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Abstract

There are overlapping in the receptorial hormone binding, as well as the 
physiological and pathological functions of glycoprotein hormones from the 
unicellular level (Tetrahymena) to mammals (human beings). The overlapping 
can be explained by the analogous structure of receptors and similarities of 
hormones; however, the specificity-in contrast, to the hormonal similarities-is 
not understandable. The overlap is more expressed during the ontogenetic 
development however; it is present in matured (adult) age, sometimes causing 
characteristic alterations and diseases in humans. Overlapped (nonspecific) 
hormones’ effect can be stronger, than that of the original (specific) ones. In the 
fetal, perinatal and early postnatal development the overlapping could cause 
faulty hormonal imprinting with late consequences in sexual or thyroid regulated 
functions. Imprinting can be executed also in tissue cultures with similar 
consequences. Overlapping in adults are manifested in alteration of sexuality 
(menstrual disturbances and infertility included) and bone loss (osteoporosis) 
as well, like other diseases.

Keywords: Thyroid-stimulating hormone; Luteinizing hormone; 
Gonadotropins; Ontogenetic

Introduction
During the evolution developed hormone and receptor families 

caused by genetic changes, creating similar or almost identical 
structures. One of these families is present among the pituitary 
hormones, named glycoprotein hormones. The members of the family 
are the Luteinizing Hormone (LH), the Follicle Stimulating Hormone 
(FSH) and Thyroid-Stimulating Hormone (TSH). The 4th member of 
the family is not produced by the anterior pituitary gland, but by 
the placenta (syncytiotrophoblasts) during pregnancy, having the 
name: Chorionic Gonad tropic hormone (CG, in human case: hCG). 
Receptors for the glycoprotein hormones belong to the group of the 
G protein-coupled receptors with a specific N-terminal extracellular 
domain for binding the hormone (hormone specificity) and the seven 
membrane-spanning segments in the C-terminal intracellular end 
[1]. Eleven amino acids (Lys-201-Lys 211) and the corresponding 
region of the LH/CG receptor (Thr-202-Ile 212) are responsible for 
specific TSH and hCG binding [2]. However, TSH receptor gene is 
related to FSH and LH receptors [2]. The α subunit of TSH displays 
homology with LH, FSH and hCG [3].

There is a co-evolution of hormones and receptors, the system 
can work only in this case. This means that in addition to the 
hormone family there is also a receptor family, which contains LHR, 
FSHR, CGR, and TSHR. These are plasma membrane receptors and 
the end-product of receptor activation is the liberation of the cyclic 
AMP (cAMP) which evokes the response of the receptor-bearing 
cell. The hormones, as well as their receptors, are rather similar 
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to each other. Each hormone has α and β subunits; β subunits for 
recognizing and binding of the target hormone, and α subunit for 
activating the receptor and -consequently- the cell [4,5]. According 
to these functions, α subunits of the four hormones are identical 
and β subunits are different, with a very close similarity. This causes 
that there are overlapping (in binding) between the members of the 
hormone families without regards to their origin (anterior pituitary, 
or placenta, in human).

Phylogeny and phylogenetic overlap between TSH and 
gonadotropins

There were studies on sea lamprey for elucidating the similarities 
of glycoprotein hormones and hormone receptor system to the 
vertebrate systems and it was found that there is a strong similarity 
between the structure of hormones and receptors. Sea lamprey 
(Petromyzon marinus) is a jawless vertebrate, which represents the 
oldest lineage of vertebrates (jawless fishes) [6]. In the sea lamprey 
instead of the three classical pituitary glycoprotein hormones 
(characteristic of jawed vertebrates), it has only two, lamprey 
glycoprotein hormone (IGpH) and thyrostimulin as well as two 
receptors (IGpH-R1 and R2). Consequently, there is a primitive 
overlapping, yet functional hypothalamo-pituitary gonadal and 
thyroidal systems [7]. This would be the basis of overlapping also in 
mammals [8]. In sea lamprey, a 781 amino acid long residue protein 
was prepared from the glycoprotein hormone receptor and 43% of 
this protein was identical with mammalian TSH or FSH receptors [7]. 
This suggests the existence of a primitive functional overlapping of 
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FSH and TSH at this low phylogenetic level. When TSH, LH, and FSH 
were purified from ovine, bovine, ostrich, sea turtle, and bullfrog and 
were tested by stimulation of thyroid in four species of amphibians, it 
was found that all animals tested responded specifically to mammalian 
TSH in stimulating thyroid [9]. In addition, bullfrog LH was more 
potent in its effect on the thyroid gland, than bullfrog TSH. In an 
experiment using Japanese toad (Bufo japonicus), gonadotropin β 
subunit was more similar to tetrapod TSH β subunit than to fish TSH 
β subunit [10]. Very scarce data are at our disposal on experiments 
with other animals, but in bony fish, TSH receptors which composed 
of 779 amino acids showed higher homology (57-59%) to mammalian 
TSH receptors, than to mammalian LH (47-49%) receptors [11]. It 
must be considered that vertebrate glycoprotein receptors evolved by 
gene duplication and subsequent functional divergence during the 
split of gnathostomes (jawed vertebrates) from their ancestors [12].

In the male frog chorionic gonadotrophin induces ejaculation. 
This observation is used in the Galli-Mainini reaction when woman’s 
urine is injected into adult male frogs and the subsequent sperm 
production (ejaculation) reports the pregnancy. In this case, the 
injection of thyrotrophic also causes ejaculation by overlapping on 
the CG receptors [13,14].

There are studies also in the lowest phylogenetic level, in unicellular. 
Unicellular (Tetrahymena pyriformis as a model organism) have 
receptors for hormones of higher vertebrates, even synthesize 
these hormones which influence their physiological functions [15]. 
Thyrotropin, as well as gonadotropins (FSH, CG) influence RNA 
synthesis in Tetrahymena [16]. Considering the effect of TSH, this 
seems to be specific, as triiodothyronine production by the unicellular 
animal is justified [16]. However, gonadotropin is able to mimic 
the effect of thyrotropin, regulating triiodothyronine production. 
Nevertheless, in contrast to other hormones (insulin, epinephrine, 
melatonin) [15,17], the role (function) of triiodothyronine is dubious 
at the unicellular level.

Overlapping effect of pituitary glycoprotein hormones on 
the developing organs

In the newly hatched male and female chickens, TSH and 
gonadotropins (FSH, LH) increased the number of spermatogonia 
or Sertoli cells in the seminiferous cords and the number of 
granulosa cells in the ovarian follicles [18,19]. However, they do not 
change each other’s effect, if they were administered one after the 
other. Considering the ultra structure of the testes by the electron 
microscope, in the Sertoli cells, the amount of SER and RER increased 
with enhanced surface activity [20,21]. After TSH treatment the 
activity of the Golgi system was outstandingly increased. In newly 
hatched chickens FSH overlapped the effect of TSH, increasing 
the follicular diameter and height of epithelial cells in the thyroid 
gland [22]. In case of treatment chick embryos with gonadotropins 
at the 8th day of incubation an increase in the seminiferous cord 
diameter, as well as a marked increase in the number of Sertoli cells 
and germ cells (plus the increase of testicular weight) was observed 
in 20-day old male embryos. However, the same treatment in female 
embryos produced an increase of ovarian weight plus ovarian 
width and cortical thickness, as well as in the number of oocytes 
[23]. This indicates that only gonadotropin preparations caused a 
significant increase in gonadal (testis and left ovary) development. 

On the other hand, TSH caused opposite results in both sexes in 
organotypic culture experiments. 12 and 15-day old chick embryo 
testes and ovaries exposed in vitro to the tested hormones showed a 
good response (enhancing the growth and migration of cells) to both 
gonadotrophic and thyrotropic stimulation [24]. In 20 days old chick 
embryo, treatment with TSH on the 15th day of incubation provoked 
a response similar to that of gonadotropin, increasing the diameter of 
seminiferous tubules, testicular weight and gonocyte counts [25]. A 
single treatment with TSH or GTH similarly increased the thyroxine 
and testosterone levels in newly hatched cockerels [26]. Although 
gonadotropins have similar actions on the gonads of the developing 
chickens, they influence primarily the parenchyma of the gonads, 
inducing an increase in the diameter of seminiferous tubules and 
in the thickness of the ovarian cortex, while TSH acts primarily on 
the interstitial tissue and its effect is more pronounced in the testis 
than in the ovary. Gonadotropins enhanced the effect of TSH on the 
interstitial cells. FSH and TSH binding to medullary cord cells of 
the developing chicken ovary is justified and the binding of the two 
hormones was similar [27]. When the hypothalamo-pituitary-thyroid 
axis begins to develop (12th day of embryonic development) there is 
no distinction between the recognition of these hormones [28]. The 
fine structure of the thyroid gland of the chick embryo has been 
studied following the administration of Gonadotropins (FSH+LH) 
and Thyrotropin (TSH) on the 8th or 15th day of embryonic life [29]. 
Ultra structural observations showed considerable stimulation of 
the thyroidal follicles in TSH as well gonadotropin treated embryos 
on the 15th day of incubation. Moreover, TSH treatment on the 8th 
day did not show remarkable developmental changes in the gland. 
On the other hand, the thyroids of gonadotropin treated embryos 
showed different response i.e. the exposure on the 8th day caused 
atrophy whereas on the 15th day it exhibited an enhancement in the 
development of the thyroidal cells of 20-days old chick embryos.

Hormonal imprinting by glycoprotein hormones
The developing mammalian embryo and fetus are under the 

hormonal control of the mother. Their developing hormone receptors 
are influenced by maternal hormones, however, at the end of this 
developmental period, the receptors must be suited to their own 
hormones and this happens in the prenatal period, during birth and 
postnatal [30]. The first encounter between the developing receptor 
and their target hormones provokes the hormonal imprinting, which 
is absolutely needed for the later normal function of the receptor-
hormone complex and this is a life-long effect. However, hormone-
like molecules (related hormones of the hormone families, synthetic 
hormones, endocrine disruptors) can disturb the physiological 
imprinting, provoking faulty hormonal imprinting also with life-long 
consequences (alterations in receptors’ binding capacity, pathological 
(sexual) behavior, disturbed bone development etc) [31].

Newly hatched male chickens treated with TSH or FSH at hatching 
and on the 5th week showed that posthatching exposure influenced 
the impact of re-exposure at 5 weeks [32]. The treatment facilitated 
the hormonal effects at the 5th week, amplifying the effect of FSH 
slightly more, than that of TSH. TSH and FSH similarly influenced 
testosterone secretion, however, though thyroxin level was influenced 
by both hormones, it was more pronounced in case of TSH. The 
treatments at hatching with any of the tropic hormones caused a 
diminution of the T4 level augmenting of FSH or TSH administered 
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at the age of five weeks [33]. In male rats, a single treatment with TSH 
or gonadotropin at the neonatal period (imprinting) considerably 
increased the weight of the testis and the diameter of the seminiferous 
tubules measured at the age of six weeks. Repeated treatment by any 
of the tested hormones at the age of six weeks decreased the testis 
weight and the diameter of seminiferous tubules [34]. Furthermore, 
a single gonadotropin (FSH+LH) treatment of neonatal male rats 
resulted in depression of sexual activity in adult rats [35]. TSH 
treatment caused similar, but less pronounced effect. In vitro cultured 
testicular and ovarian cells of newborn rats illustrated an increase in 
their hormone-binding capacity after the first treatment (imprinting) 
with gonadotropin or TSH [36]; the effect was most pronounced in 
testicular than in ovarian cells.

Human relations (clinical aspects)
On the plasma membrane of thyroid cells, there are TSH 

receptors, which can bind TSH, FSH, LH, and hCG. However, there 
are various human organs (testis, ovary, adrenal gland, and liver) 
which possess TSH-cellular receptors [37]; the capacities of high-
affinity sites were similar. Moreover, other investigations reported 
that the capacity of binding TSH extended to cellular components 
of the anterior pituitary, hypothalamus, skin, kidney, the immune 
system, bone marrow, and adipose tissue, and bone. This latter has 
an outstanding clinical importance, as was unknown before the last 
decade of research [38]. It was demonstrated that dysregulation of 
the pituitary-bone axis leads to the bone-loss of osteoporosis [39]. 
Clinical observations and studies on TSH receptor knock-out mice 
suggested that TSH has a direct role in skeletal homeostasis [40]. 
In the process of bone resorption and remodeling TSH as well, as 
FSH have an outstanding role [41]. In the case of hyperthyroidism, 
many disturbances of menstruation have been observed, whereas 
hypothyroidism led to polymenorrhea and an ovulation [42]. 
Hypothyroidism in girls can cause precocious puberty [43]. Both 
hyper and hypothyroidism can cause infertility and spontaneous 
abortions [44]. HCG induced hyperthyroidism represents a rare 
paraneoplastic syndrome of hCG secreting testicular cancer [45]. 
TSH has a modulatory influence on the sexual and spermatogenic 
function of males [46]. In thyrotoxicosis (Graves’ disease) loss of 
libido and decreased potency were observed, with a reduction of 
sperm count (less than 40 million) [47]. Considering high statistics, 
70% of hyperthyroid and 60% of hypothyroid men had decreased 
libido [48]. Hyperthyroidism affects the responsiveness of the 
hypothalamo-pituitary axis to steroid sexual hormones [49]. In 
Graves’ disease, the sperm motility was decreased [50]. Additionally, 
asthenospermia (85.7%), hypospermia (61.9%), oligospermia (42.9%), 
necrospermia (42.9%), and teratospermia (19.0%) were reported 
in men with Graves’ disease [51]. A correlation between hypo and/
or hyperthyroidism and inhibition of the development of Graafian 
follicles was postulated by Fedail et al. [52]. In a similar trend, Liu et 
al. [53] observed interruption of FSH and LH levels in rats suffering 
hypo or hyperthyroidism. Enlargement and cystic changes in ovaries 
of patients with hypothyroidism have been observed in numerous 
case reports [54,55]. A case study of a young female patient with 
severe hypothyroidism due to autoimmune thyroiditis and multiple 
ovarian cysts is reported by Panico et al. [56]. The latter authors 
added that it is necessary to identify the relation between the severe 
increase in TSH levels and multiple ovarian cysts in young girls 

suffer from autoimmune thyroiditis. This obviously indicated that 
thyroid hormones affected gonadal function, which correlated with 
dysregulation between the hypothalamic-pituitary-thyroid axis and 
the hypothalamic-pituitary-gonadal axis [57]. There is a positive 
correlation between LH and TSH in Polycystic Ovarian Syndrome 
(PCOS) patients [58]. It appears from these data that dysregulation 
of thyroid function can be associated with gonadal disorders which 
may impaired fertility. This multifunctional correlation could pave 
the way for investigating the pathological impacts of these hormones 
[59].

Discussion
The observations and results show that there is indeed 

overlapping between TSH and gonadotropins at the level of the 
receptor as well as at the hormonal effects, in case of unicellular 
and human beings, alike. The most interesting overlap is at the 
level of unicellular, where Tetrahymena reacts to thyrotropin (in 
this particular case, mammalian hypophyseal TSH) synthesizing 
triiodothyronine, a vertebrate hormone. The reaction means that a 
TSH receptor is present, which transmits the hormonal information 
and this transmission has resulted in the hormonal product. In 
addition, this effect is done also by the related hormone, human 
chorionic gonadotropin. There are two possibilities, which can 
explain this strange phenomenon. The first possibility is, that in 
the Tetrahymena genome there are such genes which are similar to 
mammalian genes, and in a fraction of Tetrahymena genes this has 
experimental support in case of other genes. A fraction containing 
207 base pairs of Histidine Decarboxylase (HDC) gene was compared 
to HDC cDNA (exon) sequences and it was found that the HDC-
cDNA of Tetrahymena pyriformis similar to mammalian cDNA [60]. 
In addition, 52% of Tetrahymena genes showed significant identity 
to genes of other organisms, represented in the GenBank, of which 
92% matched human proteins [61]. Although there are concrete data 
in the case of glycopeptide hormones, the validity of the mentioned 
similarities could be imagined.

A further possibility is based on the theory of Koch et al. [62]. 
According to this theory, there are not preformed receptors in 
unicellular, but there is a continuous traffic between the new 
molecules produced by the cells and others, presented in the plasma 
membrane and these are building into the plasma membranes forming 
membrane patterns which can recognize and bind environmental 
molecules, including hormones. This transitional „receptors” can 
bind the hormones which are recognized also by similarity and can 
be fixed after founding the partners [63].

There is an easier situation for explaining overlappings in case 
of vertebrates. The members of the glycoprotein hormone family 
have common producer organs (as in the case of TSH, FSH, LH, and 
HCG). In this case, the problem is, how is the response to the given 
hormone is specific (in general), if many related hormone molecules 
are present in the blood circulation. This question is not answered 
[64,65], and the mentioned human cases show the problems of 
overlapping, causing abnormal states or diseases. This requests 
further research for eliminating the causes of diseases, as the problem 
seems to be universal. For example, in the case of nuclear receptors, 
as sexual hormone receptors, glucocorticoid receptors, etc. also there 
is receptorial and hormonal overlapping, however, it is accepted, not 
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knowing what causes the specificity in the everyday practice.

Faulty perinatal hormonal imprinting with overlapping 
glycoprotein hormones could cause abnormal receptor-hormone 
contact and influences alterations in case of a second encounter 
[66,67]. This could be the cause of different diseases. However, 
though the determining period of receptor-hormone contact is 
perinatal, there is a possibility also later, during adolescence, or in 
the continuously dividing cells, during the whole life [68]. This is well 
demonstrated when seven weeks old (adult) rats were treated with 
gonadotropin and showed a decrease in thyroid response to TSH 
later. TSH treatment was not able to restore the normal thyroxine 
level [69].

It is also interesting that TSH amplified FSH receptors in a greater 
degree for Chinese hamster ovary (CHO) cells (in tissue culture) 
than FSH itself [70] and for imprinting very low concentration of 
hormones (10-13 mol) was needed for a short time [70,71]. The effect 
of the overlapping hormone was stronger than the real, physiological 
(specific) hormone, causing disturbances in hormone regulating 
systems, or causing diseases. This also means that the hormonal 
overlappings of glycoprotein hormones have to take more seriously 
and further research is needed to clear the problems caused by it. 
This is more important in the present era of enormous spreading of 
endocrine disruptors, which are able to disturb the whole endocrine 
system [72,73]. These exogenous chemicals can mimic the effects 
of natural hormones by binding to their receptors. This latter is 
more likely considering the broad expression of extra thyroidal 
TSH receptors [74]. Polychlorinated Biphenyls (PCBs) influence 
gonadotropin as well as TSH levels in rats [75] and maternal exposure 
to diethylstilbestrol influences thyroid function and testicular 
function [76], consequently the development of the brain [77,78]. 
Bisphenol A (BPA) exposure caused alterations in the gonadotropin 
levels of adult female workers [79] and in male smokers [80]. There 
was an association between urinary BPA and serum TSH levels, 
consequently thyroid function [81].

Considering the perinatal hormonal imprinting, human maternal 
exposure to BPA resulted in advancing puberty in females [82], 
variations in sperm count and motility in males and alterations 
in the estrus cycle in female rats [84]. Although there is no direct 
glycoprotein hormone overlapping observations, our knowledge 
on these processes calls attention to the expected and potentially 
serious problems which will be caused in the future by the endocrine 
disruptors’ provoked overlapping imprinting. Considering also the 
epigenetic inheritance of hormonal imprinting and the enormous 
proliferation of endocrine disruptors, it is the time to keep seriously 
the overlapping between hormones and especially between the 
glycoprotein hormones [85-87].
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