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Abstract: Human chorionic gonadotropin (hCG) has four major isoforms: classical hCG, hyperglyco-
sylated hCG, free β subunit, and sulphated hCG. Classical hCG is the first molecule synthesized by
the embryo. Its RNA is transcribed as early as the eight-cell stage and the blastocyst produces the
protein before its implantation. This review synthetizes everything currently known on this multi-
effect hormone: hCG levels, angiogenetic activity, immunological actions, and effects on miscarriages
and thyroid function.
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1. Introduction

The relationship between the pituitary gland and the reproductive organs was es-
tablished in the early 20th century. In 1927, Ascheim and Zondek (a gynecologist and
endocrinologist, respectively) demonstrated that the blood and urine of pregnant women
contained a gonad-stimulating substance, and human chorionic gonadotropin (hCG) was
discovered [1].

hCG is an essential hormone secreted by the trophoblast in its early development.
hCG has a number of actions that aim to preserve the embryo, including progesterone
secretion maintenance by the corpus luteum [2].

hCG is a glycoprotein hormone ranging from 36 up to even 41 kDa from low to highly
glycosylated forms. It is composed of two subunits, α and β linked with a non-covalent
bond [3]. Their properties are summarized in Figure 1.

hCG has a half-life of 24 to 36 h and is mostly catabolized by the liver. One-fifth is also
excreted in the urine after degradation to subunits and nicked forms, especially hCGβ core
fragment (hCGβcf), a metabolite produced via the degradation of hCG [4].

The measurement of hCG and its related molecules is useful in clinical practice, but
larger awareness is needed worldwide regarding the use of new sensitive and specific
assays tailored to different clinical applications [5].

Extragonadal gonadotropin action has always been a controversial topic. Rivero-
Müller and Huhtaniemi have said that the physiological function of the LH-hCG receptor
(LHCGR) outside the gonads seems doubtful and superfluous, at least as concerns female
reproduction [6].

The hormone hCG is specific to humans and the hormone eCG is specific to the equine
species. In all other mammals, this hormone is replaced by the hormone LH. In veterinary
clinical practice, the injection of hCG and eCG hormones is widely administered in the
reproduction procedures of domestic mammal species (sows, cows, even female mice,
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etc.). In this case, hCG is used as an analog of LH and eCG because it mainly shows FSH
activity [7].
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Figure 1. Structure of hCG at 2.6 angstrom resolution from MAD analysis of the selenomethionyl 
protein (JSMol Viewer: modern web app for 3D visualization and analysis of large biomolecular 
structures, RCSB PDB, doi: 10.1016/s0969-2126(00)00054-x. PMID: 7922031). In blue, the α subunit 
and in green, the β subunit.  
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The objective of this review is therefore to present hCG isoforms and their functions—
hCG being the basis of reproduction, angiogenesis, and immunology in early pregnancy.
We will explore some clinical advances and implications of using hCG, particularly in the
IVF or embryo transfer procedures, and in miscarriages. hCG has many similarities with
TSH in early pregnancy that we will present at the end of the article.

2. hCG Isoforms and Secretion

Ulf-Håkan Stenman et al. describe the biochemical and biological background for the
clinical use of determinations of various forms of hCG [8].

hCG exists in four forms, known as classical hCG, hyperglycosylated hCG, the free β

unit of hyperglycosylated hCG, and sulphated hCG [9]. Each of these four molecules has
different physiological functions (Figure 2).
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pregnant woman. The classical form of hCG is schematized by a blue dot, the hyperglycosylated by a
pink dot and the sulphated form of hCG by a green dot. The blue receptor is the LHCGR and the
pink receptor is the TGFβR.

2.1. The Classical hCG

This is one of the first molecules secreted by the embryo. Its RNA is transcribed as early
as the eight-cells stage [10] and the blastocyst produces the protein before implantation [11,12].
During the implantation, hCG is mainly secreted by the syncytiotrophoblast and less by
the cytotrophoblast. Clinical biology can thus detect hCG in the maternal blood 10 days
after ovulation. Its concentration reaches its top level around the 10th and 11th weeks
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of gestation. Afterwards, this level decreases and remains basal from the 12th week of
gestation onwards until the end of the pregnancy. However, it remains significantly higher
than in non-pregnant women [13,14].

By binding to his receptor called LHCGR, classical hCG acts on multiple types of cells:
corpus luteum cells, myometrial smooth muscle cells, endothelial cells, and decidual cells.

During the fifth and sixth days of embryogenesis, the blastocyst secretes hCG into the
uterine cavity. This hormone binds to its LHCGR on the deciduous surface. In response, the
decidua prepares for implantation [15–17]. hCG influences stromal cells by underpinning
the decidualization and the prolactin secretion [18]. We have shown in our laboratory that
the hCG–LHCGR complex also increases the secretion of leukemia inhibitory factor (LIF)
and decreases the secretion of interleukine-6 (IL-6) by endometrial cells, factors affecting em-
bryo implantation [16]. This complex also promotes the differentiation of cytotrophoblasts
into syncytiotrophoblasts [19]. The hCG–LHCGR complex also regulates prostaglandin
synthesis [20] and the formation of cAMP [21]. hCG encourages trophoblast invasion and
interstitial theca cell proliferation by over-modulating ERK and AKT signals [22,23].

Aside from this hCG-LHCGR complex, it has been shown that multiple hCG isoforms
could stimulate trophoblastic invasion without regard to the LHCGR [24].

As said above, hCG plays an important role in synchronizing fetal and endometrial
developments. Throughout pregnancy, hCG is also a marker of placental function.

2.2. Hyperglycosylated hCG

hCG-H β subunit has four oligosaccharide-linked Os instead of two in the classical
form of the hCG β subunit [25]. It is massively produced during the first trimester of
pregnancy, particularly by the extravillous cytotrophoblasts.

It represents the majority of the total hCG in the third week of gestation and the half
during the fourth week. Then, it decreases rapidly until it completely disappears from
the maternal blood circulation at the end of the first trimester [26]. hCG-H is useful for
predicting pregnancy outcomes in women, with a first trimester suspicion of abortion.
Nowadays, it is not considered as a better tool than the classical form of hCG [27].

hCG-H acts through autocrine instead of endocrine action. It decreases the apoptosis
of trophoblast cells [28] and induces the implantation of the embryo [29] and trophoblastic
invasion [30]. hCG-H is also massively secreted by choriocarcinomas and germ cell tu-
mors [25,30,31]. Its anti-apoptotic action would be achieved by its binding with the TGF-β
receptor and independently of LHCGR. hCG-H monitoring is useful in predicting Down’s
syndrome [30], pre-eclampsia [32], and the therapeutic response to trophoblastic diseases,
as well as in pregnancy predictions performed in in vitro fertilization [33].

2.3. The Free β Subunit

This subunit acts as an agonist of LHCGR and an antagonist of the TGF-β receptor.
Gestational hypertension could also be predicted by the abnormal rise in the circulating
free β subunit of hCG. However, the association of β-hCG and inflammation, and oxidative
stress in a pregnancy-caused hypertensive disorder, on the perinatal stage remains unclear.
However, Wang et al. demonstrated via a case–control study that the correlation of circulat-
ing free β subunit levels with inflammatory and oxidative stress markers in patients with
pregnancy-induced hypertension in perinatal stage was statistically significant [34].

Like hCG-H, maternal serum free β-hCG is also used as a biomarker in first trimester
screening for fetal Down’s syndrome [35]. The free β subunit also has a promotive action
on cancer: germ cell malignancies, epithelial malignancies or carcinomas, adenocarcinomas,
sarcomas, teratomas, blastomas, leukemias and lymphomas [36]. For example, this action
on the bladder carcinoma is exerted through the inhibition of apoptosis [37]. According to
P. Sirikunalai et al., abnormally low (<0.5 MoM) or high (>2.0 MoM) free β subunit levels
during gestation are generally associated with an increased risk of adverse pregnancy
outcome (spontaneous abortion, preterm birth, low Apgar score, etc.) [38].
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2.4. The Sulphated hCG

This isoform is produced by the pituitary gland in non-pregnant women and is secreted
at the same time as LH during the cycle. Hence, its concentration ranges around one-fiftieth
of the LH concentration [39–42]. While these levels are low, sulphated hCG is exactly
50 times more potent than LH [43] and acts the same way by stimulating androstenedione
production during the follicular phase of the cycle as well as stimulating ovulation and
corpus luteum formation. During the luteal phase, it may help stimulate progesterone
production [39–42].

3. hCG Levels and Pregnancy

Ascheim and Zondek discovered hCG while injecting this substance into immature
female mice. This injection produced follicular maturation, luteinization and hemorrhage
into the ovarian stroma. The first specific test was created and was known as the Ascheim
Zondek pregnancy test [1].

Nowadays, hCG levels can be detected by serum or urinary testing. Most over-the-
counter urine assays are now based on antibodies targeting hCG, hCGβ and hCGβcf, which
are the largest molecular variants of hCG in urine. hCG returns to zero from 7 to 60 days
after delivery or abortion [3,13].

In everyday clinical practice, hCG is mainly used to diagnose pregnancy and to
supervise first trimester adverse pregnancy outcomes. Abnormalities in the production
and the circulating levels of hCG during specific periods of gestation have been associated
with a large array of pregnancy complications, such as miscarriages [38], fetal chromosomal
anomalies [43], pre-eclampsia [44,45], disturbances in fetal growth and development [46]
and gestational trophoblastic diseases [47].

Nevertheless, the persistence of low hCG concentrations in a non-pregnant woman is
not always malignant and can even be benign. Therefore, the clinician must identify the
reason first, before prescribing any treatment [40,48].

In addition, very high concentrations of hCG have been shown to have deleterious
effects on fetal tissues, notably on fetal gonadal steroidogenesis [49]. To avoid this, the
human fetal tissue macrophages are thought to eliminate excess hCG. Katabuchi et al. have
shown that hCG induces the formation of vacuoles in human monocytes and hypothesized
that these vacuoles would be involved in the protection of fetal tissues [50].

Multiple factors influence hCG levels during pregnancy. Among them, endocrine
disruptive chemicals (EDCs), particularly bisphenol A and para-nonylphenol, can modulate
hCG production and cause fetal damage as well as long-lasting consequences in adult
life [51].

4. Angiogenic Actions of hCG

Classical hCG has angiogenic actions through the LHCGR and achieves many of its
functions through the regulation of the expression of endocrine gland-vascular endothelial
growth factor (EG-VEGF) and its receptors [52–54].

hCG increases blood vessel formation and the migration and maturation of pericytes
in different in vitro and in vivo models. Through this action, the trophoblast can form
plugs that prevent maternal blood from bleeding into the intervillous spaces during early
pregnancy [54–58].

It also enhances the secretion of VEGF through the activation of NF-κB on angiogenesis
during the luteal phase [55,59,60]. In addition, hCG shields vascular endothelial cells
against oxidative stress through the inhibition of apoptosis, activation of cell survival
signaling, and mitochondrial function retention [61]. Jing et al. have shown that the
decreased production of the β subunit in early pregnant women could act on the expression
of VEGF-MEK/ERK signal pathway by down-regulating it. It reduces angiogenesis and
eventually leads to the abnormal angiogenesis of the villosities, a mechanism which may
be an important factor of missed abortion [62].
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As hCG, hCG-H still presents a potent angiogenic effect but is acting regardless of
LHCGR signaling pathways [63,64]. Gallardo et al. have suggested that the striking
overlapping of hCG and Heme oxygenase-1 (HO-1) functions in pregnancy could indicate
that hCG hormonal effects are mediated by HO-1 activity, which may be affected by a
HMOX1polymorphism in humans [65].

hCG and its hyperglycosylated isoform are accordingly considered pro-angiogenic
molecules granting adequate fetal perfusion and fetal-maternal exchanges.

5. Immunological Actions of hCG

The immunomodulatory properties of hCG are various and important for maternal
tolerance of the embryo, an essential mechanism for the embryonic implantation and
development [53,66,67].

Obviously, immune cells situated in the uterine cavity play a key role in the embryo
implantation [68,69].

5.1. Th1/Th2/Th17/Treg Paradigm

CD4 + T cells can be classified into the following subsets: T helper (Th) Th1, Th2, Th17
and regulatory T cells (Treg), according to their functions.

Raghupathy R et al. indicated that the Th1/Th2 hypothesis was relevant to women
suffering from recurrent miscarriages [70]. Even so, the Th1/Th2 paradigm has now been
enhanced to the Th1/Th2/Th17 and Treg paradigm widely accepted.

Th17 and Treg cells are implicated in the process of autoimmune diseases and infection.
Therefore, previous studies have shown that Th17/Treg imbalance can also be associated
with recurrent spontaneous abortion [71,72].

hCG modulates the balance between inflammatory type Th1/Th17 cells and anti-
inflammatory type Th2/Treg cells, and therefore plays a fundamental role in the implanta-
tion of the embryo [53,73].

5.2. T-Cell

hCG inhibits T-cell proliferation [74], but trophic actions of hCG have also been
reported [75]. It has been shown that hCG could interact with the T-cell receptor (TCR)
signal [76].

hCG might stimulate CD4 + 25 + T cells proliferation by attracting these cells to the
endometrium in early pregnancy [77,78].

On murine Treg cells, hCG increases their frequency in vivo, and decreases their sup-
pressive activity in vitro, which can scale down the rate of miscarriages for example [67,79].
On the human model, peripheral Treg cells percentage was increased when intrauterine
hCG was administered [80,81].

hCG increases the presence of regulatory T cells and the level of IL-1β in mice [80,81].
It also increases the production of IL-2 by naïve and memory T cells which regulates
these very T cells. hCG decreases the expression of CD25 and CD28 on the surface of
naïve T cells (CD45RA+) and the expression of CD25 on memory T cells (CD45R0+).
It seems that hCG encourages the differentiation of memory T cells by improving the
expression of CD45R0+ and decreases their functional activity towards fetal antigens
through a competitive mechanism [82].

5.3. Uterine Natural Killer Cells

hCG has a beneficial effect on uterine natural killer cells (uNKs), significant leukocyte
cells in a non-gestating uterus that act on the formation and survival of embryo implantation
in women and mice [83–86].

hCG regulates the proliferation of uNKs [87] in a dose-dependent manner in vitro.
These cells do not express LHCGR and hCG would act directly on these cells through
the mannose receptor [88]. UNKs plays a role in the remodeling of spiral arteries, which
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guarantees a satisfactory supply to the fetus by the placenta [89]. As outlined above, they
also secrete proangiogenic molecules such as members of the VEGF family [90].

5.4. Bone Marrow-Derived Dendritic Cells

In a murine model, different teams have demonstrated an inhibitory effect of hCG
on dendritic cells (DCs) as well as on peripheral and local (decidual) DCs in a way that
hCG supports a tolerogenic rather than an immunogenic DC phenotype. Furthermore,
hCG influences the differentiation and function of DCs, decreasing their ability to stimulate
T-cell proliferation [73,91,92].

5.5. Monocytes and Macrophages

hCG acts on the monocytes by promoting their function and secretion of IL-8 [93]
and induces the functions of macrophages [94]. Thus, hCG induces the cleaning of the
endometrium by purifying apoptotic cells and fighting possible infections, two important
mechanisms in the maintenance of pregnancy.

5.6. Other Immunological Molecules

It has been shown that hCG could increase the ability of trophoblast cells to invade
the extracellular matrix in vitro. It is accompanied by an increase in the expression of the
matrix metalloproteinases (MMP)-2 and -9 and VEGF. It is also accompanied by a decrease
in the expression of the tissue inhibitor of metalloproteinases (TIMP)-1 and -2. Peripheral
blood mononuclear cells (PBMC) support in vitro embryo invasion and hCG enhances the
effects of PBMCs [95].

In vitro, hCG is not a regulator of cell damage from PMBCs. Though, in an inflamma-
tory context, hCG appears keeping the delicate balance between plasmacytoid dendritic
cells and myeloid dendritic cells (MDC) and seems to retain a tolerogenic MDC1profile [96].

When administrated, hCG predominantly manages the cytokine profile of the en-
dometrium [97]. Cytokines are known to play a key role in the female immune response
during conception, implantation, maintenance of pregnancy, embryo development, etc. [98].
hCG directly or indirectly influences the genetic expression of several cytokines in cell
signaling, proliferation, apoptosis, immunological modulation, tissue remodeling as well
as angiogenesis in endometrial stromal cells [99]. A study performed in a 3D cell culture
model established that hCG administration substantially alters the production of several
cytokines in epithelial cells, stromal cells and both cell types together [100].

hCG reduces the expression of TNF-α and INF-γ in the maternal-fetal interface and
decreases the rate of resorption in abortive mouse models [101]. Bai et al., cultured in vitro
PBMCs and showed that hCG significantly inhibited IL-6 and TNFα mRNA expression,
indicating that hCG could inhibit the production of proinflammatory cytokines [102].

Control of complement system’s activation in the fetal-maternal environment is critical
for embryo development. hCG influences the decay accelerating factor (DAF) and the C3
protein in in vitro and in vivo models [103].

Consequently, hCG has an important immunomodulatory function by its effects on
uNK cells, Treg, Th1/Th2/Th17, DC, and macrophages (Figure 3).
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6. Infusion of hCG during Embryo Transfer

Given its multiple roles in the early stages of pregnancy, hCG was thought to possibly
improve the outcomes of patients with a history of repeated implantation failure (RIF).
RIF is defined as an assisted reproductive technologies (ART) failure after at least four
unsuccessful transfers of good-quality embryos, or at least four cleaving stages or at least
two failed blastocyst transfers. The causes of RIF are attributed to either poor-quality
embryos or to defective endometrial receptivity [104]. Unfortunately, in many patients, the
etiology of RIF is not identified.

The implantation of an embryo requires a certain degree of inflammation at the
endometrial implantation site. This inflammation is mainly mediated by T-cells and
macrophages. It is thought that, in patients with RIF, a lack of inflammation at the im-
plantation site could explain the absence of successful implantation. This hypothesis is
confirmed by studies conducted in RIF animal models in which PBMCs were instilled in
the uterus before embryo transfer and seemed to improve pregnancy rates. In the recent
meta-analysis of Qi Qin et al. [105], the pregnancy and live birth rates were significantly
increased in the group of RIF women treated with an instillation of PBMCs cocultured with
hCG compared with the control group. In summary, pregnancy rates seemed to improve
when hCG was cultured with PBMCs.

A problem from this technique is that exaggerated inflammation was also shown to be
detrimental to the continuation of the pregnancy. It was suggested that, when co-cultured
with PBMCs, hCG could balance the immunologic response to PBMCs. Several clinical
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studies, with different study designs, have tested this hypothesis with relatively good
results [106].

Moreover, Tesarik et al. showed that hCG administration to recipients amplify en-
dometrial thickness on the day of embryo transfer and improved endometrial receptiv-
ity [107,108].

To increase the success rates of embryo transfer during IVF, isolated hCG intrauterine
infusion has been suggested but the results of the studies are questionable [105,106,109–114].

Bielfeld et al. demonstrated that the endometrial proteome composition of RIF patients
differs from fertile controls during the window of implantation. The in vivo infusion of
hCG into the uterine cavity of RIF patients stimulated the presence of endocytosis proteins,
hypoxia-inducible factor 1 (HIF1) signal and chemokine production [115].

Infusion of hCG during the implant window in a non-human primate model increased
the expression of glycodelin, an immunomodulator protein secreted by the glandular
portion of the endometrium [116,117].

A recent randomized clinical trial study made by Hosseinisadat et al. showed that
hCG intrauterine injection after oocyte retrieval does not improve implantation, chemical
or clinical pregnancy rates in ART cycles. Further studies are necessary to clearly identify
the role of hCG intrauterine injection in the day of oocyte retrieval in ART outcomes [118].

7. hCG and Miscarriages

The hCG molecule is an extremely important multifaceted hormone involved in
hormonal interactions of the fetal–placental–maternal unit, as well as neuroendocrine and
metabolic changes that occur in the mother and in the fetus during pregnancy and at
parturition, as well as pathophysiologic functions in non-pregnant women: a potential
biomarker for preeclampsia, a serum marker for down’s syndrome screening, and a crucial
marker in the diagnosis of gestational trophoblastic disease. More investigations on the
precise role of hCG and its pathophysiologic functions need to be explored [108].

A study showed that analyzing hCG and progesterone can predict the evolution of the
pregnancy in 41.1% of patients [119]. It is also known that hCG, hCG-H and progesterone
levels may be predictive for pregnancy outcomes in patients with recurrent miscarriages
14 days after oocyte retrieval and 11 days after embryo transfer [120–122].

Recurrent spontaneous abortion (RSA) is one of the most common complications of
early pregnancy. This affects about 10 to 20% of all pregnancies occurring predominantly
during the first 12 weeks of pregnancy [123]. The causes of embryo loss are multifactorial
and include cytogenetic abnormalities, maternal problems (e.g., lupus erythematosus or
diabetes), uterine malformations, cigarette smoking, inadequate placental development,
etc. [124,125]. One study showed that hCG-related cytokines, MIP1a/hCG, GCSF/IL-1ra,
and MIP1a/TGF-β1 ratios after 4 weeks of pregnancy were significantly altered in women
with spontaneous miscarriages [79]. In the decidual and placenta of pregnant women with
RSA, Schumacher et al. found that levels of hCG and Treg cells are reduced compared with
a normal pregnant woman [67].

A meta-analysis of five studies aimed to demonstrate whether hCG treatments could
prevent miscarriage. The results of these studies remain uncertain [124].

The combination of hCG and immunoglobulin treatment on Th17 + cells and Foxp3 + Treg
cells in patients with RSA was examined and the Th17/Treg ratio was decreased, which
could be beneficial for these patients [126]. Another study inspected the impact of hCG
in the regulation of Foxp3 + p cells in patients with RSA and the results suggest that this
regulation may have a positive impact on the pregnancy outcomes [110].

8. hCG and Thyroid Fonction

As displayed in Figure 1, hCG and TSH have the same alpha subunit. Although
different at first glance, they converge during the first trimester of pregnancy.

The reason of the potent stimulatory effects of hCG on gestational thyroid function
remains unknown and continues to be explored. Low maternal thyroid function and
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impaired thyroidal response to hCG stimulation during the first trimester are associated
with a lower ultrasound crown–rump length (CRL). These data can help to improve the
identification of pregnancies at high risk of fetal growth restriction and adverse pregnancy
or child outcomes [127,128].

Early stage pregnancy serum β-hCG levels measured on 14th day after oocyte pickup
were lower and the miscarriage rate was higher in patients with thyroid autoimmunity.
Thyroid hormonal dysfunction and thyroid autoimmunity are associated with a higher risk
of adverse pregnancy outcomes during the entire pregnancy [128].

Korevaar et al. showed that the risk of premature delivery according to TSH con-
centrations was modified by hCG concentrations. Thyroid peroxidase antibody (TPOAb)
positivity can attenuate gestational thyroid responses to hCG during pregnancy. The effects
of thyroglobulin antibodies (TgAb) remain unknown, but their results imply that TgAb, in
addition to TPOAb, could also interfere with thyroidal responses to hCG during the first
half of pregnancy. These data suggests that the assessment of maternal thyroid function
together with hCG concentrations may improve the risk of premature delivery and give
insights into the pathophysiology of the association between maternal thyroid function
and premature delivery [129].

hCG stimulates the maternal thyroid gland, and maternal thyroid function can be
associated with the pathophysiology of gestational diabetes mellitus (GDM) [130].

9. Conclusions

Human chorionic gonadotropin (hCG) is a multi-effect hormone which has an in-
credible impact on humans and more specially on the acceptation and the success of the
gestation. The cytokine–hCG interaction is well known and cytokines plays a key role in
the female immune response during conception, implantation, maintenance of pregnancy,
embryo development, etc.

hCG acts through different pathways and on multiple cell types. It promotes the
acceptation of the embryonic implantation, angiogenesis and vasculogenesis, and the
control of the trophoblast differentiation, as well as the immune regulation of the maternal-
embryonic or fetal interface during the entire pregnancy. hCG plays a key role in the IVF or
embryo transfer, in miscarriages, and it can be correlated with thyroid function.

Author Contributions: S.P.d. wrote the article with the help of R.C., V.G. (Virginie Gridelet), M.M.,
M.N. and V.G. (Vincent Geenen), who corrected the article and provided remarks and suggestions.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Sophie Perrier d’Hauterive has a D, PhD in medicine and biomedical sciences.
She works at an ART center and at the GIGA-Stem Cells. Vincent Geenen is Research Director of
F.S.R.-NFSR of Belgium. These studies are supported by the University of Liège. We would like
to thank Pierre Damestoy for the translation. All the figures were made thanks to BioRender.com
(accessed on 20 December 2021).

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References
1. Lunenfeld, B. Historical perspectives in gonadotrophin therapy. Hum. Reprod. Updat. 2004, 10, 453–467. [CrossRef] [PubMed]
2. Strott, C.A.; Yoshimi, T.; Ross, G.T.; Lipsett, M.B. Ovarian Physiology: Relationship Between Plasma LH and Steroidogenesis by

the Follicle and Corpus Luteum; Effect of HCG1. J. Clin. Endocrinol. Metab. 1969, 29, 1157–1167. [CrossRef] [PubMed]
3. Cole, L. Hyperglycosylated hCG, a review. Placenta 2010, 31, 653–664. [CrossRef]

http://doi.org/10.1093/humupd/dmh044
http://www.ncbi.nlm.nih.gov/pubmed/15388674
http://doi.org/10.1210/jcem-29-9-1157
http://www.ncbi.nlm.nih.gov/pubmed/5808525
http://doi.org/10.1016/j.placenta.2010.06.005


Int. J. Mol. Sci. 2022, 23, 1380 11 of 16

4. Montagnana, M.; Trenti, T.; Aloe, R.; Cervellin, G.; Lippi, G. Human chorionic gonadotropin in pregnancy diagnostics. Clin. Chim.
Acta 2011, 412, 1515–1520. [CrossRef] [PubMed]

5. De Medeiros, S.; Norman, R. Human choriogonadotrophin protein core and sugar branches heterogeneity: Basic and clinical
insights. Hum. Reprod. Updat. 2009, 15, 69–95. [CrossRef]

6. Rivero-Müller, A.; Huhtaniemi, I. Genetic variants of gonadotrophins and their receptors: Impact on the diagnosis and manage-
ment of the infertile patient. Best Pract. Res. Clin. Endocrinol. Metab. 2021, 101596. [CrossRef]

7. Sjunnesson, Y. In vitro fertilisation in domestic mammals—A brief overview. Upsala J. Med. Sci. 2020, 125, 68–76. [CrossRef]
8. Stenman, U.-H.; Tiitinen, A.; Alfthan, H.; Valmu, L. The classification, functions and clinical use of different isoforms of HCG.

Hum. Reprod. Updat. 2006, 12, 769–784. [CrossRef]
9. Cole, L.A. New discoveries on the biology and detection of human chorionic gonadotropin. Reprod. Biol. Endocrinol. 2009, 7, 8.

[CrossRef]
10. Jurisicova, A.; Antenos, M.; Kapasi, K.; Meriano, J.; Casper, R.F. Variability in the expression of trophectodermal markers β-human

chorionic gonadotrophin, human leukocyte antigen-G and pregnancy specific β-1 glycoprotein by the human blastocyst. Hum.
Reprod. 1999, 14, 1852–1858. [CrossRef]

11. Bonduelle, M.-L.; Dodd, R.; Liebaers, I.; Van Steirteghem, A.; Williamson, R.; Akhurst, R. Chorionic gonadotrophin-β mRNA, a
trophoblast marker, is expressed in human 8-cell embryos derived from tripronucleate zygotes. Hum. Reprod. 1988, 3, 909–914.
[CrossRef]

12. Lopata, A.; Hay, D.L. The potential of early human embryos to form blastocysts, hatch from their zona and secrete HCG in culture.
Hum. Reprod. 1989, 4, 87–94. [CrossRef] [PubMed]

13. Betz, D.; Fane, K. Human Chorionic Gonadotropin. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2022.
14. Braunstein, G.D.; Rasor, J.; Danzer, H.; Adler, D.; Wade, M.E. Serum human chorionic gonadotropin levels throughout normal

pregnancy. Am. J. Obstet. Gynecol. 1976, 126, 678–681. [CrossRef]
15. Ohlsson, R.; Larsson, E.; Nilsson, O.; Wahlström, T.; Sundström, P. Blastocyst implantation precedes induction of insulin-like

growth factor II gene expression in human trophoblasts. Development 1989, 106, 555–559. [CrossRef] [PubMed]
16. D’Hauterive, S.P.; Charlet-Renard, C.; Berndt, S.; Dubois, M.; Munaut, C.; Goffin, F.; Hagelstein, M.-T.; Noel, A.; Hazout, A.;

Foidart, J.-M.; et al. Human chorionic gonadotropin and growth factors at the embryonic–endometrial interface control leukemia
inhibitory factor (LIF) and interleukin 6 (IL-6) secretion by human endometrial epithelium. Hum. Reprod. 2004, 19, 2633–2643.
[CrossRef]

17. Srisuparp, S.; Strakova, Z.; Fazleabas, A.T. The Role of Chorionic Gonadotropin (CG) in Blastocyst Implantation. Arch. Med. Res.
2001, 32, 627–634. [CrossRef]

18. Lobo, S.C.; Srisuparp, S.; Peng, X.; Fazleabas, A.T. Uterine Receptivity in the Baboon: Modulation by Chorionic Gonadotropin.
Semin. Reprod. Med. 2001, 19, 069–074. [CrossRef]

19. Shi, Q.J.; Lei, Z.M.; Rao, C.V.; Lin, J. Novel role of human chorionic gonadotropin in differentiation of human cytotrophoblasts.
Endocrinology 1993, 132, 1387–1395. [CrossRef]

20. North, R.A.; Whitehead, R.; Larkins, R.G. Stimulation by Human Chorionic Gonadotropin of Prostaglandin Synthesis by Early
Human Placental Tissue. J. Clin. Endocrinol. Metab. 1991, 73, 60–70. [CrossRef]

21. Weedon-Fekjær, M.; Taskén, K. Review: Spatiotemporal dynamics of hCG/cAMP signaling and regulation of placental function.
Placenta 2012, 33, S87–S91. [CrossRef]

22. Prast, J.; Saleh, L.; Husslein, H.; E Sonderegger, S.; Helmer, H.; Knöfler, M. Human Chorionic Gonadotropin Stimulates Trophoblast
Invasion through Extracellularly Regulated Kinase and AKT Signaling. Endocrinology 2007, 149, 979–987. [CrossRef] [PubMed]

23. Palaniappan, M.; Menon, K. Human Chorionic Gonadotropin Stimulates Theca-Interstitial Cell Proliferation and Cell Cycle
Regulatory Proteins by a cAMP-Dependent Activation of AKT/mTORC1 Signaling Pathway. Mol. Endocrinol. 2010, 24, 1782–1793.
[CrossRef] [PubMed]

24. Lee, C.-L.; Chiu, C.N.; Hautala, L.; Salo, T.; Yeung, S.B.W.; Stenman, U.-H.; Koistinen, H. Human chorionic gonadotropin and
its free β-subunit stimulate trophoblast invasion independent of LH/hCG receptor. Mol. Cell. Endocrinol. 2013, 375, 43–52.
[CrossRef] [PubMed]

25. Cole, L.A.; Butler, S.A. Hyperglycosylated human chorionic gonadotropin and human chorionic gonadotropin free beta-subunit:
Tumor markers and tumor promoters. J. Reprod. Med. 2008, 53, 499–512.

26. Guibourdenche, J.; Handschuh, K.; Tsatsaris, V.; Gerbaud, P.; Leguy, M.C.; Müller, F.; Brion, D.E.; Fournier, T. Hyperglycosylated
hCG Is a Marker of Early Human Trophoblast Invasion. J. Clin. Endocrinol. Metab. 2010, 95, E240–E244. [CrossRef]

27. Salas, A.; Gastón, B.; Barrenetxea, J.; Sendino, T.; Jurado, M.; Alcázar, J.L. Predictive value of hyperglycosylated human chorionic
gonadotropin for pregnancy outcomes in threatened abortion in first-trimester viable pregnancies. An. Sist. Sanit. Navar. 2021, 44,
23–31. [CrossRef]

28. Hamada, A.L.; Nakabayashi, K.; Sato, A.; Kiyoshi, K.; Takamatsu, Y.; Laoag-Fernandez, J.B.; Ohara, N.; Maruo, T. Transfection of
Antisense Chorionic Gonadotropin β Gene into Choriocarcinoma Cells Suppresses the Cell Proliferation and Induces Apoptosis.
J. Clin. Endocrinol. Metab. 2005, 90, 4873–4879. [CrossRef]

29. Sasaki, Y.; Ladner, D.G.; Cole, L.A. Hyperglycosylated human chorionic gonadotropin and the source of pregnancy failures. Fertil.
Steril. 2008, 89, 1781–1786. [CrossRef]

30. Cole, L. Hyperglycosylated hCG. Placenta 2007, 28, 977–986. [CrossRef]

http://doi.org/10.1016/j.cca.2011.05.025
http://www.ncbi.nlm.nih.gov/pubmed/21635878
http://doi.org/10.1093/humupd/dmn036
http://doi.org/10.1016/j.beem.2021.101596
http://doi.org/10.1080/03009734.2019.1697911
http://doi.org/10.1093/humupd/dml029
http://doi.org/10.1186/1477-7827-7-8
http://doi.org/10.1093/humrep/14.7.1852
http://doi.org/10.1093/oxfordjournals.humrep.a136808
http://doi.org/10.1093/humrep/4.suppl_1.87
http://www.ncbi.nlm.nih.gov/pubmed/2613878
http://doi.org/10.1016/0002-9378(76)90518-4
http://doi.org/10.1242/dev.106.3.555
http://www.ncbi.nlm.nih.gov/pubmed/2598825
http://doi.org/10.1093/humrep/deh450
http://doi.org/10.1016/S0188-4409(01)00330-7
http://doi.org/10.1055/s-2001-13913
http://doi.org/10.1210/endo.132.3.7679981
http://doi.org/10.1210/jcem-73-1-60
http://doi.org/10.1016/j.placenta.2011.11.003
http://doi.org/10.1210/en.2007-1282
http://www.ncbi.nlm.nih.gov/pubmed/18063683
http://doi.org/10.1210/me.2010-0044
http://www.ncbi.nlm.nih.gov/pubmed/20660299
http://doi.org/10.1016/j.mce.2013.05.009
http://www.ncbi.nlm.nih.gov/pubmed/23684886
http://doi.org/10.1210/jc.2010-0138
http://doi.org/10.23938/assn.0933
http://doi.org/10.1210/jc.2004-2458
http://doi.org/10.1016/j.fertnstert.2007.03.010
http://doi.org/10.1016/j.placenta.2007.01.011


Int. J. Mol. Sci. 2022, 23, 1380 12 of 16

31. Cole, L.A.; Dai, D.; Butler, S.A.; Leslie, K.K.; Kohorn, E.I. Gestational trophoblastic diseases: 1. Pathophysiology of hyperglycosy-
lated hCG. Gynecol. Oncol. 2006, 102, 145–150. [CrossRef]

32. Kovalevskaya, G.; Kakuma, T.; Schlatterer, J.; O’Connor, J.F. Hyperglycosylated HCG expression in pregnancy: Cellular origin
and clinical applications. Mol. Cell. Endocrinol. 2007, 260–262, 237–243. [CrossRef] [PubMed]

33. Bersinger, N.A.; Wunder, D.M.; Nicolas, M.; Birkhäuser, M.H.; Porquet, D.; Guibourdenche, J. Serum Hyperglycosylated
Human Chorionic Gonadotropin to Predict the Gestational Outcome in in vitro Fertilization/Intracytoplasmic Sperm Injection
Pregnancies. Fetal Diagn. Ther. 2008, 24, 74–78. [CrossRef] [PubMed]

34. Wang, R.; Chen, L.; Wang, X.; Liu, Y. Association between serum beta-human chorionic gonadotropin and inflammation, oxidative
stress in pregnancy-induced hypertension. Microvasc. Res. 2021, 135, 104130. [CrossRef] [PubMed]

35. Ballantyne, A.; Rashid, L.; Pattenden, R. Stability of maternal serum free β-hCG following whole blood sample transit: First
trimester Down’s syndrome screening in Scotland. Ann. Clin. Biochem. 2022, 59, 87–91. [CrossRef]

36. Cole, L.A.; Butler, S. Hyperglycosylated hCG, hCGβ and Hyperglycosylated hCGβ: Interchangeable cancer promoters. Mol. Cell.
Endocrinol. 2012, 349, 232–238. [CrossRef]

37. Butler, S.A.; Ikram, M.S.; Mathieu, S.; Iles, R.K. The increase in bladder carcinoma cell population induced by the free beta subunit
of human chorionic gonadotrophin is a result of an anti-apoptosis effect and not cell proliferation. Br. J. Cancer 2000, 82, 1553–1556.
[CrossRef]

38. Sirikunalai, P.; Wanapirak, C.; Sirichotiyakul, S.; Tongprasert, F.; Srisupundit, K.; Luewan, S.; Traisrisilp, K.; Tongsong, T.
Associations between maternal serum free beta human chorionic gonadotropin (β-hCG) levels and adverse pregnancy outcomes.
J. Obstet. Gynaecol. 2016, 36, 178–182. [CrossRef]

39. Cole, L.A.; Gutierrez, J.M. Production of human chorionic gonadotropin during the normal menstrual cycle. J. Reprod. Med. 2009,
54, 245–250.

40. Cole, L.A. “Background” Human Chorionic Gonadotropin in Healthy, Nonpregnant Women. Clin. Chem. 2005, 51, 1765–1766.
[CrossRef]

41. Cole, L.A.; Laidler, L.L.; Muller, C.Y. USA hCG reference service, 10-year report. Clin. Biochem. 2010, 43, 1013–1022. [CrossRef]
42. Birken, S.; Maydelman, Y.; Gawinowicz, M.A.; Pound, A.; Liu, Y.; Hartree, A.S. Isolation and characterization of human pituitary

chorionic gonadotropin. Endocrinology 1996, 137, 1402–1411. [CrossRef] [PubMed]
43. Craig, W.Y.; Haddow, J.E.; Palomaki, G.E.; Roberson, M. Major fetal abnormalities associated with positive screening tests for

Smith-Lemli-Opitz syndrome (SLOS). Prenat. Diagn. 2007, 27, 409–414. [CrossRef] [PubMed]
44. Norris, W.; Nevers, T.; Sharma, S.; Kalkunte, S. Review: hCG, preeclampsia and regulatory T cells. Placenta 2011, 32, S182–S185.

[CrossRef] [PubMed]
45. Barjaktarovic, M.; Korevaar, T.I.M.; Jaddoe, V.W.V.; de Rijke, Y.B.; Peeters, R.P.; Steegers, E.A.P. Human chorionic gonadotropin

and risk of pre-eclampsia: Prospective population-based cohort study. Ultrasound Obstet. Gynecol. 2019, 54, 477–483. [CrossRef]
46. Barjaktarovic, M.; Korevaar, T.I.; Jaddoe, V.W.; de Rijke, Y.B.; Visser, T.J.; Peeters, R.P.; Steegers, E.A. Human chorionic go-

nadotropin (hCG) concentrations during the late first trimester are associated with fetal growth in a fetal sex-specific manner. Eur.
J. Epidemiol. 2017, 32, 135–144. [CrossRef]

47. Stevens, F.T.; Katzorke, N.; Tempfer, C.; Kreimer, U.; Bizjak, G.I.; Fleisch, M.C.; Fehm, T.N. Gestational Trophoblastic Disorders:
An Update in 2015. Geburtshilfe Und Frauenheilkd. 2015, 75, 1043–1050. [CrossRef]

48. De Backer, B.; Goffin, F.; Nisolle, M.; Minon, J.M. Élévation faible d’hCG en dehors d’un contexte gravidique: À propos de deux
cas et revue de la littérature [Persistent low hCG levels beyond pregnancy: Report of two cases and review of the literature]. Ann.
Biol. Clin. 2013, 71, 496–502. [CrossRef]

49. Katabuchi, H.; Ohba, T. Human chorionic villous macrophages as a fetal biological shield from maternal chorionic gonadotropin.
Dev. Growth Differ. 2008, 50, 299–306. [CrossRef]

50. Yamaguchi, M.; Ohba, T.; Tashiro, H.; Yamada, G.; Katabuchi, H. Human Chorionic Gonadotropin Induces Human Macrophages
to Form Intracytoplasmic Vacuoles Mimicking Hofbauer Cells in Human Chorionic Villi. Cells Tissues Organs 2013, 197, 127–135.
[CrossRef]

51. Paulesu, L.; Rao, C.; Ietta, F.; Pietropolli, A.; Ticconi, C. hCG and Its Disruption by Environmental Contaminants during Human
Pregnancy. Int. J. Mol. Sci. 2018, 19, 914. [CrossRef]

52. Tsampalas, M.; Gridelet, V.; Berndt, S.; Foidart, J.-M.; Geenen, V.; D’Hauterive, S.P. Human chorionic gonadotropin: A hormone
with immunological and angiogenic properties. J. Reprod. Immunol. 2010, 85, 93–98. [CrossRef] [PubMed]

53. Polese, B.; Gridelet, V.; Araklioti, E.; Martens, H.; Perrier d’Hauterive, S.; Geenen, V. The Endocrine Milieu and CD4 T-Lymphocyte
Polarization during Pregnancy. Front. Endocrinol. 2014, 5, 106. [CrossRef] [PubMed]

54. Ogino, M.H.; Tadi, P. Physiology, Chorionic Gonadotropin. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2022.
55. Berndt, S.; D’Hauterive, S.P.; Blacher, S.; Pequeux, C.; Lorquet, S.; Munaut, C.; Applanat, M.; Hervé, M.A.; Lamandé, N.;

Corvol, P.; et al. Angiogenic activity of human chorionic gonadotropin through LH receptor activation on endothelial and
epithelial cells of the endometrium. FASEB J. 2006, 20, 2630–2632. [CrossRef] [PubMed]

56. Berndt, S.; Blacher, S.; D’Hauterive, S.P.; Thiry, M.; Tsampalas, M.; Cruz, A.; Péqueux, C.; Lorquet, S.; Munaut, C.; Noël, A.; et al.
Chorionic Gonadotropin Stimulation of Angiogenesis and Pericyte Recruitment. J. Clin. Endocrinol. Metab. 2009, 94, 4567–4574.
[CrossRef]

http://doi.org/10.1016/j.ygyno.2005.12.047
http://doi.org/10.1016/j.mce.2006.02.021
http://www.ncbi.nlm.nih.gov/pubmed/17092638
http://doi.org/10.1159/000132412
http://www.ncbi.nlm.nih.gov/pubmed/18504387
http://doi.org/10.1016/j.mvr.2020.104130
http://www.ncbi.nlm.nih.gov/pubmed/33385382
http://doi.org/10.1177/00045632211045250
http://doi.org/10.1016/j.mce.2011.10.029
http://doi.org/10.1054/bjoc.2000.1177
http://doi.org/10.3109/01443615.2015.1036400
http://doi.org/10.1373/clinchem.2005.056507
http://doi.org/10.1016/j.clinbiochem.2010.05.006
http://doi.org/10.1210/endo.137.4.8625917
http://www.ncbi.nlm.nih.gov/pubmed/8625917
http://doi.org/10.1002/pd.1699
http://www.ncbi.nlm.nih.gov/pubmed/17286308
http://doi.org/10.1016/j.placenta.2011.01.009
http://www.ncbi.nlm.nih.gov/pubmed/21295851
http://doi.org/10.1002/uog.20256
http://doi.org/10.1007/s10654-016-0201-3
http://doi.org/10.1055/s-0035-1558054
http://doi.org/10.1684/abc.2013.0876
http://doi.org/10.1111/j.1440-169X.2008.01030.x
http://doi.org/10.1159/000342806
http://doi.org/10.3390/ijms19030914
http://doi.org/10.1016/j.jri.2009.11.008
http://www.ncbi.nlm.nih.gov/pubmed/20227765
http://doi.org/10.3389/fendo.2014.00106
http://www.ncbi.nlm.nih.gov/pubmed/25071722
http://doi.org/10.1096/fj.06-5885fje
http://www.ncbi.nlm.nih.gov/pubmed/17065221
http://doi.org/10.1210/jc.2009-0443


Int. J. Mol. Sci. 2022, 23, 1380 13 of 16

57. Herr, F.; Baal, N.; Reisinger, K.; Lorenz, A.; McKinnon, T.; Preissner, K.; Zygmunt, M. hCG in the Regulation of Placental
Angiogenesis. Results of an In Vitro Study. Placenta 2007, 28, S85–S93. [CrossRef]

58. Bourdiec, A.; Bédard, D.; Rao, C.V.; Akoum, A. Human Chorionic Gonadotropin Regulates Endothelial Cell Responsiveness to
Interleukin 1 and Amplifies the Cytokine-Mediated Effect on Cell Proliferation, Migration and the Release of Angiogenic Factors.
Am. J. Reprod. Immunol. 2013, 70, 127–138. [CrossRef]

59. Reisinger, K.; Baal, N.; McKinnon, T.; Münstedt, K.; Zygmunt, M. The gonadotropins: Tissue-specific angiogenic factors? Mol.
Cell. Endocrinol. 2007, 269, 65–80. [CrossRef]

60. Zhang, Z.; Huang, Y.; Zhang, J.; Liu, Z.; Lin, Q.; Wang, Z. Activation of NF-κB signaling pathway during HCG-induced VEGF
expression in luteal cells. Cell Biol. Int. 2019, 43, 344–349. [CrossRef]

61. Surico, D.; Farruggio, S.; Marotta, P.; Raina, G.; Mary, D.; Surico, N.; Vacca, G.; Grossini, E. Human Chorionic Gonadotropin
Protects Vascular Endothelial Cells from Oxidative Stress by Apoptosis Inhibition, Cell Survival Signalling Activation and
Mitochondrial Function Protection. Cell. Physiol. Biochem. 2015, 36, 2108–2120. [CrossRef]

62. Jing, G.; Yao, J.; Dang, Y.; Liang, W.; Xie, L.; Chen, J.; Li, Z. The role of β-HCG and VEGF-MEK/ERK signaling pathway in villi
angiogenesis in patients with missed abortion. Placenta 2021, 103, 16–23. [CrossRef]

63. Fournier, T.; Guibourdenche, J.; Evain-Brion, D. Review: hCGs: Different sources of production, different glycoforms and
functions. Placenta 2015, 36, S60–S65. [CrossRef] [PubMed]

64. Berndt, S.; Blacher, S.; Munaut, C.; Detilleux, J.; D’Hauterive, S.P.; Huhtaniemi, I.; Evain-Brion, D.; Noël, A.; Fournier, T.; Foidart, J.
Hyperglycosylated human chorionic gonadotropin stimulates angiogenesis through TGF-β receptor activation. FASEB J. 2013, 27,
1309–1321. [CrossRef] [PubMed]

65. Gallardo, V.; González, M.; Toledo, F.; Sobrevia, L. Role of heme oxygenase 1 and human chorionic gonadotropin in pregnancy
associated diseases. Biochim. Biophys. Acta (BBA) Mol. Basis Dis. 2020, 1866, 165522. [CrossRef] [PubMed]

66. Raghupathy, R. Th 1-type immunity is incompatible with successful pregnancy. Immunol. Today 1997, 18, 478–482. [CrossRef]
67. Schumacher, A.; Heinze, K.; Witte, J.; Poloski, E.; Linzke, N.; Woidacki, K.; Zenclussen, A.C. Human Chorionic Gonadotropin as a

Central Regulator of Pregnancy Immune Tolerance. J. Immunol. 2013, 190, 2650–2658. [CrossRef]
68. Lea, R.G.; Sandra, O. Immunoendocrine aspects of endometrial function and implantation. Reproduction 2007, 134, 389–404.

[CrossRef]
69. Fujiwara, H. Do circulating blood cells contribute to maternal tissue remodeling and embryo-maternal cross-talk around the

implantation period? Mol. Hum. Reprod. 2009, 15, 335–343. [CrossRef] [PubMed]
70. Raghupathy, R.; Makhseed, M.; Azizieh, F.; Hassan, N.; Al-Azemi, M.; Al-Shamali, E. Maternal Th1- and Th2-type reactivity

to placental antigens in normal human pregnancy and unexplained recurrent spontaneous abortions. Cell Immunol. 1999, 196,
122–130. [CrossRef] [PubMed]

71. Wang, W.-J.; Hao, C.-F.; Lin, Y.; Yin, G.-J.; Bao, S.-H.; Qiu, L.-H.; Lin, Q.-D. Increased prevalence of T helper 17 (Th17) cells in
peripheral blood and decidua in unexplained recurrent spontaneous abortion patients. J. Reprod. Immunol. 2010, 84, 164–170.
[CrossRef]

72. Sereshki, N.; Gharagozloo, M.; Ostadi, V.; Ghahiri, A.; Roghaei, M.A.; Mehrabian, F.; Andalib, A.A.; Hassanzadeh, A.; Hosseini, H.;
Rezaei, A. Variations in T-helper 17 and Regulatory T Cells during The Menstrual Cycle in Peripheral Blood of Women with
Recurrent Spontaneous Abortion. Int. J. Fertil. Steril. 2014, 8, 59–66.

73. Schumacher, A. Human Chorionic Gonadotropin as a Pivotal Endocrine Immune Regulator Initiating and Preserving Fetal
Tolerance. Int. J. Mol. Sci. 2017, 18, 2166. [CrossRef] [PubMed]

74. Ricketts, R.M.; Jones, D.B. Differential effect of human chorionic gonadotrophin on lymphocyte proliferation induced by mitogens.
J. Reprod. Immunol. 1985, 7, 225–232. [CrossRef]

75. Yagel, S.; Parhar, R.S.; Lala, P.K. Trophic effects of first-trimester human trophoblasts and human chorionic gonadotropin on
lymphocyte proliferation. Am. J. Obstet. Gynecol. 1989, 160, 946–953. [CrossRef]

76. Carbone, F.; Procaccini, C.; De Rosa, V.; Alviggi, C.; DE Placido, G.; Kramer, D.; Longobardi, S.; Matarese, G. Divergent
immunomodulatory effects of recombinant and urinary-derived FSH, LH, and hCG on human CD4+ T cells. J. Reprod. Immunol.
2010, 85, 172–179. [CrossRef] [PubMed]

77. Khil, L.-Y.; Jun, H.-S.; Kwon, H.J.; Yoo, J.K.; Kim, S.; Notkins, A.L.; Yoon, J.-W. Human chorionic gonadotropin is an immune
modulator and can prevent autoimmune diabetes in NOD mice. Diabetologia 2007, 50, 2147–2155. [CrossRef] [PubMed]

78. Schumacher, A.; Brachwitz, N.; Sohr, S.; Engeland, K.; Langwisch, S.; Dolaptchieva, M.; Alexander, T.; Taran, A.;
Malfertheiner, S.F.; Costa, S.-D.; et al. Human Chorionic Gonadotropin Attracts Regulatory T Cells into the Fetal-Maternal
Interface during Early Human Pregnancy. J. Immunol. 2009, 182, 5488–5497. [CrossRef] [PubMed]

79. Freis, A.; Schlegel, J.; Daniel, V.; Jauckus, J.; Strowitzki, T.; Germeyer, A. Cytokines in relation to hCG are significantly altered in
asymptomatic women with miscarriage—a pilot study. Reprod. Biol. Endocrinol. 2018, 16, 93. [CrossRef]

80. Liu, X.; Ma, D.; Wang, W.; Qu, Q.; Zhang, N.; Wang, X.; Fang, J.; Ma, Z.; Hao, C. Intrauterine administration of human chorionic
gonadotropin improves the live birth rates of patients with repeated implantation failure in frozen-thawed blastocyst transfer
cycles by increasing the percentage of peripheral regulatory T cells. Arch. Gynecol. Obstet. 2019, 299, 1165–1172. [CrossRef]

81. Laokirkkiat, P.; Thanaboonyawat, I.; Boonsuk, S.; Petyim, S.; Prechapanich, J.; Choavaratana, R. Increased implantation rate
after intrauterine infusion of a small volume of human chorionic gonadotropin at the time of embryo transfer: A randomized,
double-blind controlled study. Arch. Gynecol Obstet. 2019, 299, 267–275. [CrossRef]

http://doi.org/10.1016/j.placenta.2007.02.002
http://doi.org/10.1111/aji.12080
http://doi.org/10.1016/j.mce.2006.11.015
http://doi.org/10.1002/cbin.11090
http://doi.org/10.1159/000430178
http://doi.org/10.1016/j.placenta.2020.10.005
http://doi.org/10.1016/j.placenta.2015.02.002
http://www.ncbi.nlm.nih.gov/pubmed/25707740
http://doi.org/10.1096/fj.12-213686
http://www.ncbi.nlm.nih.gov/pubmed/23233533
http://doi.org/10.1016/j.bbadis.2019.07.016
http://www.ncbi.nlm.nih.gov/pubmed/31376481
http://doi.org/10.1016/S0167-5699(97)01127-4
http://doi.org/10.4049/jimmunol.1202698
http://doi.org/10.1530/REP-07-0167
http://doi.org/10.1093/molehr/gap027
http://www.ncbi.nlm.nih.gov/pubmed/19346239
http://doi.org/10.1006/cimm.1999.1532
http://www.ncbi.nlm.nih.gov/pubmed/10527564
http://doi.org/10.1016/j.jri.2009.12.003
http://doi.org/10.3390/ijms18102166
http://www.ncbi.nlm.nih.gov/pubmed/29039764
http://doi.org/10.1016/0165-0378(85)90053-1
http://doi.org/10.1016/0002-9378(89)90315-3
http://doi.org/10.1016/j.jri.2010.02.009
http://www.ncbi.nlm.nih.gov/pubmed/20452035
http://doi.org/10.1007/s00125-007-0769-y
http://www.ncbi.nlm.nih.gov/pubmed/17676307
http://doi.org/10.4049/jimmunol.0803177
http://www.ncbi.nlm.nih.gov/pubmed/19380797
http://doi.org/10.1186/s12958-018-0411-5
http://doi.org/10.1007/s00404-019-05047-6
http://doi.org/10.1007/s00404-018-4962-7


Int. J. Mol. Sci. 2022, 23, 1380 14 of 16

82. Zamorina, S.A.; Litvinova, L.S.; Yurova, K.A.; Khaziakhmatova, O.G.; Timganova, V.P.; Bochkova, M.S.; Khramtsov, P.V.;
Rayev, M.B. The role of human chorionic gonadotropin in regulation of naïve and memory T cells activity in vitro. Int. Im-
munopharmacol. 2018, 54, 33–38. [CrossRef]

83. Lash, G.E.; Robson, S.C.; Bulmer, J.N. Review: Functional role of uterine natural killer (uNK) cells in human early pregnancy
decidua. Placenta 2010, 31, S87–S92. [CrossRef] [PubMed]

84. Yagel, S. The developmental role of natural killer cells at the fetal-maternal interface. Am. J. Obstet. Gynecol. 2009, 201, 344–350.
[CrossRef] [PubMed]

85. Moffett, A.; Colucci, F. Uterine NK cells: Active regulators at the maternal-fetal interface. J. Clin. Investig. 2014, 124, 1872–1879.
[CrossRef]

86. Sauerbrun-Cutler, M.; Huber, W.J.; Krueger, P.M.; Sung, C.J.; Has, P.; Sharma, S. Do endometrial natural killer and regulatory T
cells differ in infertile and clinical pregnancy patients? An analysis in patients undergoing frozen embryo transfer cycles. Am. J.
Reprod. Immunol. 2021, 85, e13393. [CrossRef] [PubMed]

87. Bansal, A.S.; Bora, S.A.; Saso, S.; Smith, J.R.; Johnson, M.R.; Thum, M.Y. Mechanism of human chorionic gonadotrophin-mediated
immunomodulation in pregnancy. Expert Rev. Clin. Immunol. 2012, 8, 747–753. [CrossRef]

88. Kane, N.; Kelly, R.; Saunders, P.T.; Critchley, H.O. Proliferation of Uterine Natural Killer Cells Is Induced by Human Chorionic
Gonadotropin and Mediated via the Mannose Receptor. Endocrinology 2009, 150, 2882–2888. [CrossRef]

89. Ashkar, A.A.; Croy, B.A. Functions of uterine natural killer cells are mediated by interferon gamma production during murine
pregnancy. Semin. Immunol. 2001, 13, 235–241. [CrossRef]

90. Hanna, J.; Goldman-Wohl, D.; Hamani, Y.; Avraham, I.; Greenfield, C.; Natanson-Yaron, S.; Prus, D.; Cohen-Daniel, L.; I Arnon, T.;
Manaster, I.; et al. Decidual NK cells regulate key developmental processes at the human fetal-maternal interface. Nat. Med. 2006,
12, 1065–1074. [CrossRef]

91. Wan, H.; Versnel, M.A.; Leijten, L.M.; van Helden-Meeuwsen, C.G.; Fekkes, D.; Leenen, P.J.; Khan, N.A.; Benner, R.; Kiekens, R.C.
Chorionic gonadotropin induces dendritic cells to express a tolerogenic phenotype. J. Leukoc. Biol. 2008, 83, 894–901. [CrossRef]

92. Dauven, D.; Ehrentraut, S.; Langwisch, S.; Zenclussen, A.C.; Schumacher, A. Immune Modulatory Effects of Human Chorionic
Gonadotropin on Dendritic Cells Supporting Fetal Survival in Murine Pregnancy. Front. Endocrinol. 2016, 7, 146. [CrossRef]

93. Kosaka, K.; Fujiwara, H.; Tatsumi, K.; Yoshioka, S.; Sato, Y.; Egawa, H.; Higuchi, T.; Nakayama, T.; Ueda, M.; Maeda, M.; et al.
Human Chorionic Gonadotropin (HCG) Activates Monocytes to Produce Interleukin-8 via a Different Pathway from Luteinizing
Hormone/HCG Receptor System. J. Clin. Endocrinol. Metab. 2002, 87, 5199–5208. [CrossRef] [PubMed]

94. Wan, H.; Versnel, M.A.; Cheung, W.Y.; Leenen, P.J.; Khan, N.A.; Benner, R.; Kiekens, R.C. Chorionic gonadotropin can enhance
innate immunity by stimulating macrophage function. J. Leukoc. Biol. 2007, 82, 926–933. [CrossRef] [PubMed]

95. Nakayama, T.; Fujiwara, H.; Maeda, M.; Inoue, T.; Yoshioka, S.; Mori, T.; Fujii, S. Human peripheral blood mononuclear cells
(PBMC) in early pregnancy promote embryo invasion in vitro: HCG enhances the effects of PBMC. Hum. Reprod. 2002, 17,
207–212. [CrossRef] [PubMed]

96. Sauss, K.; Ehrentraut, S.; Zenclussen, A.C.; Schumacher, A. The pregnancy hormone human chorionic gonadotropin differentially
regulates plasmacytoid and myeloid blood dendritic cell subsets. Am. J. Reprod. Immunol. 2018, 79, e12837. [CrossRef]

97. Licht, P.; von Wolff, M.; Berkholz, A.; Wildt, L. Evidence for cycle-dependent expression of full-length human chorionic
gonadotropin/luteinizing hormone receptor mRNA in human endometrium and decidua. Fertil. Steril. 2003, 79, 718–723.
[CrossRef]

98. Schjenken, J.E.; Glynn, D.J.; Sharkey, D.J.; Robertson, S.A. TLR4 Signaling Is a Major Mediator of the Female Tract Response to
Seminal Fluid in Mice1. Biol. Reprod. 2015, 93, 68. [CrossRef]

99. Bourdiec, A.; Calvo, E.; Rao, C.V.; Akoum, A. Transcriptome Analysis Reveals New Insights into the Modulation of Endometrial
Stromal Cell Receptive Phenotype by Embryo-Derived Signals Interleukin-1 and Human Chorionic Gonadotropin: Possible
Involvement in Early Embryo Implantation. PLoS ONE 2013, 8, e64829. [CrossRef]

100. Srivastava, A.; Sengupta, J.; Kriplani, A.; Roy, K.K.; Ghosh, D. Profiles of cytokines secreted by isolated human endometrial cells
under the influence of chorionic gonadotropin during the window of embryo implantation. Reprod. Biol. Endocrinol. 2013, 11, 116.
[CrossRef]

101. Wang, H.; Liu, F.; Liu, X.; Zhu, X.-W. The effect of hCG bind immunoglobulin G on maternalinterface’s Th1/Th2 type cytokines
and pregnancy’s outcome of abortion model. Chin. J. Birth Health Hered 2013, 21, 53–55.

102. Bai, H.; Pan, J.; Jia, X.; Huang, H. The inhibition effect of human chorionic gonadotropin (hCG) on mRNA expression of cytokines
initiated inflammatory reaction. Chin. J. Immunol. 2003, 19, 193–203.

103. Palomino, W.A.; Argandoña, F.; Azúa, R.; Kohen, P.; Devoto, L. Complement C3 and Decay-Accelerating Factor Expression Levels
Are Modulated by Human Chorionic Gonadotropin in Endometrial Compartments during the Implantation Window. Reprod. Sci.
2013, 20, 1103–1110. [CrossRef] [PubMed]

104. Simon, A.; Laufer, N. Repeated implantation failure: Clinical approach. Fertil. Steril. 2012, 97, 1039–1043. [CrossRef] [PubMed]
105. Qin, Q.; Chang, H.; Zhou, S.; Zhang, S.; Yuan, D.; Yu, L.-L.; Qu, T. Intrauterine administration of peripheral blood mononuclear

cells activated by human chorionic gonadotropin in patients with repeated implantation failure: A meta-analysis. J. Reprod.
Immunol. 2021, 145, 103323. [CrossRef] [PubMed]

http://doi.org/10.1016/j.intimp.2017.10.029
http://doi.org/10.1016/j.placenta.2009.12.022
http://www.ncbi.nlm.nih.gov/pubmed/20061017
http://doi.org/10.1016/j.ajog.2009.02.030
http://www.ncbi.nlm.nih.gov/pubmed/19788966
http://doi.org/10.1172/JCI68107
http://doi.org/10.1111/aji.13393
http://www.ncbi.nlm.nih.gov/pubmed/33501767
http://doi.org/10.1586/eci.12.77
http://doi.org/10.1210/en.2008-1309
http://doi.org/10.1006/smim.2000.0319
http://doi.org/10.1038/nm1452
http://doi.org/10.1189/jlb.0407258
http://doi.org/10.3389/fendo.2016.00146
http://doi.org/10.1210/jc.2002-020341
http://www.ncbi.nlm.nih.gov/pubmed/12414893
http://doi.org/10.1189/jlb.0207092
http://www.ncbi.nlm.nih.gov/pubmed/17626151
http://doi.org/10.1093/humrep/17.1.207
http://www.ncbi.nlm.nih.gov/pubmed/11756389
http://doi.org/10.1111/aji.12837
http://doi.org/10.1016/S0015-0282(02)04822-7
http://doi.org/10.1095/biolreprod.114.125740
http://doi.org/10.1371/journal.pone.0064829
http://doi.org/10.1186/1477-7827-11-116
http://doi.org/10.1177/1933719113477486
http://www.ncbi.nlm.nih.gov/pubmed/23427180
http://doi.org/10.1016/j.fertnstert.2012.03.010
http://www.ncbi.nlm.nih.gov/pubmed/22464086
http://doi.org/10.1016/j.jri.2021.103323
http://www.ncbi.nlm.nih.gov/pubmed/33878637


Int. J. Mol. Sci. 2022, 23, 1380 15 of 16

106. Pourmoghadam, Z.; Soltani-Zangbar, M.S.; Sheikhansari, G.; Azizi, R.; Eghbal-Fard, S.; Mohammadi, H.; Siahmansouri, H.;
Aghebati-Maleki, L.; Danaii, S.; Mehdizadeh, A.; et al. Intrauterine administration of autologous hCG- activated peripheral blood
mononuclear cells improves pregnancy outcomes in patients with recurrent implantation failure; A double-blind, randomized
control trial study. J. Reprod. Immunol. 2020, 142, 103182. [CrossRef]

107. Tesarik, J.; Hazout, A.; Mendoza, C. Luteinizing hormone affects uterine receptivity independently of ovarian function. Reprod.
Biomed. Online 2003, 7, 59–64. [CrossRef]

108. Nwabuobi, C.; Arlier, S.; Schatz, F.; Guzeloglu-Kayisli, O.; Lockwood, C.J.; Kayisli, U.A. hCG: Biological Functions and Clinical
Applications. Int. J. Mol. Sci. 2017, 18, 2037. [CrossRef]

109. Craciunas, L.; Tsampras, N.; Raine-Fenning, N.; Coomarasamy, A. Intrauterine administration of human chorionic gonadotropin
(hCG) for subfertile women undergoing assisted reproduction. Cochrane Database Syst. Rev. 2018, 10, CD011537. [CrossRef]

110. Hong, K.H.; Forman, E.J.; Werner, M.D.; Upham, K.M.; Gumeny, C.L.; Winslow, A.D.; Kim, T.J.; Scott, R.T. Endometrial infusion
of human chorionic gonadotropin at the time of blastocyst embryo transfer does not impact clinical outcomes: A randomized,
double-blind, placebo-controlled trial. Fertil. Steril. 2014, 102, 1591–1595.e2. [CrossRef]

111. Diao, L.H.; Li, G.G.; Zhu, Y.C.; Tu, W.W.; Huang, C.Y.; Lian, R.C.; Chen, X.; Li, Y.Y.; Zhang, T.; Huang, Y.; et al. Human chorionic
gonadotropin potentially affects pregnancy outcome in women with recurrent implantation failure by regulating the homing
preference of regulatory T cells. Am. J. Reprod. Immunol. 2017, 77, e12618. [CrossRef]

112. Santibañez, A.; García, J.; Pashkova, O.; Colín, O.; Castellanos, G.; Sánchez, A.P.; De la Jara, J.F. Effect of intrauterine injection of
human chorionic gonadotropin before embryo transfer on clinical pregnancy rates from in vitro fertilisation cycles: A prospective
study. Reprod. Biol. Endocrinol. 2014, 12, 9. [CrossRef]

113. Hafezi, M.; Madani, T.; Arabipoor, A.; Zolfaghari, Z.; Sadeghi, M.; Ramezanali, F. The effect of intrauterine human chorionic
gonadotropin flushing on live birth rate after vitrified-warmed embryo transfer in programmed cycles: A randomized clinical
trial. Arch. Gynecol. Obstet. 2018, 297, 1571–1576. [CrossRef] [PubMed]

114. Wirleitner, B.; Schuff, M.; Vanderzwalmen, P.; Stecher, A.; Okhowat, J.; Hradecký, L.; Kohoutek, T.; Králícková, M.; Spitzer, D.;
Zech, N.H. Intrauterine administration of human chorionic gonadotropin does not improve pregnancy and life birth rates
independently of blastocyst quality: A randomised prospective study. Reprod. Biol. Endocrinol. 2015, 13, 70. [CrossRef] [PubMed]

115. Bielfeld, A.P.; Pour, S.J.; Poschmann, G.; Stühler, K.; Krüssel, J.-S.; Baston-Büst, D.M. A Proteome Approach Reveals Differ-
ences between Fertile Women and Patients with Repeated Implantation Failure on Endometrial Level–Does hCG Render the
Endometrium of RIF Patients? Int. J. Mol. Sci. 2019, 20, 425. [CrossRef] [PubMed]

116. Fazleabas, A.T.; Donnelly, K.M.; Srinivasan, S.; Fortman, J.D.; Miller, J.B. Modulation of the baboon (Papio anubis) uterine
endometrium by chorionic gonadotrophin during the period of uterine receptivity. Proc. Natl. Acad. Sci. USA 1999, 96, 2543–2548.
[CrossRef]

117. Uchida, H.; Maruyama, T.; Nishikawa-Uchida, S.; Miyazaki, K.; Masuda, H.; Yoshimura, Y. Glycodelin in reproduction. Reprod.
Med. Biol. 2013, 12, 79–84. [CrossRef]

118. Hosseinisadat, R.; Saeed, L.; Ashourzadeh, S.; Heidari, S.S.; Habibzadeh, V. Effects of human chorionic gonadotropin intrauterine
injection on oocyte retrieval day on assisted reproductive techniques outcomes: An RCT. Int. J. Reprod. Biomed. 2021, 773–780.
[CrossRef]

119. Puget, C.; Joueidi, Y.; Bauville, E.; Laviolle, B.; Bendavid, C.; Lavoué, V.; Le Lous, M. Serial hCG and progesterone levels to predict
early pregnancy outcomes in pregnancies of uncertain viability: A prospective study. Eur. J. Obstet. Gynecol. Reprod. Biol. 2018,
220, 100–105. [CrossRef]

120. Kim, Y.J.; Shin, J.H.; Hur, J.Y.; Kim, H.; Ku, S.-Y.; Suh, C.S. Predictive value of serum progesterone level on β-hCG check day in
women with previous repeated miscarriages after in vitro fertilization. PLoS ONE 2017, 12, e0181229. [CrossRef]

121. Xiong, F.; Li, G.; Sun, Q.; Chen, P.; Wang, Z.; Wan, C.; Yao, Z.; Zhong, H.; Zeng, Y. Obstetric and perinatal outcomes of pregnancies
according to initial maternal serum HCG concentrations after vitrified–warmed single blastocyst transfer. Reprod. Biomed. Online
2019, 38, 455–464. [CrossRef]

122. Brady, P.C.; Farland, L.V.; Racowsky, C.; Ginsburg, E.S. Hyperglycosylated human chorionic gonadotropin as a predictor of
ongoing pregnancy. Am. J. Obstet. Gynecol. 2020, 222, 68.e1–68.e12. [CrossRef]

123. Pillai, R.N.; Konje, J.C.; Tincello, D.G.; Potdar, N. Role of serum biomarkers in the prediction of outcome in women with threatened
miscarriage: A systematic review and diagnostic accuracy meta-analysis. Hum. Reprod. Updat. 2016, 22, 228–239. [CrossRef]
[PubMed]

124. Morley, L.C.; Simpson, N.; Tang, T. Human chorionic gonadotrophin (hCG) for preventing miscarriage. Cochrane Database Syst.
Rev. 2013. [CrossRef] [PubMed]

125. Jayasena, C.N.; Abbara, A.; Izzi-Engbeaya, C.; Comninos, A.; Harvey, R.A.; Maffe, J.G.; Sarang, Z.; Ganiyu-Dada, Z.; Padilha, A.;
Dhanjal, M.; et al. Reduced Levels of Plasma Kisspeptin During the Antenatal Booking Visit Are Associated With Increased Risk
of Miscarriage. J. Clin. Endocrinol. Metab. 2014, 99, E2652–E2660. [CrossRef] [PubMed]

126. Sha, J.; Liu, F.; Zhai, J.; Liu, X.; Zhang, Q.; Zhang, B. Alteration of Th17 and Foxp3+ regulatory T cells in patients with unexplained
recurrent spontaneous abortion before and after the therapy of hCG combined with immunoglobulin. Exp. Ther. Med. 2017, 14,
1114–1118. [CrossRef]

http://doi.org/10.1016/j.jri.2020.103182
http://doi.org/10.1016/S1472-6483(10)61729-4
http://doi.org/10.3390/ijms18102037
http://doi.org/10.1002/14651858.CD011537.pub3
http://doi.org/10.1016/j.fertnstert.2014.08.006
http://doi.org/10.1111/aji.12618
http://doi.org/10.1186/1477-7827-12-9
http://doi.org/10.1007/s00404-018-4752-2
http://www.ncbi.nlm.nih.gov/pubmed/29626233
http://doi.org/10.1186/s12958-015-0069-1
http://www.ncbi.nlm.nih.gov/pubmed/26141379
http://doi.org/10.3390/ijms20020425
http://www.ncbi.nlm.nih.gov/pubmed/30669470
http://doi.org/10.1073/pnas.96.5.2543
http://doi.org/10.1007/s12522-013-0144-2
http://doi.org/10.18502/ijrm.v19i9.9709
http://doi.org/10.1016/j.ejogrb.2017.11.020
http://doi.org/10.1371/journal.pone.0181229
http://doi.org/10.1016/j.rbmo.2018.12.040
http://doi.org/10.1016/j.ajog.2019.08.004
http://doi.org/10.1093/humupd/dmv054
http://www.ncbi.nlm.nih.gov/pubmed/26663220
http://doi.org/10.1002/14651858.CD008611.pub2
http://www.ncbi.nlm.nih.gov/pubmed/23440828
http://doi.org/10.1210/jc.2014-1953
http://www.ncbi.nlm.nih.gov/pubmed/25127195
http://doi.org/10.3892/etm.2017.4574


Int. J. Mol. Sci. 2022, 23, 1380 16 of 16

127. Zhang, Y.; Zhang, C.; Yang, X.; Yang, S.; Meng, Y.; Liu, Z.; Peeters, R.P.; Huang, H.F.; Korevaar, T.I.M.; Fan, J. Association of
Maternal Thyroid Function and Thyroidal Response to Human Chorionic Gonadotropin with Early Fetal Growth. Thyroid 2019,
29, 586–594. [CrossRef] [PubMed]

128. Hou, Y.; Liu, A.; Li, J.; Wang, H.; Yang, Y.; Li, Y.; Fan, C.; Zhang, H.; Wang, H.; Ding, S.; et al. Different Thyroidal Responses
to Human Chorionic Gonadotropin Under Different Thyroid Peroxidase Antibody and/or Thyroglobulin Antibody Positivity
Conditions During the First Half of Pregnancy. Thyroid 2019, 29, 577–585. [CrossRef]

129. Korevaar, T.I.M.; Steegers, E.A.P.; Chaker, L.; Medici, M.; Jaddoe, V.W.V.; Visser, T.J.; De Rijke, Y.B.; Peeters, R.P. Thyroid Function
and Premature Delivery in TPO Antibody−Negative Women: The Added Value of hCG. J. Clin. Endocrinol. Metab. 2017, 102,
3360–3367. [CrossRef]

130. Liu, Y.; Guo, F.; Maraka, S.; Zhang, Y.; Zhang, C.; Korevaar, T.I.M.; Fan, J. Associations between Human Chorionic Gonadotropin,
Maternal Free Thyroxine, and Gestational Diabetes Mellitus. Thyroid 2021, 31, 1282–1288. [CrossRef]

http://doi.org/10.1089/thy.2018.0556
http://www.ncbi.nlm.nih.gov/pubmed/30803392
http://doi.org/10.1089/thy.2018.0097
http://doi.org/10.1210/jc.2017-00846
http://doi.org/10.1089/thy.2020.0920

	Introduction 
	hCG Isoforms and Secretion 
	The Classical hCG 
	Hyperglycosylated hCG 
	The Free  Subunit 
	The Sulphated hCG 

	hCG Levels and Pregnancy 
	Angiogenic Actions of hCG 
	Immunological Actions of hCG 
	Th1/Th2/Th17/Treg Paradigm 
	T-Cell 
	Uterine Natural Killer Cells 
	Bone Marrow-Derived Dendritic Cells 
	Monocytes and Macrophages 
	Other Immunological Molecules 

	Infusion of hCG during Embryo Transfer 
	hCG and Miscarriages 
	hCG and Thyroid Fonction 
	Conclusions 
	References

