determined for hyp-
hCG [96]. Trisomy 21 or Down’s syndrome is the most common of the genetically abnormal
pregnancies. It was shown to be associated with twice the hCG levels during pregnancy [97]
as well as a significant increase in the expression of the LHCGR receptor in the trophoblast
[98].

Other markers included unconjugated estriol and pregnancy-associated plasma protein A,
leading to the development of the “triple test” [99]. It was traditionally diagnosed using
amniocentesis, performed at 14-26 weeks of gestation. Diagnosis at such a late stage,
coupled with high rates of false negatives led to high parental risks when choosing to abort
the fetus. Evain-Brion’s group discovered that defective fusion of trophoblast cells and lack
of the formation of adequate numbers of syncytiotrophoblast cells leads to a high hyp-hCG
to native hCG ratio in pregnancies with Down’s Syndrome [100, 101]. These studies laid the
foundation for using chorionic villous sampling for the diagnosis of Down’s syndrome.
Chorionic villous sampling can be done as early as 9-11 weeks of gestation, leading to
termination decisions as early as 12 weeks of gestation. Further, the increased specificity of
the hyp-hCG test led to an 80% detection rate. Currently, hyp-hCG testing has been proved
to be the most significant inclusion to screening for Down’s syndrome as revealed from
inter-laboratory testing comparisons [102], thus having a significant impact on improving
maternal and neonatal health.

4 Conclusions

The field of hCG biology has undergone dramatic changes over the past decade, from when
it has emerged from an embryonic hormone produced for maintaining the corpus luteum and
sustaining progesterone production, to a complex family of related molecules that have a
multitude of functions in different biological systems: both physiological and pathological.
A dimer with numerous unique oligosaccharide side chains, it performs varying functions in
gonadal and non-gonadal tissues. Discoveries of its functions as well as the development of
specific immunoassays have permitted the use of hCG in a variety of therapeutic and
diagnostic applications but much remains to be resolved with regards to its extragonadal
actions. Recent studies have clearly demonstrated a role of native hCG on endometrial
function both in vivo and in vitro and these responses have been validated by several
independent laboratories and suggest an important role of hCG in early embryo-maternal
cross talk. Less well defined are the functions of the other variants of hCG and the
independent validation of their potential biological function.
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The various isoforms of human chorionic gonadotropin are: native hCG, hyperglycosylated
hCG and the hyperglycosylated hCG free 3 subunit. Each has separate roles in evolution and

distinct physiological functions. The arrows indicate the functions where the different

isoforms of hCG interact overlap
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Table 1

Extragonadal tissues that express the Ih/cg r

Location Reference

Uterus Reshef et al. 1990; Han et al., 1997; Zhang et al., 2001b, Fields et al., 2004

Breast/Mammary gland Tao et al., 1997, Ziecik et al., 2001

Adrenals Pabon et al., 1996a; Apaja et al. 2005

Oviduct Lei etal., 1993; Han et al., 1996; Zhang et al., 2001

Neural Retina Thomson et al., 1998

Brain Lei et al., 1993

Cervix Lin et al., 2003, Stepien et al., 2000

Fetal Tissues Abdallah et al., 2004

Skin Pabon et al., 1996

Bladder Taoetal., 1998

Placenta Reshef et al., 1990

Prostate and Seminal Vesicles Reiter et al., 1995

Sperm and Penis Eblen et al., 2001, Kokk et al.

Thyroid Frazier et al. 1990

Cancers Breast - Meduri et al., 1997, Hudelist et al., 2009

Prostate — Lie et al., 2010

Ovarian — Puett et al., 2010

Adrenocortical — Galac et al., 2010 ; Costa et al., 2009
Endometrial — Nocci et al., 2008
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