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ABSTRACT

Macrophages comprise up to 25Vo of the interstitial cell population in the testes of

mammals including man, monkey, rat and boar, but the significance of this cell

population for the apparent immunologically-privileged status of this organ, or for

normal testicular function is yet to be estabtished. Macrophages perform a variety of

immunological functions, and ¿rre present in most organs. However their phenotype

usually varies depending on the local environment, presumeably due to the different

physiological functions they may perform at any given site-

The immuno-biology of the æsticular macrophage is important in ttris respect because it is

likely to contribute to inter-cellula¡ communication in the testis, and the physiological

functions it performs may form the basis of immune privilege in the testis. In the studies

presented in this thesis the immunobiology of the testicular macrophage has been

cha¡acterised in an attempt to elucidate its role in normal testicular function, and its role in

the apparent immune privilege afforded the testis.

Establishing a novel and effective method of testicula¡ macrophage isolation enabled

studies to be undertaken with highly purified cultures, with minimal contamination by the

testosterone producing Leydig cells, as verified by screening the cultures for specific

macrophage and Leydig cell ma¡kers. Characterisation of the testicula¡ macrophage

population by macrophage specific monoclonal antibodies and Fc receptor expression

showed the cells to be avidly phagocytic and to express surface molecules common to

cells of the macrophage lineage as opposed to those of the dend¡itic cell.

Having characterised the testicular macrophage at the simplest level, a series of

experiments designed to investigate the cells immuno-competence were undertaken. The

ability of testicula¡ and peritoneal macrophage populations to initiate and promote the

proliferation of T-lymphocytes were compared- By culturing the cells with or without the

non-specific macrophage stimulant lipopolysaccha¡ide (I-PS), the powerful macrophage
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activator interferon gamma (IFNÐ, and/or the cyclooxygenase inhibitor, indomethacin,

the cells themselves, or their secretions as conditioned medium, were cultured with

mitogenically (Concanavalin A, ConA) stimulated lymphocyæs.

In contrast to the peritoneal macrophages, testicular macrophages consistently inhibited

ConA-inducedlymphocyte proliferation, even after stimulation with LPS. This inhibitory

effect on lympho-proliferation was overcome when cultures of testicula¡ macrophages

were simultaneously primed and triggered with IFN1 and LPS. While fractionation of

macrophage conditioned medium by microconcentration revealed the presence of several

anti-proliferative factors, further investigations revealed that the main inhibition of

lympho-proliferation was of low molecular weight and could be blocked by

indomethacin, suggesting that they were prostaglandins. Samples of testicula¡

macrophage conditioned medium assayed for prostaglandins E2 and F2s, showed high

basal levels compared to medium from the peritoneal populations. Interestingly, IFNy

significantly reduced æsticular macrophage PGFZa production without affecting levels of

PGEZ suggesting a differential control in the production of these two prostaglandins.

Macrophages are a potent source of cytokines, factors naditionally viewed as being

fundamental for the initiation of and regulatiori of lymphocytes during an immune

response. However, it is now accepted that macrophage derived cytokines such as

Interleukin 1 (IL-l), Interleukin 6 (IL-6), Tumor Necrosis Factor o (TNFct) and

Granulocyte Macrophage-Colony Stimulating Factor (GM-CSF) can act as paracrine

regulators of local tissue function and this role is well documented for the female

reproductive tract. Using specific cytokine bioassays and reverse transcriptase-PCR the

conditioned medium and cellular mRNA of both testicula¡ and peritoneal macrophage

populations were scteened for the presence of these cytokines.

Testicula¡ macrophages were found to be a poor source of IL-I, IL-6 a¡d TNF even after

LPS stimulation. These results are consistent with observations in the lymphocyte
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proliferation experiments and suggest that the refractoriness to LPS of the testicular

macrophage reduces the ability of this cell to upregulate cytokine production and hence

support lymphocyte proliferation. Fr:rthermore, where the macrophages were primed and

triggered with IFNy and LPS, production of these immuno-stimulatory cytokines was

seen ro be significantly increased. This again supported the observation of increased

lymphocyæ proliferation seen under these conditions in the earlier experiments.

The testicular macrophage constituitively produced high basal levels of GM-CSF, yet its

production was down regulated by LPS stimulation. The physiological siguificance of

GM-CSF secretion by testicular macrophages remains to be fully investigated but

constituitive production of GM-CSF to be associated with macrophages of a suppressor

phenotype. GM-CSF has also been implicated as a paracrine regulator of tissue

remodelling in the female reproductive tract and it may perform a similar role in the testes.

In order to test whether the secretory profile of the testicula¡ macrophage could influence

Leydig cell testosterone production, experiments were set up to measure the

concentrations of testosterone and cytokines in conditioned medium after Leydig cell-

macrophage co-culture. While the presence of testicula¡ macrophages significantly

reduced basal testosterone production in co-cultures, it was also found that the addition of

indomethacin to these culfirres significantly decreased testosterone secretion. Testicular

and peritoneal macrophages inhibited hCG stimulated testosterone production by the

I-eydig cell except in instances where IFNy and LPS were also added. In these instances

co-cultures of Leydig cells with testicular macrophages had signif,rcantly higher

testosterone concentrations than cultures of Leydig cells alone or co-culture of Leydig

cells with peritoneal macrophages. Similarly, in co-cultures without hCG, testicular

macrophages immuno-activated with IFNy and LPSincreased testosterone secretion by

Leydig cells. It is possible to speculate that the increased testosterone synthesis may be

due to the change in the ratio of PGE2 to PGF26¡ production by the testicular macrophage

after stimulation with IFNTand LPS.
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While IL-l and TNF a¡e unlikely to be involved in Leydig cell steroidogenesis, basal

production of IL-6 by the Leydig cell and GM-CSF by the testicular macrophage was

altered after hCG stimulation. The concentration of IL-6 in Leydig cell cultures was

doubled after hCG stimulation whereas GM-CSF production by the testicular

macrophages in Leydig cell co-culture was significantly downregulated. Testicula¡

macrophages in isolation did not downrcgulate GM-CSF production in response to hCG,

testosterone, or Leydig cell conditoned medium suggesting the effect observed in the co-

cultures require cell-cell contacl

..-t'Th" findings reported in this thesis suggest that the testicula¡ macrophage exhibits

characteristics similar to that of a suppressor macrophage phenotype. The inhibition of

lymphocyte proliferation by the testicula¡ macrophage, its unique cytokine profrle, high

basal production of GM-CSF and prostaglandins, and the refractoriness to LPS all

suggests a role that contributes to the immune privilege afforded the testis. However,

these aspects of testicular mactophage immuno-biology also support a role for these cells

in local cell-cell communication and regulation of the normal physiology of the testis, and

macrophages may be directly involved in I-eydig cell steroidogeneis. .These studies have

contributed significantly to our understanding of the immuno-biology of the testicular

macrophage and support and extend previous suggestions ttrat these cells might play a

role in the physiological regulation of the testis as well as the immunology of the testicular

environment.
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CHAPTER 1: Literature Review.

In accordance with deparrnental policy regarding the review of the literature, this chapter

only contains material published up to and including December 1992.
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L.1 Introduction

The mammalian testis has two main functions, the first being the

spermatozoa and the second being the production of the male sex hormones, the

androgens. Both these functions occur within anatomically separate comparünents in the

testis, yet are very much inter-related. Steroid hormone production in the testis is

essential for the continued production of spermatozoa.

The seminiferous tubules and the testicula¡ interstitium form the two distinct

comparrnents of the testis. They are seperated by the Blood-Testis barrier, a partition

formed by the tight junctions in the walls of the seminiferous tubules @awcett, 1975),

which is impervious to cells and high molecula¡ weight substances (Setchell andWaites,

L975). Between the seminiferous tubules lies the interstitial tissue through which the

blood and lymph vessels pass (Fawcett et al, 1973), and in which the testicular

macrophages are found in close physical association with the testosterone producing

Leydig cells @awcett et al, 1973). This space is also important in that it is a site of

immune privilege and antigen present only at this site will often go undetected by the

immune system (Fergusson and Scothorn e, 197 7 ).

Macrophages are cells well known for their central role the regulation of the immune

response, a task they accomptish by producing a vast array of secretory products

(Takemura and'Werb, 1984). They also act as regulators of tissue specifrc functions, by

utilising these same factors for non-immune puq)oses (Rappolee and Werb,1992).

Macrophages are prcsont in most tissues (Gordon et al, L986) and are found extensively

in the gonads of both the male and female (Fawcett et a7, L973; Adashi, 1990). Studies

of the macrophage populations resident in the female reproductive tract ( Hunt et al, 1985;

Adashi, 1990; Hunt a¡d Pollard, 1992) have suggested diverse roles in the a¡eas of cell

differentiation and growth, tissue remodelling and steroid production. In comparison,

very little is known of the testicula¡ macrophages. There is considerable interest as to the
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role the macrophage population might assume in regulating testicular function and how

these roles may relate to the immune privilege status afforded the testis.

Elucidating the role of the macrophage in testicular function is of importance in

understanding the relationship between cells and factors traditionally associated with

immunity and their wider roles in the control of other systems such as reproductive

function. The purpose of this thesis is to explore the capabilities of the testicula¡

macrophage with particular respect to the immuno-biology of the cell and how this may

relate to testicular function both immunologically and physiologically.

L.2 The Testis

1.2.1 Structure and Function

There is little variation in gross anatomy of the testis be¡veen the majority of mammalian

species. All testes consist of a series of elongated convoluted tubules, the seminiferous

rubules, in which the Sertoli cells and the developing sperm reside (Setchell, 1978). The

Sertoli cells rest upon the basement membrane of the tubule, which usually consists of

several layers, an innermost layer of non-cellular material, a smooth layer of myoid cells,

a layer of collagen fibres and an outermost layer.of epithelial cells which line the

lymphatic sinusoids (reviewed by Setchell, 1978).

At puberty, the Sertoli cells and myoid cells form úght junctions in the walls of the

seminiferous epithelium, thereby creating a highty selective ba¡rie¡, the blood-testis

barrier, which separates the contents of the tubules and the cells of the testicular

interstitum (reviewed by Setchetl and Brooks, 1988). The ba¡rier effectively prevents the

transfer of cells and larger hydrophilic substances such as protein across the seminiferous

tubules and helps to maintain the unique environment in which the developing germ cells

mafirre within the tubules (Setchell and Waites ,1975; Setchell and Brooks, 1988).
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The presence of the Blood-Testis barrier is vital for the production and growth of the

sperm. From an immunological perspective the seminiferous tubules are avascular and

contact with blood-borne antigen is greatly limited in this region. Consequently the

dangers of a disease or viral attack upon the developing germ cells is minimized (Setchell

and'Waites, 197 5; Seæhell and Brooks, 1988).

Another aspect of the barrier's function may be to shield the germ cells from the immune

system. Germ cells are haploid and most develop post-pubertally in the testis. Because

of this developing germ cells are not recognised as 'self by the body's immune cells

(Setchell et aI, 1990) and if exposed to the immune system may ellicit an immune

response. In order to prevent the initiation of an immrure rcsponse against these cells, the

germ cells must be physically separated from the body's immune system (Setchell et al,

1990). The disruption of the blood-testis ba:rier after puberty by diseases such as

mumps orchitis or microbial infection (Bartak et a1,1968; Morgan, 1976; Wicher and

Wicher, 1990), has been implicated in the production of anti-sperm antibodies and the

subsequent sterility.

Thus it is very important to protect the sperm from both the risk of infection and the

immune system to maintain a viable and fertite status. As a result the sperm develop

within the tubules in an enviroment free of blood and lymphatics which form the normal

channels through which the immune system extends its afferent and efferent arms.

L.2.2 The Interstitial Tissue

The inærstitial tissue is formed by the stacking of the seminiferous tubules in such a way

that a three sided space usually occurs (Frg. 1.1). The blood and lymph vessels, nerves,

fibroblasts, Leydig cells and macrophages fill this space @awcett etal, L973>. While the

proportions in which these cells occur vary from species to species, the design of the

inærstitial tissue remains essentially the same. The I-eydig cells and macrophages cluster
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endotþlium
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Figure 1.1

The interstitial space in the rat testis. The interstitial space is bounded by the seminiferous

epithelium (S). Between the tubules, in the lymphatic sinusoids of the interstitial space (IS)

lay the blood vessels (B), macrophages M) and Leydig cells (L).
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around the blood and lymph vessels amidst va¡iable amounts of connective tissue

(Fawcett etal, L973)

The I-eydig cell is the predominant source of testosterone in the mammalian testis as well

as a number of other steroids. In addition to these androgenic products, the I-eydig cell

also produces other bioactive substances such as oxytocin, vassopressin, neurophysin,

renin and ß-endorphin (reviewed by Maddocks and Setchell, 1988).

In addition to the Leydig cells there are appreciable numbers of macrophages in the

testicularinterstitiumof therat(Fawcett etal,L973;Chrisænsen,1975;Milleretal, 1983;

Neimi et al, 1986). A close developmental correlation between the Leydig cell and

testicula¡ macrophage has been noted @ergh, 1985; Bergh, t987; Hutson 1990). These

studies have described the differentiation and growth of macrophages in the pre-pubertal

rat testis, and changes in macrophage and Leydig cell size, mass and number, in response

to cryprorchidism and hCG in the adulr These two cell types also have a close physical

relationship in which the macrophage appears to both endocytose Leydig cell cytoplasm

and interdigitate with the I-eydig cell (Miller et al, 1983; Hutson, 1992). The functional

significance of this relationship has yet to be established and the existing literature on this

subject will be examined more closely in section 1,7.

Another component of the interstitial sp¿rce is the protein-rich interstitial fluid, which acts

as the primary source of nourishment for the avascula¡ seminiferous tubules. All the cells

in the interstitial tissue a¡e bathed in this fluid and it appears that this might be the way in

which cellula¡ communication via biotogically active factors (eg. hormones) is mediated

(Setchell and Maddocks, 1988).
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1.3 Testicular Immunology

1.3.1 Immune Privilege in the Testis

The term "immune privilege" as applied traditionally to the classic immunologically-

privileged sites, the brain and the anterior chamber of the eye, describes the absence or

apparent inability of the body to formulate an immune response against antigens

presented at these sites. The testis has also long been recognised as possessing an

immune-privileged status and has a long history as a site for transplantation (Maddocks

and Seæhell, 1990).

The first recorded experiments using the testis as a site for transplantation were by Sand

(1919). The results of this work showed that in most cases grafts of foreign tissue

placed into the testis were not rejected. Subsequent work (Green L940: Medawar and

Russell 1953) confrrmed that foreign tissue grafts ptaced in the testis enjoyed a prolonged

and sometimes indefinite sr¡rvival.

This however, is not to say that all intraæsticular grafts escaPe rejection and that the testis

has total immune privilege. Fergusson and Scothorne (1977) showed that a single intra-

testicular graft of skin or parattryroid tissue, rarely induced systemic immunity in the rat

testis. However, where the recipents had been pre-sensitised to the donor tissue by

previous skin grafts, the subsequent intra-testicula¡ grafts were rejected (Ftg. 1.2). From

this it appears that while it is possible to induce a pre-sensitised immune response in the

testes, the immune system will not usually be activated against antigens present only at

this site. As a result the testes should be considered as being sites of incomplete immune

privilege.

Most immune privilege siæs posess three specific featr¡res wich afford the organ immune

privilege stanrs. The first involves an abnormal or deficient lymphatic drainage pathway,

the second is the presence of a blood-organ barrier and the third is the creation of a local

6
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Figure 1.2

The foreign skin grãft recieved by Rat I is rejecæd (dark patch), but in Rat 2, the

singular intra-æsticula¡ g¡aft does not initiate an immune response (hatched circle).

However after Rat 3 is immunologically pre-sensitised by a foreign skin graft

(rejected, dark parch), the prcsence of an antigenically-comparable graft to the

testicular interstiúum now invokes an immune æsponso and the graft is rapidly

rejected (da¡k circle). In Rat 4, a skin graft is rejected (dark patch) when grafted after

an initial intra-testicular gnft (which survives, hatched ckcle) has been made. The

slow rate of rejection of this skin graft indicates that the intra-tesúcular gaft has not

induced pre-sensitisation of the host (adapted from Fergusson and Scothorne, L977).



immunosuppressive environment that somehow minimises antigen presentation and

accessory cell function.

In view of this the testes appeff to be somewhat unique in their provision of immune

privilege. While the testes sha¡e certain cha¡acteristics with other immune privileged sites

such as the brain and eye, there a¡e imponant differences. The presence of a blood-organ

barier in other organs may contribute to the apparent shielding of the organs cells from

antigenic contact with the body, but the testicular barrier only protects cells within the

tubules (Setchell and V/aites,Ig75). The intentitial tissue however is the site for most

intratesticular transplants and lays unproæcted outside the blood-testis barrier. Therefore

in the testes it is unlikety ttrat the presence of any immune privilege status can be relaæd

directly to ttre presence of a blood testis barrier.

An additional and equalty important difference between the classic immune privileged

sites and the testes is that of lymphatic drainage. Initial theories for the immune privilege

of the testis centred a¡ound the concept of poor lymphatic drainage (Medawar and Russell

1958); a situation which was thought to apply in the classic sites. This theory was

disproved in the testis by Fawcett, Heidger & Leak (1969) and Fawcett, Neaves, &

Flores (Lg73) who described high lymphatic drainage through the testicular interstitial

tissue and additional snrdies by Tilney (1971), McCullough (1975) and Head, Neaves &

Billingham (1933) have confirmed that the testes possess very effrcient lymphatic

drainage. So effrcient is this drainage ttrat it might in fact be expected to assist in the

activation of the immune system within ttre testis. Furthermore, the migration of T-cells

and other leukocytes through the testicular interstitum @l-Demiry et a7,1987; Pollanen

and Niemi, 1987; Pollanen and Maddocks, 1988) should enhance the immune response

at ttris site.

Given the presence of effective lymphatic drainage, and the known ability of the testis to

produce an immune response in some circumstances it seems most likely that some sort
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of localised immune suppression is present in the testis. It has been shown (Pollanen et

al 1988; Pollanen, 1939) that testicular immunosuppressive activity in interstitial fluid

exists in rats after puberty most likely as the result of the production of

immunosuppressive factors by ttre seminiferous tubules.

These peptides, thought to be produced to protect the developing germ cells from immune

surveillance, may pass through the tubule wall and into the inærstitial fluid as is the case

for a number of other seminiferous tubule products (Sharpe,1988). Although the

presence of these peptides in the interstitiat tissue may facilitate immune privilege, there

are somo inconsistencies in the observed immune reactions which suggest that these

factors can not entirely account for the privileged staæ of the testis.

The presence of immunosuppressive factors in the interstiúum should affect all local

immune rosponses, but this is not the case. That an immune response can be initiated at

this site if the host has been pre-sensitised to the antigen suggests ttrat ttre primary

immune reaction in the testis may normally be suspended somewhere in the early phase

of the afferent response, ie. just prior to lymphocyæ activation. Hence, this suggests that

the refractoriness of the immune system as seen in primary reactions in the testis, may

involve some other mechanism.

The resident cell t¡ryes of the interstitial ússue are of inærest in ttris regard. The Leydig

cells are the steroid secreting cells of the testis and have been suspected as possible

sources of the suppression as steroids are known to have strong immuno-suppressive

effects. However, it is unlikely that the Leydig cells produce high enough quantities of

steriods (Maddocks and Setchell, 1988a; Selawry and Whittington 1988) to create

suppressive conditions in the local environmen¿

The macrophage plays a central role in mammalian immunity and is a highly active in the

response ellicited during graft rejection. A number of mammalian species possess a
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resident population of testicular macrophages. eg. rat, guinea pig, man (Fawcett et al

lg73). However recent work (Pollanen and Maddocks, 1988) has shown that a notable

exception to ttris list is the ram. The most exciting aspect of this discovery is that while.

the other species that have been studied show some degree of immune privilege status in

the testis, the ram, which lacks a resident testicula¡ macrophage population does not

granr immune privilege to intra-testicular grafts (Maddocks and Setchell, 1988c).

The fact that the presence of the macrophage, an immuno-active antigen presenting cell,

seems to correlate with the immune suppression in the testis is particularly intrigUing and

it is the feverse of what one would perhaps expect. However, several instances of non-

specific immunoregulation by macrophages and their prducts have been cited by Nelson

(191-6). It has been shown that where target cells are killed solely or primarily by

cytolytic effector T cells (as in the case of many tissue altografts) the presence of excess

macrophages and/or activated macrophages can inhibit cytolysis (Kiessling et al 1974;

Vasudevan et al,Lg74),through the release of macrophage-derived suppressive factors.

Thus it may be possible that the presence of the resident macrophages in the testis is

somehow involved in the creation of the immune privilege status of the rat testis either

directly through the production of biologically-active immuno-modulatory factors or

indirectly by affecting or alæring anúgen processing orpresentation.

1.3.2 Sources of Immune Suppression in the Testis

As discussed earlier, the testis appears to be somewhat unusual in ttrat its immune

privilege status is incomplete. That the afferent arm of the immune system is selectively

blocked and only activated when the host has been pre-sensitised to the foreign tissue

suggests that a number of factors in the testis must be acting in the organ to prevent the

primary immune response. The presence of potent immuno-suppressive factors in the

testicula¡ interstitium have already been discussed but there also exists within the testis a
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number of cells and molecules which must be considered for their immuno-suppressive

qualities.

The immunology of the Leydig cell is stitl largely unexplored, yet the presence of some

immunologic properties and its close relationship with the macrophage, have implicated

it as a possible sogrce of local immune suppression. I-eydig cells have the capacity to

bind lymphocytes spontaneously and non-specifically supress lymphocyte proliferation in

vitro (Born and Wekerle, 1981; Rivenson et al, 1981) which may suggest that Leydig

cells have some immune ñ¡nction related to the macrophage.

Alternately the high local levels of testosterone have been suggested as the cause of

immune suppression, as androgens have been widely observed as having

immunosuppressive properties when in high enough concentraúon (Roubinian et al,

1977; Clemens et al,1g7g). However as previously mentioned, it is unlikely that thp

concentrations of and¡ogen reach high enough levels to create a suppressive environment

on their own. The I-eydig cells also have the ability to synthesise prostaglandins (Ellis et

rI, 1975; Haour et al,L979; Molcho et al, 1984) which are known to have

immunosuppressive properties. Although it is not known if these substances do create

immune suppression in the testis, it is important to realise that prostaglandins can

suppress macrophage accessory cell function and this may be a primary mechanism for

immune supression at this site.

It is also important to note that the interstitial fluid is probably a conduit for all cellular

secretions in the testis. The composition of this fluid is very important as it comes into

contact with all the interstitial cells, and the foreign tissue grafts (Maddocks and Setchell,

1988b). Moreover, the hormones and immunosuppressive factors present in it will have

a direct effect on target cells. It is therefore of interest to determine the contribution of

these factors to the immune suppression observed in the interstitial space.
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The origins of the immunosupressive factors are still under investigation, but at least one

group, protectins, are thought to be secreted by the Sertoli cells inside the blood-testis

barrier, where ttrey act to supress the risk of an immune response (Pollanen, 1990)'

Sertoli cells have been shown to suppress lymphocyte proliferation in vitro (Pollanen et

al, 1990) and are also known to secrete the cytokine interleukin (IL)-lc[ (Gerad et al,

1991) and express 6RNA for transforming growth factor (TGF) ß (Skinner and Moses,

1989), as well as a range of other large molecular weight factors. In contrast to IL-1

which initiates lymphocyte activation, TGFß a cytokine which has been shown to inhibit

lymphocyte proliferation (Khert et al, 1985) and is known to have a suppressive action

on the immune response (reviewed by Bock and Marsh, 1991) has also been suggested

as a factorproduced by the Sertoli cells.

The presence of high local hormone levels, or of factors originating from the

seminiferous tubules being the sole cause of this situation seems to be annulled by the

comparison of the rat andra¡n testis. As shown by Pollanen and Maddocks (1988), and

Maddocks and Setchell in (1988c), the ram has no testicula¡ macrophage population and

surprisingly shows no immune privilege status. It therefore seems likely that the

testicula¡ macrophage is involved in the process of establishing immune privilege either

by itself, or more likely through its associations with the I-eydig cell or with the local

suppressive factors.

In organs such as the testis, a model for the provision of immune privilege might be

constructed from a composite of interactions of the local environment. In this instance

the immune privilege is likely to be the result of a unique local microenvironment which

contains locally produced factors that can suppress andregulate accesory cell function. It

therefore seems tikely that the testicula¡ macrophage is involved in the process of

establishing immune privilege either by iself, or more likely through its associations with

the I-eydig cell or with the local supressive factors.
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1.4 Immunology

1.4.1 The Immune System

Within vertebrates a system of immunity has evolved l¡rown as the lymphoreticula¡

system. This term encompasses the lymphatic and vascula¡ channels of the body as well

as the tissues, ofgans, and cells. Within this system afe the lymphocytes and

macrophages, the cells which form the immune system and immune response'

In the absence of antigen, lymphocytes ale small, resting cells, essentially inactive and in

a low secretory phase. Lymphoc¡e activation is dependant on two critical and distinct

events, both requiring antigen recognition. The fust involves the trapping of antigen by

acessory cells such as dendritic cells and macrophages, and the second is the presentation

of antigen which in turn stimulates proliferation and differentiation of B and T cells

(Unanue and Allen, 1987XFig. 1.3.).

The B lymphocytes which constitute the humoral immune response produce circulating

a¡tibodies primarily to combat vinrses, bacæria and the toxins they produce (Jeliner and

Lipsky, 1987). The T-lymphocytes form the other arm of the immune system; cell-

mediated immunity. Their role in the immune system is far more diverse, ranging from

the destn¡ction of infected cells to the regulation of the immune rcsponse. TJymphocytes

are divid.ed functionally into cytotoxic, suppressor and helper subsets, each with a

distinct role in providing cell mediated immunity (Paul, 1989). The T cells a¡e also the

principal agents in the rejection of tissue transplants.

Alien cells (grafted or infected) display a unique protein arrangement (antigen) on their

membrane surface which is identified as foreign or "non-self'by the host body's immune

system. When foreign antigen is introduced to the host, lymphocytes specifically

targetted.to that antigen are stimulated to proliferate and differentiate in order to remove

the source of antigen (Roit, 1988).
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The Immune ResPonse
Immunologic Stimulus

Antigen

u"."r!orv."ll
(dendritic cells, macropñages, helper T-cells)

t

T-Lymphocytes
-cell mediated immunity

B-Lymphocytes
-humoral immunity

Figure 1.3 The Immune ResPonse

A schematic diagram of the steps involved in the generation of an immune response

(adapted from Roitt, 1988).

Immune ResPonse

ACCESSORY CELL
-binding and ingestion of antigen

-antigen presentation

oliferation and Differentiation

Lymphocyte Activation
PRECURSOR B AND T-CELLS

-cell-cell inte¡actions

-cytokine production

t4



The mechanisms by which T-cells co-operate to produce a cell mediated immune

rcsponse are related to the genes responsible for the expression of surface antigen on the

cell. The cell surface antigens a¡e known as histocompatibility antigens and the major

group of genes that determines the expression of these antigens is the major

histocompatibilitv complex (MHCXShearer and Schmitt-Verhurst, L977)'

Major histocompatibility complex class I antigens ate expressed by most nucleated cells

and represent a provision for the recognition of self, thereby enabling identification of

foreign cells and ússues. MHC class II antigens, act as receptors for the presentation of

antigen to helper T cells and are mainly associaæd with the surface of dendritic cells and

macrophages (Brodsky and Guagliardi, 1991). The role of these cells, termed antigen

presenting or accessory cells, is to present antigen to helper T-cells and activate them

immunologically.

Before the discovery of lymphoid dendritic cells it was thought that the macrophage was

the primary component involved in initiating T-lymphocyte activation. However while

these cells display simila¡ capabilities as accessory cells, recent observations suggest

lymphoid dend¡itic cells are more potent than the unstimulaæd maclophages in activating

resting lymphocytes during the initial phases of the immune response (Inaba and

Steinman, 1984; Steinman, 1991). Although macrophages and dendritic cells inhabit

many of the same tissues the expression of Fc feceptors, non-speciflc esterase activity

and cell linage markers such as F4/80 a¡e exclusive to macrophages and may be used to

distinguish them from dendritic cells @uckley et al, 1987; Mettay et al, 1991).

The activated helper T-cells subsequently stimulate quiescent macrophages to activate and

alter their phenotype. Expression of MHC II is rapidly upregulated thereby increasing

the cells antigen presenting capacity, as is the expression of Fc receptor which is

necessary for immuno-phagoc¡osis. The activated macrophage also displays cytocidal

and a¡ti-microbial acúvities not seen in the quiescent cells.
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The activated macrophage typically secretes factors such as the c¡okines inærleukin (IL)-

1ß, IL-6 and tumor necrosis factor (TNF) c¡ in order to stimulate rapid proliferation of

lymphocytes @inarello, 1989). It also secretes a wide array of other factors such as the

cytotoxic oxygen intermediates and a¡achadonic acid metabolites all of which can

modulate positively and negatively the proliferation of T and B cells depending on the

state of the immune response. These macrophage factors in particular are also important

for down-regulating the immune response after the antigen has been removed or

destroyed.

L.4.2 The Macrophage

The macrophage is a large ubiquitous mononuclea¡ cell t¡le, first cha¡acterised by

Metchnikoff in 1882 for its ability to phagoc¡ise particulate material (cited in Karnovsþ,

1981). A similar function was noted by Kupffer (1894) (cited in Vernon-Roberts, 1972)

for some cells in the liver and so it was assumed that the role of the macrophage was

primarily to scavenge cellular debri. This view was held for a considerable period until it

was realised ttrat the macrophage was a ubiquitous cell type that existed in most tissues.

Macrophages are members of the mononuclear phagocyte system, defined as a specific

group of cells which are derived from the stem cells of the bone ma¡row. The bone

marrow precursors a¡e induced by a variety of colony-stimulating factors to differentiate

from a myelotic precnrsor into monoblasts, promonocytes, monocytes in the bone

marrow, blood bourne monocytes and finally macrophages (van Furttì and Cohn, 1968;

fohnston 1983). Blood bourne monocytes in the circulation either remain mobile as free

monocytes or migrate into tissue to become resident macrophages and take on specific

functions eg. Kupffer cells in the liver (Nathan et al 1980; Johnston 1988). However

because of the large numbers of roles macrophages provide a¡ound the body the

morphology and function of the cells not surprisingly varies according to location and

state of differentiation (Vernon-Rob erls 1972).
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In free form, macrophages occur scattered diffusely throughout the mammalian body,

existing outside the major lymphatic organs. They are found in connective tissues,

serosal sacs, inflammatory exudates and in small amounts in blood. In general, free

macrophages are considered homogeneous in morphology and function, a good example

of this being the peritoneal macrophage.

Fixed macrophages occt¡r in many of the major organs (Vernon-Roberts 1972) and a¡e

those which become tissue bound upon maturation at sites such as the liver,lungs, spleen

and kidney. The developing macrophages are recruited to the organ via delivery as

peripheral blood monocytes and subsequently remain there for life (Gordon et aI,1986;

Fawcett, 1936). As the specific tasks performed by fixed macrophages at other sites

have been well documented, eg. the endocytosis of toxins in the liver and the filtration of

blood in the spleen and kid,ney (Vernon-Roberts, 1972; Schreiner et al, 1981), there is

now increasing interest in those found resident in other organs such as the testis.

1.4.3 Immunobiology of the macrophage

kr forming ttre first line of defence the macrophage must display four important attributes,

the basis of which forms a criteria for immuno-competance (Fig. 1.4). The presence of

these attributes is ctitical in deærmining the macrophages ability to initiate and regulate an

immune response. Firstly the macrophage must display phagocytic activity in order to

operate as the frontline cell of the immune system. In this capacity the macrophage acts

primarily as a scav€nger cell by removing dead cells as well as endogenous and

exogenous debri from both lymphatic and vascular circulation. While this function is

mainly non-specific, the capacity to recognise and initiate immuno-phagocytosis via the

Fc receptor and components of the complement receptor, C3 is vital in dealing with

invading micro-organisms. Macrophages possess no less than three types of Fc

receptors for the IgG immunoglobin (Unkeless etaI1977; Diamond and Yelton 1981)

and at least one for IgE (Anderson and Spielberg 1981), as well as C3 (complement)

rcceptors (Griffen etal, t975; Ehlenberger and Nussenzweig L977).
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Figure 1.4 Macrophage Immuno-competence.

In order to be regarded as immuno-competent, the macrophage must display four atrributes;

Fc surface receptors (1), microbicidal activity (2), MHCtr immune complexes (3) and the

ability to regulate an immune response via secreted factors (4).

T-cell



Hence it has ample machinery to deal with immuno-mediated phagocytosis, making it

particularty effective against invading microorganisms and other parasitic infections.

As the bodies primary defence mechanism against microorganisms the subsequent

destruction of these invaders by the macrophage forms the second attribute. Immuno-

phagocytosis by the macrophage activates the cell to undergo a respiratory burst

facilitating the release of reactive oxygen and nitrogen intermediates such as peroxides

and nitric oxide (Murray and Cohn, 1980; Stuehr and Marletta,1987), enzymes such as

plasminogen activator, collagenase and lysosyme which breakdown bacterial cell walls,

complexed antigen or other harmful stn¡ctures (Takemura and'Werb, 1984). It also

mobilises the macrophages vast secretory arsenal initiating the production of cytokines,

leukotrienes andprostaglandins and so creates the inflammatory response.

The third attribute is MHC II expression by the macrophage. These gylcoprotein

complexes regulaæ the immune rcsponse genes that control the T-lymphoc¡e recognition

of antigen, allowing processing and presentation of foreign antigen to lymphocytes in

order to activate the humoral and cellular arms of the immune system. By these means

the macrophage can communicate the nature of the antigen to the cellular arm of the

immune system (T lymphocytes) and instigate.an immune response (Rosenthal and

Shevach 1973; Shevach and Rosenthal1973; Pierce et al., L976>.

It is essential at this point to note that not all resident macrophages possess a MHC tr

complexes within the tissue they inhabit. Macrophage populations vary in their

expression of the class II gene (Cowing et al, 1978) and often sub-populations of MHC

II postive and MHC II negative macrophages are found in the one tissue. It may be that

MHC II negative macrophages rcpresent suppressor populations within tissues (Cowing

et al, 1978), capable of inhibiting T-cell cytolysis (Kiessling et al t974: Vasudevan et

al,l974). However under normal circumstances T cells exposed to antigen release

gamma-interferon (IFNy) which in turn upregulates MHC II expression and enhances the
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immuno-regulatory properties of these macrophages flMong et al, 1983; Tweardy et al,

1986).

Fourthly, the macrophage must then be able to initiate and regulate the ensuing

proliferation of lymphocytes. The macrophage manages this task by synthesising and

releasing a number of immuno-active peptides, enzymes and low molecula¡ weight

factors such as cytokines, colony stimulating factors, prostagladins and proteases (see

Table 1.1) (Takemura and'Werb, 1984). These factors control the proliferation of

specific T lymphocyte subpopulations as well as the actions of other leukocytes.

The great diversity in macrophage immunocompetance and function seems directly

dependant on the site of residence. Macrophages ¿re well known to possess several

properties in both specific and non-specific immunity (to be discussed later); but the

abitity to display these characteristics when resident in an organ seems to be heavily

regulated. As already discussed, the presence of MHC II on various macrophage

populations is known to vafy greatly depending the organ in which they reside.

Peritoneal and alveolar macrophages for instance have only approximately LSVo of the

population expressing MHC II while macrophages resident in the spleen, thymus and

liver have between 50-75Vo expressing the MHC II antigen (Cowing et al, 1978;

Humphrey and Grtnnan, 1981; Lasser 1983).

Despite the low proportion of MHC II positive peritoneal macrophages in the resting

state, it is well known that after activation with facton such as lipopolysaccha¡ide LPS

and IFN1, macrophages fron the peritoneum and spleen are able to present antigen and

stimulate lymphoc¡e proliferation in vito adequately. In contrast, macrophages from the

lung (alveola¡) and liver (Kuppfer cells) do not induce an immune response and appear

unable to coalesce with the lymphocytes in the initiation of the immune response

(Unanue, 1984)
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In these instances however, the inabitty to stimulate lymphocyte proliferation may be

beneficial. As there are many peripheral blood monocytes in these organs with high

vascular flow it could be that the resident macrophages in the tissue are more effective at

flrltering blood-bourne debri without initiating an immune response which would be

deleterious to the function of these vital organs (Vernon-Roberts, 1972; Hume and

Gordon, 1983).

The macrophages which do not express MHC II still retain many of the ordinary

macrophage characteristics. They a¡e still capable of secreting highly potent and active

molecules into their surroundings often targeting cells in the immediate area. The type

and purpose of the secretions is govemed by the immediate orga¡ and may involve any

combination of factors from the macrophages enolmous secretory arsenal.

Resident tissue mactophages may be refractory to immunologic stimulus and as a result

be unable to release the cytotoxic molecules involved in the inflammatory response

(Lepay et al, 1985a,b). Furthermore, as a source of factors such as prostaglandins,

particularly PGE2 and some colony stimulating factors which have been shown to

suppress the immune response, the macrophages may act locally to prevent immune

reactions in tissues where such an event would be deleterious to the organ. These

macrophage phenot¡pes may be created by developmental events during differentiation

and maturation of the cells.

Evidence supporting this model is provided from a number of studies which suggest that

exposure to certain cytokines and colony-stimulating factors during the development of

the monocyto will alter its functional and immunologlcal properties. While interleukin-3

and Granulocyte Macrophage-Colony Stimulating Factor (GM-CSF) have a broad

specificity and produce matrre cells of multiple linage (Sieff et al, 1985), cytokines such

as Interleukin 4 will specifically produce mast cells (Mosmann et al, 1986). Likewise the

action of GM-CSF and Colony Stimulating Factor-1(CSF-1) on bone m¿urow derived
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monocytes at different developmental stages produces macrophages with different

immunological capacities (Nicola 1989). For example, CSF-l-derived macrophages

respond to lipopolysaccha¡ide (LPS) whereas GM-CSF-derived macrophages require

IFNT in addition to LPS treatment in order to attain cytotoxic status (Rutherford and

Schook l992a,b).

These differences in function serve to demonstrate that the resident macrophage is

ultimaæ|y a product of its environment While a macrophage may retain the capacity for a

number of basic immunological functions it is also likely to be partake in specific

functions for the organ concerned. It would therefore seem likely that macrophages

resident in the testis may contibute some testis-specific role in addition to acting as

regulators of the local immune response.

L.4.4 Macrophages in the cell'mediated immune response

It is only in the presence of cell-mediated immune responses that the macrophages

become "activated" and although these cells are less secretory than those stimulaæd non-

specifrcally during inflammatory reactions they possess a number of features not

normally seen in resident or inflammatory cells. The induction of microbicidal and

cytocidal activities as well as the display of the four attributes associated with immuno-

competancy (see L.4.2) are all vital components of cell-mediatedimmunity.

The importance of macrophages for this response has been recognised for years

(MacKaness, 1964), as has their role in expressing MHCtr complex and the presentation

of antigen to helper T-cells. Macrophages are recruited to the site of infection by

activated T-cells producing L-2, GM-CSF and interferon gamma (Unanue and Allen,

1987). These stimulae in turn activate the mactophages, upregulating MHCtr expression

(Willman er al, 1989) and the production of the proinflammatory factors IL-1, IL-6 and

TNFo (Unanue and Allen, 1987). Macrophage production of IL-l is central to the

immune response, stimulating the IL-2 production in T-cells which drives
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lymphoproliferation (I-owenthal et al, 1986). This part of the response selves to recruit

and activate additional macrophages andT-cells to the site of infection. Both TNFa and

IL-6 have simila¡ roles in regulating cell proliferation during the induction of cellular

immunity (Hackett et al, 1988; Hirano et al, 1990).

The pleiotropic nature of these cytokines allows the macrophage to enhance proliferation

in both arms of the immune system. The development of the humoral immune lesponse

requires the secretion of IL-1 and IL-6 by macrophages, as well as expression of MHCtr

and processed antigen on the macrophage surface (Dina¡ello, 1989).

1.4.5 Suppressor Macrophages and their Supressive Mechanisms.

Immune suppression is generally refered to as the downregulation of the immune

response. Although it may be used to describe the "switching off" of the immune

response once an antigen has been successfully removed from the host, it is more

commonly used when referring to the absence of an immune response in the presence of

antigen. tryhile the cell-mediated arm of the immune system employs the secreted factors

of suppressor T-cells and leukocytes to halt a complete immune response, the nature of

immunological non-response is súll largely unexplored-

Immune suppression and the cells which mediate the down¡egulation of the immune

response have been shown to play a role in autoimmunity, infectious disease, tumors,

and va¡ious other responses. This review will deal specifically with concepts which

relate to macrophage induced suppression and how it may relate to the immune privilege

afforded the testis.

Suppressor monocytes and macrophages arc part of the cellular immune network which

regulates the immune response. Currently there appears to exist a distinct macrophage

suppressor phentope which when stimulated to increase numbers may give rise to a

number of testicular malfunctions (Khansari et al, 1985).
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It was observed as long ago as 1966 that under certain conditions, macrophages may

become immuno-suppressive (Parkhouse and Dutton, 1966) and in some cases the same

stimulus which initiates macrophage activation will also induce immunosuppression.

This macrophage immuno-suppression may be induced after activation by microbial or

fungal infection or more interestingly, it can be a normal function for macrophage

populations.

It has been known for some time that maøophages isolated from the lung or peritoneum

can inhibit immune responses ínvito (Waldman and Gottleib, L973; Goodwin, L977).

It also seems likely that ttre macrophage populations from tumors or the lung may be

intrinsically immuno-suppressive (Kirchner et al, I974; Pelus and Bockman, 1979;

Mbawuike and Herscowitz, 1988). The studies which subsequently investigated these

reports found that prostaglandin and respiratory burst metabolites (reviewed by Allison,

1973) were the primafy cause of the supressed immune lesponse.

Prostaglandins negatively regulate many of the cytokines and colony stimulating factors

associated with the immune response (Pelus et a7, t979; Kunkel et al, 1986a,b) and the

associated T-celt responses (Goodwin et al, 1978; Goodwin and Webb, 1980; Gualde et

al, 1985). Recently it has also been shown that prostaglandin E2acts on T-cells to block

rhe expression of both IL-2 and its rcceptor, thus explaining its inhibition of lymphocyte

proliferation in vitro.

Nitric Oxide has only recently been implicated in macrophage mediated suppression

(Mills et al, 1991). It has been shown ttrat production of this factor by macrophages can

inhibit lymphocyte responses to concanavalin A in vino (Albina et al, 1991).

V/hile some large molecular weight (between 30 000 and 80 000MW), protein

suppressor factors have been documented (Greene et al, 1981; Krakauer, 1985a;

Fujiwara et al, 1987) few have been identifred outside of the known macrophage-derived
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cytokine family. Cytokines such as gamma interferon, interleukin-4, interleukin-l0,

GM-CSF and TGFß have all been cited as having immuno -suppressive effects and all

but interleukin-10 is produced by ttre macrophage (Rapolee and \Merb, 1988). Although

GM-CSF alone has been shown to be immuno-suppressive in tumour bearing hosts

(Walker et al,1992), it more often ttran not exerts suppresion via the production of

arachadonic acid metabolites, particularly PGEZ (Morrisey and Ireland, 1991). TGFß is

ttrought to exert its effects in a similar mannef @rock and Marsh, 1991).

The action of gamma-interferon in this respects is somewhat paradoxical. In most cases

its downregulates prostaglandin production and stimulates the production of IL-l

(Boraschi et al, 1984), however it is also a powerful inducer of nitric oxide synthase and

its immuno-suppressive effects are thought to mediated tbrough this pathway perhaps by

interaction with interleukin-4.

It is clea¡ that while macrophages appear to have a number of suppressive mechanisms,

the wo main factors which mediate immune suppression are prostaglandin and nitric

oxide. Even the suppressive effects of cytokines appear to be mediated in this manner.

Therefore it is possible that production of these factors in a local environment could

concievably reduce the prospect of an immune reacúon at that site.

1.4.6 The macrophage as an effector cell.

It is apparent that macrophage immunobiology is in fact central to most aspects of the

immune response. The macrophage operates in both afferent and efferent responses,

influencing and interacting with the lymphocytes for the induction of an immune

response. While their role in cell mediated immunity is highly defined, their role as cells

resident in a tissue or as responders to non-specific stimulation is less defined. As potent

effector cells they have the capacity to release an enormous range of secretory Products

enabling them to exert a wide range of actions upon cells in local tissues (Table 1.1).
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Table 1.1 Macrophage Secretory Products.

Product Function

Enzymes I Ennme Inhibitors

plasminogen activators

collagenase I,II, III, VI, V

complement components

coagulation factors

acid hydrolases

lysosyme

a2-macroglobt¡lin

plasminogen activator inhibitor

inflammatory response, tissue repair

inflammatory response

inflammatory response

coagulation, tis sue rcpair

inflammatory response

anti-microbial activity

regulation of plasma enzyme activies

regulation of enzyme activity

Growth F aûors and Cytokínes

Il-lcr, IL-1ß, IL-1 receptor antagonist

TNFcr

IL-6
TGF-cr, TGF-ßI, TGFß2

Interferon cr and ß

GM-CSF, G-CSF, C-CSF

I-eukemia inhibitory factor (LIF)

Fibronectin

PGDF-A, PGDF-B

immunoregulatory

immunoregulato,ry

immunoregulatory

wound healing, inflammation

antiviral activity

proliferation and and differentiation of-

haemopoieúc precursors

immunoregulatory

opsonic, adhesive

wound healing, inflammation

Low M olecular W eig ht Sttb stances

Radical oxygen inærmediaæs

Prostaglandins

I-eukotrienes

Plaælet activating factor

Nitric Oxide

microbicidal, tumoricidal

inflammatory, immunoregulation

infl ammatory, immunoregulation

infl ammatory, activates platelets

microbicidal, tumoricidal

Compiled from Takemura andWerb (1984) andRapolee andWerb (1988)
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The classic and more familiar role of the macrophage is in the efferent arm of the immune

response, as an effector cell involved in inflammatory reactions. The presence of an

inflammatory stimulus, causes macrophages to develop increased secretory activiúes, and

in this capacity the macrophage fulfrls a number of general functions, such as removal of

dead cells and tissue debris during wound heating as well as playing a significant role in

tissue remodelling (Nathan, L987: Knighton and Fiegel, 1989).

Although the inflammatory response is non-specific and involves a number of leukocyte

cell types, macrophage production of the pro-inflammatory cytokines IL-l, TNFa and

IL-6 is vital for the induction of cell proliferation and the tissue remodelling that occurs in

the aftermath. TNFcr and IL-l have several effects during the inflammatory response.

The first is to stimulate and induce self-production, the production of IL-6 and a host of

CSF's as well as a number of chemotactic and adhesion factors in the recruited

macrophages. This has the effect of inducing the respiratory oxidative burst in the

recruited cells as well as the release of enzyme for digesting the extracellular matrix,

complement components, and coagulation factors (Takemura and \üy'erb, 1984). In

conjunction with this, the polymorphonuclear leukocytes, neutrophils, endothelial cells

and fibroblasts a¡e all co-ordinated by the macrophage in aspects of chemotaxis,

proliferation and cytoxicity necessary for destroying microbial invaders.

However, rccent studies have suggested that the role of macrophages and inflammation

need not be limited to disease control mechanisms. A plethora of reviews now describe

macrophages resident in the female reproductive tract as using these same factors to

modulate physiological function. For example, inflammation-like reactions modulated by

macrophages and controlted by cytokines haíe been observed in the female reproductive

tract as mediating various facets of oestrus, ovulation and changes in uterine epithelial

structure congruent with ovulation (Adashi, 1990; Hunt, 1990). Studies of cytokine

production and regulation in the female uterus have implicated GM-CSF as a possible

paracrine regulator of uterine remodelling in this tissue (Robertson etaJ,1992).
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1.5 Macrophage Secreted Factors

1.5.1 Macrophage derived cytokines and colony-stimulating factors.

Cytokines and colony -stimulating factors (CSF's) belong to a large group of molecules

loosely termed growttr factors. The number of known growth factors and growth factor

families has grown continually in recent years as research into this f,reld has increased. In

contrast to other cell ty¡les, the macrophage remains unique in that it has the capacity to

produce so many of these factors, in all manner of combinations in response to a wide

mnge of stimulü.

Cytokines and CSF's are factors responsible for mediating the survival, growth,

differentiation and proliferation of cells in the haemapoietic system @inarello, 1989;

Horiguchi etal., L987; Becker et al, 1987;Hoang et al, 1989; Rappolee and'Werb, 1992)

and have a number of characteristics. They are generally secreted, synergise and act on

nearby cells in a paracrine or autocrine fashion within a highly localised a¡ea. lVhile they

are not stored within the cell, they are readily inducible and as a conse(luence of their

potency? their production is under tight regutation at all levels. Finally c¡okines act on

ttre target cell through a transmembrane receptor.

Resting macrophages usually produce no or low levels of cytokines. Increased cytokine

production normally requires stimulation or activation of the macrophage to effector

status. The common inducers of macrophage activation are endotoxin or

Iipopolysaccharide (LPS), IFNI and interactions with macrophage Fc and complement

rcceptors during immunophagocytosis.

LPS is a single moiety from the bacterial cell wall which stimulates macrophage activation

both in vivo and in vitro. A non-specific stimulant of macrophages, it evokes a rapid

response generating the production of the inflammatory molecules. IFNy has a more

specific action on macrophages. Released by T-cells, it is a potent inducer of MHCII

expression on the macrophage as well as stimulating effector status. When used in
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combination with LPS macrophages may be primed and triggered to full cytotoxic status

(Kleinerman et al, 1984; Adams and Hamilton, 1.984; Schreiber and Celada, 1985).

Immuno-phagocytosis via the Fc receptor has also been shown to induce cytokine

production by the macrophage. Opsonisation of aatibody has been shown to stimulate

the release of TNFcr @ebets et al, 1990; Szabo et al, 1990), tr--6 (Ling et aI, 1990) and

possibly IL-l(Chou et al, 1985; Arend et al, 1985).

Macrophage-derived cytokines are generally recognised for their role in initiating

inflammation or the induction of an immune response, hence the cytokines involved a¡e

termed pro-inflammatory. The interleukins are the best known subset of the cytokine

family, of which there are at least 14 characterised and published. The interleukins are

best known for their role in initiation of the immune response. In particular Il.-lcr and ß

andn--2 are recognised for their essential role in T-cell stimulation during cell-mediated

immunity. Although there are a number of pro-inflammatory cytokines, the main

contigent of this group are Il-lcr and ß, TNFcr and IL-6. These three cytokines a¡e all

structurally distinct but have considerable overlap in function, such is the pleiotrophy of

their action.

IL-1 (originally lymphocyte activating factor) arrdn--2 are pivotal mediators in the

activation of antigen-presenting T-cell populations. Briefly, the mecha¡ism by which T

lymphocytes proliferate is largely dependant on the release of IL-l from a cell of

monocyte/macrophage linage (Unanue, 1987; Dina¡ello, 1989) and its subsequent

stimulation of both IL-2 production andreceptorexpression by the lymphoc¡e.

Lymphocyte activation with IL-l results in a two fold response, stimulating T-cells to

produce n--2 and express IL-2 receptors. The T-cell derived IL-2 then acts in an

autocrine fashion upon these cells and initiates the cellular proliferative phase of the

immune rcsponse.
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IL-l exists in rwo forms, a free secreted molecule (IL-lß) with more hormonal style

effects, and a membrane expressed moiety of simila¡ size (IL-lcr) which appears to be

involved in cell-cell interactions. While both are producedin large quantities in response

to LPS @inarello, 1989) and react with the same receptor, activated macrophages

produce 10 fold more IL-1ß than IL-lc¿ in response to foreign antigen or tissue damage

(March et al, 1985). These two forms of IL-l display almost complete overlap in

function (Ma¡ch et al, 1985; Rupp et al, 1986), and the release of either iso-form

manifests itself in increased cell proliferation and differentiation, and what is also termed

as the inflammatory response.

It is important to note that the role of IL-2 is distinct from that of IL-l. \ü/hile IL-l

initiates the reaction ,l--zis primarily responsible for T-cell proliferation and maturation.

The stimulated lymphocytes exprcss high afFrnity IL-2 receptors ttrat amplify and mediate

the proliferative phase (Robb, 1984). Recent studies have shown that B lymphocytes

and macrophages may also express receptors for IL-2 (Herrmann et al, 1989),

suggesting that they are sensitive to this cytokine.

Both these interleukins have additional roles outside of lympho-proliferation in what is

commonly referred to as the inflammatory response,,a lesponse often associated with a

number of symptoms such as fever, prostaglandin and collagenase synthesis, frbroblast

proliferation, enz]¡me inhibiton and cartlidge and bone resorbtion @inarello 1989). This

response usually involves other closely relaæd cytokines such as TNFCr and IL-6.

As well as its ability to kill tumour cells in vitro (Ruff and Gifford 1981), many TNFcr

mediated effects a¡e rema¡kably similar to that of IL-l, although it is required in a much

higher concentration (Ranges et al 1988). The relaúonship between the action of these

cytokines is so close that it is likely that they augument each others immunologic action.

Furthermore, the biologic effects of IL-l and TNFcr a¡e often indistinguishable because

the wo display synergism when added together in vitro.
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Despite the current conjecture as to the ability of TNFø to mimic the lympho-stimulatory

effects of IL-1 on lymphocytes (Ranges et al 1988; Plaetnik et al 1987), there are many

other similarities between the wo. Both factors display anti-viral activity and can initiate

fever th¡ough prostaglandin synthesis @inarello, 1989). In addition these factors can

induce synthesis of colony súmulating factors, act as co-factors for stem cell activation

and stimulate many cell types not directly involved in immunity. They may also be majø

factors directty responsible for a¡tlriúc diseases (I(rakauer et at 1985; Bertolini etal 1986)

as well as shock and related syndromes (Iracey et at 1986).

IL-6, formerly known as InterferonB2, B-cell-stimulating factor-Z and hybridoma

growth factor, shares cha¡acteristics with IL-l and TNFcr in that it is an endogenous

pyrogen and an inducer of the mactophage acute-phase response. Like IL-l and TNFcr,

it too participates in the inflammatory response and can induce self-production and the

producúon of other acute phase cytokines. IL-6 is more simila¡ to IL-l than TNFcr in

ttrat it appears capable of activating lympho-proliferation in the presence of a mitogen

through the IL-2 pathway. However, IL-6 does not induce TNFcr or IL-l auto-

production as do these cytokines on themselves and infact it may suppress autocrine

induced production of these factors @inarello, 1989).

The differentiation and subsequent induction of bone m¿urow derived macrophages into

monocytes and macrophages is tightly regulated by several cytokines. IL-3 is

instrumentat in the intitial differentiation of the progenitor stem cells but their specifrc

transformation and functional capabilities a¡e decided by exposure to the cytokines

released from peripheral lymphocytes (Arai et al, 1990).

Granulocyte Macrophage-Colony Stimulating Factor (GM-CSÐ and Colony Stimulating

Factors (CSF's) a¡e released constitiuiwely by many tissues (Le et al, 1988). These

factors act on monocytes as they first enær a tissue in order to determine the macrophages

frnal functional status. Thus the organ or tissue to which the blood borne monocyte
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migrates has the capacity to direct and create the phenotype of the macrophage through

the factors it uses to mature the monocyte. GM-CSF therefore is highly important in the

production of the pluripotent stem cells supporting the growth and differentiation of a

variety of cell lines.

This brief list of cytokines is by no means extensive in its number or description of these

immunomodulatory molecules and it would be beyond the capacity of this review to

cover this freld in real depth. An intricate knowledge of the cytokines is not necessary

for the purpose of this thesis. The intention is simply to demonstrate the variety of

capabilities and interactions of these factors. That the power of cytokines are not only

limited to cells of the immune system, and that their effects are not always related to

disease control opens a whole new range of possibilties in cellular communication and

local tissue regulation.

1.5.2 Regulation of macrophage'derived factors

As discussed previously the production of cytokines and CSF's is highly regulated due

to their extreme potency. As a cell unequalled for cytokine synthesis, the macrophage

also employs specifrc mechanisms for downregulating this production. Cytokines such

as I|.-l(cr and ß), GM-CSF and TNFa a¡e unstable due to a repeat motif at the

trancription level which allows a half-life of around one hour in the cytosol (Shaw and

Kamen,1986; Brawerman, 1989). Similarly other growth factors may be degraded by

specific peptidases in the extracellular environment, ensuring that the effects of these

factors do notremain after the inductive stimulü have abated.

Another mechanism employed by the macrophage is to buffer or inhibit the effrcacy of

such factors. Both TNFo and GM-CSF have forms of soluble receptor which can bind

the respective cytokines thus preventing interaction with cell-bound receptors. The

production of a competitive inhibitor, IL-l receptü antagonist, with the same affinity for
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the IL-l receptor as the iso-forms of IL-* t has also been observed (Carter et al, 1990;

Hannum et al, 1990)*. Delayed production of the IL-l receptor antagonist occurs after

the initiat induction of IL-l., but the antagonist is stable for longer thereby sequestering

the IL-l moeity after the initial response .

During inflammation or activation, the production of such a wide range of macrophage

factors is mainly regulated by negative feedback mechanisms (Soberman and Karnofski,

1981). For example, IL-l production stimulated by TNFo, in turn inhibits the

autoinduction and production of TNFcr @psæin et al, 1990). However, while cytokines

regulate themselves to some extent, the production of a¡achidonic acid metabolites such

as prostaglandins have the strongest effects.

On stimulation of the target cell, IL-l. also induces PGE2 production. PGEZ in turn

works negatively to reduce the production of the pro-inflammatory cytokines (Kunkel et

al, 1986; Daniel et al, 1987; Dina¡ello, 1939). Furthermore, prostaglandins and PGE2 in

particular have long been sited as potent suppressofs of immune function due to their

ability to suppress lymphocyte proliferation (Offner and Clausen,1974; Goodwin et al,

L97 8; Stobo et al, 1979).

The methods of macrophage regulation may have special implications in the context of

resident macrophages where the local environment may well favour the producúon of one

factor over another. For example, in the immune system as free macrophages, there is a

higher probability that cells will be activated or primed for an immune response than

those in the ússue. Tissue bound macrophages are often found in an immunologically

quiescent state, secrrting small amounts of substances relevant to the physiology of the

organ. For example, in the kidney macrophages may sectete prostaglandin to regulate

vasodilation (flume and Gordon, 1983).

*A 
soluble recepor for IL-l has been found since the completion of this review which only includes

liærau¡re up to and including December 1992.
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F¡rthermore, macrophages from organs such as the liver, kidney and lung appeaf to have

the ability to filter and remove antigen present in the btood (Vernon-Roberts, 1972:

Schreiner, 1981; Nakstad et al, 1989), without initiating a deleterious immune response.

It therefore appears that the activity of the (resident) macrophage in a tissue may relate

directly to the immune function of the organ.

In this sense, an interesting comparison may be made with the immunobiology of other

tissue bound macrophages, such as those present in the spleen. The spleen has a high

percentage of B lymphocytes present and thus may be considered as an organ with imune

function. Accordingly, the splenic macrophages are capable of both ingesting antigen

and initiating a full range of lymphocyte lesponses.

L.6 Macrophages in the female reproductive tract

Macrophages have been found throughout the female reproductive tract (Adashi, 1990;

Hunt, 1990) and evidence suggests they are involved in the paracrine regulation of these

tissues. Macrophages from the mouse ovary have been shown to have a specific role in

steroidogenesis by increasing granulosa cell progesterone production (Kirsch et al,

1981). Subsequent srudies have demonstrated similar results in humans (Halme et al,

1985) and in pigs (tlughes et al, 1990).

Macrophages have been observed in myometrial and endometrial tissues of the uterus and

change their size and distribution according to the stage of oostrous (Hunt et aI, 1985).

Although the function of uterine macrophages is yet to be fully determined, they are

highly phagocytic (Tachi et al, 1981; Redline and Lu, 1988) a¡d are postulated to play a

role in preventing tumor-like trophoblast cells from invading maternal tissues (Hunt,

1990; Hunt and Polla¡d, t992).
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Although the exact mechanisms responsible for the paracrine action of macrophages in

the female reproductive tract are not fully understood, it is well established that several

macrophage derived products can influence these tissues. The iso-forms of IL-l and

TNFc¡ have been found in the ovary and uterus (Khan et al, 1988; Bagavandoss et al,

1988, Hunr and Pollard, lgg}) and factors such as GM-CSF and IL-6 have been shown

to be secreted by macrophages in the uterus (Robertson et al, 1992)' Uterine

macrophages are also known to produce high levels of prostaglandin EZ (Matttrews and

Searl, tg87), a factor well known for its anti-proliferative effects on lymphocytes.

The presence of resident macrophages in the female reproductive tract and importance of

macrophage-derived factors in female reproductive function demonstrates a role for the

macrophage as a paracrine regulator within the reproductive organs. It would therefore

seem likely that the testicular maclophage may act similarly to regulate va¡ious events in

the testes.

L.7 The Testicular MacroPhage

The testicular macrophages comprise of up to I57o-20Vo of the interstitial tissue in

rodents and humans and exhibit the general appearance of other tissue bound

macrophages. They have been classified morphologically by ultrastructural and

cytochemical methods (Car et aJ, t973; Miller et al 1983) as having a single indented

nucleus, paranuclear golgi bodies, rough endoplasmic reticulum, coated vesicles, and

numerous heterogenous lysosomal vacuoles. The macrophage surface is highly

invaginated and numerous filopodia and lamellopodia project from the plasma membrane,

holding it in place in the inærstitial space.

But despite their categorisation as macrophages on the basis of morphology and

exogenous secretions, very little is known of their function. Previous studies have

described the close association between macrophages and Leydig cells (Connell and
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Christensen 1975; Wing and Lin, 1977) and there appeüs to be some interaction between

them. For example, the association between ttre nrro cell tlpes in the form of physical

contact: the endoc¡osis of the Leydig cell cytoplasm (Miller et al, 1983, Hutson 1992),

and the similarities in morphology (Bergh 1985, Hutson, 7992), suggest a functional

coupling may exist in addition to the other roles of the macrophage. Functional changes

induced in Leydig cells by means of gonadotropin withdrawal, cryptorchidism, or

seasonal dysfunction, may lead also to alterations in the morphology of the testicular

macrophage (Berg, 1985; Berg, L987 Gondos et 41, 1980; Hutson 1992; V/ing and Lin,

1977).

Other factors which also support an interaction between the cells, are the common

properties shared by macrophages and steroid producing cells in various organs around

the body. Steroid activity by macrophages in other tissues is widely reported and has

been in many cases implicated in the biotransformation of steroids (Vernon-Roberts,

1969; Kirsch et al, 1981; Milewich et al, 1.982; Milewich et al, 1983; Lofthus et al,

1984). It may well be that the testicula¡ macrophage in some way aids the Leydig cell,

(which is the major steroid producing cell in the testis), in the production of testosterone

and/orits metaboliæs.

Other recent studies have acknowledged the possibility ttrat the testicular macrophage is

responsive to pituitary hormones and through this medium, may regulate the function of

the Leydig cell. An indication of this is the apparent ability of the testicular macrophages

to bind Follicle Stimulating Hormone (FSH) (Orth and Christensen, 1977). Further

studies on this topic (Yee and Hutson, 1983; Yee and Hutson, 1985a,b), have revealed

that while the testicular macrophage is responsive to FSH, the peritoneal macrophage

possesses no such surface receptor. These studies tend to support the concept that the

testicular macrophage, as common for most resident macrophages, has adapted a

functional specialisation for the testis.
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This observation is of great interest in terms of testicula¡ physiology. It is well lnown

that the secretory products from macrophages modulate the activity of various cell t¡pes

(page et aI, 1978). Conversely, it has been emphasised that various hormones are quite

capable of altering macrophage secretions (Gemsa et al,I975). Since cell to cell

communication is vital to most aspects of testicula¡ function (Cameron and Markwald,

1981; Hutson and Stocco, 1981; Sharpe et al, 1981; Setchell, 1983; Sharpe 1984)' the

testicular macrophage may assume a role in the function of the testis via FSH regulated

secretory products that alter l-eydig cell steroidogenesis. This hypothesis is supported by

a very simila¡ situation which appears to exist in the ovary (Kirsch et al, 1981) whereby

ova¡ian macrophages have been shown to influence the secretion of steroids by luteal

cells.

It is worth at this point, while discussing the possible functions of the testicular

macrophage, to draw comparisons between the resident macrophages of the testis and

those of the kidney. Both of these organs originate from the same embryonic structure.

The kidney has a high population of macrophages in the medulla where it is thought that

they may be active in the connol of circulation and ultrafilnation (Ilume and Gordon,

1983). It is conceivable then, that the testicula¡ macrophage may also perform some sort

of filtration role in the testis. The macrophages in the medulla of the kidney can release

prosøglandins which may provide a mechanism for changing local circulation within this

organ.

The testes have a unique system of microcirculation, the capillary permeability of which

is known to be altered in response to gonadotropin (Serchell and Sharpe, 1981; Sharpe,

1983), and thought to be mediated via the Leydig cell (Setchell a¡d Rommerts, 1985;

Head et al, 1983; Maddocks et al, 1987). Considering macrophages in general can

produce a variety of vaso-active factors it is reasonable to assume that the testicular

macrophage may interact with the Leydig cell to regulate bloodflow in the testis.

Similarly, other cells in the testicular interstitium such as the fibroblast and myoid cell
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populations appear to be involved in support of and in the contractility of the

seminiferous tubules as well as the blood and lymph vessels (Setchell and Brooks,

1988).

It would therefore be reasonable to expect that the testicular macrophage assumes several

roles in testicular function, and ttrat these range from simple phagocytic functions, to

regional immunobiology, and as the functional complement of the Leydig cell. It also

seems likety that in performing these tasks, the testicular macrophage may at least in part

be responsible for granting the immune privilege afforded the testis.

1.7.1 Possible functional roles for the testicular macrophage

While it has been evident for some time that there exists a paracrine and autocrine

network for local regulation of testicula¡ function, the majority of these studies have

centred on the Sertoli and Leydig cells. Intitial studies by Yee and Hutson (1983'

1985a,b) suggested the testicular macrophage secreted a factor(s) capable of stimulating

testosterone production by Leydig cells. The production of this macrophage-derived

factor appeared time and dose responsive and inducibte by FSH. Moreover I-eydig cells

optimally stimulated with LH, signifrcantly increased testosterone production in the

presence of macrophage-conditioned medium.

In contrast to the initial f,rndings, subsequent studies have shown that testicular

macrophage-conditioned medium inhibits testosterone production by the Leydig cell

(Lombard-Vignon et al, 1991; Mayerhofer et a7, L992). Furthermore, neither of these

studies observed the production of testosterone-inducing factors by the testicular

macrophage factors in response to FSH. However, it was observed that when stimulated

with LPS, the testicular macophages increased Leydig cell testosterone production

(Lombard-Vignon et al, 1991).
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The identification of cytokines as local messengers in the ovary and reproductive tract of

the female (Adashi, 1990; Hunt 1990) has generated speculation that the testicular

macrophage may be a potential source of cytokines and paracrine regulation within the

testis. Studies of macrophage-derived cytokines, IL-l ánd TNFcr added exogenously to

I-eydig cell culture have also shown effect on testosterone production yet once again the

results are contrasting. Whereas Wa¡ren et al, (1990) reported that recombinant TNFcr

enhanced both basal and LH stimulated testosterone production, Mauduit et al (1991)

reported the opposite and Calkins et al (1990) reported no effect of exogenous TNFcr on

testosterone production.

Studies using recombinanr IL-l in I-eydig cell culture reveal a highly intricaæ relaúonship

between dosage and cr and ß forms of IL-l. When added in low concentration to Leydig

cell culture IL-l has been shown to enhance testosterone production but in high

concentrations it has been observed to suppress it (Verhoeven et al, t988; Calkins et al,

1988; Moore and Moger, 1991). The two forms of IL-1(ø and ß) do not appear to have

identical effects despite the fact their action is thought to be mediated through the same

receptor. IL-la appears a more potent inhibitor of testosterone production than IL-lß

(Calkins et aI,1990) and this situation appears to be supported by the observation that

receptors in the testicular interstitium of the mouse have a higher affinity for IL-14 than

L-lß Clako et al, 1990).

Constituitive TNFcr production by the testicula¡ macrophage has been recently reported

(Ilutson, 1992) as has the presence of mRNA for IL-l in mouse testicular macrophages

(Ilales et al, Lggz), but the use of recombinant IL-l and TNFcr in the reported studies

and the contrasting observations make it difficult to assess the role of the testicular

macrophage and these cytokines in regulating testosterone producúoninvivo.

Identifying the origin of these cytokines and their action on I-eydig cells i¿ vivo may also

be difficult, especially where there may be more than one sorrce. It has been recently
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observed ttrat IL-l is produced by Sertoli cells within the seminiferous tubule (Gerad et

al, 1gg1) and IL-lß induces Il.-lcr mRNA in the I-eydig cell in the testicular interstitium

(Wang et al, 1991).

However, more relevant studies of the role of the testicular macrophage in Leydig cell

steroid production have been recently completed- Testicular macrophages \ryere removed

exclusively from the testicular interstitum in vivo by injecting the testis with liposomes

containing dichloromethylene diphosphonate (C|2MDP). It was observed that the

macrophage depleted testes secreted less testosterone than those with macrophages

(Maddocks et al,Igg2; Berg et aI, !gg2). It would appear from these studies that the

testicular macrophage may indeed be involved in regulating testosterone production as a

functional complement to ttre I-eydig cell.

1.8 The purpose of this studY

The presence of a resident mactophage population in the testis has only recently been

speculated as contributing to the immune privilege status of the interstin¡m and only in the

last decade has the close association benveen the testicular macrophage and Leydig cell

been described (Bergh 1985, Bergh, 1937). Also duing this time macrophages in

general have been implicated as cells unparalleled in their secretory and effector

capabilites (Rapolee and Vy'erb, 1992). The macrophage is now recognised as a cell

importanr to the inútiation and regulation of the immune response through its ability to

secrete cytokines and colony-stimulating factors. Furthermore, the macrophage and these

factors involved in the processes of immunology are now understod to play a pivotal

role in female reproductive physiology.

Alttrough traditionally viewed as a component of the immune system, the macrophage is

now more widely recognised as a cell wittr a specific physiological role in many tissues.

The presence of the macrophage in a site of immune privilege, the factors it secretes and
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its close physical association with the I-eydig cell may belie its role in æsticular function

Therefore the aim of the present study was to cha¡acterise the immunobiology of the

testicular macrophage with respect to roles it may play in the immunology and the

physiology of the testis.
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Chapter 2. Materials and Methods

2.1 Reagents

Bovine serum albumin (BSA), collagenase type V (250Ulmg), 3-3'-diaminobenzidine

(DAB), 3-14,5 dimethylthiazo|-2yll-2,5 diphenyl tetrazolium bromide (MTT), sulfanilamide,

naprhylethylene diamine dihydrochloride, S. enteritidis lipopolysaccha¡ide (LPS),

Concanavalin A, C. ensíþrmís, ø-napthyl acetate, Nitro BT, n,n-dimethylformamide,

nicotinamide adenine dinucleotide ß, fast red TR salt, methyl green stain, trypan blue, ß-

mercaptoethanol and indomethacin were all purchased from the Sigma Chemical Co, St Louis

U.S.A.

Ficoll-Paque for the in vito isolation of lymphocytes was purchased from Pharmacia LKB,

Sweden. Dialysis tubing (<14000MVf cutoff¡was purchased from Selby-Anax, Australia.

Amicon and Centricon microconcentrators were purchased from lñ/.R. Grace & Co, Beverþ,

MA. U.S.A.

Haemolysin; sheep erythrocyte antiserum IgG, heat-inacúvated fetal calf serum (HI-FCS),

Heparin and penicillirVstreptomycin mixttue, glutamine (200mM) and Monomed-A (serum

replacement) was purchased from CSL Pa¡kville, Victoria, Australia. Phosphate buffered

saline, RPMI L&O,Hams F12 and Hanks Balanced Salt Solution (HBSS) were purchased

from Cytosystems, Castle Hill NSW, Australia.

Taq DNA polymerase, 25mM MgCl and pUC 19 DNA (restricted with HpaII) were

purchased from Bresatec, Thebarton, South Australia.
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Nutridoma-NS 100x, Recombinant cytokines IL-14, IL-1ß, Il-6and TNFcr and IFNI,

DNase I (from bovine pancreas) and. RNase inhibitor (from human placenta) were purchased

from Boehringer Mannheim, (Mannheim, Germany). Recombinant murine GM-CSF was

kindly provided by N. Nicola (Walter andElisaHall Institute, Melbourne, Australia).

Superscript RNase fI reverse transcriptase was purchased from Gibco, BRL. dNTP Ultra

pure ¿NTP set rwas purchased from Pharmacia Biotech. Guanidine Thiocyanate was

purchased from Fluka Biochemica, Buchs, Switzerland.

Mouse anti-rat CDllb, EDl, ED2, ED3, ED5, and W3125 monoclonal antibodies (mAb)

were purchased from Serotec Ltd, Oxford, England. The embedding mixture for clyostat

sections was purchased from Jung, Lecia instruments, GMBH, Nussloch Germany.

The anhydrous Magnesium Chloride, Sodium Chloride, Sodium Citrate, Glucose and the

Haemotoxylin and Eosin stains were prepared from concentrates ma¡keted by Gurr

Laboratories, BDH chemicals Ltd, Poole, England. The coatasil, used to siliconise

glassware was bought from Aju chemicals, Sydney, Australia.

potyclonal rabbit anri-human antibodies for cytokines TNFcr (crTNFcr) and IL-1 (crIL-

l)were purchased from Genzyme, Cambridge MA. A goat polyclonal antibody to murine

GM-CSF (goat cr GM-CSF; Miyajima et al, 1986) and a rat monoclonal antibody to murine

IL-6 (crIL-6) (Shabo and Sachs 1988) were kindly provided by J. Schreurs @NAX, Palo

Alto, CA) and L. Sachs (Weismann Institute of Science, Rehevot, Israel) respectively.

Tritiated PGE2 (specific activity 7.4TBq/mM), PGF26¿ (specifrc activity 6.8lTBq/mM),

Testosrerone (specific activity 3.74 TBq/mmol), [3H] thymidine (specific activity

1.04TBq/mM), Biodegradable Counting Scintillant (BCS), streptavidin-horseradish

ï
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peroxidase (SAv-HRPO) and biotinylated sheep anti-mouse immunoglobulin antibody

(biotin-SHAM) were purchased from Amersham Australia.

2.2 Animals

Rats were of the albino Wistar strain orDA rat (where specified) bred in the Adelaide University

central animal house. All rats used were adult males, sexually maûüe, aad weighing no less than

300e.

2.3 Cell Isolation

2.3.1 Peritoneal MacroPhages

Peritoneal macrophages were isolated by peritoneal lavage as described by Stuart et al U7}

The peritoneal cavity of the rat was flushed with phosphate buffered saline (PBS) (20ml) and

recovered cells were collected by centrifugation at250g for 10 minutes then resuspended in

sterile RPMI-FCS for culture. The cells were then culrured for 20 minutes, after which non-

adherent cells were removed by rinsing the cultures dishes vigorously with PBS.

Macrophages isolated in this manner were approximately 907o pure as judged by non-specific

esterase activity and reactivity with the macrophage-qpecific mAb CDl1b.

2.3.2 Isolation of Testicular macrophages and Leydig cells

Testicula¡ macrophages and Leydig cells were isolated from the interstitial tissue by

enzyrnatic digestion of the testis followed by density gradient centrifugation and cell

elutriation. Decapsulated æstes were washed three times in sterile phosphaæ buffered saline.

Six testes were incubated in 50 ml PBS containing collagenase (0.25mdml) in a shaking

waterbarh at34ocfor 10 minutes. The seminiferous tubules were then allowed to sediment

and the supernatant carefully removed with a sterile 20ml syringe. The suspension of

45



interstitial cells was then ca¡efully layered over 15ml of Ficoll-Paque and centrifuged (1200g)

at 4ocfor 20 minutes to pellet tubule rernnants, germ cells, eryttrocytes and cellular debd. A

crude interstitial cell fraction containing the testicular macrophages and Leydig cells was

collected from the supernatant-Ficoll interface, washed twice by centrifugation in HBSS at

250g1or 5min, and resuspended in 10ml HBSS (17o BSA) ready for elutriation

For cell elutriation, a Beckman J2-21centrifuge and Beckman JE-68 elutriation rotor

(Beckman Instruments, Palo Alto, CA) were used with the rotor speed set at a constant

2000t40rpm. Sterile HBSS containing 17o BSA was Pumped through the rotor under

postive pressure by a Desaga pump (Heidleberg,Germany). The testicular cell preparation

(10m1) was injected into the elutriation mixing chamber, and after an initial wash of 150m1

with the pump set at a flow rate of 15mVmin, separatè fractions of cells (150m1 each in

volume) were eluted.

2.3.3 Elutriation and adherence purification of testicular macrophages

Eluted fractions collected at the pump flow rates of 19m1/min, 2SmVmin and 3lmVmin

provided the highest yields of testicular macrophages as described by Dirami et al 1991.

Cells in these fractions were washed once by centrifugation (2509 for 5min) andresuspended

in RPMI-M ar a concentration of 106 cells/ml. The cells were then furtherpurifred in culnue

by exploiting the adherence of macrophages to plastic and glass substrates. After culturing

the cells for 20 minutes, cultures were washed vigorously with PBS five times in order to

remove non-adherent cells. This provided culn¡res of highty purified testicular macrophages

(95Vo) as judged by immunohistochemical and biochemical markers.

2.3.4 Elutriation and Percoll purification of Leydig cells

I-eydig cells were collected after the removal of testicula¡ macrophages by elutriation. With

the pump still going, the rotor was stopped and remaining cells were collected. The Leydig
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cells ,were then furrher purified using the protocol described by Ktinefelter (1988). The

crude Leydig cell suspension was then washed once in HBBS and resuspended in 14ml of

HBBS with sodium bicarbonate (0.35gll) and BSA (0.257o). The cell suspension was then

thoroughly mixed with 21ml of iso-osmotic Percoll (11:1; v/v of percoll with 10x HBSS,

Ca++andMg++free)tomake a60zoPercollsolution. Afurther 6OToPercoll solutionwas

prepared that contained density ma¡ker beads for l.062glml and 1.0759/ml but no cells'

The nvo solutions were centrifuged in a fixed angle rotor @eckman JA 20) at 20 0009 for 60

minutes at 4oC. After centrifugation the different cell types became partitioned due to

differing bouyant desities and Leydig cells were found in ttre fraction between the densities

of l.O62glml and 1.075glml. The pruifred I-eydig cells were then washed in HBBS (2509

for 10 minutes) to remove the Percoll and resuspended in RPMI ready for culture. Leydig

cells isolated in this manner were stained with ß-hydroxysterioddehydrogenase and judged

gleater than 957o Pure.

2.3.5 Isolation of LYmPhocYtes

peripheral blood lymphocyæs were obtained from rats as described by V/eir (1986). Blood

was collecred by means of cardiac puncrure and then diluted 1:1 with saline. Aliquots (20m1)

of the resulting suspension were pippetted onto l0mt of Ficoll in 50ml conical centrifuge

tubes. These were then centrifuged at L20Og for 20 minutes aÌ.4oC. The centrifugation

produces an inærphase layer of blood plasma in the Ficoll gradient. These cells in this layer

were collected by sterile pippene and made up to 50 ml in RPMI 1640. The cells were then

washed twice for 10 minutes at 4009 and the resultant pellet was then resuspended in RPMI

1640 media containing tOVofnFCS to 107 cells/mt.
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Figure 2.1 Elutriation Flow Rates for Testicular macrophages and Leydig Cells.

The percentage of macrophages and Leydig cells within each elutriated fraction as

detemined by staining with non-specific esterase for macrophages and ß-hydroxysteroid

dehydrogenase (ß[ISD) for Leydig cells.
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2.4 Cell Culture

2.4.1 Media

Media used included RPMI-1640 or HamsFl2 supplemented with lTVo FCS, 5 x 10-5 M ß-

mercaptoethanol and antibiotics (RPMI-FCS and HamsFl2-FCS respectively); RPMI

supplemented with 0.57o FCS, 17o Nutridoma-NS, 5 x 10-5 M b-mercaptoethanol and

antibiotics (RpMI-NS) and RPMI-I6y';O supplemented wittr 2 mM glutamine, 4%oMonomed

A,270 FCS and antibiotics (RPMI-M), as specified.

2.4.2 Celt Counts/Cell ViabilitY

Once isolate4 the various cell populations were counted to allow adjustments to be made for

culturing cells at the desi¡ed concentrations. A small sample from the cell suspension was

taken and diluted 1:1 in 0.27o trypatblue immediately before the cell count. The number of

cells in suspension , was estimated by standa¡d procedure in a haemocytometer counting

chamber. Viable cell numbers were counted (dead cells stain blue), as a proportion of the

total cell population per milliliue of medium. Cells were cultured at densities specified in the

experimantal section and the purity of these cultures was determined by both biochemical and

immuno-histochemical procedures.

The pruity of the testicula¡ and peritoneal macrophage poputation was ascertained by staining

for nonspecific esterase (NSE) and macrophage-specif,rc antibodies CDllb, EDl, ED2, ED3

andy3l25. The pudry of Leydig cell cultures (and their presence in macrophage cultures)

was determined by ßHydroxysæroiddehydrogenase activity, a ma¡ker specific for the Leydig

cell

2.4.3 Culture of MacroPhages

Both testicula¡ and peritoneal macrophages wete cultured in RPMI-M on glass coverslips at

34oC (normal testis temperature) and 3ToCrespectively in an atrnosphere of.95%o ur and5Vo
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CO2. After an intial 20 minute attachment period, non-adherent cells were rcmoved by five

vigor:rous washings in PBS. LPS (lOmg/ml), indomethacin (lOmg/ml) or interferon grimma

(IFN1 200U/ml) were added alone or in combination to some cultures. After 48 hours

culture, the culture medium was collected, centrifuged at 110009 for 5min and the

supernatant stored at -80oC for bioassay.

2.5 Identification of Macrophages

2.5.1 Haemotoxylin and Eosin

Cell cultures were removed from the incubator and rinsed thoroughly in PBS. Following the

wash, the monolayer was fixed in a solution of methanol and acetone (1:1), and then rinsed

again. The haemotoxylin solution was then added in excess to the slide and left to stain for

approximately one minute. The slide was then rinsed and stained briefly with eosin before

being rinsed again. Coverslips were then "wet-mounted" onto microscope s.lides using

nailpolish applied a¡ound the margins, prior to viewing.

2.5.2 Stain for Non-specific Esterase Activity

A stock solution containing 1g ø-napthyl acetate 1g, 50ml acetone, and 20mt distilled water

was prepared as described by Miller and Morahan, (1981). A working substrate was then

made up fresh on each occassion in the following manner:

Stock solution of cr-napthyl acetaæ 2.0m1

0.lmol/L phosphate buffer (pH 7.3) 15ml

distilled water 15ml

fastred TR salt 15mg

This working solution was then frltered through a Milliex GS 0.22um filter prior to use. It

was then added to the harvested coverslips which were then allowed to incubate for 30-

40min. The coverslips were then rinsed in tap water and counterstained with l7o methyl
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gleen for 2 minutes. The coverslips were then rinsed again and mounted on a glass slide for

viewing (as in 2.5.L).

2.5.3 Stain for ß-Hydroxysteriod Dehydrogenase (ßHSD)Activity

The stain for ßHSD activity was formulated as described by Lojda et 41, (1981).

solution of aqueous incubation media was prepared from the following:

A stock

0.lM phosphate buffer (pH7.2-7.4)

0.t7o-0.4Vo Nitro BT dissolved in

N,N-dimethylformamide and add

of distilled water)

0.O57o sodium cyanide (pH7.2)

047 Vo anhydrous Magnesium Chloride

distilled water

Total

and stored in small portions in deep frenz-e.

10m1

0.5m1

9.5m1

1Oml

4ml

4ml

u
36ml

A substrate stock solution containing 1lß-hydroxyandrostane (6mg) dissolved in N,N-

dimethylformamide (10m1) was also prepared and stored in deep freeze.

For the actual staining an incubation medium was prepared with the following components:

Stock solution 2ní

NAD+ or NADP+ 2-4mg

2mM substrate solution 0.2 mg

mixed, filtered and adjusted to pH 7.2-7.6. Coverslips carrying cultured cells were then

incubated in the staining solution at 37eC for 30 minutes. Following incubation, the

monolayers were fixed in methanol and acetone (1:1), and mounted on a glass slide for
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viewing (see 2.5.1).

2.5.4 Immuno-histochemical evaluation of macrophage speciflrc markers

Testicula¡ tissue for immuno-histochemical examination was prepared by freezing freshly

removed testes in an embedding mixture using liquid nitrogen cooled isopentane. Frozen

sections (6pm)were then cut transversely from frozen tissue blocks and placed onto glass

slides. Isolated testicular macrophages and peritoneal macrophages were prepared for

immunocytochemistry by culnring the cells on glass coverslips.

The sections and monolayers were frxed in cold ethanol (4oC) for 15 minutes and then

rehydrated in sucessive dilutions of 1007o,70%o and 50Vo ethatol also at 4oC. The samples

were then washed three times in PBS at room temperature before incubation in a 1:400

dilution of either CDllb, EDl, ED2, ED3,W3125 or ED5 ascites in PBS wirh l%o BSA and

107o normal rat serum (PBS-NRS) for t hour at room temperature.

After three more washes in PBS ttre samples were incubated wittr biotin-SIIAM diluted 1:50

in PBS-NRS for t hour at room temperature. The coverslips were then rinsed three times in

PBS and incubated with SAv-HRPO diluted 1:50 in PBS-NRS for 30 minutes at room

temperature. After washing again with PBS, the coverslips rwere incubated with DAB (5 mil

ml in 0.05 M Tris-HCl pH 7.2) I 0.O2Vo hydrogen peroxide for 15 minutes and

counterstained in haematoxylin. Positive cells stained brown using this procedure.

Coverslips were then mounted in Depex and the antibody-positive cells were quantified.

2.5.5 Erythrocyte phagocytosis by macrophages

The testicular macrophages were isolated and cultured in complete media at a density of

2.4xLO6 cells/cm on the coverslip at both 32oC and 37"C. At times of.24,48 and 72 hours

after the initial culture, the macrophages were then incubated with immunoglobin- coated

sheep erythrocytes.
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The freshly obtained sheep erythrocytes were diluted in a 1:1 ratio with Alseviers solution,

which allows for their storage and use for benveen 3 and 14 days. Blood/Alseviers solution

(lml) was then added to Ha¡ks M199 (9m1) and washed three times by cenrifugation at

250x g for Sminutes. The resultant pellet was then resuspendedto 5Vo solution in Hanks

M199 (lml).

At ttris point a 17o solution of rabbit anti-sheep red blood cell IgG (anti E-IgG) (400u1) was

prepared in Hanks M199 and added to 400u1 of the 57o erytl:tocyte solution. After

incubation at3Tocfor 15min the solution was washed thee times in M199 by centrifugation

and the pellet resuspended in Dulbeccos MEM (4ml).

Coverslips were then washed to remove any non-adherent cells and 109 anti-E-IgG coated

erythrocytes (0.5m1of blood soluúon) were added to the macrophage cultures and allowed to

incubate for one hour. The cultures were then washed, stained and viewed to determine the

extent of red blood cell rosetting around macrophages. To quantify the ingestion rather than

the peripheral binding of erythrocytes to macrophages, the non-ingested red blood cells in the

culture were lysed by washing the coverslip in a solution of Hanks M199 and water (1:4)

before fixing.

2.5.6 Quantification of Erythrocyte Binding and Ingestion

Quantification of binding and ingestion was followed as described by Bianco and Pytowski,

(1931). The degree of binding of opsinized erythrocytes to macrophages (rosetting) was

expressed as the percentage of macrophages forming rosettes. A rosette was defined as a

macrophage binding 3 or more target erythrocytes.

By lysing the free erythrocytes before fixing and staining the monolayer, only blood cells

ingested by the macrophages remained. Thus it was possible to count the number of
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macrophages ingesting erythrocytes and compare these to the total number involved in

binding (rosettes).

2.5.7 Preparation of Alseviers Solution

Glucose (24.6g), Sodium Citrate (9.6g) and Sodium Chloride (5.04g), were disolved in

distilled water (1.2L). The pH was then adjusted to 6.1 using saturated citric acid, and then

sterilized by filtration. Sheep red blood cells were then added in a 1:1 ratio, and were

subsequently used and stored in this manner for a time span of 3-14 days.

2.6 Radioimmunoassay.

2.6.1 Testosterone AssaY

Buffer

Phosphaæ buffer solution (PBS) 0.01M pH7.5

Na2HPO4 (anhydrous) L.429

EDTA O.34g

Na azide 1.009

NaCl 8.189

adjusted to pH 7.5 with diluted HCI or NaOH and made up to one litre using double distilled

Il2o.

GelBuffer

0.27o Gel PBS

Add 2.0g of gelatine to 1.0L of PBS
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Dextran coated charcoal mixture

Charcoal Norit-A

dextran T76

made up to L00ml using PBS.

625mg

62.5mg

2.6.1.2 Stock solutions and Assay Solutions

3 H -Testosteronc stock solu,tion

3H-æstosterone (250pCi) was dissolved in 5ml ethanol (AR grade) to make a stock solution.

3 H -T e s to sterone As say S olutio n

250¡rl of the above stock solution was placed into a conical flask and dried under air. Gel

pBS (100m1) was added to to this to make an assay solution with an activity of 10

000cpm/200p1.

T e sto stero ne S tandards

The testosterone was diluted in ethanol (l¡rg,/ml) and then used for making the stock solution.

For each standa¡d curve, 64¡rl of testosterone stock solution was added to 4.0m1 of Gel PBS

to produce a 1600pg/100¡rl top standard. This standard was then serially diluted to make 9

standa¡ds; 1600, 800, 400, 200, 100, 50,25, L2.5 and 6.25pgl100p1.

Non- specifîc binding (N SB )

200Uf of Testosterone stock solution (lpg/ml) was placed into a small conical flask and dried

under air. GeI PBS (5ml) was then added to reconstitute the NSB solution.

T e sto s ter o ne antis erwn

The testosterone antiserum (lot 457) was raised in sheep against testosterone-3-

carboxymethyloxime-BSA conjugate and was a gift from Dr. R.I. Cox (CSIRO, Prospect,

NSW Australia). The cross reactivity of this antiserum is 98Vo with Sa-dihydrotestosterone,
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4lTo with 4-andosten-3ß, l7ß-diol, 4.77o with androstenedione,3.6To with 4-androsten-

17ß, 19-diol-3-one and less than I7o with other steroids.

The antisemm stock was prepared by dissolving 10mg of antiserum (crystaline) into Gel

buffer 10m1. This stock was aliquoted (500p1) and stored frozen at -20oC. The working

solution of testosterone anitsera was made by adding Get PBS (100p1) to the antiserum stock

(500p1).

2.6.1.3 Assay protocol

Toluene:hexane (2:1) (lml) was added to each of sample, NSB or standard (100p1) in

disposable glass test-tubes (12x75mm) and extracted for 30 seconds on a vortex mixer. The

aqueous phase was then frozen in a liquid nitrogen and ethanol bath, allowing the organic

phase to be decanted into clean tubes. The extracted samples were then placed in a water bath

(40oC) and dried under a stream of compressed air. 3H-testosterone assay solution (200ttl)

together with testosterone antiserum (200p1) was then added to the dried samples, NSB and

standa¡ds and then incubated overnight at4oC. Free and bound testosterone were separated

with dextran coated charcoal (200p1) for 10 minutes before being centrifuged (1000g) for 20

minutes. The supernatant was then transferred to polyethelene scintillation vials ready for

scintillation and counting.

2.6.1.4 Scintitlation fluid and counting

Biodegradable counting scintilla¡t (BCS) was used as a scintillation fluid in all testosterone

assays.After adding the sample and scintillation fluid (lmVvial), the polyethylene vials were

shaken for 20 minutes on a mechanical shaker. The samples rtrere then counted for ß

emmissons in a LKB-V/allac, Rack Beta tr liquid scintillation counter.
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Standard Curve: Testosterone stds
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Figwe 2.2 Testosterone Assay: Standard Curve
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2.6.2 Prostaglandin AssaYs

2.6.2.1 Buffer and Solutions

Trís-EDTA-Gelatin Buffer PH 7.4

Tris L2.IIg

EDTA 0.5g

Getatin 1.0g

Made up to lL in distilledHzO

Acetate Brffier 15M pHS.I

Anhydrous Sodium Acetaæ l23g

Made up to lL in distilled H2O

Phospltate Buffer PH7.4

KHzPO¿ (anhYdrous)

NazHPO¿(anhydrous)

NaCl

Gelatin

NaN3

disolved in lL distilted }J2O at37oC

0.149

0.4269

8.776s

1.og

1.og

Detcran coated clørcoal mitcture

Charcoal Norit-A 500mg

dextran T7g 25mg

wa.s added to 100m1 phosphaæ buffer at 4oC.
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2.6.2.2 Stock solutions and assay solutions

3 H -P ro stag landin st o ck s olution

To 3H-prostaglandin Ez (PGEzXl00pCi) or 3H-Prostaglandin F2s (PGF2")(100¡tCi)

methloxime hydrochloride (500¡rl) and acetate buffer (2mÐ were added. After heating at

60oC for 30 minutes the prostaglandin was extracted in ether:ethylacetate 3:1 (10m1). The

organic phase was washed in H2O, recovered and evaporated under nitrogen. Ethanol (lml)

was then added to reconstitute the tracer.

3 H -P ro sta g land,in metþIoxime ass ay s olution

The prepared primary stocks of PGE2 and PGF2g (200ttl) were then placed into a conical

flask and dried under air. Tris-EDTA-gelatin buffer was then added to this to make an assay

solution with an activity of 5000 cpm/100pl.

P r o s ta gI and.in s t andar ds

Both PGE2 a,ndPGF2o primary standa¡ds were dilutod in methanol (lmg/ml) and stored at

-200c.

For PGE2 the primary standa¡d (100p1) was then diluted in ethanol (10m1) to form standard

B. Standard B (10p1)was further diluted by adding ethanol (10m1) to create a top standard of

1000p9100p1. The top standard was then serially diluted in Tris-EDTA-gelatin buffer to

make 8 standards; 1000, 500, 250, I25,62.5,37.2, L5.6,7.8pg/100p1.

For PGFZ' the primary standard (50ttt) was then diluæd in ethanol (10m1) to create standard

B. Standard B (800p1) was then diluted in PBS (100m1) to give a concentration of

a62apgll00¡rl. This top standard was then serially diluted in Tris-EDTA-gelatin buffer to

make 8 standards; 4624,2312,1156, 578,289, 14Ø,72.2 and 36.1pg/100¡t1.
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Non-specifíc binding

200¡rl of either PGEZ or PGF26¡ stock solution (lmg/ml) was placed into a small conical

flask and dried under air. Tris-EDTA-gelatin buffer was then added to reconstitute the NSB

solution

P r o s t a gl and,in anti s e nttn

PGEz antisenrm was raised in angora cross-bred goats against PGEz bovine serum albumin

conjugate and supplied by S. Deam @eparrnent of Obstetrics and Gynaecology; University

of Adetaide). The cross-reactivity for this antiserum is 1007o with PGE2, 537o with PGE1,

3I7o withPGE3, L.SVo vttthPGF2s and less than l%o with all other prostglandins.

PGF2' antiserum was raised in rabbits against PGF26¡ bbvine serum albumin conjugate

pepartnent of Chemical Pathology, University of Natal, Durbin). The cross-reactivity of

this antiserum is L00Vo PGF2a, l}ToPGFnand less than IVo with all other prostaglandins

2.6.2.3 Assay Protocol

Samples were merhyloximated as for the 3H-prostaglandin stock solution. All standards,

NSB's and samples (100p1) were diluted in 10mM phosphate buffer, ph 7.4, containing

Q.lVo ge\atin and 0.17o NaN3 (200ttl). Tritiated PGEz and PGF26¡ tracer, and diluted

antisera (PGEz 1:1750, PGF26¡ l:250) were combined and incubated at37oC for one hour

before being stored at4oC overnighr

Unbound radio-labelled prostaglandin was removed by the addition of 500p1 of cold

Dextran-Cha¡coal for 10 minutes at 4oC before centrifugation at 40009 for 10 minutes. After

centrifugaúon the supernatÍutt was deca¡ted into scintillation vials to which BCS scintillant

(lmt) was added.
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Standard Curve: Prostaglandin E2 stds

Bi BO
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Standard Curve: Prostaglandin F2o stds
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Figure 2.3 Standard curves for prostaglandin E2 and FZg..
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1 2.6.2.4 Scintiltation fluid and counting

Biodegradable counting scintillant (BCS) was used as a scin 'llation fluid in all testosterone

assays.After adding the sample and scintillation fluid (lmVvial), the polyethylene vials were

shaken for 20 minutss on a mechanical shaker. The samples wele then counted for ß

emmissons in a LKB-Wallac, Rack Beta tr liquid scintillation counter.

NOTE

This chapter only addresses general protocols used throughout this thesis. Where specifrc

techniques and methods have been established and their suitability and specificity then

verified prior to further use within a specific secúon of this work, the procedures employed

will be described in the appropriaæ chapter.

ü
,l

I{

! 62



I



CHAPTER 3: Characterisation of the Testicular Macrophage by

Macrophage Markers.

Ji



Chapter 3. The characterisation and heterogeneity of rat testicular

macrophages.

3.1 Introduction

Circulating monocytes d.ifferentiate into macrophages once they migrate from the peripheral

blood to the tissues (Van Furth, 1972). Once resident in a tissue they adopt a phenotlpe

cha¡acteristic of the environment in which they reside and the function they must perform

(Flotte et aJ, !982; Haines et al, 1983). As a result macrophage populations from different

tissues are heterogenous, and even within a single organ such as the spleen the macrophage

population may differ depending on location (Buckley et al, 1987). The differences between

these cells and the markers they express are important not only in the identification of these

cells but also in determining their functional characteristics, particularly with respect to the

cells immuno-biology.

One such way in which these markers relate to macrophage immunobiology is the presence

of the Fc receptor on the macrophage. The Fc receptor is essential for immuno-phagocytosis

of antibody coated antigen. It recognises the Fc fragment on the IgG antibody and so

initiates opsonisation and the subsequent phagocytosis of the foreign particle by the

macrophage. The prcsence of the Fc receptor may also be used to determine whether the cell

is activated or at rcst.

Sub popularions of macrophages \¡/ithin a tissue may also be detected by observing the

manner in which they express different surface and cytoplasmic antigen. For example,

splenic macrophages have been shown to exprcss different combinations of these anúgenic

deærminants in relâtion to ttreir location within the spleen (Dijksra et al, 1985).
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In this study, several macrophage specific monoclonal antibodies and an

opsinisation/ingestion test were used to cha¡acterise and examine the heterogentiety of

macrophages isolated from the rat testis. This allowed characterisation of the isolated

macrophages in culture, providing both identification and a method of measuring purity in

cell culture. The expression of these markers by testicular macrophages in vitro was then

verified in vivo by immunocytochemical screening of cryostat testicular tissue sections.

To test Fc receptor expression, testicula¡ macrophages were compared with peritoneal

macrophages (in resting and activated states) for their ability to bind and ingest lgG-coated

sheep red blood cells through receptor-mediated phagocytosis. This allowed a direct

comparison between the cell types and a subsequent assesment of the immuno-phagocytic

function of the æsticular macrophage.

3.2 Materials and Method

Macrophages were isolated from enzyme-digesæd testes (see2.3.2), using a novel three step

protocol to attain highly purified testicular macrophage preparations and peritoneal

macrophages from the peritoneal cavity were isolated as in 2.3.1. Cryostat sections of testis,

spleen, kidney and lymphaúc tissue were prepared for immuno-cytochemistry as outlined in

Chapter 2 (see 2.5.4.)

Whole testicula¡ interstitial cell suspensions recovered from Ficoll density gtadients were

furttrer fractionated by cetl elutriation. The flow rates employed correspond to those used

successfully by Dirami et aI (199O), (see 2.3.3), to obtain semi-pure testicular macrophages.

In a final step to reduce contaminating cells, macrophages were positively selected from

whole or elutriated fractions on the basis of their rapid adhesion to glass coverslips. After
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purification the peritoneal and testicular macrophages were cultured (106 cels/coverslip) at

37oC and 34oC respectively for 24 hours in a humidified atnosphere of 5Vo @2.

The macrophage content of preparations were determined by measuring the proportion of

cells positive (stained brown) for the macrophage ma¡kers CDllb, W3/25 or for macrophage

specific monoclonal antibodies EDl, ED2, ED3. Macrophages were also identified by the

histochemical stain for non-specific esterase activity, and contaminating Iæydig cells were

identified by their PHSD enzyme activity. The presence of tymphoid dendritic cells within

ttre testis and cell cultt¡res was screened for with the monoclonal antibody ED5.

The antibody CDllb was chosen for its ability to recognise the Mac l receptor, a

complement receptor common to most macrophage species, while W3125 is specific for the

CD4 receptor on rat macrophages, and a sub-population of (helper/inducer) T cells- EDl,

ED2 and ED3 are monoclonal antibodies which recognise antigens exclusive to rat tissue

macrophages. EDl recognises a c¡oplasmic anitgen specific to both tissue bound and free

macrophages. The ED 2 antibody is specific for a membrane antigen found on resident tissue

macrophages while the ED3 antibody is specific for lymphoid tissue macrophages. The ratio

of these th¡ee macrophage specific antibodies may be used to discriminate between distinct

subpopulations of macrophages within organs @ijksna et al, 1985). ED5 is a monoclonal

antibody which recognises den¡itic cells present in B-cell follicles of the spleen and lymph

nodes (Jeurissen and Dijkstra, 1986).

Erthyrocyte rosetting and ingestion by the peritoneal and testicular macrophages were ca:ried

out as described in Chapter 2. The presence and expression of the Fc receptor on these cells

was used to determine the immuno-competance of the testicular macrophage and the cells

ability to participate in immuno-phagocytosis and antigen-antibody complexing. Only
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instances where macrophages bound three or more erythrocytes were counted as rosettes (see

2.s.s).

The Students t-test was used to compare expression of macrophage markers in the crude

testicula¡ fraction with the elutriated fractions in Table 3.1. h Tables 3.2&3.3, the t-test was

used to compare non-stimulated and LPS treated macrophages from the same isolation

procedure. A wo way ANOVA was used to determine differences in Fc expression between

macrophages from different isolations.

3.3 Results

3 .3 . I M acrop løge Expres sio n of Immuno cytochemical M arkers -

Cryostat sections of testicula¡ tissue were positive for the monoclonal antibodies CDllb,

W3/25, EDl, ED2 and ED3 (Plates 3.1, 3.2,3.3 &.3.4). Coverslip cultures of crude

macrophage preparations obtained after density gradient fractionation and glass adherence

were found to be comprised of 82!2.l%o, 86+L.8Vo,78X1.7Vo,85+1..9Vo,22+3.t7o and

87+l.2Vo, CDlLb, W3/25,ED1, ED2, ED3 and NSE-positive cells respectively (Plate 3.6,

3.7 &3.8; Table 3.1). Staining for ED5 was not observed in any of the testicular cell

populations, or on any cryostat sections of testicular tissue, however it was shown to be

present in the white pulp of the spleen (PIaæ3.2).

The expression of E,DL,E,D2 and ED3 by the isolated testicular macrophages was uniform

with the exception of fraction I (19mVmin; Plate 3.7). The cells eluted at a lower flow rate in

fraction 1 a¡e smaller in size than those eluted in fractions 2 and 3. Cells in Fraction 1 also

express higherproportions of EDl andED3 relative toED2 than observed in Fractions 2 and

3. In fraction one, EDl. expression was equal ED2 expression, although ED2 expression

was significantly higherin the whole macrophage preparaúon and fractions 2 and 3. The
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Table 3.1

Expression of macrophage andl-eydig cell specific markers by elutriaæd fractions of isolated

testicular macrophage s



7o Cell

TM whole fraction 82+2.1 8611.8 78+1.7 35+1.9

Elutriated Fractions and Flow Rates

t2+3.t 87+1.2 8.0+0.8

Fraction 1(lgmvmin) 66+2.0* Ut2.g* 67+2.3* 62-3.6* 12+1.5 48+3.6{' 2.5+0.5*

Fraction 2 (2gmvmin) g4t1.1* 95+1.1* 87+1.7* 95+1.3* ll+3.7 93+1.1* 3.6+0.7*

Fraction 3 (3lmvmin) 83+2.3 84t2.0 78+19 83+2.5 t2+3.0 8414.0 9.9+1.0

n=6 macrophage isolations. * = P<0.001 when compared to TM whole fraction.
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Plate 3.1

Cryostat sections of adult rat testis (a) and spleen @) stained with monoclonal antibody

ED2 (brown colour) and counterstained with haemotoxylin. Note that the testicular

macrophage st¿ins strongly forED2 (representative of residentmacrophages) and staining

in the spleen is restricted to the red pulp and the boundary of the follicle (white pulp) but

not inside the follicle itself.
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Plate 3.2

Cryostat secrions of adult rat testis (a) and spleen (b) stained with monoclonal antibody

ED5 (brown colour), specific for lymphoid dendritic cells. While negative for cells in the

testis, in the spleen ED5 was specific for dendritic cells within ttre whiæ pulp.
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Plate 3.3

Cryostat sections of adult rat testis stained for ED1 (a) and W3125 (b); both stained

brown. ED1 is specific for cells of the monocyte-macrophage lineage, while W3/25 is

recognises the CD4 receptor on rat macrophages and a sub-population of helper T-cells.
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Plate 3.4

Cryostat sections of adult rat testis stained for ED2 (a) x 250 and CD 1 lb

(b); both stained brown. ED2 is specific for resident macrophage populations while

CDl1b is stains for the Mac Lreceptor, a complement receptor common to most

macrophage species.
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Plate 3.5

Cryostat secrions of adult rat testis (a) and kidney (b) stained with the monoclonal

anribody ED3 (brown colour). ED3 is specific for lymphoid tissue macrophages.

Compare the weak staining of ED3 in ttre æstis with the strong staining by mesangial cells

in the kidney.

x 320
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Ptate 3.6

Macrophage cultures isolated using only ficoll and glass adherence, and stained for non-

specifrc esterase activity (stained brown; a) or for the presence of ßHSD activity by

contaminating Leydig cells (stained purple; b). Note the high level of Leydig cell

contamination in these cultures due to the absence of elutriation ùring the purification

procedure (see also Table 3.1).
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Plate 3.7

Cultures of testicula¡ macrophages purified by elutriation prior to glass adherence and

stained with the monoclonal antibody ED2 (brown colour) and'counterstained with

Haemotoxylin. Macrophage cultures from fraction one (flow rate 19 ml/min) were

contaminated with a considerable number of fibroblast-like cells (stained Purple; asterix)

while cultures from fractions 2 (flow rate 2SmVmin) and fraction 3 (flow rate 31 mvmin)

were more highly purified.
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Plate 3.8

Cultures of testicular macrophages elutriated in fraction 2 (flow rate 28/mVmin) and

stained with monoctonal antibodies for EDl(a), V/3/25(b), CDllb (c) and ED3 (d).
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highest expression of ED3 was also observed in fraction 1. However, ED3 expression was

presenr on a comparitively small number of testicular macrophages, and stained weakly in

comparison to EDl., ED2 and the other monoclonal antibodies used- ED3 while present in

testicula¡ tissue was more readily present on macrophages from the kidney (plate 3.5)

'When whole macrophage preparations were subjected to elutriation prior to glass adherence

macrophages were found to be significantly enriched (P<0.001) over cultures relying solely

on glass adherence. Cultures of cells elutriated in fraction 2 (plate 3.8; cells collected at a

flow rate of 2SmVmin) had 94tl.L7o of cells expressing CDllb, 95+l.L7o expressing

W3125,87+1.77o expressing EDl, 95+1.37o expressing ED2, 7I+3.77o expressing ED3

and 93+1.17o expressing NSE activity (Plate 3.6).

The Leydig cell content in fraction 2 was just 3.610.7Vo compared with 9.%I.0Vo in the

whole macrophage preparation (sig P<0.001). Although the Leydig cell conænt of fraction 1

(25flj7o) was even less than that of fraction 2 Q.6m.77o), fraction L was found to be

contaminared with large numbers of cells, judged on the basis of their morphology in culnre

to be predominantly fibroblast cells, and hence the expression of the macrophage markers

was significantly less than that in the whole macrophage preparation (Plate 3.7). Fraction 3

(31 mVmin) was found to have a similar macrophage and Leydig cell content to the whole

macrophage prep aration.

3.3 2 Fc receptor expressionby testicuJar macroplnges

The majority of peritoneal macrophages exist in a resting state which are readily activated by

the non-specific stimulant LPS. This makes them ideal as a guide in determining the

functional state of the testicular macrophage both in cultr¡¡e and ín vivo. Freshly isolated

peritoneal macrophages exhibited very little phagocytic activity at all (Fig 3.9; Tables

3.2&3.3), with the expression of Fc receptor (1610.77o rosetting, l5+l.0%otngesting)
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Plate 3.9

euiescent peritoneal macrophage populations display low Fc receptor expression (a),

although a proportion of the population is always active (asterix). After 24 hours, LPS-

activated peritoneal macrophages (b) increased Fc receptor expression and bound and

ingested immunoglobin coated red blood cells at levels comparable to the testicula¡

macrophage (c & d). Note the avidly phagocytic nature of the testicular macrophage and

that the levels of binding were unchanged from 0 horus (c) to VI hor¡rs (d).
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Table 3.2. Rosetting of IgG Coated Erythrocytes by Isolated Macrophages

*=P<0.0O1 when compared to non-stimulated cultures (snrdents t-test)

T=P<0.001 when comparedwith expression in testicula¡ crude fraction (2way ANOVA)

t3.2+0.9

81+2.9*

84X2.2

81+3.8

4È2.2

40t0. 8

95L2.2

93Ð..7

89+1.8

9011.3

1410.8

75!2.4*

83+2.4

79+2.2

39+2.O

4Èt.9

94!2.5

93+t.5

88+4.3

82t2.1

13r0.9

49+3.0*

87+3.0

83+2.7

45+r.7

44t2.1

9Ê2.O

92+r.0

8613.0

84+2.4

rs+t.7

35+3.0*

85t2.0

8611.6

4t!2.6

39+1.6

94!2.9

91+1.9

84+1.3

87+3.0

1610.7

15+1.0

8612.0

84!2.9

45!2.2

46!2.0

9t!2.4

94!2.6

89+1.7

85!2.2

Peritoneal lvlacrophages f

Peritoneal lvlacrophages +LPS t

Testicular lvf acrophages

(whole fraction)

Testicular lvlacrophages

(whole ftaction) +LPS

Testicular Macrophages t
F l:Flow rate l9mVmin

Testicular Macrophages +LPS T

F l: Flow rate l9mVmin

Testicular lvlacrophages t
F 2: Flow rate 2SmVmin

Testicular Macrophages +LPS t
F 2: Flow rate 2SmVmin

Testicula¡ Macrophages

F 3: Flow rate 3lmVmin

Testicular lvlacrophages +LPS

F 3: Flow rate 3lmVmin

VomuoPtnge
bindine

EomAC:LWløge
bindins

Eorn caophage
bindins

Tonaøopbaga
bindine

Vommopbage
bindins

483624t20Time (hows)
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Table 3.3 Ingestion of IgG Coated Erythrocytes by Isolated Macrophages

*=P<0.001 when compared to non-stimulated cultures (students t-test)

f=P<0.001 when comparedwith expression in testicula¡ crude fraction (2way ANOVA)

5.4+0.4

75+3.0*

77!2.8

7L!2.4

42+3.8

33+2.3

82t1.4

80r2.0

74!2.0

74tr.6

4.7+0.5

69+r.7*

7È2.3

7t+r.6

44!3.O

32!2.6

82!2.3

84+1.8

77+3.9

78+2.6

3.9+0.4

48+1.6*

74l.3.0

77+2.0

43+2.2

36+2.O

88+2.8

85+2.1

7æ3.2

76+1.7

6.7+0.8

25+0.8*

70-2.0

72+1.9

40!2.0

39+3.5

84+3.0

8612.0

7t!2.6

76X2.9

5.6+0.4

6.2+0.6

7É2.r

74t2.1

36!2.0

38r2.0

83r4.0

85!2.5

74X2.4

72t2.6

Peritoneal lvlacrophages I

Peritoneal Macrophages +LPS t

Testicular lvlacrophages

(whole fraction)

Testicular lvlacrophages

(whole fraction) +LPS

Testicula¡ N4acrophages t
F l:Flow rate lgmVmin

Testicular Macrophages +LPS t
F 1: Flow rate l9mVmin

Testicular lvlacrophages f
F 2: Flow raæ 2SmVmin

Testiculæ lvfacrophages +LPS t
F 2: Flow rate 2SmVmin

Testicular lvlacrophages

F 3: Flow rate 3lmVmin

Testicula¡ lvlacrophages +LPS

F 3: Flow rate 3lmVmin

Tomrcropt]€¡ge
insestion

Tomaøoptøge
ineestion

Vomzøvpløge
insestion

qon cfsÍhfuge
insestion

Vomærophage
ingestion

483624L20Time (hours)
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limited to a small active population or occuring purely by oppornrnistic means. The level of

binding by the unstimulaæd peritoneal macrophages did not alter over 48 horus. However in

the LPS activated cultures, there was a significant increase in the rosetting and ingestion of

erythrocytes after 12 hours of culture (35+3.07o rosetting, 25+0.8Vo ingestion), which

continued to increase during the 48 hours of culture (8L!2.9Vo rosetting, 75+3.0Vo

ingestion).

The inçrease in Fc rcceptor expression by ttre LPS stimulated peritoneal macrophages as they

became activated highlighted the transition and differences benveen the functional states

(activated, resting) that can be displayed by macrophages from the same tissue. Rosetting

and ingestion of Fc receptor by freshly isolated whole preparations of testicular macrophages

(86_2.0Vo and 70X2.17o respectively)was significantly in excess of the peritoneal

populations and comparable to the binding observed in LPS stimulated peritoneal culrures

after 48 hours (Figs 3.9; Tables 3.2&3.3). Futhermore, this level of Fc receptor expression

was maintained without decline over 48 hours. Interestingly, the addition of LPS to

testicular macrophage culnlre made no significant difference to Fc receptor expression over

the course of the experiment

Macrophage culru¡es derived from elutriated fractions expressed Fc receptor in a pattern that

mirored the purity of these cultures (Table 3.1.). Cells isolated at a flow rate of l9mVmin

displayed signifrcantly lower rosetting and ingestion (45X2.27o and36!2.0Vo respectively)

than either the crude isolaæ or the other two elutriated fractions. While cells isolaæd at a flow

rate of 3lmVmin demonstrated simila¡ expression of the Fc receptor to the crude isolate, cells

eluæd at 2SmVmin displayed significantly higher rosetting and ingestion again (91X2.47o and

83+4.ÙVo).
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3.4 Discussion

3 .4 . 1 M ac r op la g e Exp r e s s i o n of I mmu.tto cy t o c hemi c aI M ar ker s .

The results in Table 3.1, suggest that the macrophages resident in the testicular interstitium

express many of the common macrophage surface ma¡kers. Futhermore, the detection of

these immunohistochemical ma¡kers both ín vivo and in vitro suggests the isolation

procedure does not alter their expression. The uniform expression of these markers also

suggests that macrophages resident in the testis consist of a large homologous populaúon and

possibly a smaller sub-population.

While the testicular macrophages were observed to stain for the common leukocyte markers,

cD 1 1b andw3l21 of particula¡ interest was the expression of ED 1 , ED2 and ED3. These

monoclonal antibodies recognise macrophage-specific markers, and have been used by

Dijkstra et al (19g5) to discern subpopulations of macrophages within rat tissues. The

testicula¡ macrophages expressed all three of these monoclonal markers although expression

of ED3 appeared weaker than for the other two. This is in contrast to a study by Wang et al,

(lgg4)which found no expression of ED3 within the testis.

Although the macrophages resident in the testis appea¡ to be uniform in their expression of

surface and cytoplasmic antigen, it seems there may be a minor population of macrophages

expressing a different phenotype in fraction 1. The higher expression of both ED1 and ED3

relative to ED2 in fraction 1, may be the result of an immature population developing within

the testis, or may be teukocytes migrating through tlre tissue.

It is somewhat unusual for macrophages to stain for all three of these anúbodies with only a

subpopulation of Kupffer cells (liver) and splenic macrophages from the red pulp exhibiting

similar expression patterns (Dijkstra et al, 1985). It of interest to note that some

macrophages from liver and spleen sha¡e certain functional cha¡ateristics with the testicula¡
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population depend.ing on their location in the tissue. The most striking of these is the

phagocytic nature of these cells which both have high expression of Fc receptor (Wardle,

1987: Buckley et al, 1987). This probably reflects the function of these cells in clearing

particulate and soluble substances in the liver, and phagocytosing erythrocytes in the red pulp

of the spleen.

The absence of ED5 from the testicula¡ cell populations rules out the presence of dendritic

cells in the tissue or in culture. Macrophages from tissues very often have a dendritic

appearance and discerning the identity of the two cells tn)es are often compounded by

dendritic cell expression of macrophage related anúgen. Dendritic cells however, generally

do not express Fc rcceptors, and hence this may be used as another method besides

immunohistochemistry for discerning between macrophages and dendritic cell types.

3.42 Fc receptor eryressíonby testicular macroplages

The comparison between the peritoneal and testicular macrophage populations provided

interesting results in relation to the Fc receptor expression by the testicular cells. Peritoneal

macrophages in a resting state displayed low metabolic activity and very low phagocytic

ability. Once activated with LPS however, the normally quiescent peritoneal macrophages

changed both thei¡ morphological and functional characteristics and became avidly phagoc¡ic

via receptor-mediated immuno-phagocytosis over 48 hours.

This was highlighted in the results by the loflbinding and ingestion rates seen in the non-

activated peritoneal macrophages in comparison to the 'LPS' activated population.

Phagocytosis of the red blood cells by the quiescent macrophages appeared to be initiated

mainly by non-specific binding, although a section of the population which always remain in

an active state (Kaplin, 1977), bound some very large rosettes. The non-specific binding

which occurs in the quiescent population has been observed previously (Griffen and
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Silverstein , 1974) and can not be included as an example of immuno-phagocytosis. This is

because it has been demonstrated that specifrc binding (immune-mediated) may only be

accomplished by acúvated populations (Bianco et a7, 1975). Thus only a minority of the

binding observed in quiescent peritoneal populations a¡e immune-mediated and this is due to

a very small proportion of the population which always remains active (Kaplin, 1977)-

Conversely there is atso the ind.ication of a proportion of cells in activated populations which

never become activated (Albrecht, 1980).

The responses of the peritoneal macrophage populations to receptor-mediated phagocytosis is

of particular interest when used in comparison to gauge the response of testicular

macrophages to immuno-induced phagocytosis. It is 12 hours before the LPS activated

peritoneal macrophages begin to show a significant inctease in rosetting and ingestion and 48

hours before expression is comparable to those of freshly isolated testicular macrophages.

Although the effects of the isolation on these cells can not be ruled out, it is unlikely that the

levels of Fc receptor expression displayed by the testicular macrophage are the result of this

procedurc. Testicula¡ macrophages were avidly phagocytic immediately after the isolation

procedure (Tables 3.2513.3) and remained so for the duration of the experiment, in

comparison to the peritoneal macrophages which required at least 12 hours to increase Fc

receptor expression in response to LPS. That the testicula¡ macrophage can display such Fc

rcceptor expression immediately after isolation, whether LPS stimulated or not, suggests that

these cells exist in the testis in an avidly phagocytic state.

'Whereas the peritoneal macrophages must first be activated by the presence of antigen before

they may perform their role in immune function, this does not appear to be the case for the

testicular macrophage. It seems the testicular macrophage already exists in an activated state

expressing a high proportion of Fc receptors and therefore most likely in a high secretory

state (Takemura and Werb, 1984). Immuno-phagocytosis is also observed during the
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inflammatory response and macrophages expressing Fc receptors usually also release factors

such as the pro-inflammatory cytokines and prostaglandins. Miller et al, (1983), indicated

that the testicular macrophage may be involved in I-eydig cell deg¡adation, and as such is a¡

essential component in Leydig cell turnover in the testis. In this case, the highly phagocytic

nature and secretive abilities of the cell would be fully implemented.

The testicular macrophage's ability to bind and ingest antigen is perhaps of more interest, as

it suggests a role for these cells in the immune privilege of the testis. That the testicular

macrophage in vivo may be as capable of binding antigen as the activated peritoneal

macrophages requires further consideraúon. The reason for the 'activated ' state of the

testicular macrophages is unknown, although it is tikely to be induced by a local factor,

perhaps of inæntitial origin, such as the Leydig cell, or the interstitial fluid.

The activated peritoneal macrophage is known to be able to present the ingested antigen to

lymphocytes and in so doing initiate an immune rcsponse. The testicular macrophages have

been shown here to be capable of completing the first step, involving receptor-mediated

immuno-phagocytosis, but it is unknown if they can complete the second; the presentation of

the antigen. The inability to present antigen, or to initiate the producúon of factors associated

with the proliferation of lymphocytes may be involved in the immune privilege seen in the

testis. This may be due to the fact that while the testicular macrophage can bind and ingest

antigen through specific immunological means, it may not be able to initiaæ a T cell response.

Such a situation would signifrcantly restrict the contact of T cells with antigen, and could

result in a suppression of the immune ¡esponse.

It is also possible that such a situation may give rise to immune tolerance, a state in which the

host immune system is subtly led into the position of tolerating, or accepting as normal, the

presence of foreign antigen. This possibility was discussed by Lafferty et al (1983), where
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the induction of tolerance for tissue grafts is likely to develop as the result of a slow leakage

of free antigen into the immune system of the recipient. Conversley in the ram where there

are no resident macrophages in the testis (Pollanen and Maddocks, 1988), and no immune

privilege starus (Maddocks and Setchell, 1988), it is possible that antigen in the testis is

readity taken up by circulating immuno-active phagocytic cells (perhaps the small acid

phosphatase posiúve cells), which then present it to lymphocytes and initiate a normal

rejection response.
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CHAPTER 4: The Immunosuppressive Activity of the

Testicular Macrophage.



,l Chapter 4. The immunosuppressive of activity rat testicular macrophages.

4.I Introduction

The presence of putative peptide immuno-suppressive factors in the intersútium has been

suggested as one of the primary mechanisms for assisting graft survival in the testis

(pollanen et at, 1988). However, such a hypothesis does not account entirely for all the

immune interactions observed in the testis. Autoimmune responses against testicular

autoantigens may contribute to infertility, but ate easily induced experimentally (Tung and

Lu, 1991). Furthermore Ferguson and Scothorne (L977) were able to induce rejection of

secondary intratesticular autographs when the hosts were pre-sensitised by primary skin

grafts. This suggests that the afferent arm of the immune response is somehow restricted in

this environment, presumably as a means of maintaining a state of non-responsiveness

against antigens usually present only in the æstis (eg. germ cell autoantigens)'

The æstis differs markedly to other sites of immune privilege in the body in that it possesses

a highly effective lymphatic and vascular nenvork which allows the migration of T-cells

through the tissue (Tilney, l97t; McCullough, t975; Head et al, 1983a,b)' It has been

demonstrated already in Chapter 3, that rat testicular macrophages have express the Fc

receptor and are avidly phagocytic. However, the initiation of an immune response within

the testicular interstitum is likely to be dependent on the communication between the resident

population of macrophages and ttre migratory lymphocytes.

To furttrer understand. the basis of the immune privilege afforded the testis, the present study

investigated the ability of isolated rat testicular macrophages to initiate and regulate ín-vítro

the proliferation of isolaæd peripheral blood lymphocytes.
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4.2 Methods

Adult male rats (>300g) of the inbred DA strain were euthenased by CO2 asphyxiation.

Testicular macrophages, peritoneal macrophages and peripheral blood lymphocytes were then

isolated as described in Chapter 2.3.5 and prepared for culture alone or co-culture with

lymphocytes.

4 2. 1 Lymphocyte P roliferatíon Assays

Macrophage-Lymphoc]¡te Coculture

Viable peripheral blood lymphocytes (5x105 cells in 50pl), as determined by Trypan Blue

exclusion, were then added to the 96 well culture plates with RPMI (100p1), and lOpg/ml

Con A (50p1). Macrophages (104 cells in 50pl) or macrophage conditioned media (50p1)

was then added to the co-cultr¡res to crcate a ratio of 1:50 macrophages to lymphocytes' or an

equivalent ratio of lymphocytes to macrophage conditioned medium. Control wells

consisting of ConA-stimulated lymphocyæs only were Iun with every assay.

Macrophage Conditioned Medium

The isolated macrophages as described above were cultured for 48 hours in 35mm Falcon

culture dishes in RPMI 1640 (lml containing 2mM glutamine and l}ToFCS) with va¡ious

combinations of Lipopolysaccha¡ide (lOpg/ml), indomethacin (10pg/ml) and interferon-

gamma (200U/mt) a^fter which the conditioned media was collected- Lipopolysaccha¡ide is a

non-specific stimulant of macrophages and gamma-interferon is a cytokine known to activate

macrophages. Indomethacin inhibits the production of immuno-suppressive prostaglandins

by blocking their synthesis via the cyclooxygenase pathway-

The conditioned media was then centrifuged at 11 0009 for 5 minutes and stored as frozen

aliquots. Prior to freezing, some of these aliquots were dialysed against PBS for 48 hor:rs to

exclude molecules of size less than 14O00MV/. The PBS was changed for¡r times during thisI

r
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time, and the conditioned medium increased in concentration by lOVo during dialysis, as

determined by weight. Dialysed and non-dialysed media were subsequentþ tested in the

lymphocyte proliferation assay at the same time.

4 2 2 F racttonation of macroplnge conditíorted medíwn by centrifugation

Macrophage conditioned medium (2ml) was pipetted into Centricon-lO (10 000MW cutoff¡

and Centricon-3O (30 000MW cutoff) microseparators. Centricon-10 and Centricon-30 were

centrifuged ar 50009 for 30 minutes and 20009 for 10 minutes respectively and both the

frltrate and retentate retained for addition to the lymphocyte proliferation assay. The

concentration increase of the fractions by microcentrifugation as djudged by weight was as

follows; <10000L,tW 2.5 fold, >10000MW 1.6 fold, <300001vtw 3.3 fold, >30000MW 1.4

fold and 10000MW<>30000MW 4 fold.

a2.s ¡3¡4 Thymidine Incorporatíon

The proliferation of lymphocytes was determined by measuring the cellular incorporation of

3H thymidine. Lymphocytes were cultured either with macrophages or macrophage

conditioned media for 48 hours after which, lpCi t3Hl ttty*idine (specific activity of

5000mCVmmole) was added to each culture well. Twelve hours later, cells were han¡ested

onto glass fibre filter paper using a PhD cell harvester (Cambridge Technology Inc.) and the

incorporation of thymidine was measured using a LKB 1215 liquid scintillation counter

(LKB,'Wallac, Finland).

4 2.4 Prostaglandin Assays

Samples of macrophage conditioned medium were assayed for prostaglandins E2 and F26¡ as

outlined in Chapter 2 (section 2.6).
I
I
I

t

ï
90



l
4 2 5 Statístícal AnøIysis

The student's t-test was used to compare control and experimental groups. Values of

P>0.05 were not considered significant

4.3 Results

4.3.1 Suppressor activíry of the testicular mauoplwge

The proliferation of mitogen-stimulated lymphocytes was inhibited by both testicular

macrophages and testicular macrophage-conditioned medium , (65!3Vo and 65+4Vo of the

control response respectively; Fig. 4.1). This inhibition r¡/as not significantly altered when

testicular macrophages were stimulaæd non-specifically with LPS. Peritoneal macrophages

and the conditioned media from peritoneal macrophage culnres also signifrcantly inhibited

the mitogenic response of lymphocytes (82t5 Vo and 84!3 Vo), but in contrast to the

testicular macrophages this inhibition did not occur when LPS was added to the macrophage

culnues (Ftg.4.1).

4.32 Effect of DiøIysis andlndometln'cin

The negative effects of testicular macrophage-conditioned medium on lymphocyte

proliferation in vitro were significantly reduced when the media was dialysed prior to

addition to the lymphocyte cultures (Frg. 4.2). With the removal of small molecular weight

compounds (<14000 MW) from the testicular macrophage conditioned medium the

lymphocyte proliferation response was 93Vo!4 of the control, although this was still

signifrcantly lower (p<0.05) than the control value for ConA stimulated lymphocytes alone

(l00%o PBL proliferation, Fig. a.Ð. Dialysed medium from LPS treated testicula¡

macrophages induced lymphocyte proliferation rcsponses that were not significantly different

ro rhe control, ConA-stimulated PBL. That dialysis of the media could remove the

previously inhibitory effects of LPS treaæd testicular macrophages suggests that ttre

$'t
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Figure 4.L

Concanavalin A-induced peripheral blood lymphocyte proliferation in the presence of

peritoneal @m) or testicula¡ macrophages (fm), in the prcsence of conditioned medium

from cultures of peritoneal (Ps) o¡ testicular (Ts) macrophages, alone or with the addiúon

of LPS (+L). Results are expressed as a percentage of the PBL proliferation observed in

the Con A stimulated control. Values a¡e the mean + SEM for 6 experiments. *= P<0.05

vs the control. There is no significant difference between any of the Tm or Ts values.
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Figure 4.2

The percentage of peripheral blood lymphocyte proliferation observed relative to the

Concanavalin A stimulated controls where (d) represents dialysed testicular macrophage-

conditioned medium, (+L) is LPS stimulation of the macrophages (non dialysed), and (Ð

is the addition of indomethacin to macrophage cult¡¡¡es (non dialysed). Values are the

mean t SEM for 6 experiments. *= P<0.05 vs Con A stimulatedPBL control (lo07o).
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Figure 4.3

The proliferative responses observed following ttre addition of IFNy primed testicular

macrophages and macrophage-conditoned medium to concanavalin A stimulated

peripheral blood lymphocyte culture. (L) denotes LPS stimulation of the macrophage and

(i) denotes the addition of indomethacin to macrophage cultue. Values are the mean

+SEM for 6 experiments. *= P<0.05 vs the control.
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Lymphocyte proliferation in the presence of media from indomethacin treated cultures c

macrophages was significantly improved over normal conditioned media and comparable to

that of ttre dialysed medium (Fig. a.Ð. Where the tesúcular maclophages werc culnred wit

LPS and indomethacin simultaneously, the proliferative response observed was equal to th

control, suggesting that not only had the inhibitory factors been removed, but that LP

stimulation had also contributed to the responses. Indomethacin clearly prevented th

synthesis of prostaglandins as the prostaglandin concentrations measured in testicul¿

macrophage conditioned medium were reduced to levels below the minimum sensitivity c

the assay (Table 4.1).

4.3.3 Effect of IFNY and LPS

inhibitory activity of the cell culture medium is largely due to low molecular weigl

substances.

The addition of interferon gamma GfNy) to æsticula¡ macrophage cultures did not affect tl

inhibitory effects of these cells on PBL proliferation.' 'When IFNy and LPS were both addt

to testicular macrophages in culture, the testicula¡ macrophages and the testiculr

macrophage-conditioned media both induced PBL proliferation that was not significant

d.ifferent from the control (lL3Vo+6 and to67ot4 respectively) (Fig a.3). V/ht

indomethacin was also added to these cultures the proliferation was significantly increasr

above that of the controls, (133%o+6 for testicular macrophages and Il97oX5 for testicul

macrophage-conditioned medium; Fig a.3).

4.3.4 Prostaglandínprofile of TM

Testicular macrophage conditioned media was found to contain substantial concentrations

PGEz(13.110.4 nglml) and PGF26¿ (16.310.6 nglml) while conditioned medium from
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Table 4.1 Prostaglandin Production



Treafrnent PGEz PGFzcr (ng/mt)

Pm cultured alone

+ lipopolysaccha¡ide

<1.0

26.8+3.2

<1.8

2r.9+t.6

Tm cultured alone

+ lipopotysaccharide

+ indomethacin

+ lipopolysaccharide & indomethacin

+ dialysis

+ lipopolysaccharide (diatysed)

+ IFN1

+ IFN1 + lipopolysaccha¡ide

13.1+0.4

29.4t2.6*

<1.0

<1.0

<1.0

<1..0

13.2+0.7

25.311.8*

<1.0

16.8+0.6

22.2+t.8*

<1.8

<1.9

<1.8

<1.9

3.8+0.2x

6.1+0.9*

<1.8+ IFNy + lipopolysaccharide & indomethacin

Values + SEM, n=3; * p<0.05 compared with Tm alone.

96



I

i

I

I

Figure 4.4

Concanavalin A-induced peripheral blood lymphocyte proliferation in the presence of

fractionatedtesticular macrophages conditioned medium: factors<10000MW. Results are

expressed as a percentage of the PBL proliferation observed in the Con A stimulated

control. Values are the mean + SEM for 6 experiments. *= P(0.05, **=P<0'01 and

*c{É*=P<0.001 vs the control. There is no signifrcant difference between any of the Tm or

Ts values.
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Figure 4.5

Concanavalin A-induced peripheral blood lymphocyte proliferation in the presence of

fractionated testicula¡ macrophages conditioned medium: factors >10000NIW- Results

are expressed as a percentage of the PBL proliferation observed in ttre Con A stimulated

control. Values are the mean + SEM for 6 experiments. *= P<0.05, **=P<0'01 and

x*c*;pçQ.Q0l vs the control. There is no signifrcant difference between any of the Tm or

Ts values.
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unstimulated peritoneal macrophages did not contain deæctable levels of these prostaglandins

(Tabte 4.1). The inhibition of lymphocyte proliferation by the quiescent peritoneal

macrophage ffig a.1) has been observed previously (Keller, L975; Oehler et al, L977), nd

is thought to be due to the presence of a proteinaceous factor. Following LPS stimulation of

the testicular macrophages, these concentrations were increased significantly (PGEz

29.4t2.6nglml and PGFz a22.2ll.8ng/ml). The addition of the prostaglandin inhibitor

indomethacin to æsticular macrophage cultures, reduced prostaglandin levels in the medium

to below the sensitivity of the assay. The addition of IFNI to testicula¡ macrophage cultures

reduced PGF2¡¡ production to levels significantly lower than those expressed basally. There

was no equivalent effect of IFNyon TM production of PGE2.

4.3 .5 Characterísatíon of immuno-suppressive elements ín macrophage conditioned

medium.

Factors <10000MV/

rñ/hen conditioned media from testicular macrophage cultures with or without LPS

stimulation was fractionated, the factors of less than 10000MW (Fig.a.4) when added to

lymphocyte culture strongly inhibited lymphcoyte proliferation. Conditioned media from

cells cultured with indomethacin, was largely free of this anti-proliferative effect although a

small but significant inhibition remained sugggesting the presence of an inhibitor outside the

cyclooxygenase pathway. IFNI on its own, or in conjunction with LPS did not overcome

the inhibitory effects of these low molecular weight secretions. However, conditioned

medium from IFNI stimulated testicular macrophages in culture supplemented with

indomethacin displayed reduced lymphocyte inhibiton (96!47o of the control) and where

LPS was used in conjunction with IFNy,lymphocyte proliferation was actually increased

(Ll7+67o) compared to ttre control.
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Figure 4.6

Concanavalin A-induced peripheral blood lymphocyte proliferation in the presence of

fractionated testicular macrophages conditioned medium: factors <30000MW. Results

are expressed as a percentage of the PBL proliferation observed in the Con A stimulated

control. Values afe the mean + SEM for 6 experiments. *= P<0.05, **=P<0.01 and

*sd.{€=P<0.001 vs the control. There is no significant difference between any of the Tm or

Ts values.



%
P

B
L 

pr
ol

ife
ra

tio
n

J

lU
S

o)
@

ol
Þ

èq
,

oO
oo

oo
oo

o

a + t
T

Ïv
f

T
M

(Ð

l! - ¡¡ o ^ (, C
' o o ct = É

+ t t
T

Îv
I+

LF
S

T
M

(i)
+

LP
S

T
M

+
iû

r

T
M

(Ð
+

ifr
r

T
M

+
ifr

r+
LP

S

ä

+ + I



Figure 4.7

concanavalin A-induced peripheral blood lymphocyte proliferation in the presence of

fractionated testicular macrophages conditioned medium: factors >30000MW' Results

are expressed as a percentage of the PBL proliferation observed in the con A stimulated

control. Values are the mean + SEM for 6 experiments' *= P<0'05, **=P<0'01 and

*c**=p<0.001 vs ttre control. There is no significant difference between any of the Tm or

Ts values.
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Figure 4.8

Concanavalin A-indr¡ced peripheral blood lymphocyte proliferation in the presence of

fractionated testicular macrophages conditioned medium: 30000MW > factors

>10000MV/. Results are expressed as a percentage of the PBL proliferation observed in

the Con A stimulated control. Values are the mean + SEM for 6 experiments. *=

p<0.05, **=P<0.01 and {.**=P<0.001 vs the control. There is no significant difference

between any of the Tm or Ts values.
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Factors >10000MW

The fraction containing molecules of greater than 10000MW (Fig 4.5.) exerted a reduced

inhibitiory effect on lympho-proliferation in compa¡ison to factors less than 10000MW. A

similar level of inhibition was observed in conditioned media from cultures without IFNy.

Cultures stimulated with IFNI alone or supplemented with indomethacin displayed

proliferation comparable to the control. 'Where LPS was added in conjunction with IFNy, the

proliferation observed was signif,rcantly greater than the control (142ÐVo and L48+l2To)

without or with indomethacin supplement, respectively.

Factors <30000MW

Isolated factors of size less than 30000MW from testicular macrophage conditioned medium

(Frg.4.6) displayed a similar pattern of inhibition to non-fractionated macrophage medium

(Figs 4.1-4.3). Signifrcant inhibition of tymphocyte proliferation was seen in testicula¡

macrophage conditioned medium, with or without LPS and/or indomethacin. While INFyon

its own did not reduce ttre inhibitory secretions of the æsticular macrophage, in combination

with indomethacin the proliferation observed was not significantly different to that of the

control. IFNy-LPS stimulated cultures again displayed enhanced lymphoproliferation

(I24Í:87o) and with indomethacin added to cultr:re this figrue increased to l43t6Vo.

Factors >30000MrW

Conditioned media from cultures not IFNTtreated remained inhibitory to lymphocytes @g.

4.7). Fractions of greater than 30000MV/ from IFNy treated cultr¡res displayed lympho-

proliferation not significantly different to that of the control-

1 ü)O0MW<Factors <3 0000MW

In cultures not treated with IFNy, the fractionated medium between 10000MrW and

30000MW inhibited lympho-proliferation (Fig.a.8). Where IFNywas added on its own or
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with indomethacin to culture, these inhibitory effects were removed. Cultures primed and

triggered with IFN1 and LPS, or with indomethacin in addition to this combination

significantly increased proliferation (L47ÐVo and 153111Vo) compared with the control'

4.4 Discussion

4.4.1 Inhibition of Lymphocyte P roliþration

prostaglandins of the E and F classes are well known to be associated both with aspects of

reproductive function and wittr macrophages during pro-inflammatory immune fesponses'

Theirproduction by macrophages can be induced by a number of signals such as Fc receptor-

mediatedphagocytosis andimmune complexes (Rouzer et al, 1982), stimulation by cytokines

and LpS (Kunkel et al, 1986a,b;Bonney and Humes, 1984) and increased protein synthesis

(Bonney et al, 1980). In-vítro studies have also established that prostaglandins of the E

class a¡e involved in the suppression of mitogenicalty induced lymphocyte proliferation

(offner and clausen, I97 4; Goodwin et al, 1978; Stobo et al, 197 9).

In the present study, isolated testicular macrophages inhibited the proliferation of peripheral

blood lymphocytes in-vitro via production of a factor(s) secreted into the culture medium.

LpS stimulation of testicula¡ macrophages, or the addition of conditioned media from LPS-

stimulated testicular macrophage cultures to PBL failed to significantly increase lymphocyte

n when compared to testicular macrophages alone'

That most of this inhibition could be removed either by dialysing the conditioned media to

remove low molecular weight molecules (<14000MW) or by culturing the testicular

macrophages with indomethacin, a known inhibitor of prostaglandin production, suggests

that prostaglandins may be responsible for the majority of the testicular macrophage induced-

inhibition of lymphocyte prolifetation in vitro. However, testicular macrophages and their
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conditioned media from indomethacin treated cultures or dialysed culture medium still

retained inhibitory cha¡acteristics (Fig.4.2). This may be due to the presence of a non-

dialysable factor of greater tha¡ 14000MW, or to the inability of the TM to synthesise

adequate lymphocyte stimulatory molecules such as the cytokines.

IFNy is well known as an anti-viral agent and for its specific action on cells of the immune

system (Ijzermans and Marquet, 1989) and by using a combination of LPS and IFNI,

macrophage populations can be induced to produce cytokines essential for the induction of

lymphoc¡e proliferationinvitro (Adams andHamilton, 1984; Schreiber and Celada, 1985).

In the presence of IFN1, LPS and indomethacin, testicular macrophages or their conditioned

medium increased lymphocyæ proliferation signifi.cantly above that of the control- Altttough

it is unclea¡ as to exactly how the combination of these agents mediated ttreir effects, it

appears likety this is due to IFNy induced macrophage synthesis of cytokines such as IL-l

and TNFcr (Adams and [lamilton, 1984). The additional presence of indomethacin in culture

should prevent the down regulation of IL-l and TNFa production by prostaglandins and

testore synthesis of these cytokines (Kunkel et al, 1986b; Haft et al, 1988)'

Oru observations that the æsticular macrophage produces significantly greater basal levels of

prostaglandins than does the peritoneal macrophage, may explain the lower rates of PBL

proliferation seen in the presence of testicular macrophage-conditioned medium. In normal

circumstances prostaglandin production appears to regulate the immune response by down-

regulating production of cytokines through a negative feedback mechanism. Basal secretion

of prostaglandins by the æsticular macrophage may be a mechanism employed in the testis to

reduce acessory cell function by limiting cytokine production. This hypothesis is supported

by other experiments in which we have found the production of certain cytokines by the

testicular macrophage to be minimal, even afær LPS stimulation (see Chapter 5).
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The addiúon of LPS to cultures increased the production of PGEz and PGF26¡ by both

macrophage populations (Table 4.1). This observation corresponds with previous reports of

LPS action on murine macrophages and human monocytes (Kurland and Bockman, 1978;

Aderem et al, 19g6). White the LPS-induced increase in PGEz and PGF26¡ production

suggests ttrat the testicula¡ macrophage is indeed stimulated by this endotoxin, there is no

associated increase in pBL proliferation as there is for the peritoneal macrophages. This

suggests that while LPS stimulates production of factors via the cyclo-oxygenase pathway,

testicular macrophages ale not res¡nnding by increasing cytokine producúon'

The addition of IFNy to testicular macrophage cultures did not alter PGE2 levels but did

signifrcantly reduce the levels of PGF2' (Tabte 4.1). This led to a small but significant

(p<0.05) reduction in ttre inhibition of tymphocyte proliferation (compa¡e Tm in Figure 4-3

to Tm in Figure 4.1). When LPS and IFNy were added simultaneously to testicular

macrophage cultures, PGE2 synthesis increased to levels equivalent to those in testicular

mactophages stimulated by LpS alone while PGF2q levels remained signifrcantly reduced.

These results strongly suggest that there may be differential regulation by IFNy of these

prostaglandins in the testicula¡ macrophage and therefore the PGEZ to PGF2ç¿ ratios may be

of significance.

The nature of the testicula¡ environment is such that local physiological influences may

account for the high concentrations of prostaglandins produced by the testicula¡ macrophage

in comparison to the peritoneal macrophage. Furthennore, the high basal levels observed

suggest a possible role for æsticular macrophage-derived prostaglandin in the æstis.

One explanation may be that as a functional component of the testicula¡ interstitum, the

testicula¡ macrophage produces prostaglandins for a specific physiological purpose. The

tesrosterone producing l¡ydig cell could be one such target due to its close developmental
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relationship (Berg, 1985; Berg 1987; Hutson 1990) and the intimate cellula¡ association

(Niemi et al, 1986; Hutson, t992) with the testicular macrophage.

It has been inferred that PGF2' and PGE2 may regulate ovarian cell function by'

respectively, decreasing and increasing transcription of steroidogenic enzymes in porcine

granulosa cetls (I-i et al, lgg3). Prostaglandins in the testicula¡ interstitium may be

performing simila¡ regulatory tasks. That the source of these 'regUlatory' prostaglandins in

the testis is unlikely to be the Leydig cell (Abayaseka¡a et al, 1990), gives greater signifrcance

to ttre possible role of the æsticular macrophage in this respect.

The present study demonstrates that high basal levels of PGF26¡ and PGEzproduced by the

testicula¡ macrophage are likely to be a primary source of the inhibitory effect of testicular

macrophages on peripheral blood lymphocyte proliferation in vitro. That the levels of these

prostaglandins may be regulated independantly suggests that ttre testicular macrophage and its

production of PGF26¡ and PGE2 may play a role in the normal physiology of the testis'

4.42 Ctøracterisation of Macroplnge conditioræd media

The inhibitory effect of testicular macrophage conditioned medium on lymphocyte

proliferation appears mainly to be due to factors less than 10000MW. Fractionation of the

conditioned media suggests that the testicula¡ macrophage may produce several inhibitory

factors. While prostaglandin, and particularty PGEz a¡e the main components of inhibition in

testicular macrophage conditioned media, there appears to be other inhibitory factors of

higher molecula¡ weight present. The inhibition seen between 10000MW and 30000MW

(Fig.4.g), and above 30000MW (Fig.a.7) although significant, is weaker than that of the

prostaglandins.
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Culturing the testicular macrophages wittr LPS does not seem to decrease the production of

these inhibitory factors, or increase lymphocyæ proliferation. That conditioned medium from

cultures stimulated with LpS alone remains inhibitory highlights the refractoriness of

testicular macrophages to Lps. This observation reinforces our frndings on the non-

responsiveness of testicular macrophages to LPS and the apparant lack of cytokine

production in response to this stimulus (see Chapær 5)'

That the production of these inhibitory factors may be down regulated in the presence of

IFNy suggests they may be under immunological regulation' Yet, despite removing the

inhibition caused by the factors greatef than 10000Mrü/, IFNT alone can not stimulate a

significant increase in lympho-proliferation'

The proliferation in ttre lymphocyte culn¡res was significantly increased where IFNy and LPS

were used in combination to sucessfulty prime and trigger cultures of testicular macrophages.

'When these two macrophage 'activators' a¡e used together, macrophages in other tissues

have been shown to become activated and release a host of immuno-active factors such as

cytokines, colony stimulating factors and low molecular weight products (Adams and

Hamilton, 1984; Schrieber and Celada, 1985).

Therefore the immuno-activity in the 10000Mw-300001vfw fraction is of interest as it is

within t¡is MWrange that cytokine activity is expected. The initialpresence of an inhibitory

factor within this MW range may suggest basal production by the testicula¡ macrophage of

macrophage derived immunosuppressive cytokines such as GM-CSF and TGFß (I(herl et al,

1985;Moniseyandkeland, L99l;Walker eta7,l992;Pollanenetal, 1993). Althougharole

for these factors within the æstis is yet to be determined, their production may belie a specific

paracrine function white their suppressive action remains a secondary fean[e.
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The nature of this fraction is altered if the macrophages have been activated with IFNy and

LpS, as is amply demonstrated by the significant inc¡ease in lymphoproliferation by the

fraction between 10000Mw and 30000Mw (Fig 4.8). It is also worth noting at this point

ttrat after stimulation of the testicular macrophages with IFNy and LPS, it was in ttris fraction

which stimulated lymphocyte proliferation to levels significantly above the control. It is also

within this molecular weight range the pro-inflammatory cytokines a¡e found and the rapid

production of cytokines such as IL-l, TNF and IL-6 by the activated macrophage (see

Chapter 5) is central to the initiation of an immune rcsponse and vital for the proliferation of

lymphocytes (Dinarello, 1989).

It is worth noting ttrat no proliferative factors were observed in the grcater than 30000 MW

fange, even after macrophage activation. krhibitory factors of approximately 30000MW and

Iarger Gig a.T have long been associated with the suppressive proteins in the testis although

the source of these factors has never been determined (Pollanen et al, 1990; Pollanen et al,

lgg4). The presence of such an inhibition in testicular macrophage conditioned medium

suggests this factor may be a source of the high molecular weight inhibitory activity seen in

the testis (pollanen et al, 1988). Alttrough its inhibitory effect is only relativeþ minor, and

IFNTdowmegulates its production, its prcsence requires further investigation.

The production of inhibitory factors by the testicula¡ macrophage and their downregulation

by IFN1, is evidence of the testicular macrophage's effector status may be under

immunologic control. Production of at least three separate inhibitors of lymphocyte

proliferation suggests that the tesricula¡ macrophage may secrcte factors which inhibit local

immune rcsponses and as a result contribuæ to ttre immune privilege afforded the testis.
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CHAPTER 5: Cytokine Production by the Rat Testicular Macrophage.



chapter 5. cytokine secretion by macrophages in the rat testis

5.1 Introduction

Testicula¡ macrophages exhibit many typical macrophage characteristics including Fc

receptor-mediated phagocytosis (Miller et al, 1983), secretion of cytotoxic molecules

flilei et al, 1988), and MHC class II receptor expression (Pollanen and Maddocks,

1983). However, experiments in this thesis have found that the immunoaccessory

function of testicula¡ macrophages is deficient in comparison to that of macrophages

resident in the peritoneal cavity. Testicula¡ macrophages failed to support the

proliferative response of lymphocytes stimulatedinviffo with mitogen, a¡d indeed were

found to secrete proliferation-inhibiting factors including large amounts of prostaglandin

(Chapter 4).

Macrophages resident in other peripheral tissues are remarkably versatile cells able to

perform a variety of both immunological and specific physiological tasks primarily

through their capacity to secrete a vast array of cytokines, enzymes and other biological

mediators in a microenvironmental and differentiation state-specifrc manner- For

example, the degtee and type of immune response are known to be regulated by

macrophage-derived cytokines both in vito and in vívo. Interleukin 1 (IL-l) is a

primary stimulator of Interleukin 2 (\--2) synthesis in T-cells for the subsequent

proliferation of lymphocytes (Lowenthal et al, 1986). Tumor Necrosis Factor alpha

(TNFcr) and Interleukin 6 (tr--6) (Hackett et al, 1988; Hi¡ano et al, 1990) also have

similar roles in regulating cell proliferation and differentiation during the induction of

cellula¡ immunity while Granulocyte Macrophage-Colony Stimulating Factor (GM-CSÐ

may be associated with the inducúon of suppressive responses @u et al, 1991; Tsuchiya

et al, 1988).
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In addition, there is a rapidly expanding appreciation of the critical roles for macrophages

and their cytokine products in diverse tissue remodelling Processes, with an abundance of

studies now supporting roles for IL-1, TNFcr, IL-6 and GM-CSF as paracrine regulators

of female reproductive function (Adashi, 1990; Hunt, 1994; Robertson ' 1994)' In the

resris, there is ample evidence that IL-1 and TNFcr can alter Leydig cell function in vítro

(calkins et al, 1988;'Warren et at, 1990), with Sertoli cells known to produce at least one

cytokine (Il.-lcr) (Gerad et al, 1991). However, the potential for local macrophages to

participate in cytokine-mediated cell communication processes in the testes remains

largely unexplored.

In the present study we have isolated æsticular macrophages by a novel cellular elutriation

method and have examined their secretion of the cytokines IL-l, IL-6, TNFq and GM-

CSF bottr basatly and in fesponse to activation by IFNy and LPS' IFNyis a lymphoc¡e-

derived macrophage-activating cytokine and LPS a non-specifrc but potent activator of

macrophages. IFNyandLPS were chosen for their ability to stimulaæ morimal cytocidal

activity in macroPhages.

5.2 Methods

52.1 CeIl isolation and. culture

peritoneal and testicular macrophages were isolated as described in chapter 2- Both

testicula¡ and peritoneal macrophages were cultured in RPMI-M on glass coverslips at

34oC (normal testis temperature) and 3?"C respectively in an aunosphere of 95Vo air and

SVo CO2. After an intial 20 minute attachment period, non-adherent cells were removed

by frve vigourous washings in PBS. LPS (lOmg/ml), indomethacin (lOmg/ml) or

interferon gamma (IFNy,200U/ml) were added alone o¡in combination to some cultu¡es.

After 48 hours culture, the culture medium was collected, centrifuged at 110009 for 5min

and the supernatant sored at -80oC for bioassay.
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5.2.2 Cytokine BioassaYs

TNF a

TNFcr v/as assayed in a cytotoxicity assay employing the TNFcr sensitive murine

frbroblast cell line LgZg as dessibed by Matthews and Neale (1987). Duplicate serial

dilutions (1:2) of macrophaage-conditioned culture media were incubated with 20,000

L929 cells in 200 pt of HamsFl2-FCS containing 4 mglml cycloheximide for 3 days'

Cell lysis was then measured by methyl violet uptake (0.57o n2OVo methanol for 10 min

at room temperature). The cells were then washed to femove excess dye and the

remaining incorporated dye was dissolved in 50vo acelc acid and quantitated by

measuring absorbence at570 nm using a multiwell ELISA plate reader'

L-1

IL-1 was assayed in a cytotoxicity assay employing the IL-1 sensitive human melanoma

cell line A37S as described by Nakei et aI, (1938). Duplicate serial dilutions (1:2) of

macrophage-conditioned cultr¡re media were incubated with 20ffi A375 cells in 200 ¡rl of

RPMI-FCS for 4 days. Cell lysis was then measured as for the TNFcr assay'

GM-CSF

GM-CSF was assayed using the GM-CSF-dependant murine myeloid cell line FDslt2,

essentially as desc¡ibed by Kelso and Owens (1988). Duplicate serial 1:2 dilutions of

macrophage culture supernatants were incubated with 2000 FOsllz cells in 200 pl of

RpMI-FCS. After 2 days, cultures were pulsed with 1 mCi of 3H thymidine for 6 h and

ha¡vested onto glass-fibre filter papü using a PhD automated cell han'ester (Cambridge

Technolory Inc.) for counting in a LKB 1215 liquid scintillation beta counter.

IL-6

IL-6 was assayed using the ll-6-dependant murine myeloid cell line TTDL (Van Snick et

al, 1986). Duplicate serial dilutions (1:2) of macrophage culture supernatants were

fr
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incubated with 2000 7TD1 cells in 200 pl RPMI-NS. After 3 days, the number of viable

cells was estimated colorimetrically by assesing the conversion of the tetrazolium salt

MTT to formazan in a modifrcation of a method described by Mossman (1983)' Briefly,

25 ¡rr of 4 mg/ml MTT (Sigma) in RPMI was added to each well. After incubation for 4

h at 37oC, media was aspirated carefully and formazan product was solubilised by

addition of 100 ¡tl of 95Vo ethanol, and absorbance was measured at 570 nm using a

multiwell ELISA Plate reader.

5 2.3 BioassøY Design

Standafd cr¡rves twefe constructed for each bioassay by serially diluting 1000U of

recombinant cytokine and measr¡ring the cellular proliferation (GM-CSF and IL-6; Figure

5.1) or cytotoxicty (IL-l and TNFcr,; Figrue 5-2) within the cytokine-specifrc cell line'

Minimum detectable amounts for each assay were' GM-CSF: 1 U/mI (50 U defined as

the concentration of GM-CSF stimulating half maximal FDsllz cell proliferation;

equivalent in our hands to 50 CFUc U/ml, where 50 U/ml stimulates half maximal colony

development in a bone marrow assay), IL-6: 5 U/ml (50 u/ml defined as producing half

modmal TTD1 growth), and IL-l and TNFcr: 10 U/ml (50 U/ml defined as 507o cytol¡ic

activity).

5 2.4 Rarcrse transcription polynerase clnin reaction (RT-PCR)

Total cellular RNA was extracted from testicular or peritoneal macrophage cultures 24

hours after plating, or from whole testes according to a modif,rcation of the method

described by Chomczynski and Sacchi (1987). As an addiúonal positive control for rat

cytokine mRNA expression, nRNA was also prepared from rat spleen cells stimulated

with 4 mg / ml pHA for 40 h followed by 10 ngl ml phorbol mystic acid (PMA) for 6 h'

Briefly, approximately 106 testicular orperitoneal macrophages or activated spleen cells,

or 296 mg of testicula¡ tissue, were disrupted in 2 ml of 'solution A' (2 M guanidinium

thiocyanate, 0.05 M b-mercaptoethanol, 12.5 mM Na citrate pH 7'0, combined in a

1:1:0.1 ratio with water-satufated phenol and2 M Na acetate pH a.0). Phase separation

was effecæd by addition of 0.2m1 of chloroform-isoamyl alcohol mixture (49:1)' and the

I
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mixture was vortexed and incubated at 4oC for 10 min. Samples were centrifuged at

10,000 g lor 20 min at 4oC, and the RNA precipitated from the aqueous phase by

addition of an equal volume of isopropanol (-20oc, 1,-2 h). The pellet was washed in

757o etha¡ol, dried in va,cuo, dissolved in H2O and RNA was quantitated by

measurement of absorption at 260 nm.

First strand cDNA synthesis was achieved by lÞverse transcription (RÐ of RNA primed

with oligo dT, employing a Superscript RNase H- reverse transcriptase kit (Gibco,

Grand Island, Ny). Approximately 1 mg of RNA in 10 ml of water was incubated with

1 ml of oligo dT (500 mg/ ml; Gibco) at 70oC for 10 min, then chilled on ice for 5 min.

Following addition of 4 ml of 5 x RT buffer (250 mM Tris-HCl pH 8.3, 300 mM KCl,

15 mM MgCl), 2 ml 0.1 M DTT, 2 ml 10 mM dNTP's (10 mM each dATP, dGTP'

dcTP and dGTP), and 1 ml of RT enzyme the reaction was allowed to proceed for 90

min at  3oc,prior to RNA-cDNA denauration and enzyme inactivation at 94oC for 5

min, and quenching on ice for 5 min. The cDNA was made up to 50 ml with water and

stored at -20oC.

primer pairs specific for cytokine cDNAs were designed with the aid of Primer Designer

software using published murine cytokine cDNA sequences (Table 5'1)' The PCR

amplifrcation employed reagents supplied in a Taq DNA polymerase kit (Bresatec'

Adelaide, Australia) according to a protocol based on that described by Arcellana-Panlilio

and Schultz(1993). Each 50 ml reaction volume consisted of 67 mM Tris-HCl pH 8.8,

17 mM (NHa)2SO 4,0.2 mg/ ml gelatin, 0.45vo Triton x-100, 2.5 mM MgCL2,' 0.2

mM each of dATP, dCTP, dGTP, and dTTP, ZI\J TaqDNA polymerase, 2 mM 3' and

5' primer, and 5 ml of oDNA, overlayed with 50 ml of paraffin oil. The conditions for

amplification were 5 min at 94oC; followed by 38-48 cycles (see Table 5.2.1) of

denanration for 1 min at g4oc, annealing for 1 min at 58-66oC (see Table 5.2.1), and

extension for 1 min atTzo}i followed by a frnal extension for T min at 72oC. Reaction

products were analysed by electrophoresis through 27o a$arose (electrophoresis glade,

Gibco BRL) gel containing 0.5 mg / ml EtBr in TAE buffer (40 mM Tris, 20 mM Na

acetare, 1 mM EDTA, pH 7.2), and the size of PCR products were determined by

comparison to molecular weigþt ma¡kers @resaæc).
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Table 5.1. Primer sequences and PCR conditions for cytokine cDNAs.
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cytokine 5' priner product size PCR conditions3' (complimentary) primer

IL-la GAGCAAGCTTAAGAAGAGACGGCTGA

[-18 GAGCAAGCTTTACCTATCCTGTGTAA

IL.6 GTCTGAATTCTCCTCTGGTCT'TCTGG

GM.C SF GGAAGCATGTAGAGGCC

TNFg GAGCAAGCTTCTCCTCTCTACCATCA

Actin CGTGGGCCGCCCTAGGCACCA

GAGAGAATCCAGCGCTCACG AACAGT

GAGAGAATCCGTACTGATGTACCAGT

GTCTATCGATGGTCTTGGTCCT'TAGC

C'GGCAGTATGTCTGGTA

GAGAGAATCCCC fu L{GTAGACCTACC

TTGACCTTAGGGTTCAGGGGGG

342bp

l7Obp

228bp

222bp

182bp

24:3bp

58'C/48

58"C/45

58"C/45

6"C145

ffi"c142

58.C/40



5 2 5 Statistícal AnalYsis

The Students t-test was used to compare control and experimental groups' Values of

P>0.05 were not considered significant.

5.3 Results

5.3.1 Bioassay SpeciftcítY

Thymidine uptake, MTT metabolism and viability of each cytokine-responsive cell line

were found not to be affected by the addition to growth media of LPS, IFNy or

indomethecin in the presence or absence of cytokine (Table 5.2). To avoid interassay

variability, all supernatants were assayed in one assay. All cytokine assays rwere

performed in flat-bottomed 96-we11 microtitre trays (Costa¡, Cambridge, MA) and

standa¡dized against recombinant cytokines.

TheL929, A375,FD'1I} and 7TD1 cell lines used in the bioassays are reported to be

specifically responsive to rodent TNFct, IL-l, GM-CSF and IL-6 respectively (Matthews

and Neale, 1987; Nakei et al, 1988; Keslo and Owens, 1988; Van Snick et al, 1986)'

However, since production of c¡okines by the rat testes is not well characterised, the

abitity of cytokine-specific antibodies to neutralise the bio-response of cell lines to

testicular macrophage supernatants was investigated. Goat crGM-CSF polyclonal

antibody at a dilution of 1:100,000 neutralised theED1ll2 cell proliferative resPonse to

1000 U / ml of recombinant murine GM-CSF, and similarly neutralised activity in

supernatants from unstimulated peritoneal and tesúcular macrophage cultures (Figure

5.1). The bioactivity of 1000 U / ml of recombinant human IL-6 activity in the TTDL

assay was reduced approximately 7-fold by 2.5 pglml of rat crIL-6 mAb, and the

activities of stimulated peritoneal and testicular macrophage culture supernatants were

similarty neutralised @gure 5.1). The cytotoxic activities of recombinantll--l a¡d
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Table 5.2 BioassaY SPecificitY

Indomethacin (indo: lOpg/ml), LPS (l0pg/ml) and/or IFNy(2OoU/mÐ had no significant

effect on the viability of any of the cytokine-responsive cell lines tested, nor did they

significantly alter the half mærim aL(S\%o)proliferative @sll}and 7TD1) and cytotoxic

(A375 and,L929)points in the p¡esence of the recombinant cytokines.



rIL-land¡TNFcr reDresent values for half mæçimal cvtolvticCytooxic ¿rss¿rys: Where

+

L.62fl.14

0.96+0.09

+IFN

r.53+0.16

0.91J0.11

1.41+0.15

1.0510.15

r.47+0.18

1.08+0.11

+LPS+IFN +indo

4375 (4579)

+¡Í--l (7o50)

L929 (Asto)

+rTNFcr

1.44fr.t6 1.2110.15 t.26l:0.19 1.34+0.13

0. 0.6

Assavs: rIL-6andrGM-CSF represent values for half mædmal develoDment

1.55+0.13

1.0210.13

1.28+0.18

0.22to.o2

0.5310.06

20rÐ8

I

7rD1(457s)

+rÍLó(7o50)

Control +LPS

0.20fl.02

0.57r0.05

+IFN

0.22fl.02

0.4910.04

2ll+18

1l

o.24t0.02

0.52r0.06

r97+32

+indo

0.19+0.02

0.58r0.06

168+30FD5/12(dpm) t83+24

tSEM values: ¡={, no signif,rcant differences.

I 1
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Table 5.3 Effects of Collagenase Isolation on Cytokine Secretion.

The effects of collagenase on basal cytokine sec¡etion by testicular and peritoneal

macrophages compared with the mechanical isolation procedure which uses no enzymatic

digestion of testicula¡ tissue.



Testicula¡ MacroPhage

mechanical isolation

Testicular MacroPhage

collagenase isolation

Peritoneal MacroPhage

mechanical isolation

Peritoneal Macrophage

collagenase isolation

23+2.5 2213.5 108+16 203!24

tg+2.1 L7L2.l 94+12 231+33

47t3.8 49+6.1 9l+14 2L+3-1

52+6.4 41t4.3 t2l+t9 28t4-2

TNFCT IL-6 GM-CSFIL-1

AS 06 cells

+SEM values: ¡1-{, ns signifrcant differences in cytokine production between

119



Figure 5.1

One thousand units of recombinant GM-CSF (ñMCSÐ or recombinant IL-6 (rIL-6)

were used to create a standa¡d curve for the FD5/\2 and 7TD1 bioassays respectively'

Antibodies to GM-CSF (aGMCSF, L:25O 000) and IL-6 (qIL-6,l:250 000) specifically

neutralise the activity of both ñM-CSF and rIL-6. The activity of testicular macrophage

condiúoned medium (TMCM) from unstimulated cultr¡res and cultrues activated with

IFNTandLPS was neutralised activity in the FiDlslI2 andTTD1 assays respectively.
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Figure 5.2

One thousand units of recombinant IL-1 (rIL-l) or ¡ecombinant TNFct (rTNFcr) a¡e used

to create a standatd cunre for the A375 andL929 bioassays respectively. Antibodies to

IL-1 (crIL- L, l:250 000) and TNFcr (øTNFa, t:250 000) specifrcally neutratise bottr the

activity of rIL-1 and rTNFa. The activity of testicular macrophage conditioned medium

(TMCM) from cultures activated with IFNI and LPS, in 4375 andL929 bioassays

repectively was also neutralised.
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cytokines, and frrther support the likeþ identity of the bioactivities produced by testicular

macrophages invitro.

5 .3 2 Cytokine P roductio n by rcsrtcuhar macroplng es ìn vítro.

To investigate the cytokine secretion profile of testicula¡ macrophages, highly enriched

cultures of macrophages were preparod by the three step protocol described above.

Specific cytokine bioassays were employed to measr¡re the IL-l, TNFG, IL-6 and GM-

CSF content of supernatants of cells cultured for 48h alone or in the presence of the

macrophage activators LPS and IFNy. The 'basal' and 'activated' cytokine output of

testicular macrophages was compared to that of macrophages ha¡vested from the

peritoneal cavity and culrured with and without activation. The results presented ale the

TNFg in the A375 atdL929 assays respectively were neutralised by specific antibodies

against these cytokines (50pg / ml rabbit crll--lcr neutralised 100U/ ml recombinant IL-

1cr, and rabbit crTNFcr diluted 1:100 neutralised 100U/ml TNFcrXFigure 5'2)' The

cytotoxic activities of supernatants from activated peritoneal and testicular macrophage

cultures were similarly neutralised by aTNFcr and øIl--lcr anúbodies at the same

concentrations. These results confirm the specificity of the bioassays for individual rat

mean of 4 separate experiments (3 animats/ isolation). The secretion of cytokines by

both testicula¡ and peritoneal macrophages was shown not to be affected by exposure to

collagenase (Table 5.3)

For basal cytokine secretion, the most striking frnding was that GM-CSF oulput from

testicular macrophages was approximately 7407o of that from peritoneal macrophages,

whereas production of IL-1,TNFo and IL-6 by the testicular macrophage was simila¡ to

or stightly less than for peritoneal macrophages (507o,607o and L30Vo respectively of

peritoneal macrophage levels)(Figure 5.3 to Figure 5.6).

122



Figure 5.3

Interleukin-l (|!-1) concentrations in testicular macrophage (TM) and peritoneal

macrophage (PM)-conditioned medium after 48 hours culture, in the presence of various

combinations of indomethacin (+i), LPS (+LPS) or IFNy (Ifn). Values a¡e the

meantSEM of 4 samples. *=P<0.05, **=P<0.01, *x*=P<0.001 compared with the

Control (basal) concentrations.
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Figure 5.4

Tumour necrosis factor a (TNFa) concentrations in testicula¡ macrophage (TM) and

peritoneal macrophage (PM)-conditioned medium after 48 hours culture, in the presence

of various combinations of indomethacin (+i), LPS (+LPS) or IFNy (Ifrr). Values are the

mean+SEM of 4 samples. *=P<0.05, x*=P<0.01, :rt{c*=pçQ.001 compa¡ed with the

Control (basal) concentrations.
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Figure 5.5

Interleukin-$ (IL-6) concenqations in testicular macrophage (TM) and peritoneal

macrophage (PM)-conditioned medium after 48 hours culture, in the presence of various

combinations of indomethacin (+i), LPS (+LPS) or IFNy (Ifn). Values a¡e the

mean+SEM of 4 samples. *=P<0.05, **-P<0.01, ***=pqQ.001 compa¡ed with the

Control þasat) concentrations.
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Figure 5.6

Granulocyte macrophage-colony stimulating factor (GM-CSÐ concentrations in testicular

macrophage (TM) andperitoneal macophage (PM)-conditioned medium after 48 hours

cultgre, in the presence of various combinations of indomethacin (+i), with LPS (+LPS)

or IFN1 (Ifn). Values afe the meanASEM of 4 samples. *=P(0.05, **=P<0.01,

*tÊ*=P<0.001 compared with the Control (basal) concentrations.
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Most interestingly, the two macrophage populations responded quite differently to

activation with LPS, alone or in combination with IFNy. As expected, production of all

four cytokines by peritoneal macrophages was ma¡kedly enhanced following incubation

with LPS (660Vo, 8407o, 6607o and 3407o of basal levels for IL-l, TNFo, IL-6 and

GM-CSF respectively), and was simila¡ or furttrer enhanced when cells were incubated

withbothLpS andIFNy (L0207o,L050Vo,740Voand8607o of basallevelsrespectively).

In contrast, the secretion of IL-l, TNFcr and IL-6 by æsticula¡ macrophages was not

signifrcantly altered by incubation with LPS (1107o, L20Vo, L207o of basal levels

respectively). This refractoriness to LPS activation was at least panially reversed when

testicular macrophages were incubated with the potent macrophage activator IFNT in

addition to LpS. TNFcr and IL-6 outputs increased to 340Vo and2OOVo of basal levels

respectively, and the increase in IL-l release was similar to that seen for peritoneal cells

Q30Vo of basal level).

Most unexpectedly, incubation of testicula¡ macrophages with LPS caused a marked

decrease in GM-CSF output (to 20Vo of basal level). IFNy partially overcame the

inhibition by LPS of GM-CSF release from testicular macrophages (from 20Vo of basal

levels with LPS to 457o of basal levels with LPS plus IFN$.

5.3.3 The fiect of indametlncín on cytokiræ productionby testicular møcropløges

Testicula¡ macrophages are known to be a potent source of prostaglandins in vitro

(Chapter 4). To determine whether the altered cytokine profile of resting testicular

macrophages or their diminished responsiveness to LPS activation was dependant upon

an autocrine action of prostaglandin, the effect of indomethecin on the cytokine content of

supernatants from macrophages was also measu¡ed. 'lWhereas indomethe¡in had no effect

on the basal output of cytokines from peritoneal macrophages, the basal IL-1 output from

testicula¡ macrophages was found to be elevated approximately 3O07o in the presence of

indomethecin (Figure 5.3). Indomethecin was also found not to have any signifrcant

effect on the c¡okine output from LPS, or LPS plus IFN1 activated peritoneal cells, but

r27



Figure 5.7

Analysis of RT-PCR amplificationproducts forIl,-lcr,IL-1ß,IL-6, GM-CSF, TNFa

and actin ¡RNA. Testicular @ra) and peritoneal @M) macrophages were obtained with

(+collagenase) or without (-collagenase) collagenase digestion, and cultured alone or with

LpS stimulation CIM+L, PM+L) for 24 hours. A whole testis extract (testis), positive

control (activated spleen celts) and a negative control were also analysed" and a puc-19

molecular weight ladder was included to deærmine the size of the PCR products.
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did act to at least panially rcverse the failu¡e of testicular macrophages to rcspond to LPS

activation

The IL- 1 , TNFa and IL-6 output of these cells increased to 820Vo , 42OVo, 3NVo of basal

levels in the presence of LPS and indomethecin (Figures 5.3,5.4 and 5.5). The effect of

indomethecin on LPS-induced cytokine oulput by the testicular macrophages was similar

in the presence of IFNy, with the IL-l, IL-6 and particularly the TNFc¡ contents of

supernatants from cells incubated with both activators being elevated a further 20Vo,257o

and2507o by the inclusion of indomethecin. These data indicate that prostaglandins are

important mediators in the inhibition of IL-l, TNFct and IL-6 output from LPS activated

testicular macrophages. In contrast, prostaglandins appear not to be involved in the

altered regulation of GM-CSF release from testicular compared with peritoneal

macrophages, since indomethecin failed to influence the high basal output of GM-CSF

from testicula¡ cells, or to alter the effects of LPS, or LPS and IFNy on this cytokine

(Figure 5.6).

5.3.4 Expressíon of cytokíne mRNAs by testicular macropha,ges and íntact testes

To investigate whetherproduction of cytokine bioactivities by testicular macrophages was

accompanied by expression of the corresponding mRNAs, cDNA was prepÍìred from

cultrued cells and subjected to RT-PCR using primer pairs specifrc for IL-lc, n--lp,

TNFcr, IL-6 and GM-CSF cDNAs, in addition to actin which served as a control for

cDNA integrity. Amplicons of the predicted sizes were generated, using primers for

cytokines including ll--lcr, tr--1P, TNFcr, IL-6 and GM-CSF, from cDNAs prepared

from testicular and peritoneal macrophages. Expression of Il.-lcr mRNA by

unstimulated or LPS-activated testicula¡ macrophages was low and variable, however it

was readily detected in whole testis tissue. Expression of all cytokine mRNAs was

independent of exposure to collagenase during macrophage purifrcation, a¡d of the

addition of LPS to cultures. Furthermore, mRNAs for IL-IB, TNFcr,, IL-6 and GM-

CSF (to a lesser and va¡iable deg¡ee) were also detected in intact testes (Figure 5.7).
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5.4 l)iscussion

These studies indicate that macrophages harvested from the rat testes have a novel

cytokine secretion prof,rle and an alæred responsiveness to activators ínviffo, compared

with macrophages from the peritoneal cavity. Specifically, testicular macrophages were

found to have a high basal production of GM-CSF (8-fold greater than peritoneal cells),

and a refractoriness to the typical LPS-induced increase in IL-1, TNFcr and IL-6 oulput.

These studies confirm and extend previous reports that testicular macrophage release of

TNFcr responds poorly to LPS activation (Ilutson, 1992; Moore and Hutson, 1994;

Xiong and Hales, 1993).

The mechanisms underlying the dampened reponse of the testicular macrophage to LPS

remain unclear. The finding that treatment of testicular macrophages with LPS caused a

reduction in their GM-CSF output indicates that these cells are responsive to LPS, but

that specific blocks or alterations in signalling pathways distal to receptor activation may

operate for other cytokines. An autocrine role for prostaglandins in inhibiting the LPS

response is suggested by the frnding that indomethecin reverses, at least partially, the

block in LpS-induced upregulation of IL-l, TNFa and IL-6 release. The findings that

testicular macrophages are a rich source of prostglandins (Chapter 4), and that

prostaglandin E is implicated in the down-regulation of IL-l and IL-4 production by

human monocytes (Hart et al, 1989), support this proposal. IFNy was also found to

partially overcome the inability of testicular cells to respond to LPS, and reduced the

LpS-induced decline in GM-CSF synthesis. That these effects of IFNy are mediated

through the prostaglandin a¡ris is suggested by the finding that IFN} acts to reduce

prostaglandin production by æsticular macrophages (Chapter 4). However, the failure of

indomethecin to alter basal or LPS and IFNyregulated GM-CSF release suggests that ttre

action of IFNlin regulating this cytokine may be independant of prostaglandins.

The degree to which these findings can be extrapolated to the in vivo behaviow of

testicular macrophages is not clea¡. The possibility that cytokine synthesis by
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macrophages is altered as a consequence of the harvesting protocol cannot be excluded,

and indeed other investigators have reported an effect of collagenase on testicula¡

macrophage activation (Moore and Hutson ,1994). However results in the present study

do not support this as the profile of cytokine bioactivities produced by crude preparations

of testicular macrophages isolated by mechanical dispersal of the testis was similar to that

produced by testicular macrophages exposed to collagenase. Furttrermore, the secretion

of cytokines by peritoneal macrophages has been found not to be effected by exposue to

collagenase afær lavage (Table 5.3).

However, it is interesting to speculate ttrat the deviation in cytokine profile and activation

responsiveness of testicular macrophages seen in the present study reflects a tissue-

specifrc macrophage phenotype presumably arising in ttre testes as the consequence of

local microenvironmental forces. A comparison between ttre proæin secretory profiles of

testicular and peritoneal macrophages has provided other evidence supporting this

concept (flutson and Stocco, 1989). Cytokines and other mediators can both induce and

suppress various macrophage propefties reversibly, to give rise to macrophages with

alternate tissue-specifrc phenoqryes (Rappolee and 'Werb, L992; Gordon et al, t992).

Indeed it is clea¡ that the recruitment and behavior¡r of macrophages within female

reproductive tract tissues is tightly regulated by cytokine gradients originating within

local stromal cells, particularly the uterine epithelium (Hunt, t994: Robertson et al,

lgg4). In the testes, it may be relevent that Sertoli cells produce high levels of Il--lcr

(Gerad et al, 1991) which is known to regulate its own production and that of TNFc¡ in

macrophages through a mechanism of negative feedback involving prostaglandin

synthesis (Kunkel et al, 1986a; Kunkel et aI, 1986b)

The physiological significance of cytokine secretion by æsticular macrophages remains to

be investigated. However, a paracrine role in regulating normal testis function, including

steroidogenesis and sponnatogenesis has long been suggested by the close association of

these cells and the testosterone-producing Leydig cells in the testicula¡ interstitium. In
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the adult rat testis the macrophages and I-eydig cells display physical associations via

cytoplasmic interd.igitations (Miller et al, 1983; Bergh, 1985; Bergh, 1987; Hutson,

lgg2). There is also a strong developmental correlation in the rat testis between

macrophages and Leydig cells both in number and cell size prior to and during puberty.

There have been many invito studies of the effects of IL-l and TNFcr on testosterone

production by Iæydig cells, although much of the data has been inconclusive (Warren et

al, 1990; Calkins et al, 1990; Moore and Moger, 1990). However it is of interest that

depletion of macrophages from the testes by 'suicide' phagocytosis of cytotoxin is

associated with reduced testosterone secretion by the depleted testis (Maddocks et al,

L992; Bergh et al, 1993).

The testis has long been recognised as having dysfunctional afferent immune activity, and

this has led to its reputation as an immunologically-privileged organ (Maddocks and

Setchell, 1990). The current flrndings, together with the observations in Chapter 4 that

testicular macrophages are not able to support mitogen-activaæd lymphocyte proliferation

ín vi¡o, are consistent with the conclusion that poor immunoaccessory function of

testicular macrophages is a major factor underlying this immune deficiency. The high

rate of basal secretion of GM-CSF by testicular macrophages would also be expected to

contribute to an 'immunosuppressive' microenvironment, since GM-CSF has been

implicated in regulating the synthesis in macrophages of molecules including II-l

inhibitor (Mazzeiet al, 1990) and PGE2 which, in addition to having autocrine actions in

macrophages, inhibits cytotoxic T-lymphocyte generation. Indeed, administration of

¡GM-CSF to normal mice has been found to induce an a systemic shift towards an

immunosuppressive phenotype in peripheral macrophages, characterised by enhanced

PGE2 release (Fu et al, 1991). Constitutive secretion of GM-CSF from tumors appears

to promote a metastatic phenotype through a mechanism associated with macrophage-

mediated expansion of T-suppressor cell populations (Tsuchiya et al, 1988). The

removal of testicular macrophages by liposome-induced suicidal approach increases the

local inflammatory rcsponse seen in the æstis after hCG administration suggesting arole

for macrophage modulation of this response at this site (Bergh et a7, 1993). This down-
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regulation of local immune responses by resident ússue macrophages may be a general

physiological phenomenon, since in the lung tissues, alveolar macrophages appear to

suppross the pulmonary immune fesponse to miqobial flora (Thepen et al' 1989).
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CHAPTER 6: Testicular Macrophage and Leydig Cell Interactions.



Chapter 6. Inter-cellular Communication

6.1 Introduction

While traditionally considered in terms of initiating the immune response, the paracrine

activities of macrophage products encompass many important events during cell

differentiation and proliferation. The macrophage produces a wide range of bioactive

factors which are capable of initiating paracrine communication between cells (Rapolee

and Werb, Lggz). Cytokines and colony stimulating factors once viewed as fulfilling

purely immunologic roles within the body are now known to work outside of this a¡ea.

While this altemate role for macrophages and their products has been most noticeable in

female reproduction (flunt, 1989; Adashi, 1990), there is comparatively little known of

their role in male reproductive function.

These associations and recent studies showing that cytokines can influence testosterone

production (Warren et al, 1990; Mauduit et al, 1991, Moore and Moger, 1991) have

suggested a functional relationship between ttre testicular macrophage and l-eydig cell.

However, while these studies examined the effects of recombinant cytokines added to

Leydig cell cultt¡re, none of these studies examined the role of testicular macrophage-

derived cytokines during coculutre.

The findings in this thesis so far have shown the testicular macrophage to possess a

unique secretory profile, of which most notable was the constitutive production of GM-

CSF and prostaglandin. The purpose of the present study is to investigate cytokine

production by the testicular macrophage and testosterone production by the Leydig cell

during co-culture and in the presence of macrophage and Leydig cell stimulatory factors.
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6.2 Methods

6.2.1 CelI isolation artd cttJture

Leydig cells, testicular and peritoneal macrophages were all isolated as described in

chapter 2.3. I-eydtg cells (106ce[s/ml), testicular macrophages (2.5x105ce[s/ml) and

peritoneal macrophages (2.5x105cells/ml) were then cultured in humidified air with

5VoCOzat34oCfor 24hours. Co-cultu¡es (1.25x10ócelVml) contained Leydig cells in a

4:1 ratio with macrophages as occurs naturally in the rat testis, and were culnred under

identical conditions simuluneously wittr the individual cell preparations.

Cell cultures were split into two gÏoups, one with the cyclooxygenase inhibitor

indomethacin (lOpg/ml) added, and the other without. Cells were then culnred normally

for basal readings, while some wer€ cultured alone with the macrophage stimulants IFN}

and LpS (200U/ml, lOpg/ml), and the Leydig cell stimulant hCG(lOIU/ml) or a

combination of these two. In an additional experiment testosterone (100ng/ml) and

Iæydig cell conditioned media (100pt:107o) were added to æsticula¡ macrophage cultures

in order to investigate the downregulation of testicula¡ macrophage-derived GM-CSF.

Media randomly collected and pooled from fou cultues at each time interval (2,6,12

and24hor¡rs) was then centrifuged (10000xg for 5 min), decanted, frozen and stored at

-80oC until assayed-

The conditioned-medium was then assayed forthe cytokines IL-l,IL-6, TNFcr and GM-

CSF as described in chapter 5.2 , andfor prostaglandins E2 andF2g¿, and the steroid

testosterone as described in chapter 2.6. Theresults presented a¡e the observations from

six separate isolaúons.

6 2 2 Statístical Analysis

The student's T-test and analysis of variance were used to determine significant

differences where stated in the text
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6.3 Results

6.3 .I Prostaglandin production

Both the Leydig cell a¡d testicular macrophage constituitively produced prostaglandins in

vitro (Table 6.1). In comparison to the testicular macrophage and I-eydig cell, the

peritoneal macrophage produced no detectable levels of prostaglandin E2or F2o¿. The

presence of indomethacin blocked prostaglandin production in all culnues to levels below

the minimum sensitivity of the assay (Table 4.1). While the addition of hCG to culnue

did not alter prostaglandin levels in the macrophage conditioned medium, I-eydig cells

responded to hCG by increasing prostaglandin FZandF2s( production by L007o.

Likewise, LPS and IFNy did not alter prostaglandin production by the Leydig cell but

altered that observed in cultures of macrophages. In the presence of LPS and IFNy, the

peritoneal macrophages increased production of prostaglandin E2andF2s from

undetectable levels to 13.7+1.9 and 15.5t2.lng/ml respectively. In contrast the

testicula¡ macrophage increased its production of PGE2 from t4.È2.6 to 27 .5!2-l

nglmt while simultaneously downregulating PGF2cr production from 18.6t1.8 to

7.2+l.2nglml.

In co-cultures of Leydig cells and testicular macrophages a similar effect was observed

(table 6. 1) after the addition of LPS and IFN1 whereby the prostaglandin E2 to F2sL

¡atio was altered from 1:1 to 2:1. The PGE2 concentrations in these cultures were higher

than those observed in any others whereas the PGF29¿ concentrations did not change as

compared to untreated Leydig cell-testicular macrophage co-cultures.

6.3 2 Testosterone Production

Neither of the macrophage populations produced detectable levels of testosterone during

culnue. Purif,red Leydig cells were culrured for 24 hours either alone or in co-culture with

testicula¡ and peritoneal macrophages. Samples of conditioned media taken from Leydig cell
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Tabte 6.1 Prostaglandin Production

Prostaglandin concentrations in conditioned medium from testiculæ and peritoneal

macrophage and Leydig cell cultt¡re supefnatants, wittt or without hCG, and with or without

LPS and IFNT.



Prostaglandin Concentration [ne/mt]

Treatnent PGEz PGFZo¿

Testicular macrophage

Testicular macrophage + hCG

Testicula¡ macrophage + IFN + LPS

Peritoneal macrophage

Peritoneal macrophage + hCG

Peritoneal macrophage + IFN + LPS

læydig cell

Leydigcell + hCG

Leydig cell + IFN + LPS

Testicular Macrophage + Leydig cell

Testicular Macrophage + Iæydig cell + hCG

Testicula¡ Macrophage + Leydig cell+ IFN+ LPS

14.2!2.6

t5.5+2.1

27.5+2.r

<1.0

<1.0

13.7+1.9

10.1+1.8

t9.7+2.2*

12.2+2.0

26.6+3.1

4L.9+3.4*

52.6!5.t*

18.6+1.8

23.2+3.2

7.2+1.2

<1.8

<1.8

L5.5+2.L

1.4.3+1.6

28.4!2.r*

15.4!1.3

28.8+3.9

50.2!3.2*

24.6+2.2

10.û11.7

14.9+1.8*

L9.9!2.L*

Peritoneal Macrophage + I-eydig cell 8-5+0.9

Peritoneal Macrophage + Leydig cell + hCG lz-2ll-L*

Peritoneal Macrophase + I-evdig cell + IFN+LPS 16.7!1.7*

Values +SEM, n4; *p<0.05 compared with values from basal cultures.

137



#
(ü

j

cultures at 2, 6, 12 and 24 hours were used to determine the effects of macrophage-

Leydig cell co-culture on testosterone production. The purifred l-eydig cells were shown

to be functionally viable by significantly increasing testosterone production in response to

hCG stimulation (10 IU/ml; compare Leydig cell concentrations in Figure 6.24 and

Figure 6.34).

The additon of indomethacin to unstimulated Leydig cells culn¡red alone, significantly

reduced the basal production of testosterone over a 24 hour period (Fig 6.1 & 6.2;

ANOVA F<0.01), but had no effect overall on levels of testosterone production after the

addition of hCG to culture (Fig 6-3 &6-4).

Basal production of testosterone by unstimulated Leydig cells alone or in co-culture with

peritoneal macrophages was signifrcantly higher after 2 hours than that seen in Leydig

cell testicular macrophage co-culture (Fig 6.14). The additíon of indomethacin

significantly and uniformly reduced testosterone production in both basal cultures of

Leydig ce¡s (16t1.4 compared to 12+1.8 nglmV106ce[s; Fig 6.14&B) and in the

macrophage-I-eydig cell co-cultrues.

priming and triggering the testicula¡ macrophages with IFN1 and LPS increased basal

testosterone production by the Leydig cell significantly (p<0.05), above that of Leydig

cells cultured alone (18+1.4 comparcd to 15+1.3 nglmV106cells; Fig 6.2A). Peritoneal

macrophages did not display a simila¡ effect. However, the addition of indomethacin in

conjunction with IFNy and LPS to peritoneal macrophage-Leydig cell cultures,

signif,rcantly inhibited testosterone production at 2 and 6 hours but thereafter was not

significantly different (Ftg 6.28).

Testosterone production by I-eydig cells stimulated\ñ¡ith hCG was significantly inhibited

by both macrophage populations (Fig 6.34&B). The addition of indomethacin to

culturehad no significant effect on the marcophage derived inhibition of testosterone

I
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Figure 6.1

Testosterone concentraúons in æsticular macrophage-Leydig cell (IM-LC), perioneal

macrophage-Leydig cell @M-LC) and I-eydig cells alone (LC) conditioned medium, from

cultures without (A) or with indomethacin (B) over a24how period. Values a¡e the

mear¡ÈSEM of 6 samples. *=P<0.05 vs LC. Leydig cell testosterone production was

significantly reduced in the presence of indomethacin (B) compared to without

indomethacin (A); ANOVAF stat, P<0.01.
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Figure 6.2

Testosterone concentrations in testicularmacrophage-I-eydig cell (TM-LC), peritoneal

macrophage-Leydig celt (PM-LC) andl-eydig cells alone (LC) conditionedmedium from

culnres stimulated with IFNI and LPS. Values are the meantSEM of 6 samples'

*=p<0.05 vs LC. Leydig cell tesrosterone production was significantly reduced in the

prcsence of indomethacin (B) than observed without indomethacin (A); ANOVA F stat'

P<0.01.
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Figure 6.3

Testosterone concentrations in testicula¡ macrophage-Leydig cell ([M-LC), peritoneal

macrophage-Leydig cell (PM-LC) and Leydig cells alone (LC) conditioned medium from

culrures stimulated vvith hCG, without (A) or with indomethacin (F) over aZ4hoar

period. Values a¡e the meantSEM of 6 samples. *=P<0.05 vs LC.
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Figure 6.4

Testosterone concentrations in testicular macrophage-Leydig cell (TM-LC),.peritoneal

macrophage-I-eydig cell @M-LC) andLeydig cells alone (LC) conditioned medium from

cultures stimulated with hCG, LPS and IFNy. Cells were culturedwithout (A) or with

indomethacin (B) over a 24 hour period. Values are the meantSEM of 6 samples.

*=P<0.05 vs LC.
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production under these circumstances. The inhibition of hCG-stimulated testosterone

production was overcome after 2 hours and signif,rcantly inc-reased when IFNy and LPS

were added to culturcs of testicular macrophages and Leydig cells (358+23 compared to

296127 ng/mll¡06cells; Fig 6.44), whereas peritoneal macrophages continued to inhibit

testosterone production over the 24 hours. Interestingly, the additon of indomethacin to

these hCG, IFNy and LPS treated cultures (Fig 6.48), nullified the increased testosterone

production observed in Fig 6.44. While testosterone production was still significa¡tly

lower in macrophage-Leydig cell co-cultures, the effect was not as great as observed in

cultu¡es without IFNT and LPS.

6.3.3 Cytokine Production

The production of cytokines by the testicular macrophage alone and in co-culture with

lpydig cells was measr¡red by bioassay of conditioned medium atz,6, LZ and 24 hours

of culture. Peritoneal macrophages produced negligable amounts of the cytokines

assayed for, unless activated, and did not respond to the presence of Leydig cells or hCG

in culture (Iable 6.2).

The production of cytokines IL-l and TNFcr by the testicular macrophage was

unchanged by co-culture with Leydig cells (Fig 6.5 SL 6.6). The amounts secreted

basally were minimal, and not affected by Leydig cell stimulation with hCG- The

addition of LPS and IFN1to culrure significantly increased production of IL-l and TNFcr

by the æsticular macrophages especially af16¡ l2hours of cultr¡¡e.

The Leydig cell produced appreciable quantities of IL-6 in culture although none of the

other cytokines assayed for were deæcted in the conditioned medium (Ftg 6.7). l,eydig

cell production of IL-6 after 24 hours was greater than that seen in macrophage cultures

(87t6 versus 6118 U/106 cells), and the production appeared to be constituitve and

increased in a linear fashion over 24 hours.
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Table 6.2 Cytokine Production by the PerÍtoneal Macrophage

Peritoneal macrophages produced negligible amounts of the cytokines IL-1, IL-6, TNFCI

and GM-CSF when culnred alone, in the presence of Leydig cells, with hCG or in the

presence of hCG stimulated Leydig cells. 'When activated with IFNy and LPS, the

peritoneal macrophage increased production of all fotr c¡okines significantly (P<O.001).



Cytokine Production NIT06cells)

Peritoneal IL-1 \--6 TNFcr GM-CSF

34!6.5 26t4.2 35r3.8 74!2.9
basal

+IFN + LPS 372J.46* &È67* 515t63* 2t5-32*

+I-eydig cells 28+3.6 33+3.5 27t4.2 Lzlr.4

+hCG 27!3.1 2È2.4 3È2.7 11+1.6

cells + hCG 36!4.2 22+t.8 28!3.3 t6!2.4

+SEM values: 1={, *=p40.001 compared with basal levels
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Figure 6.5 IL-l production

IL-l concentrations over a 24how period in conditioned medium from (A) testicula¡

macrophages alone or (B) in co-culture with Leydig cells. The legend is as follows;

(hCG), (L) and (FN) denotes the addition of hCG, LPS and IFNyto culture. Values are

the meantSEM of 6 samples. *=P<0.05 vs basal.
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Figure 6.6 TNFcr production

TNF concentrations over a 24hotx period in conditioned medium from (A) testicular

macrophages alone or (B) in co-culture with Leydig cells. The legend is as follows;

(hCG), (L) and (IFN) denotes the addition of hCG, LPS and IFNyto culture. Values are

the meantSEM of 6 samples. *=P<0.05 vs basal.
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Figure 6.7 IL-6 Production

IL-6 concentrations over a 24 horn period in conditioned medium from (A) testicular

macrophages alone, (B) I-eydig cells alone or (C) in co-culture with I-eydig cells. The

legend is as follows; (hCG), (L) and (FN) denotes the addition of hCG, LPS and IFNÏ

to culure. Values a¡e the meanfSEM of 6 samples. *=P<0.05 vs basal'



U'
(l)o

200
180
160

@g 140
à leo
.E roogBo
oe60cl
P40
J

20
0

A : testicular macrophage

I basal

E hCG

tr L+ tFN

ø hcG + L+IFN

*

24

*

*

{.

rt
t(

þ: I-eydig cell

I basal

E hCG

tr L+ IFN ,.

ø hcG+L+lFN *

612
time (hours)

612
time (hours)

612
time (hours)

2

*
^ 140II rzo(oo

< 1003
.E 80

E60oä40
(ojzo

0

I
o
I

@o

f
c
.9
(J

=Eo
CL
(o

I

:t
,.

*

242

G: æsticular macrophage + Iæydig cell

220
200

I basal

tr hcc

tr L+ tFN

øl hcG+ L+IFN

*

{.

80
60
40

1

1

1

1

1

t
{(

tr

*
20
00
80
60
40
20

0

*
*

*

2

147

24



GM-CSF was again shown to be constituitively produced by the testicula¡ macrophage

over the 24howperiod (Fig 6.3A). While culture with hCG had no direct effect on GM-

CSF, its production was significantly downregulated during culture with IFNyand LPS

after 24hours of culnue from 1 4 lt 13 to 2214 U/l 06 cells.

\Vhen the testicular macrophages were culn¡red with Leydig cells (Fig 6.8 B), production

of GM-CSF was signifrcantly lower after 6 hours of culture (from t4L+13 to 98+8

U/106 ce[s) suggesting that the presence of the Leydig cells may regulate GM-CSF

As observed for IL-1 and TNFc, IL-6 production by the testicular macrophage was low

unless stimulated with LPS and IFNÏ. IL-6 produced by testicular macrophage-Leydig

cell co-culturÞs was not significantly different to that of Leydig cells alone over the first

six hours of culture. Culture with hCG significantly increased IL-6 production in both

testicular macrophage and Leydig cell co-cultures. The increase in production was

mainly seen in the first six hours of stimulation, where hCG stimulation increasd IL-6

production by 2O07o in Iæydig cell cultures and 1007o in the co-cultures with testicular

macrophages (Fig 6.7 A&B). IL-6 production in the testicular macrophage-Iæydig cell

co-cultures, largely reflected the observations made of macrophages and Leydig cells

alone.

production. More interestingly however, the addition of hCG to the co-culture resulted in

the significant downregulation of GM-CSF after just six hours of culture (68t5

compared to to 27t4 U/106 cells). This is in comparison to the effects of IFN1 and LPS

which were not mediated until after 12 hours of culnue. Futhermore, this effect appears

to be the direct result of a Iæydig cell derived factor induced by hCG and dependant on

cell-cell contact @gure 6.8). The addition of I-eydig cell conditioned medium stimulated

with hCG, testosterone, or hCG on its own when added to testicula¡ macrophage culture

had no effect on GM-CSF production Clable 6.3).
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Figure 6.8 GM-CSF production

GM-CSF concentrations over aZlhow perid in conditioned medium from (A) testicular

macrophages alone or (B) in co-culnue with Leydig cells. The legend is as follows;

(hCG), (L) and (FN) denores the addition of hCG, LPS andIFNyto culn¡re. Values are

the mea¡tSEM of 6 samples. x=P<0.05 vs basal.
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Table 6.3 The effect of hCG, testosterone and Leydig cell conditioned

medium on testicular macrophage GM'CSF production.

Testicular macrophage GM-CSF production basally, in the presence of hCG (10 IU/mt),

testostefone (100ng/ml), I-eydig cell conditioned medium (LCCM) orleydig cell

conditioned medium from cultr¡res stimulated with hCG (LCClvlfhCG).
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GM-CSF Production

testosterone LCCM LCCM+hCGTime Basal hCG

2 24!5 30È6 34!5

67!7 7æ7 85È9

104+16 118t20 r23+t6
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The results presented in this study support the concept tlrat the testicular macrophage and

Iæydig cell may bs functionally tinked. Testicular macrophages displayed the capacity to

regulate Leydig cell testosterone production in vitro, suppressing producúon in some

cases and significantly increasing testosterone production after immuno-stimulation. That

the peritoneal macrophage could not emulate the testicular macrophages ability to increase

Leydig cell testosterone production, suggests that the testicula¡ macrophage produces

factors specifically for this purpose.

It appears that regulaúon of Leydig cell steroidogenesis may at least in part, be under the

control of testicular macrophage derived prostaglandin. Arachidonic acid and its

lipoxygenase and cyclooxygenase metabolites, such as leukotrienes and prostaglandins,

have long beeen suggested as mediators of Leydig cell steroidogenesis. The

prostaglandins PGEZ and PGF2cr are known to be powerful regulators of ova¡ian

6.4 Discussion

steroidogenesis @ward et al, 1978; Kato, L982; Band et al, 1986; Olofsson and I-eung,

lgg4) and recently have been implicated as regulating the transcription of særoidogenic

enzymes in porcine granulosa cells (Li et al, 1993). PGF26¡ and PGE2 are the two most

prevalent prostaglandins in the testis (Reddy et al, 1992), and the Leydig cell has been

shown to express receptors for both of them (Orlicky and Williams-Skipp, 1992;

Erichsen et al, 1988; Sebokova and Kolena, 1978)

These two prostaglandins have also been shown to alter Leydig cell steroidogenesis both

in vivo and in vitro @artke et al, 1973; Saksena et aJ, \975; Chantharaksri and Fuchs,

1980; Bilinska and V/ojtusiak, 1988; Sawada et al, t994), and their concentrations in

interstitial fluid have been shown to increase markedly after LH or hCG stimulation

(Abayasekara et al, 1990). Although Leydig cells have been shown to prduce these

prostaglandins after LH stimulation (flauor et al, 1979; Cooke et al, 1991), it is unlikely

$t

I

I{
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I
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that they are the main site of production. Studies by Abayasekara et aI, (1990) have

shown that concentrations of these prostaglandins in interstitial fluid appear unaltered

even after rhe removal of I-eydig cells with EDS. The observations made in Chapter 4

and the results in Table 6.1, would strongly suggest that the source of these

prostaglandins is primarily the testicular macrophage and that the testicular macrophage

may regulate I-eydig cell steroidogenesis using these factors.

'When Leydig cells stimulated with hCG were co-cultured with testicular macrophages

immuno-activated with IFNy and LPS, a significant increase in testosterone production

was observed. This co-incides with the reduction of PGF29¿ production and an increase

in PGEZ. The observed increase in testosterone production suggests that the alteration of

the PGE2:PGFZg ratio from approximately 1:1 to 4:1 (Table a.1) by the immuno-

activated testicular macrophage is responsible for ttris effect and it also supports reports

that PGF2cr downregulates testosterone production (Chantharaksri and Fuchs, 1980;

Singh a¡dDomonic, 1986; Bilinska andV/ojtusiak, 1988; Sawada etaI,1994). That the

inhibition of prostaglandin production with indomethacin reversed this effect and resulted

in signifrcantly reduced testosterone production when compared to Leydig cells alone

further supports this fact

The addition of indomethacin to culture significantly reduced total testosterone production

in basal cultures of Leydig cells alone, and had a similar effect on testosterone

concentrations in Leydig cell co-culnlres stimulated with hCG. In unstimulated Iæydig

cell co-cultures the peritoneal macrophages had no significant effect on testosterone

production irrespective of the prcsence of indomethacin. In comparison co-cultures of

testicular macrophages and Leydig cells displayed signifrcantly decreased testosterone

concentrations regardless of the presence of indomethacin. This observation agtees with

a previous study by Lomba¡d-Vignon et al, (1991) which reported Leydig cells as having

decreased testosterone production in the prcsence of testicular macrophages.
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When co-cultured with hCG-stimulated Leydig cells, both macrophage populations

significantly decreased testosterone production irrespective of the presence of

indomethacin. These observations again agree with the published literature (Sun et al,

lgg3),and perhaps indicates the presence of an inhibitor of steroidogenesis from outside

the cyclooxygenase pathway common to both macrophage populaúons.

prostaglandin production is also associated with the down regulation of the pro-

inflammatory cytokines IL-1, IL-6 and TNFcr through a negative feedback mechanism

(Kunkel et al, 1986a; Kunkel et al, 1986b). However, the majority of literature studies

examining the effects of cytokines on Leydig cell testosterone production in vitro have

used I1.-lcr, tr--18 and TNFcr (reviewed Hutson, 1994). In contrast, the observations

in this thesis (see chapter 5) suggest that the testicula¡ macrophage normally produces

very little IL-1, IL-6 or TNFcr except under immunologic activation.

Observations in this chapter (Fig. 6.5 to 6.7) further support this, showing that not only

does the testicular macrophage have low basal production of these factors, but their

production is not stimulated by hCG or the processes of særoidogenesis. In view of this

it would appear unlikety that these factors are normally involved in the macrophage

regulation of steroidogenesis in vivo, and the physiological relevance of such studies is

perhaps now to be questioned.

The production of IL-6 and GM-CSF by cells of the female reproductive tract emphasises

the importance of these factors for female sexual function (Robertson et aJ, 1992). The

production of these factors by cells in ttre testicula¡ intentitum is therefore not perhaps

unexpected. That the testicular macrophage contituitively produces GM-CSF and the

Leydig cell IL-6, suggests specific roles for these cytokines in testicular physiology.

Recent evidence indicates that IL-6 may act on Sertoli cells to release products such as

transferrin (Boocldor and Schwarz,l99l), although it has recently been reported that

I
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Sertoli cells produce an Il-6-like factor of their own (Syed et al, 1993). That the læydig

cell constituitively prod.uces IL-6 is of interest and has only recently been documented.

Brockfort (Lgg4), has shown an increase in IL-6 mRNA which is dose-dependently

stimulated by the action of hCG on the Leydig cell, althóugh its role and targets have yet

to be identified. The results from the present study show that hCG significantly

stimulates IL-6 production in ttre first 6 hours of culture suggesting that its increased

production may be associated with the upregulation of særoidogenesis.

Likewise the constituitive production of GM-CSF by the testicular macrophage also

suggests a role for this factor within the testis. Macrophage-derived GM-CSF has been

suggested as a paracrine regulator of female reproduction, possibly with a role in tissue

remodelling (Robertson et al, 1992). It is therefore not unlikely that it performs an

analagous role in the testis regulating the cell proliferation and growth of cells in the

interstitum and perhaps i¡side ttre tubules.

Basal production of GM-CSF by the testicula¡ macrophage appears to be under Leydig

cell regulation. Basal GM-CSF production in the macrophage-Leydig cell co-cultures

was significantly lower over 24 hours than when compared to testiculü macrophages

alone. This suggests a physiologicat interaction betrryeen the testicular macrophage and

Leydig cell which may reflect their close physical proximity in vivo (Bergh, 1985;

Hutson, 7992), and the ability of the Leydig cell to regulate the basal production of this

factor. That GM-CSF regulation may be coupled to Leydig cell steroidogenesis also

appeats likely. The decrease in GM-CSF production observed after Leydig cell

súmulation with hCG suggests ttrat hCG induces a Leydig cell-derived factor capable of

downregulating GM-CSF production by the testicular macrophage. This factor is likely

to be dependant on cell-cell contact as neither testosterone or I-eydig cell conditioned

medium added to testicular macrophage cultures alte¡ed GM-CSF production. Howevet,

as the downregutation of GM-CSF production coincided with an increase in testosterone

production it is perhaps unlikely that GM-CSF is directly involved in the processes of

steroidogenesis.
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It is noteworthy that the downregulation of GM-CSF production coincides with an

increase in IL-6 production by the Leydig cell indicating a complimentary relationship

between the synthesis of these factors by these respective cells. Moreover, the

production of GM-CSF and PGEZ by macrophages is associated with the induction of

suppressive immune responses (Walker etal,1992; Morrisey and keland, L99L; Fu et al,

L99L: Tsuchiya et al, 1988) , which down regulate the the production of the pro-

inflammatory cytokines ILl, TNFcr and IL-6.

From these results it would seem unlikely that either IL-6 or GM-CSF have a directrole

in regulating testosterone synthesis, although their production may be regulated by

steroidogenesis in a manner simila¡ to macrophages and their factors in the uterus (Finn

and Pope, 1936). The observations presented in this chapter demonstrate that altering the

prostaglandin profile of the testicula¡ macrophage either through the use of indomethacin

or immuno-stimulants is capable of influencing Leydig cell steroidogenesis. The

likelyhood of a role for the testicular macrophage in steroidogenesis is further supported

by work which demonstrates that the removal of these cells in vivo with Cl2-MDP,

results in reduced testosterone production by the remaining Leydig cells (Maddocks et al,

1992: Berg et al, 1993a,b).

Thus it may be that the unique secretory profile of the testicular macrophage, high in both

GM-CSF and prostagla¡din assumes an importantrole within the testis. The constituitive

production of these factors may not only be responsible for intercellular communication

and the regulation of the Leydig cell, but also to help create and maintain the immune

privilege observed in the testis.
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CHAPTER 7: General Discussion



7.1 General Discussion

The studies reported in this thesis have primarily centred upon the immunological

characteristics of the testicular macrophage and their tikely function or action within the

testis in an attempt to elucidate the contribution of this cell t)?e to normal testicular

physiology and to the apparent immune privilege afforded the testis. By developing a

novel throo step density-dependant procedure for isolation and purification of rat

testicular macrophages based on the work by Dirami et al (1991), it was possible to

produce highly purifred cultures of testicula¡ macrophages for in vitro work. Although

the collagenase digestion of testicular tissue during the isolation of testicular

macrophages has been reported to activate these cells (Moore and Hutson, 1994), the

isolation procedures used in the course of this thesis have not shown such effects and

cytokine mRNA and protein levels were not significantly altered between

enzym atically and mechanically di gested tis sue s.

Peritoneal macrophages were chosen for several reasons as a comparison for testicular

macrophages. The majority of the peritoneal macrophage population is found in a

resting state which is characterised by low secretory phase, low Fc expression and

minimal immuno-activity. As a result of their environment and their quiescent nature,

they display the more traditional immunological characterisúcs of macrophage

immunobiology unlike the tissue bound resident macrophages of the liver, spleen or

lung. The peritoneal macrophage expresses the common macrophage markers, and may

be readily immuno-activated to cytotoxic and effector cell status by LPS alone, whereas

this is not always the case with resident macrophages from other tissues. Tissue bound

macrophages perform local physiological functions and this is usually manifested by a

specific secretory phase, which alters basic macrophage characteristics. Therefore in

terms of studying macrophage immuno-biology, the two highly defined states of rest

and activation were considered to make the peritoneal population a useful comparison

for the testicula¡ macrophage. In retrospect, however, it would perhaps have been of

interest to have included macrophages of a resident population from another tissue (eg.
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lung), in these studies. This would have greatly complicated cell preparation schedules,

but should be considered in fun¡re studies of this naflue.

The testicular macrophage possesses all of the well known macrophage morphological

and (immuno)cytochemical characteristics (Chapter 3). The presence of non-specific

esterase activity in the cell, the expression of common ma¡kers such as CDllb Mac 1)

and W3125 and the presence of markers specific for macrophage monoclonal

antibodies, EDl and F,Dz, show it to be simila¡ to many other macrophage types.

Observations in this thesis have shown that the in vivo population is largely

homologous and stains for mainly EDI and ED2 in accordance with the published

literature Qlutson, 1990; V/ang et al, 1994).

While there may be some heterogeneity within the population of macrophages resident

in the testis with regard to the expression of ED3, the population appears to be

functionally similar, an observation reflected by uniform expression of the Fc receptor.

Rat testicular macrophages avidly bound and opsonised IgG-coated sheep erythrocytes

without being previously activated. In comparison quiescent peritoneal macrophages

which do not normally become phagocytic without exogenous stimulation required at

least 12 hours ro exercise their phagocytic abilities. That the majority of testicular

macrophages appear uniformly and intrinsically phagocytic demonstrates they possess

one of the important macrophage characteristics for immuno-competence.

Immunologically, high Fc receptor expression is generally recognised as a response to

antibody-bound antigen. This is a response usually only seen in macrophages, and not

observed in dendritic cells (Steinman and Nussenzweig, 1980; Mettay et al, 1991). It is

not all together unusual that such a high proportion of testicula¡ mactophages express

Fc receptors constituúvely as macrophages in the liver, spleen and lung are known to

also be avidly phagocytic (Johnston, 1988). Whereas in immunological terms it

suggests activation, it also points to a tissue specific function, such as the removal of
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old cells, and also in lymphoid organs as a way of trapping antigen. Thus the high Fc

receptor expression by up to 85 Vo of the population resident in the testis may be linked

with the phagocytosis of defunct Leydig cells as observed by Miller, et al (1983).

The ability to induce lymphocyte proliferation in vitro, was also tested in the course of

this thesis. The testicular macrophages inhibited the proliferation of Concanavalin A

stimulated lymphocytes in vitro even after culture with LPS by means of a secreted

factor. This observation suggests the testicular macrophages produce a factor which

when secreted into the testicular interstitium or culture medium is capable of reducing

lymphocyte proliferation and may be the basis for the provision of immune privilege in

the testis.

It has been previously shown by Emoto et al, (1989) ttrat mouse testicular extract has

the capacity to stimulate macrophages non-specif,rcally and to down regulate mitogen

induced T-cell proliferation. Additionally, Pollanen et al, (1989, 1990) have described

a number of heat and pH-labile factors of high molecular weight, termed protectins,

which have been shown to inhibit lymphocyte proliferation in vitro. Although to ttris

point the source of these factors has not been identified, this inhibition does not appear

to be due to testosterone or other læydig cell derived factors ([Iedger et al, 1990).

The fractionation of testicula¡ macrophage conditioned medium by centricon

membranes (Chapter 4), showed that there was a broad spectrum of inhibition, present

at both high, medium and low molecular weights. The current literature @ollanen et al,

1989; Sainio-Pollanen et al, 1991; Pollanen et a7, 1992) suggests that the majority of the

immuno-suppresive factors found in testis extract are of very high molecula¡ weights

exceeding 60 000MW. The removal of factors below 14 000MW from testicula¡

macrophage-conditioned medium by dialysis significantly reduced, but did not

eliminate all of the inhibitory effects, which suggests that some of the observed

inhibition is mediated by higher molecular weight factors. Pollanen et al, (1993) has
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suggesred TGFß (25 000MW) as the main suppressor of immune activity in the testis.

The inhibition of lymphocyte proliferation in the presence of fractionated testicular

macrophage conditioned medium (factors between 10 000MW and 30 000MW), would

seem to coincide with the presence of a immuno-supressive factor this size.

However, the majority of the inhibition was in the low molecular weight fraction

(<10 000MW), and it was found that by blocking the cyclooxygenase pathway and

hence the production of prostaglandin with the inhibitor indomethacin, normal

lymphocyte proliferation was almost completely restored. The presence of a second

low molecular weight factor not blocked by the presence of indomethacin is also of

interesr. Associated work in this laboratory by Depamede and Maddocks (1995), has

described a low molecular weight factor that inhibits specifically activated

lymphocytes, is present in rat testicular extract, and may contribute to the

downregulation of immune rcsponse in the testis.

Subsequent studies on prostaglandin production by the testicular macrophage revealed

it to produce high basal levels of PGE2 and PGF26¿ and it is these that were primarily

responsible for the inhibition of lymphoc¡e proliferation in the presence of testicular

macrophages a¡d their conditioned media. It also seems likely that the testicular

macrophage is the main source of prostaglandin production in the interstitial tissue.

Cooke et al (1991) have shown that even after the removal of I-eydig cells with EDS,

concentrations of prostaglandin E2 and F26¡ in the testicula¡ interstitial fluid remain

unchanged. The present data also concurs with the high level of Fc receptor expression

by the testicula¡ macrophage, as avidly phagocytic macrophages in other tissues usually

produce high levels of prostaglandin (V/erb and Rapolee, 1992). Constitutive

production of prostaglandin by macrophages has also been associated with the down

regulation of the cytokines involved in lymphocyte stimulation and proliferation

(Kunkel et al, 1986 a,b). It may be that the maintenance of raised prostaglandin levels
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in the testis is another important mechanism by which immune responses are

suppressed in the testis.

This hypothesis was ftrrther examined by studying the cytokine secretory profile of the

testicular macrophage (Chapter 5). The constitutive production of GM-CSF and the

impaired production of the pro-inflammatory cytokines L-I,l--6 and TNFø may

explain the inhibitory action of testicular macrophage conditioned medium on

lymphocyte proliferation in vitro. The pro-infl¿rmmatory cytokines are essential for the

proliferation of lymphocytes, and in contrast to peritoneal macrophages, the testicular

macrophage produced very low levels of the cytokines IL-l, IL-6 and TNFcr, even after

LPS stimulation. Unlike the peritoneal macrophage which responded to LPS alone, by

increasing cytokine ouq)ut, the testicular macrophage required activation wittr both LPS

and IFNy, in order to stimulate production of these factors. Moreover, even after

stimulation with LPS and IFN1, the testicular macrophage produced less of these

cytokines than the peritoneal macrophage. This highlights the differences in regulation

of the immune fesponse begeen the testicular and peritoneal populaúons.

The reduced synthesis of the pro-inflammatory cytokines and the constitutive

production of prostaglandin and GM-CSF by the testicular macrophage may combine to

create an immuno-suppressive environment both in vitro, and in vivo in the testicular

interstitium (Tsuchiya et al, 1988; Fu et al, L99t; Morrissey and Ireland, 1991). This

refractoriness to LPS and the associated inhibition of lymphocyte proliferation is

notably sha¡ed by the Kuppfer cells of the liver (Lepay et al, 1985a,b), and might

suggest that the testicular macrophage is challenged so as to be unable to respond to an

immune stimulus and thus can not participate in an immune reaction as would normally

be expected of most rnacrophages.

This hypothesis fits wittr the current concept of immune privilege in the testis

(Maddocks and Setche[, 1990), as the suspension of the immune reacúon is seen only
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against single-set intra-testicular grafts placed into the interstitium. 'When ttre host has

been pre-sensitised extra-testicularly to the antigen, an immune response within the

testis will usually occur when antigen is present at this site. In these cases the immune

reacrion in the testis is likely to be initiated by T-lymphocytes already pre-sensitised to

the antigen, migrating through the testicula¡ interstitium. The T-lymphocytes in the

testis a¡e predominantly those expressing CD8, the cell surface receptor associated with

cytotoxic T-cell activity, and elevated numbers of these T-cells in the testicular

interstitium have been associated with testicular failures in men (El-Demiry et aJ, L987;

Pollanen and Maddocks, 1988). This is likely to be due to ttre immune activity of these

T-cells which are capable of secreting the cytokine IFNy and activating all

immunocompetent cells in the region (Ijzermans and Marquet, 1989).

However, after priming and triggering of testicular macrophages with IFNy and LPS in

vitro, the present studies show that the testicular macrophage can in fact be induced to

augment lymphocyte proliferation, ard even stimulate proliferation to levels seen above

the control. This observation indicates that the testicula¡ macrophage is indeed capable

of contributing to lymphocyte proliferaúon during an aggressive immune reaction.

Therefore, that the induction of an immune response in the testis may result in testicular

failure and host infertility, underlines the importance of immune privilege for normal

testicula¡ function and the need to prevent the incidence of immune reactions at this

slte.

The present study has also demonstrated a differential regulation of the prostaglandin

E2 and F2o( secretion by the testicular macrophage following immuno-activation with

IFN1 and LPS. V/hile IFN1 on its own or in conjunction with LPS had no effect on the

PGEZ production, PGF26¡ levels were observed to drop four-fold. Activating the

testicular macrophage in this manner seems to create an important change in the ratio of

prostaglandins E2 and F2ç¡ from a ratio 1:1 to 3:1 and appears to increase I-eydig cell

steroidogenesis as a result. Regulatory associations in the ovary between
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prostagla¡dins and steroidogenesis have been demonstrated in the female (Li et al,

1993;Olofsson and Leung , Lgg4) and an analagous situation in the testis might involve

testicula¡ macrophage-derived prostaglandin and testosterone production'

The high levels of PGE2 still present in the testicula¡ macrophage conditioned medium

even after activation with IFNI and LPS appear to be at odds with the increases in

lymphocyte proliferation induced by this conditioned medium at this time. However,

the present studies also showed that IFNy and LPS stimulated production of the

lympho-proliferative cytokines IL-1, IL-6 and TNFa, in conjunction with the down

regulation of GM-CSF and PGF29¿-

This would indicate that under normal circumstances the testicular macrophage is

immuno-suppressive due to its secretion of prostaglandin and inability to stimulate T

cell proliferation the secretion of proinflammatory cytokines. The inhibitory action of

the testicular macrophage may only be overcome after "pathological" immuno-

activation which causes downregulation of the factors GM-CSF and prostaglandin,

increases production of IL-l, IL-6 and TNFø and in so doing reverses the inhibitory

effects on lymphocyte proliferation (Figure 7.1). The increased lymphocyte

proliferation observed after IFNI and LPS activation is consistent with both the

reduction in prostaglandin and the marked increase in production of.IL-1, IL-6 and

TNFa by the testicular macrophage. It would therefore appe¿¡r that the macrophages

resident in the testicular interstitium a¡e under tight immunological control which

prevents immune reactions in the testis normally, but this may be overcome after

priming and triggering of the cell by factors such as IFNy and LPS-

The studies in this thesis suggest that the immunobiology of the testicular macrophage

is somewhat unique, especially with regard to its secretory profrle. It not only retains

some aspects of immunological function, but may also perform specific functions

within the testis as do macrophages resident at other sites (Nathan et al 1980; Johnston
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Figure 7.1

A schematic diagram of the immunobiology of the testicular macrophage and cellula¡

interactions with the Leydig celt. Solid lines represent interactions examined in this

thesis, while broken lines represent possible targots for the factors involved.
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1983). To this point it remains difficult to define the role(s) the testicular macrophage

may have in testicula¡ physiology. However, the production of prostaglandin and

GM-CSF by the testicula¡ macrophage and their suppressive effects are unlikely to be

primarily for the provision of immune privilege. The Leydig cell or even the cells

inside the tubules are likely targets for these products. This view is further reinforced

by observations of cytokine and testosterone production and regulation seen in

macrophage and Leydig cell co-culnue.

While numerous studies have added cytokines such as IL-l and TNFcr exogenously to

Leydig cell cultures (reviewed, Hutson, L994), studies reported in this thesis suggest

that these factors rìre not normally produced by the testicula¡ macrophage in vitro. In

view of the observations made here, testicular macrophages were also cultured with

Leydig cells in order to best gauge the relationship between these two cell types

(Chapter 6). IFNy and LPS stimulated testicular macrophages in the presence of Leydig

cells were shown to be capable of increasing testosterone production.

These results would appear to be in accordance with the few studies conducted on

testicular macrophage-Leydig cell co-culture and in particular the study by Lombard-

Vignon et al, (1991) which showed an increase in testosterone production after

stimulation of the testicular macrophage with LPS. These studies have also

demonstrated the testicula¡ macrophage to be the main source of prostaglandin in the

testis and that blocking prostaglandin synthesis with indomethacin significantly reduced

Leydig cell testosærone production.

The importance of the testicular macrophage in testosterone production has also been

highlighted in other studies by the novel removal of these cells from the testicula¡

intersútium with Cl2 MDP. In the absence of the tosticulü macrophages and thei¡

products, testostefone secretion was observed to dectease (Maddocks et al, 1992; Bery

et al, 1993; Gaytan e¡ a!, !994). Furthermore, these studies have demonstrated that the
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absence of testicular macrophages seems to increase the vascula¡ inflammatory

response seen in the testis after the administration of hCG, thereby suggesting that the

testicular macrophage may secrete a factor(s) which mediates vascula¡ permeability in

this region.

In view of this evidence it would appear that the testicular macrophage may be

functionally coupled to the teydig cell by the hCG-induced inflammatory response, and

this may explain the observed decrease in GM-CSF production seen in vitro after hCG

rrearnenr and Leydig cell co-culture. The addition of hCG to culture rapidly induced

IL-6 production by the Leydig and a concrurent reduction in GM-CSF production by

the testicular macrophage. Notably the effects of hCG on GM-CSF production by the

testicular macrophage appear to be indirect and must be the result of Leydig cell

derived factors in response to hCG stimulation. That the removal of Leydig cells from

the testicula¡ interstitium with ethane dimethanesulphonate prevents the hCG response

(Setchell and Rommerts, 1985), demonstrates the vital importance of the Leydig cell in

mediating the effects of this factor. The addition of hCG, Leydig cell conditioned

medium or testosterone alone to testicular macrophages in culture, does not

significantly alter GM-CSF production suggesting that cell-cell contact is required for

this interaction. Observations by Hutson (I992a), have described cytoplasmic

interdigitations between the testicular macrophage and Leydig cell and this connection

may represent a rapid means of intercellula¡ communication and regulation that is

significant in the light of the above observations.

The downregulation of testicular macrophage GM-CSF production in co-culture

occured simultaneously as IL-6 production by the Leydig cell increased and both of

these responses \¡/ere seon to be due to changes in Leydig cell steroidogenesis. This

data suggests that contrary to crurent opinion, cytokines are unlikely to be involved

directly in regulating steroidogenesis in the testis. It would appear more likely that
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producrion of these cytokines is rnore specifically regulated by steroidogenic

mechanisms in the Leydig cell.

The constitutive production of significant quantities of GM-CSF by the testicular

macrophage suggests a specific role for it in testicular physiology, a¡d possibly a role

analagous to that dessibed in the female reproductive tract. Both GM-CSF and IL-6

are important for the development of haematopoietic cell progenitors and a¡e also

produced by macrophages in the uterus, with the speculated function of being important

for tissue remodelling (Robertson et al, 1992: Hunt, 1994). As these cytokines are

involved in the proliferation and differentiation of cells, their targets in the testis might

be speculated to be the rapidly dividing germ cells inside the seminiferous tubles.

IVhile the testicular interstitum is an environment where these factors are expected to

have a very short half-life,IL-l has been shown to cross the blood-testis barrier nearly

six times as fast as albumin (Banks a¡d Kastin,1992).

However, both IL-l and IL-6 are produced inside the seminiferous tubules by the

Sertoli cells (Gerad et al, 1991; Syed et al, 1993) and Il--lcr has been shown to induce

the proliferation of spermatogonia (Pollanen et al, 1989b). As a result, the production

of cytokines within the testicular interstitium may conversely be argued to not be

directed at targets inside the seminiferous tubules and these factors may be produced for

targets within the interstitial tissue. For example, IL-ß has been suggested to regulate

the migration of polymorphonuclear leukocytes in the testis and consequently the

vascular permeability of the tissue (Bergh and Soder, 1990). Much future work will

need to be focussed on these intriguing issues before they can be further resolved.

The experiments reported in this thesis have contributed new information about the

complex nature of the macrophage resident in the testicula¡ intersútium. These studies

have characterised unique qualities of the testicular macrophage and its

immunobiology. In this thesis I have attempted to relate these qualities (Fig. 7.1), to

I
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the roles they may play in both the physiological regulation of the testis with specific

regard to steroidogenesis and to the immunology of the testicular environment and the

provision of immune privilege.
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