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PREFACE

Throughout writing this review, | have attempted to blend basic knowledge with the
most current findings in this field. Thus, the report starts with a background section
dealing with the basic structure of the testis, which is vital to understand fully the
interactions between the cell types. Then, after a brief examination of endocrine control
and the requirement of paracrine control, 1 deal with Sertoli-germ cell interactions
followed by Sertoli-peritubular-Leydig interactions.

In examining the paracrine role of growth factors in this area, 1t scems most logical
and straightforward to consider the Sertoh and germ cell interactions as separate from
those of the Sertoli-peritubular-Leydia. Even though these systems are dealt with
separately, it is imperative to remember that there 15 commumeation between them and
they cannot be considered in isolation. This concept 15 not only apphcable to the cell
types but to the growth factors themselves, When engaging in growth factor research
of any kind, it must be remembered that no single growth factor works independently
There is always a synergy between several or more growth factors to achieve one task.
It was these very issues that proved to be the major stumbling block for me in wnting
this paper and indeed these problems continuously hamper research,

The tortuous interactions befween growth factors and cell types provide a very
absorbing challenge and, it is clearly a Herculean task to fully unravel them. Even as
analytical techmgues improve these basic difficulties will persist along with the constant
rediscovery and dual terminology of factors that occurs. However, despite these
problems, it is considered a worthwhile cause not only for the potential treatment of
male idiopathic infertility, but also for the potential application of the knowledge gained
to other fields.




1. BACKGROUND

1.1 Morphology of the Testis

The adult testes are involved in two major functions, spermatogenesis and androgen
production to complete and maintain masculisation. These two functions are very
closely related because the development of secondary sexual characteristics are under
androgen control and an adequate level of it is subsequently required to maintain sperm

production.

Separate compartments within the testis are employed for androgen and
spermatozoa production {Figs.1 & 2). These two compartments are separated both
physically and physiologically by the existence of the blood-testis barrier that controls
the exchange of water soluble substances. Hence the intratubular fluid differs
considerably in composition from the extratubular flnd. Studies with radioactive and
dye-marker molecules have shown that the rate of entry into the interstitial fluid is high
suggesting little or no barrier at capillary level, but movement into the lumen of the
tubules is highly restricted by active selection and transport.

The tunica albuginica (or capsule) encloses the parenchymal tissue of the testes
which is divided into two functional compartments, the seminiferous tubules and the
vascularised interstitial tissue. Spermatogenesis ocours n the tubules, long, convoluted
structures, connected at both ends to the rete testis from which the spermatozoa are
passed into the epididymis for further maturation and storage. The Sertoh and germ
cells are located within the tubule. Spermatocytes and early spermatids are bounded by
pairs of Sertoli cells whilst late spermatids are embedded i their luminal surface. Thus,
the function of the Sertoli cells is involved with the development of spermatozoa by

providing nutrition and structural support.

The seminiferous tubules are stacked together and the spaces in-between, called the
interstitial tissue, contain blood vessels, lymph vessels and nerves, The Leydig cells are
also located within the interstitial compartment and their major function is the
production of steroid hormones like testosterone, collectively called the androgens.
These androgens, as mentioned earlier, mitiate and support spermatogenesis (Skinner
1991}
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Fig.2. Cross-section through the adult rat testis showing seminiferous tubules and
interstitial spaces {picture on right at higher magnification). L: Levdig Cell, b:
blood vessel and IF: interstitial fuid (Sharpe 1990). i




1.2 ritoli Cell

First described by Sertoli in 1865, the Sertoli cells are the only somatic cells in the
seminiferous tubules, They possess many cytoplasmic processes that serve to envelop
the germ cells as they develop providing structural and nutritional integrty. The nuclei
of Sertoli cells are observed to lie near the basal area of the tubule parallel to the
spermatogonia but some change in shape and position may occur dunng the
spermatogenic cycle. The perinuclear and basal regions contain high numbers of
organelles including endoplasmic reticulum and a specialised Golg system. This
underlies the secretory capabilities of the Sertoli cell. Also present 15 a residual body
which is thought to be responsible for the marshalling lipids within the Sertoh cell. It 1s
considered that this Iipad, along with the organelles associated with other steroid
producing cells, allows the Sertoli to synthesise and secrete its own locally acting
hormones and regulatory factors at various stages in the spermatogenic cycle to
influence the germ cells and other surrounding cell types.

Sertoli cells are known to express receptors for follicle stimulating hormone (FSH)
and will take up testosterone secreted by the Leydig cells {Skinner 1991).

1.3 The Levdig Cell

The Leydig cells are found clustered around the blood vessels of the interstitium and
their position and association with the tubules does not vary with the spermatogenic
cycle, althoush it has been noted that the association seems to increase during stages of
high testosterone demand. Synthesis and secretion of testosterone appears to be the
major function of the Leydig cell as underlined by the high incidence of cellular
machinery found within these bodies. The testosterone is synthesised de novo from
acetate and cholesterol via the action of the enzyme 3p-Hydroxysteroid dehydrogenase,
In man, between 4 and 10 mg of testosterone are secreted dally which rapadly enters the
blood, lymph and intratubular compartments. The androgen binds to receptors on the
Sertoli cells and is then internahised where it 15 taken up by androgen binding proteins
(ABP). The androgen loaded ABP is then secreted by the Sertoli cells for transport and
use. Leydig cell function 1s mainly controlled by luteimising hormone (LH), oestrogens
and peptides from the seminiferous tubules {Skinner 1991).




A maloreness

Male gamete development 15 dependant upon both pitumtary hormones and
androgens. The Sertol cell is considered to be the primary controller of the process
since it is the main target for the pituitary gonadotropins and androgens.
Spermatogenesis can be broken down into four phases. Firstly, the proliferation of
undifferentiated spermatogonia. Secondly, the differentiation of those spermatogonia.
Thirdly, meiosis and, lastly, spermatid development (spermiogenesis) and release of
Spermatozoa.

In the first phase, the undifferentiated type A0 spermatogonia mitotically divide
several times in the basal part of the tubule to become Al spermatogonia. Each Al
spermatogonia 15 subjected to a number of further mitotic divisions with a penod of
about 42 hours, the number of divisions is determined by the species, to produce a
group of daughter cells. For instance, in rat there are six divisions which produce a
group of 64 daughter cells. These daughter cells can follow one of two paths. They can
revert to AQ spermatogonia and bolster the stem cell population or they can progress to

differentiate in the second stage of spermatogenesis.

The control processes for the stem cells are not fully understood but, as proliferation
continues in hypophysectomised amimals, it is suggested that it 15 not hormonal m ongin
and may be under influence of Sertoli cell derived products.

After the species dependant number of mitotic divisions, the A type spermatogoma
become resting prnimary spermatogomia and enter the meiotic third phase which
commences m the basal mtratubular compartment. The resting pnmary spermatocytes
duplicate their DNA and then move into the adluminal intratubular compartment by
transiently disrupting the tight junctions between Sertoli cells. Here the resting
spermatocytes embark upon the first and lengthy meiotic division,

The first meotic division ends with homologous chromosomes separating and each
primary spermatocyte cleaving to form two secondary spermatocytes. Each secondary
spermatocyte possesses one set of chromosomes. The chromatids separate and the
secondary spermatocytes divide again to produce haploid early round spermatids.
Therefore, in rat, from 64 primary spermatocytes a maximum of 236 early spermatids
could result if there was no natural wastage. The early round spermatids then go
forward into phase four, the packaging or spermiogenesis, leading ultimately to release
in spermiation. During spermiogenesis, the spermatids underge radical cytoplasmic




remoddelling, This facilitates the development of tail, midpiece and acrosome which all

function to make the spermatozoa viable.

The processes of spermatogenesis are complex and thus a period of several weeks,
depending upon species, is required for it to take place. The species variation can be
observed both in overall time and time taken for individual stages to be completed.
However, within a species, the rate of progression of cells at a given stage is
surprisingly constant and adminmstration of exogenous hormones does not appear to
effect a change in speed either positively or negatively. This seemingly unshakeable
constant rate suggests an internal metering of processes and belies intrinsic
organisational and regulatory mechanisms (Sharpe 1990, Spiteri-Grech & Nieschlag
1993).




2. INTRODUCTION

2.1 Endocrine Control of the Testis

The growth, development and maintenance of the mammalian testis are under the
control of both endocrine and paracrine svstems, Endocrine control is effected by the
gonadotropins LH and FSH secreted and released from the pitwitary under
hypothalamic control, mediated by gonadotropin releasing hormone (GnRH). It 15 by
the pulsatility of these hormones that testicular function (i.e. spermatogencsis and
steroidogenesis) 15 governed centrally. The paracnine (local) control system compnses
of peripherally produced factors such as growth hormones and insulin. The endocrine
control system can therefore be regarded as to facilitate testicular function whilst the
paracrine system acts to co-ordinate and "fing tune” the various functions of the
different cell types and modulate gonadotropin effects according to local conditions and
requirements. The understanding of these paracrine events and the interactions between
the testicular cell types is in its infancy and the purpose of this report is to try to draw
together current thinking, Before we can address this, however, the endocrine control
mechanism must be discussed.

The testosterone secreted by the Leydig cells is transferred to the tubular
compartments of the testis where it is taken up by ABP. If the tubules are placed in
vitre and incubated with a radioactive isotope, then the radwactivty can be detected in
other tubular steroids. This suggests that some of the testosterone in the tubules 1s
being metabelised. For instance, it 15 known that testosterone 1s converted to oestrogen
by the tubule, especially in the pubertal testis and its release into the blood can be

detected. However, the significance of this conversion is not clear.

The fact that the tubules can bind and convert androgens suggests that there is
indeed a powerful requirement for these substances. This role has been demonstrated in
rat. It is old knowledge that if an animal is hypophysectomised its testes shrink, sperm
output decreases, spermatogencsis ceases at the pnmary spermatocyte stage, Leydig
cells involute leading to a decrease in testosterone production, If a large dose of
testosterone is administered spermatogenesis is rescued, albeit at a slower pace. These
classical experiments suggest two important concepts, firstly, that testosterone is
involved in the maintenance of spermatogenesis and secondly Leydig cell testosterone
secretion 15 under pitwitary control.




This control can be demonstrated by the admimstrabon of antenor pituitary
homogenate after hypophysectomy resulting in spermatogenesis and testosterone
putput from the Leydig cells being maintained. Analysis of the pituitary extract reveals
the presence of the glycoprotein, luteinising hormone (LH) to be responsible. Further
evidence comes from the administration of LH antibody which causes blood LH levels
to fall swiftly followed by testosterone levels. Then comes a regression of the androgen
dependent secondary sex characteristics. So it is clear that androgen production from
the Leydig cells is under LH control. The action of LH in promoting stermdogenesis 15
enhanced if it works in synergy with prolactin. However, prolactin will not stimulate

androgen production on its own.

If the Leydig cell function and spermatogenesis of a hypophysectomised amimal are
allowed to regress before LH treatment it is shown that upon administration of LH that
steroidogenesis 1s rescued but spermatogenesis 15 not. The spermatids are successful
until meiosis but then atrophy and die. In order to restart spermatogenesis the action of

follicle stimulating hormone (FSH) 15 required.

As has been mentioned, the Sertol cell 15 most important in the complex processes
of spermatogenesis and therefore it is not surprising that this cell is the main target for
the pituitary gonadotroping. FSH is the only peripheral hormone known to act upon the
Sertoli cells, other than general metabolic hormones such as insulin, but unfortunately
relatively little is still known about its actions especially in the adult. For study,
immature animal models have been mainly vsed and Sertoh cell function differs
considerably from the adult, Thus it is not known how applicable the information is to
the adult system.

The study of the cell-cell interactions in the testis has revealed that the actions of the
endocrine system are often mediated by the local paracnine control mechamsms. Levdig
cell production of androgen is enhanced by the action of LH. However, upon LH
stimulation, a chain of events takes place in which the androgens act upon the
pertubular cells to produce PModS that in turn acts upon the Sertoli cells to influence
germ cell development (see later). Such androgen mediated stromal-epithelial cell
interaction may be more common than is thought. It is considered that several factors,
like PModS, may exist to mediate steroid or hormone interactions, especally during
development.

FSH acting upon Sertoli cells can also affect other testicular cell types, FSH can
alter germinal cell development by acting indirectly to affect the Sertoli-germ eell




interactions. Sertoli cells also seem to produce FSH dependant factors that influence

the function of the Leydig cells, S0 it can be appreciated that the two major endocnne
testicular factors exert their influence through altering local paracnne interactions

{Sharpe 1986).

2.2 Follicle Stimulating Hormone Effects upon the Sertoli Cell

FSH has been observed to exert a number of effects upon the Sertoli cell. These
include increase in size, synthesis of protein and semimiferous tubule production, The
action of FSH on the Sertoli cell is via the classical pathway involving stimulation of
cyclic AMP, activation of protein kinase and subsequent protemn phosphorylation, FSH
also activates the production of inhibin and plasminogen activator. Inhibin acts as a
long-loop negative foedback regulator of FSH release from the pitutary and
plasminogen activator is thought to be involved 1n germ cell translocation.

FSH has also been demonstrated to stimulate the secretion of ABP as can
testosterone, There is some confusion as to whether the supposed FSH effects are due
to LH contamination of the administered FSH and/or enhancement of the testosterone
action by paracrine factors.

2.3 Luteinising Hormone Effects upon the Levdig Cell

LH acts only on the Leydig cells and is the primary regulating hormone for
testosterone synthesis and secretion, Testosterone acts peripherally on the testis and
also in a paracrine fashion and therefore LH 15 the only means of centrally controlling
its expression. This control is enabled in the main by the pulsatile release of LH which
in turn causes pulsatility in testosterone secretion shortly afterwards,




2.4 Requirement of Paracrine Control of the Testis

In any organ or tissue where there is a diversity of cell types interacting, the
requirement for local co-ordination is essential for correct function, This local control
(or paracrine regulation) must be effected by the production of factors by one cell type
that are recognised by the other cell populations. It can therefore be expected, upon
first glance, that in the testis such a control system would exist owing to the
compartmentalised nature leading to the vanous cell types being i close proxamuty. The
existence of a paracrine control system is also supported by the observation that if the
testis cell associations are disrupted in any way, by irradiation, heat cytotoxic agents or
disease, leads to a filure in normal testicular function suggesting that communication
between cell types is vital (Skinner 1991).

So why does the testis need paracrine regulation when its overall function 15 clearly
governed by the gonadotroping FSH and LH? It could be argued that local regulation is
unimportant since normal testicular function ceases when gonadotropin support 1s
suspended, The answer to these questions is that the endocrine control is working at a
macroscopic level facilitating testicular function whilst the paracrine system operates on
the microscopic level. The paracrine control system therefore acts to mediate and co-
ordinate the various functions of the different cell types and to modulate gonadotropin
effects according to the localised conditions and requirements (Sharpe 1986).
Therefore, the endocrine and paracrine control systems mutually support one another
with the absence of gonadotropins leading to a breakdown in the paracrine system and
gonadotropin  effects depending uwpon the correct functioning of the paracrine
mechanisms. As can be imagined the scope for fault 15 immense and this coupled with
our lack of knowledge is reason enough for why the cause of infertility in men is s0
difficult to diagnose and treat.

The various interactions between specific testicular cell types are discussed below. It
must be remembered however, that, whilst the division 15 made between cell types, the
overall system operates with all these cells interacting in concert to provide a functional

whole (Sharpe 1986).




3. SERTOLI-GERM CELL INTERACTIONS

3.1 Sertoli-Germ Cell Inferactions - With a View to Spermatogenesis In the Rat

The recent advent of transillumination-assisted dissection has made detailed study of
Sertoli-germ cell interactions possible. Using this technique, millimetre lengths of stenile
rat seminiferous tubule at various stages of spermatogenesis have been visualised in
vitro, The surrounding Sertoli cells serve to "nurse” the developing spermatogomia until
they are fully cytodifferentiated into mature spermatozoan by providing nutritional and
structural support. At any given time, a single Sertoh cell of the mammalian testis will
have germ cells at four or five different stages of differentiation spanning from
spermatogonia, at the base of the cell, to the spermatids located on the luminal surface,
At different stages of the spermatogenic cycle, of which there are fourteen in rat, the
particular groupings of the germinal cells change but the given stage of development
remains constant. This is understood as a collecting of germ cells with similar metabolic
requirements thus providing greater efficiency for the nurse Sertol cell,

Many of the proteins secreted by the Sertoli cell have no known identity or
discovered function. It has been noticed, howewver, that the total amount of protein
secretion exhibits a cyclical vanation with two peaks existing at stages V1 and X1I, and
many individual proteins have been observed to behave cyclically. The most apparent of
these functipnally undetermined proteins 1s called cyclic protein 2 and 15 produced at
much higher concentrations during stage V1. Proteins of known function are also
secreted cyclically by the Sertoli cell, for example, the iron-transporting protein,
transferrin, is observed to be at higher levels between stages IX and XIV and
ceruloplasmin, a copper transporter, production peaks at stage VI, Although the
physiological signficance of these stage dependant changes in Sertoli cell protein
secretion is not understood, it 18 clear that these changes indicate that Sertoh cell
function is dictated by the neighbouring germ cells (Sharpe 1986, Saez et al 1987).

Changes in morphology and/or function of the Sertoli cell can also be linked to
cyclical changes in the cell secretory function. Stages VII to VIII of rat spermatogenic
cvcle are heavily androgen reliant and the Sertoli cell modifies its function in response.
The secretion of androgen binding protein rises to maximal and there is also an
increased production of aromatase inhibitor te ensure that the neighbouring Leydig
cells convert mammal amounts of testosterone to oestrogens, Another indication of the
Sertoli cell's demand for androgens during these stages is that the Leydig cells adjacent




to the semimiferous tubules are sigmificantly larger than at any other time (see Sertoli-
Peritubular-Leydig cell interactions).

Two other important events commence at stages VII and VIIT, Firstly, spermiation
occurs during which the now completely differentiated spermatozoa are released into
the lumen and the Sertoh cells act to phagocytose their residual cytoplasm. Secondly,
spermatocytes are conveyed to the adluminal compartment and meiosis is imtiated. The
blood-testis barrier now reforms behind the spermatocytes sealing them in the
compartment. All these events require extensive modification and restructuring of the
Sertoli cell cytoplasmic connections and thus, at this time, Sertoli secretion of
plasminogen activator is high.

During stages I, IV, VI, IX, XII and XIV of the rat spermatogemc cycle mitotic
divisions occur accompanied by Sertoli cell functional changes. Clearly there 15 a need
for precise timing for the triggering of these events by the Sertoli cell at the correct
stage of the spermatogenic cycle. As correct germ cell division is central to the
production of normal spermatozoa, and these tmes are probably where a good
percentage of germ cells are lost, it can be seen that there is great leeway for a
breakdown in the local control to oceur leading to infertility.

What is it that dictates the cyclical variations in Sertoli cell function? One theory
may be that the germ cells signal the Sertoli cells for what they require. The germ cells
may achieve this communication via the complex Sertoli-germ cell junctions or they
may even be reverse commumcation via soluble factors which would make the overall
picture more confused than it already is (Sharpe 1986, Spiteri-Grech & Nieschlag
1993),




3.2 Sertoli-Germ cell Interactions in the Human

Due to the cthical considerations there are wvirtually no comparable studies on
humans as there have been on rat. So can parallels be drawn between rat and man?
Spermatogenesis in man differs in that there 15 a different organisation to the process
and, in contrast with most mammals, man has only six stages of the cycle which are not
distributed along the length of the seminiferous tubule. It was therefore thought, until
recently, that, in man, each stage was grouped separately in small, unrelated patches of
the tubule. Now it has been reahsed that spermatogenesis in man does oceur along the
length of the tubule but the spermatagenic wave is organised into a helical pattern. This

would make study on human tissue more difficult.

There are several reasons why it is thought that the human Sertol cell function wall
vary cyclically in a similar manner to the rat. Firstly, the events that occur in the rat
seminiferous tubule such as mitosis, meiosis, translocation and spermiation also must
oocur in a precise and organised pattern in the human. Secondly, the overall processes
of spermatogenesis and its reliance upon testosterone are very similar in man, rat and
indeed most mammals and whereas the mechanisms may be slightly different between
species, cell-cell co-ordination will stll be required. Finally, what 15 known about
human Sertoli cells make their secretions identical to the rat. So it 15 considered
acceptable to draw tentative comparisons between rat and man bearing in mind these
factors (Sharpe 1986).




4. SERTOLI-GERM CELL INTERACTIONS: ROLE OF GROWTH
FACTORS AS PARACRINE AGENTS

So, it is recognised that there 1s communication between the Sertoh cells and the
germinal cells. How 15 this commumcation facilitated? It is considered that the
differentiated Sertoli cell may act to direct germ cell development by the production of
growth factors, although contact inhibition may also play a part. Never-the-less, control
would not be due to one factor but would most likely be due to the combination of a
variety (Mullaney & Skinner 1991).

4.1 Insulin-like Growth Factor

Structurally similar to insulin, IGF-I and IGF-II are regarded as ubiquitous for
correct cellular replication and metabolism. Their actions are those of a cell growth

progression factors and DNA synthesis regulators,

IGF-1 is thought to be needed for DNA synthesis and cell division during testicular
development and spermatogenesis. IGF-1 mRNA was onginally 1solated from whole
testis preparations and subsequently it has been found that Sertoli cells synthesise and
secrete this factor. The Sertoli and germinal cells both posses receptors for IGF-1 and
express an 1GF binding protein. It has been observed that IGF-T and 11 increase DINA
synthesis and lactate production in immature Sertoli cells. Owing to the exastence of the
blood-testis barrier, no interstitial fluid denved IGF-T is able to penetrate from outside,
This indicates that the germ cells are solely reliant upon Sertol cell denved 1GF,

The expression if IGF-1 in the testis 1s positively regulated by growth hormone, FSH
and LH and is inhibited by prolactin. IGF availability can also be regulated by the
presence of additional factors called extracellular binding protemns, e.g. TGF binding
protein (IGFBP), which are differentially secreted by vanous tissues and bind to IGF
thereby limiting its bioavailability (Niederberger et al 1993).

Sertoli cells appear to express receptors for both IGF-1 and II and, in humans, the
receptors for IGF-I have been discovered m secondary spermatocytes and early
spermatids. Prepubertal Sertoli cells, i vidro, have been observed to increase their
incorporation of [3H]thymidine after exposure to IGF-1. This increase in DNA synthesis
is further supported by the increase in production of lactate and cellular protemns. Since
it is known that lactate production is controlled by FSH it 15 not surpnsing that FSH,
IGF-1 and insulin all gencrate this response. Thus, it scems as if the germ cells arc




dependant upon Sertol cell IGF production and their developmental regulation, in
spermatogenesis, via the control of meiotic processes (Bellvé & Zheng 1989, Giordano
et al 1991, Skinner 1991).

Merther IGF-I or IGF-II have vet been shown to directly affect the germ cells and
further study is required.

4.2 Merve Growth Factor

The neurotrophin, nerve growth factor f (NGF-fi) is also considered to play a role
in the paracrine control of the testis. NGF 15 required for the proper development and
maintenance of specific neurons in the peripheral and central nervous systems. In other
tissues NGF expression is linked to the amount of sympathetic innervation. NGF has
been observed to be expressed at higher levels in testosterone dependant tissue than
expected. NGF has been shown to be present in the testis especially in spermatogenic
cells (Giordano et al 1991, Skinner 1991).

NGF mRNA 15 expressed in the spermatocytes and early spermatids of the adult
mouse while the Sertoli cells express NGF receptors. Hypophysectomy of the mouse
leads to a significant increase in NGF receptor mRMNA throughout the whole testis. LH,
but not FSH, administration returns the level of receptor mRNA to normal values. This
sugeests that testosterone in some way acts to down-regulate NGF  receptor
expression. The physiological signmficance of this i1s not understood and Sertoli cell
secretion of NGF has not been observed. NGF also acts to affect the morphology of the
seminiferous tubules to maintain their normal structural integnty 7 vifre (Mullaney &
Skinner 1991).

It is therefore thought that NGF may mediate regulatory interactions between germ
and Sertol cells.

4.3 Testicular Interleukin-1

The mterleuking are a group of cytokines produced by lymphocytes and
macrophages in the activated state. It is thought that interleukin-1 (IL-1) is powerfully
mitogenic and may have a role in growth regulation of the testis. There are two forms
of IL-1, the o and B. IL-1PB is typically secreted by the lymphocytes but IL-1a is
produced by non-immune tissues.




The testes appear to be a producer of ¢ytokines and [L-1 activity has been observed
in cultures of Sertol cells and it appears that its actions are localised specifically in the
seminiferous tubules. IL-la activity shows an increase at puberty and coincides with
the start of spermatogenesis. Tt is considered that the Sertoli cell may produce TL-1 to
simulate the germ cell development directlty. Expenments have shown that
intratesticular injection of [L-1 into hypophysectomised rats increases the incorporation
of [FH|thymidine which indicates growth. Several functions of IL-1o are postulated.
Firstly, IL-1o. may induce the promotion of cvclic phagocytic activity to aid in the
removal of large numbers of residual bodies left behind in the epithelum after
spermiation. Secondly, its activity may be a form of immune surveillance ready to deal
with autgimmune reactions and inflammatory respomses. Thirdly, IL-lox may be
involved in promoting cell proliferation and differentiation and lastly, it may have a role
in increasing protein synthesis in differentiated Sertoli cells and advanced germ cells.
{Bellvé & Zheng 1989, Mullaney & Skinner 1991, Skinner 1991).

4 4 Epidermal Growth Factor (EGF) / Transforming Growth Factor Alpha (TGF-cr)

Transforming growth factor o (TGF-a) is a peptide which is structurally related to
the epidermal growth factor (EGF) group. It 1s therefore considered to act via the EGF
receptor and stimulates cell growth. EGF is produced in the submaxlliary salivary

slands of mice.

The first suggestion that this family 15 involved in the paracrine regulation of the
testis was through the study of sialoadenomectomised mice (removal of the salivary
alands). A mouse treated in such a manner displays a reduction in the number of mature
spermatozoa found in the epididyrus and spermatids in the testis while the number of
spermatocytes increases.  Admimstration  of  exogenous EGF  restores normal
spermatogenic function. This would indicate that EGF causes the stimulation of the
melotic phase of spermatogenesis. This, of course rases many questions: Is EGF
synthesised in the testis or if it transported from the salivary slands? If the latter is the
case, how 15 this transport achieved? Does EGF indeed act via the TGF-ot receptor, or
does it possess its own?

EGF and TGF-a have been identified in both the peritubular and Sertoli cells and
they contain the mRNA for TGF-x. It has recently been shown that TGF-ce stimulates
the peritubular cells to proliferate and that it influences Sertoli cell function indirectly
through its actions on the peritubular cells. Transcription of the TGF-o gene has
occurred in cultured periubular and Sertoli cells and 1t has been observed to




accumulate in media conditioned by both cell types. However, only peritubular cells
appear to express EGF/TGF-a receptors and proliferate upon admimstration of TGF-o
(Tsutsumi et al 1986, Bellvé & Zheng 1989, Giordano et al 1991, Mullaney & Skinner
1991, Skinner 1991, Niederberger et al 1993).

4.5 Transformine Growth Factor Beta (TGF-[3)

TGF-f is produced by both Sertoli and peritubular cells and the Sertoli cells express
receptors for it. TGF-f§ stimulates the Sertoli cells to produce lactate and promotes
glucose uptake. It is a multifunctional growth factor that can both stimulate and inhibit
different aspects of cellular growth and differentiation. In general its actions are,
however, to inhibit the cell proliferation produced by the effects of EGF/TGF-xx s0 1t
may be that TGF-[} acts to limit these effects. TGF-P can also promote the proliferation
of cells, extracellular matrix production and chemotaxis, It is formed from latently
secreted precursors which are different types of its inactive form. It has been suggested
that the actions of TGF-[§ are modulated by the gonadotropins.

Transforming growth factor beta may be required to inhibit the growth of
spermatogonia before puberty and to terminate growth of mature Sertoli cells,
Whatever, TGF-f undoubtedly has an important role in the regulation of the
environmental interactions required for spermatogenesis (Giordano et al 1991,
Mullaney & Skimner 1991, Skinner 1991).

4.5 Inhibin and Activin

Inhibin and activin are members of the TGF-[i family that are secreted by testicular
cell types. Inhibin is a ghycoprotein hormone that composes two dissimilar subunits (o
and [}) that are linked to form dimers. Dimers of inhibin-J§ are called activin, Inhibin and
activin are produced by the Sertoli cells and act to control the pituitary release of FSH
with inhibin feeding back from the Sertoli cells and inhibiting FSH release and activin
stimulating its release. Therefore, inhibin and activin may act as a mutually antagonistic
paracrine control factor.

Due to the their structural homology to TGF-P, inhibin and activin have been
considered to play a similar role in regulating the proliferation and differentiation of
werm cells, and other cell types (de Kretser & Robertson 1989, Miederberger et al
1993).




4.7 Fibroblast Growth Factor (FGE)

Basic fibroblast growth factor (bBFGF) has been purified from boving and human
testis and has a powerful mitogenic action on fibroblast, endothelial and neonatal
Sertoli cells affecting both cellular growth and differentiation. Lately, bFGF has been
shown to exist in Sertoli cell cultures and to have an extremely mitogenic effect upon
immature pig Sertoli cells. Because of its angiogenic nature, FGF 1s suggested to play a
rele in the vascularisation of the Sertoli cells during development {Mullaney & Skinner
1991, Han et al 1993).

It appears that FGF has pronounced effects if admimistered in concert with other
factors. FGF and insulin increase FSH binding, ¢cAMP production and plasminogen
activator activity in pig Sertoli cells. A similar synergy 15 observed when FGF is given
in the presence of IGF-1 {Giordano et al 1991, Lamb 1993).

As yet, no FGF action has been noted upon germ cells and further study 1s required
to pinpoint FGF cellular expression.

4 8 Semuniferous Growth Factor and Sertol Cell Secreted Growth Factor

Seminiferous growth factor (SGF) and Sertoli cell secreted growth factor (SCSGF)
have also been implicated in the paracrine control between Sertoli and germinal cells.

SGF was the first mitogemc factor to be isolated from the testis. It promotes growth
in Sertoli cells and is abundant during development. This polypeptide is a powerful,
wide acting mitogen that promotes responsive target cells to progress from Gy into 8
phase, Gy and mitosis. SGF has been observed in the testes of mouse, rat, guinea-pig,
rabbit and human and therefore appears to be ubiquitous 1o mammals (Bellvé & Zheng
1989).

Sertoli cell secreted growth factor (SCSGF) holds some stmilarities to TGF-ce but
appears to affect different cell populations. It has a molecular weight of about 14 kD
and has been observed to, possibly, be a factor in stimulating the proliferation of
undifferentiated spermatogoma dunng stages IV-VII of the cycle (Mullaney & Skinner
1991, MNiederberger et al 1993, Shubhada et al 1993).




These factors, despite their long existence, are not at all well understood and while
they display mitogenic properties upon Sertoli cells their action upon germ cells has not
been demonstrated.
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