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Mammalian reproduction is mainly driven and regulated by the hypothalamic-pituitary-gonadal (HPG) axis. Follicle-

stimulating hormone (FSH), which is synthesized and secreted by the anterior pituitary gland, is a key regulator

that ultimately affects animal fertility. As a dimeric glycoprotein hormone, the biological specificity of FSH is mainly

determined by the β subunit. As research techniques are being continuously innovated, studies are exploring the

underlying molecular mechanism regulating the secretion of mammalian FSH. 
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1. Introduction

Follicle-stimulating hormone (FSH) is a glycoprotein hormone synthesized and secreted by the pituitary gland. The

pituitary gland, as one of the endocrine organs of the animal, plays a crucial and pivotal role in different

physiological processes of mammals due to the secretion of various hormones. In addition to FSH, the other

hormones secreted by the pituitary gland are growth hormone (GH), prolactin, adrenocorticotropic hormone,

melanocyte-stimulating hormone, thyroid-stimulating hormone (TSH) and luteinizing hormone (LH) . Among these

hormones, FSH, as one of the important gonadotropins involved in mammalian reproductive development, is

secreted into the blood after synthesis by the gonadotroph cells (a type of basophilic cell) in the anterior pituitary

gland (adenohypophysis). Then, it acts on the corresponding target organs of the mammals, namely the testes and

ovaries, to exert its biological functions through the peripheral blood circulation . Since FSH is a key regulator in

the hypothalamic-pituitary-gonadal (HPG) axis, it plays an indispensable role in mammalian reproductive activities.

Some reproductive disorders are associated with the disruption of FSH secretion, and/or its signaling pathways.

For instance, it has been observed that the concentration of FSH was lower in polycystic ovarian syndrome

(PCOS) than in the controls . In women with PCOS, it can promote follicular development by injecting an

appropriate amount of exogenous FSH to supplement the low concentration of FSH caused by insufficient

endogenous secretion . The lack of FSH and FSHR may also cause difficulty in spermatogenesis and infertility

in men . Some preliminary data suggest a beneficial effect on live birth and pregnancy of gonadotrophin

treatment for men with idiopathic male factor subfertility .

[1]

[2]

[3]

[4][5]

[6]

[7][8]



Mammalian Follicle-Stimulating Hormone Secretion | Encyclopedia.pub

https://encyclopedia.pub/entry/9660 2/6

In view of the non-negligible role of FSH in mammalian reproductive development, it is very meaningful to learn

about how to regulate the synthesis and secretion of FSH. In this review, we summarize the classical molecular

characteristics and signaling pathways involved in the regulation of mammalian FSH secretion.

2. Function and Structure of FSH

FSH and luteinizing hormone (LH) synergistically regulate animal reproduction through specific G protein-coupled

receptors (GPCRs) under physiological conditions, and they can also regulate steroid hormone production, cell

metabolism and growth and other physiological activities, thereby exerting specific biological effects on the

hypothalamus, pituitary, ovary, testis and other target tissues . The formation and maturation of ovarian

follicles, the proliferation of follicular granulosa cells, the synthesis of sertoli cells and leydig cells, and the

development of seminiferous epithelium all require the cooperation of gonadotropins. FSH plays different functions

in female animals and male animals.

In female animals, FSH stimulates the growth and development of follicles, and increases the oxygen uptake of

parietal granulosa cells to promote related protein synthesis . Especially in the late stage of follicle formation,

FSH induces granulosa cells to express a large number of luteinizing hormone receptors and their own proliferation

and induces an increase in the expression of epidermal growth factor receptor (EGFR) to promote the occurrence

of ovulation under the synergistic effect of LH . In addition, FSH treatment up-regulated the synthesis of

related hormones, including progesterone . The clinical manifestation that FSH-deficient women become infertile

due to blocked follicle production also implies the essential role of FSH . FSH can also promote differentiation of

the follicular inner membrane cells, thereby promoting the proliferation of granulosa cells and the secretion of

follicular fluid .

In male animals, FSH promotes seminiferous epithelial development and spermatogenesis . Congenital FSH

deficiency caused by the FSHB mutation could directly lead to abnormal sperm and even infertility . With the

emergence of recombinant FSH, more and more FSH preparations or biosimilar drugs are used in the treatment of

male infertility, while the use of different FSH preparations achieved similar results in stimulating spermatogenesis

in males and eventually inducing physiological pregnancy . In addition, FSH has a direct effect on germ cells,

such as supporting cells and spermatogonial stem cells in the testis . The development of testes and the

synthesis of testosterone are also inseparable from the participation of FSH .

Due to in-depth studies of FSH functions, new FSH functions are gradually being recognized in addition to the

traditional physiological functions. For example, FSH may regulate the endocrine function of the rat pancreas via

the FSHR . FSH has also been gradually confirmed to play a potential role in bone , fat , prostate tumors

 and other tissues. However, the detailed mechanism still needs further analysis.

FSH is a heterodimeric glycoprotein consisting of two noncovalently bound and dissociable subunits, α and β ,

and its molecular structure is similar to that of LH. For this type of glycoprotein hormone, the α-subunit is common,

but the β-subunit has hormone specificity. Therefore, the β-subunit determines the biological specificity of
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gonadotropins, and the transcriptional differences of genes encoding the β-subunit will directly affect the synthesis

and secretion of hormones . It is well known that  FSHB  is highly expressed in the pituitary gland, but an

increasing number of studies have found that it is also expressed in many tissues other than the pituitary gland. In

2010, Chu et al.  confirmed that Fshb and its receptor FSHR can be expressed in the rat pancreas. In addition,

FSHR has also been identified in the female reproductive tract and developing placenta, and a low-level

expression of FSHB  has been detected in the following various nonovarian tissues: gravida, maternal decidua,

placenta and myometrium . This also means that FSH has many unknown functions to be explored, not just

limited to the HPG axis.

3. Conclusions and Prospects

The normal reproductive function and reproductive ability of animals depend on the precise regulation of various

reproductive hormones, including FSH. Therefore, it may help us better understand the physiological and

pathological processes, such as spermatogenesis, ovulation, the menstrual cycle, puberty, and even reproductive

system diseases, if the molecular mechanisms that regulate the synthesis of gonadotropins can be determined. In

recent decades, we have clarified the molecular mechanism of the overall regulation of FSH secretion. Every step

of FSH synthesis and secretion is strictly controlled by the signals that mediate initial synthesis to the signals

required to successfully perform biological functions. Therefore, the regulation of FSH secretion is a highly complex

and multilevel network. GnRHR differentially activates a number of different signal transduction pathways in

response to changing GnRH pulse frequencies. Various signaling pathways will also interweave and interfere with

each other. All of these phenomena further increase the complexity of the molecular mechanism regulating FSH

secretion. There are still more kinds of apparent genetic modifications that play unknown functions, although we

have clarified the regulation of the FSH molecular basis and signaling pathways. Additionally, more comprehensive

studies are needed to decipher the intertwined potential molecular mechanisms that regulate the synthesis and

secretion of FSH in different physiological systems. These studies will help us have a clearer understanding of the

internal processes regulating animal reproduction, improve the artificial regulatory system of animal reproductive

processes, and even provide deeper theoretical support for the exploration and development of potential

therapeutic targets and effective therapies related to reproductive diseases or other diseases affected by FSH.

References

1. Hong, G.K.; Payne, S.C.; Jane, J.A., Jr. Anatomy, Physiology, and Laboratory Evaluation of the
Pituitary Gland. Otolaryngol. Clin. N. Am. 2016, 49, 21–32.

2. Greenblatt, R.B.; Mahesh, V.B. Pituitary-Ovarian Relationships. Metabolism 1965, 14, 320–326.

3. Baird, D.T.; Corker, C.S.; Davidson, D.W.; Hunter, W.M.; Michie, E.A.; Van Look, P.F. Pituitary-
ovarian relationships in polycystic ovary syndrome. J. Clin. Endocrinol. Metab. 1977, 45, 798–
801.

[29]

[24]

[30]



Mammalian Follicle-Stimulating Hormone Secretion | Encyclopedia.pub

https://encyclopedia.pub/entry/9660 4/6

4. Seibel, M.M.; Kamrava, M.M.; McArdle, C.; Taymor, M.L. Treatment of polycystic ovary disease
with chronic low-dose follicle stimulating hormone: Biochemical changes and ultrasound
correlation. Int. J. Fertil. 1984, 29, 39–43.

5. Hamilton-Fairley, D.; Kiddy, D.; Watson, H.; Sagle, M.; Franks, S. Low-dose gonadotrophin
therapy for induction of ovulation in 100 women with polycystic ovary syndrome. Hum. Reprod.
1991, 6, 1095–1099.

6. Rougier, C.; Hieronimus, S.; Panaia-Ferrari, P.; Lahlou, N.; Paris, F.; Fenichel, P. Isolated follicle-
stimulating hormone (FSH) deficiency in two infertile men without FSH beta gene mutation: Case
report and literature review. Ann. Endocrinol. 2019, 80, 234–239.

7. Attia, A.M.; Abou-Setta, A.M.; Al-Inany, H.G. Gonadotrophins for idiopathic male factor subfertility.
Cochrane Database Syst. Rev. 2013, CD005071.

8. Simoni, M.; Brigante, G.; Rochira, V.; Santi, D.; Casarini, L. Prospects for FSH Treatment of Male
Infertility. J. Clin. Endocrinol. Metab. 2020, 105.

9. Bern, H.A.; Geschwind, I.I.; Pierce, J.G.; Li, C.H. Pituitary hormones: International colloquium.
Science 1969, 163, 200–202.

10. Choi, S.G.; Jia, J.; Pfeffer, R.L.; Sealfon, S.C. G proteins and autocrine signaling differentially
regulate gonadotropin subunit expression in pituitary gonadotrope. J. Biol. Chem. 2012, 287,
21550–21560.

11. Duan, H.; Xiao, L.; Ge, W.; Yang, S.; Jiang, Y.; Lv, J.; Hu, J.; Zhang, Y.; Zhao, X.; Hua, Y. Follicle-
stimulating hormone and luteinizing hormone regulate the synthesis mechanism of
dihydrotestosterone in sheep granulosa cells. Reprod. Domest. Anim. 2021, 56, 292–300.

12. Casarini, L.; Lazzaretti, C.; Paradiso, E.; Limoncella, S.; Riccetti, L.; Sperduti, S.; Melli, B.;
Marcozzi, S.; Anzivino, C.; Sayers, N.S.; et al. Membrane Estrogen Receptor (GPER) and
Follicle-Stimulating Hormone Receptor (FSHR) Heteromeric Complexes Promote Human Ovarian
Follicle Survival. iScience 2020, 23, 101812.

13. Widayati, D.T.; Pangestu, M. Effect of follicle-stimulating hormone on Bligon goat oocyte
maturation and embryonic development post in vitro fertilization. Vet. World 2020, 13, 2443–2446.

14. El-Hayek, S.; Demeestere, I.; Clarke, H.J. Follicle-stimulating hormone regulates expression and
activity of epidermal growth factor receptor in the murine ovarian follicle. Proc. Natl. Acad. Sci.
USA 2014, 111, 16778–16783.

15. Wang, X.; Wang, L.; Sun, Y.; Wu, D.; Li, J.; Zhu, L.; Jiang, S.; Pan, X. The optimized research of
the in vitro culture of preantral follicles in mice. J. Clin. Lab. Anal. 2020, 34, e23498.

16. Smitz, J.; Andersen, A.N.; Devroey, P.; Arce, J.C.; Group, M. Endocrine profile in serum and
follicular fluid differs after ovarian stimulation with HP-hMG or recombinant FSH in IVF patients.



Mammalian Follicle-Stimulating Hormone Secretion | Encyclopedia.pub

https://encyclopedia.pub/entry/9660 5/6

Hum. Reprod. 2007, 22, 676–687.

17. Kumar, T.R.; Wang, Y.; Lu, N.; Matzuk, M.M. Follicle stimulating hormone is required for ovarian
follicle maturation but not male fertility. Nat. Genet. 1997, 15, 201–204.

18. Lizneva, D.; Rahimova, A.; Kim, S.M.; Atabiekov, I.; Javaid, S.; Alamoush, B.; Taneja, C.; Khan,
A.; Sun, L.; Azziz, R.; et al. FSH Beyond Fertility. Front. Endocrinol. 2019, 10, 136.

19. Patel, H.; Bhartiya, D. Direct action of FSH on testicular stem cells. Stem Cell Res. Ther. 2019,
10, 261.

20. Boeri, L.; Capogrosso, P.; Salonia, A. Gonadotropin Treatment for the Male Hypogonadotropic
Hypogonadism. Curr. Pharm. Des. 2020.

21. Patel, H.; Bhartiya, D. Testicular Stem Cells Express Follicle-Stimulating Hormone Receptors and
Are Directly Modulated by FSH. Reprod. Sci. 2016, 23, 1493–1508.

22. Orth, J.M. The role of follicle-stimulating hormone in controlling Sertoli cell proliferation in testes of
fetal rats. Endocrinology 1984, 115, 1248–1255.

23. Gautam, M.; Bhattacharya, I.; Rai, U.; Majumdar, S.S. Hormone induced differential transcriptome
analysis of Sertoli cells during postnatal maturation of rat testes. PLoS ONE 2018, 13, e0191201.

24. Chu, C.; Xu, B.; Huang, W. A study on expression of FSH and its effects on the secretion of
insulin and glucagon in rat pancreas. Tissue Cell 2010, 42, 370–375.

25. Sun, L.; Peng, Y.; Sharrow, A.C.; Iqbal, J.; Zhang, Z.; Papachristou, D.J.; Zaidi, S.; Zhu, L.L.;
Yaroslavskiy, B.B.; Zhou, H.; et al. FSH directly regulates bone mass. Cell 2006, 125, 247–260.

26. Liu, X.M.; Chan, H.C.; Ding, G.L.; Cai, J.; Song, Y.; Wang, T.T.; Zhang, D.; Chen, H.; Yu, M.K.;
Wu, Y.T.; et al. FSH regulates fat accumulation and redistribution in aging through the
Galphai/Ca(2+)/CREB pathway. Aging Cell 2015, 14, 409–420.

27. Ide, H.; Terado, Y.; Sakamaki, K.; Inoue, M.; Nakajima, A.; Lu, Y.; Hisasue, S.; Yamaguchi, R.;
Muto, S.; Horie, S. Serum level of follicle-stimulating hormone is associated with extraprostatic
extension of prostate cancer. Prostate Int. 2013, 1, 109–112.

28. Bousfield, G.R.; Dias, J.A. Synthesis and secretion of gonadotropins including structure-function
correlates. Rev. Endocr. Metab. Disord. 2011, 12, 289–302.

29. Das, N.; Kumar, T.R. Molecular regulation of follicle-stimulating hormone synthesis, secretion and
action. J. Mol. Endocrinol. 2018, 60, R131–R155.

30. Stilley, J.A.; Christensen, D.E.; Dahlem, K.B.; Guan, R.; Santillan, D.A.; England, S.K.; Al-Hendy,
A.; Kirby, P.A.; Segaloff, D.L. FSH receptor (FSHR) expression in human extragonadal
reproductive tissues and the developing placenta, and the impact of its deletion on pregnancy in
mice. Biol. Reprod. 2014, 91, 74.



Mammalian Follicle-Stimulating Hormone Secretion | Encyclopedia.pub

https://encyclopedia.pub/entry/9660 6/6

Retrieved from https://encyclopedia.pub/entry/history/show/23082


