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Abstract

Transforming growth factor 1 (TGF-f1) is a polypeptide growth factor with various biological activities. Recent studies have
shown that this growth factor and they receptors are expressed in human Leydig cells, Sertoli cells, spermatogonia, spermatocytes
and sperm cells after birth, and are involved in the endocrine regulation of spermatogenesis. However, there is no report on the
expression of TGF- in human embryonic testis. TGF-p1 is a peptide growth factor widely distributed in germ cells at various
levels in the testis, regulating the function of the testes and maintaining the stability of the testis environment by acting on
various cells. This review summarizes the research progress of TGF-f1 in human testis.

Keywords: transforming growth factor B1; TGF-P1; testicular genesis; biological functions; polypeptide growth.

Practical Application: There is currently no effective treatment to prevent or reverse the progression of testicular reproductive

diseases.

1 Introduction

Testicular formation and spermatogenesis is a delicate and
complex process. There are complex cellular pathways between
various cells, and the secretion and action of various hormones are
complicated. In the four classical signaling pathways regulating
growth and development of Wnt, TGF-{, Notch, and Hedgehog,
normal testicular development and spermatogenesis are closely
related to TGFp signaling pathway.

In newborn fetal testes, several ligands including Nodal,
TGF-B, Activins and BMP play a key role in regulating male
pluripotency, somatic and germline proliferation, testicular
angiogenesis and structure. In postnatal life, in addition to
the specified germline differentiation and proliferation, local
production of these factors determines adult testicular size by
regulating cell proliferation and differentiation. Because TGF-
superfamily signaling is indispensable for testicular formation,
it can lead to testicular disease and can lead to reduced fertility
in men (Young et al., 2015; Kwiatkowski et al., 2014).

TGF-B/Smad signaling pathway and HF TGF-f receptor
(TPR) is a cell membrane surface receptor, which can be divided
into three types according to the structure and characteristics of
the receptor, which are TGF- type I receptor (TBRI), TGE-p type
II receptor (TPRII), TGF-P type III receptor (TPRIII). Among
them, TPRI and TPRII have Ser/Thr protein kinase activity
necessary for cell signal transduction due to their transmembrane
region containing a serine (Ser)/threonine (Thr) protein kinase
domain. The TBRI proximal membrane region has a serine-rich
(Ger)/glycine (Gly)-rich domain, called the GS domain, which
is the region of receptor kinase activity and is activated by
TPBRII phosphorylation. TGF-p is first TBRII binding undergoes

non-ligand-dependent autophosphorylation activation to form
a complex, at which point TBRII phosphorylation kinase is
activated, TPRI recognizes and binds to this compound, and is
activated by phosphorylation of TPRII phosphorylation kinase,
through such a process Initiation of intracellular signal generation.

It is generally believed that in TGF-p-induced signal
transduction, TGF-p first directly binds to TPRII to form a
complex, TGF-f conformation changes, is recognized by TPR-1
and binds to form TPRII-TGF- -TBRI trimer complex, TPRI in
the complex is phosphorylated by TBRII, causing its substrate to
amplify the signal and further downstream, which is the most
important way of binding the receptor to the ligand, that is the
mediated recruitment method (Nayeem & Deep 2014). Among
them, auto-phosphorylation of TBRII is essential, and Ser/Thr
phosphorylation of TPR1 GS region is a necessary pathway to
mediate TGFp signaling, and its specificity of kinase determines
downstream signal specificity. Therefore, TGF-f signaling is
dependent on the interaction and presence of TBRI and TPRIL
Another way is synergistic: TPRI and TPRII interact with the
ligand in a synergistic manner, without prioritization. When
these two receptors are simultaneously expressed in the cell and
present on the cell membrane, their affinity with the ligand is
greatly enhanced (Sabbineni et al. 2018).

2 The effect of TGF-f1 on Sertoli cells

The mammalian testis is divided into two compartments,Dtubular
compartment and Leydig cell compartment: tubules composed
of Sertoli cells, peritubular myoid cells and various generations
of germ cells (spermatogonial stem cells, meiotic spermatocytes,
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and spermatozoa); and interstitial space (between seminiferous
tubules) consisting of blood vessels, tissue-resident immune cells,
and testosterone-producing Leydig cells (Cheng & Mruk 2012).
These Sertoli cells form the blood testis barrier (BTB), also known
as the Sertoli cell barrier, which functions to protect developing
germ cells from systemic attack by adaptive immune cells while
providing nutrient and structural support (Wen et al., 2016;
Luca et al., 2018). It is well known that tight junctions formed
by adjacent Sertoli cells are a major component of the blood
testis barrier and it plays an important role in maintaining the
microenvironment of spermatogenesis in the testes. The testis is
the main male reproductive organ (spermogenesis) and synthetic
androgen, which produces sperm, mainly testosterone (Li et al.,
2018; Zhu et al.,, 2019). Due to the presence of BTB, immune
cells and factors are usually not delivered from the blood to
the lumen of the seminiferous tubules, the main component of
which is tight junction, the formation of adjacent Sertoli cells
10. Various members of Occludin (Ocln), claudin (Cldn) and
Zonula Occludens-1 (ZO-1), as major TJs-associated proteins,
are thought to be directly involved in this barrier mechanism,
they play an important role in maintaining testicular homeostasis.
Therefore, Sertoli cells have been described as key cells for
spermatogenesis (Wu et al., 2017; Wen et al., 2018).

Testicular Sertoli cells are target cells for the action of
TGF-p1 (Wangetal., 2013). Rao etal. (2019) found that TGF-f1
regulates the secretion of immature testicular cells in a time- and
dose-dependent manner, suggesting that TGF-B1 may be involved
in normal spermatogenic epithelial development. FSH-treated
Sertoli cells are functionally dose-dependently increased, and the
addition of TGF-B1 reduces the action of this gonadotropin, which
is dose-dependent. TGF-P1 significantly reduced FSH-induced
cAMP levels in cultured Sertoli cells, which attenuated the effect
of FSH on Sertoli cell physiology by indirectly acting by reducing
cAMP levels (Rindone et al., 2018). FSH-induced cAMP is alocal
product that may function through the secretion function of
testicular cells (Jockusch et al., 2014). Sertoli cell transcription
factors regulate testicular integrity including the WT1-SOX8
/ SOX9-beta-CAT-ENIN-DHH network, GPR56, STIM1 and
NROBI (also known as DAX1).

We believe that the mechanism of TGF regulation in Sertoli
cells is much more complicated than originally thought (Hu et al.,
2018). Expression of Lertig-tagged TGF-P1 in Sertoli cells in
residual intact testicular cells suggests that transdifferentiation of
Sertoli cells to Leydig-like cells is unlikely to be a driving factor
of testis. Further research is needed to determine the cause and
underlying mechanisms, while emphasizing the underestimated
effects of peritubular myoid cells in testicular maintenance and
their cooperation with Sertoli cells (Oral et al., 2008).

Through Sertoli cell proliferation (e.g., SMAD4, GATA4,
and TGF-P1 signaling), Leydig cell products (e.g., ACTIVINA
vascular development) regulate testicular size, shape and number
and available gonad space (e.g. observed in the Ift144 mutant
mouse). Further research requires a genetic model to reveal the
underlying mechanisms of gene network and sex determination
to regulate the integrity and morphology of testicle lobule (Chen
& Liu 2015; Sheng et al., 2017).

3 Effect of TGF-f1 on peritubular myoid cells

Peritubular myoid cells localize to the luminal side of
endothelial cells and the luminal side of adventitial fibroblasts,
covering small blood vessels and large blood vessels (Chen &
Liu 2016), forming the structural framework of seminiferous
tubules, contribute to the basal lamina, and are a vital part of
testis paracrine signaling network. Ultrastructural studies have
shown that peritubular myoid cellstlack dense bodies and less
myofilament. TGF-f1 is mainly mediated by type 1 receptors,
which promotes the proliferation of extracellular matrix,
activates cells’ PAL-1, and coordinates with PAL-1 secreted by
the Sertoli cells (Zhang et al., 2014). Experimental analysis of cell
proliferation and DNA synthesis of H-deoxythymidine found
that TGF-P1 could not affect the proliferation of peritubular
myoid cells and Sertoli cells, but inhibited the synthesis of DNA
from peritubular myoid cells induced by TGFa. In addition, the
product of TGF-B1 acting on the peritubular myoid protein is
mainly composed of collagen, fibronectin and proteoglycan,
which are components of the basement membrane, suggesting
that the regulation of the seminiferous tubules and the Sertoli
cells on the basal layer of the seminiferous tubule is likely to be
achieved by TGF-B (Anderson et al., 2008). The expression of
TGEF-B1 in the testis is closely related to its biological function,
regulating the ability of the testis by maintaining the function of
various cells, maintaining the testis-inner environment-stability.

4 Effect of TGF-f1 on Leydig cells

TGF-P1 is widely present in the spermatogenic cells of the
testis, which regulates testicular function by regulating various
cells including Leydig cells and Sertoli cells, thereby maintaining
the stability of the testis environment. It plays an important
role in the process of spermatogenesis. TGF-p1 is expressed in
different cells of the testis at different developmental stages: In the
neonatal period, TGF-f1 is mainly expressed in spermatogonia
and Leydig cells, but is expressed in Sertoli cells before puberty,
and is mainly expressed in various sperm cells in maturity.

The high expression of TGF-B1 in the testis can affect the
normal spermatogenic function of the body (Yao et al., 2015).
Because Leydig cells are the main site for the conversion of
androgen into estrogen, and in male sexual maturity, TGF-p1
is mainly expressed in Leydig cells, while they are mainly found
in the testicular stroma. Due to the presence of the testicular
specific structure of the blood testis barrier, it is difficult for
drugs to pass the blood testis barrier. When TGF-p1 receptor I
blocker was injected into the testicular stroma of model rats by
microinjection, it effectively blocked the expression of TGF-f1
in Leydig cells and can avoid the effect of the blood testis
barrier on the effect of blockers (Oral et al. 2008). Blockers can
significantly increase rat sperm density and sperm motility as
well as fast forwardumovement (Grade A) and slow forward
movement (Grade B). Furthermore, it was observed under high
power microscope that it decreased the expression of TGF-f1
in the testis of the model rats, and the expression of CYP19
was increased and sperm production was increased. TRRI can
improve sperm quality and increase serum sex hormone levels
(Nagaoka & Saitou 2017).
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5 The effect of TGF- f1 on spermatogonia

TGF-P1 expression was observed in normal Leydig cells,
sperm cells and Sertoli cells. The testicular stroma mainly includes
Leydig cells, dendritic cells, macrophages, and other immune
cells (Johnson et al., 2008). Morphological analysis showed that
TGF-B1 was mainly expressed in Leydig cells (Hu et al., 2018),
suggesting that Leydig cells can participate in the regulation of
testicular immune microenvironment and normal spermatogenesis
by secreting TGF-B1. TGF-B1 is expressed in the posterior
acrosome, the neck and the middle of the tail (Combes et al.,
2009). The expression of TGF-B1 in testicular spermatogenic
epithelial cells indicates that the sperm has TGF-P1 expression
before entering the epididymis. TGF-P1 expression can be seen
in the tight junctions between Sertoli cells, suggesting that
TGF-B1 may play an important role in maintaining the structural
stability of the fine tubules. It was found that the expression of
TGF-B1 was found in the nucleus and cytoplasm of seminoma
cells, and the expression level was significantly higher than that
in normal testes (Stukenborg et al., 2009).

The position where N-cadherin is mainly expressed is the
tight junction between the Sertoliocells adjacent to the base of
the normal testis, suggesting that it plays an important role in
maintaining the structural stability of the seminiferous tubules
and the migration of spermatogenic cells from the basal to the
lumen (Anderson et al., 2008).

6 Problems and prospects

TGEFp is a post-transcriptional regulatory molecule essential
for gene expression in physiological and pathological processes.
Inflammation, apoptosis, proliferation, differentiation, signal
transduction, wound healing, fibrosis, and tissue development,
differentiation, and repair are all regulated by TGF-p1 (Wen et al.
2016). There is increasing evidence that TGF-B1 is closely
related to the development of many human diseases, and that
different stages of the same disease are associated with different
TGEF-P1 expression profiles (Endo et al., 2017). In recent years,
it has been shown to be associated with a variety of testicular
formation and maintenance abnormalities associated with various
diseases, including infertility, sexual developmental disorders
and testicular hypoplasia syndrome susceptibility to TGE-f1
network regulation (Wharton & Derynck 2009). Therefore,
elucidation of the regulatory role and mechanism of TGF cell
signaling may contribute to the diagnosis, progression, severity
judgment and prognosis assessment of infertility, and may make
it a potential therapeutic target.

There is currently no effective treatment to prevent or reverse
the progression of testicular reproductive diseases. Increasing
awareness of the molecular mechanisms of TGFp will also help
to discover new strategies for the treatment of reproductive
diseases. For example, biomarkers identified as specific miRNAs
for male reproductive diseases can provide new insights into the
phased, specific, and targeted therapies of reproductive diseases.

Questions worthy of consideration or need to be clarified
include 1. Is the mechanism of action of TG-FPB1 and most
signaling pathways in systemic male reproductive diseases
mediated by different signaling pathways? 2. Do many signaling
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pathways have TGF-P1 interference? 3. Is there more new TGF-f1
involved in the regulation of these signaling pathways or more
related signaling pathways? 4. How is TGF-P1 associated with
male reproductive physiology?
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