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Abstract

The ability of sperm cells to induce specific auto- and

iso-immunity was reported as early as the turn of this century.

However the mechanism controlling autoreactivity to sperm is not

well known. As lymphocytes constitute the major cellular

components of the immune system, determination of their anatomical

location within the tissues of the male genital tract may be of

considerable importance in understanding immunological infertility

and other urogenital disorders. A series of monoclonal antibodies

that react with human lymphoreticular cells was therefore used in an

indirect immunoperoxidase technique to study their distribution

throughout the male genital tract. The normal human tissues

investigated were: testis, epididymis, vas deferens, prostate and

seminal vesicles obtained from multi-organ transplant donors. The

clinical specimens examined included surgical biopsies of testis,

epididymis and prostate obtained during surgical procedures directed

at the investigation and treatment of subfertile males and other

patients.

All normal tissues, apart from the testis, were found to contain

appreciable numbers of T-lymphocytes (Leu 4+). T-cells of the

suppressor/cytotoxic phenotype (Leu 2a+) were more abundant in the

intraepithelial compartment while T-cells of the helper/inducer

phenotype (Leu 3a+) were more common in the interstitial areas.

With the exception of the prostate, very few B-cells were observed.

Macrophages (Leu M3+) were identified within normal testicular

tissues as well as the rest of the male genital tract. HLA-DR+

cells were also identified and the HLA-DR antigens were normally

- xvi -



expressed on the lining epithelium of the rete testis, epididymis

and vas deferens. Derangement of this pattern was observed in

clinical specimens. Testicular biopsies from patients with

testicular obstruction showed marked infiltration with lymphocytes

mainly of the T-cell type. Biopsies from patients with benign

prostatic hyperplasia showed increased infiltration with the helper/

inducer T-cells and other cell types such as natural killer cells

(Leu llb+) and activated T-cells (lL2-r+). These patterns of

lymphoid cell distribution could provide an insight into both normal

immunohomeostatic mechanisms and pathological events within the male

genital tract.

The presence and distribution of lymphocyte subpopulations and

macrophages within human urothelium in health and disease were also

examined. T-lymphocyte subsets and macrophages were identified in

normal urothelium and shown to have a similar pattern of

distribution to that seen in normal epithelium of the genital tract.

The existence of these cell populations may contribute to the health

and protection of urothelium, particularly in resistance to

infection and tumour surveillance.

The presence of leucocytes and their subpopulations was also

studied in the ejaculate from 69 men with an infertile marriage and

12 fertile men. Leucocytes were found in large numbers in the

fertile men compared with the patients. Lymphocytes were found in

20% of the patients. There was no correlation between leucocyte

counts and growth of microorganisms. These results cast doubt on

the conventional criteria of subclinical genital tract infection,

namely positive culture and excess leucocyte counts.

- xvii -



CHAPTER I

GENERAL INTRODUCTION

l



I.A INTRODUCTION

Fertility has been one of man's most desired attributes

since the beginning of recorded history, and still remains of

crucial importance to young couples today. Primary infertility has

been estimated to affect 10% of married couples in the United

Kingdom (Buxton and Southam, 1958). Furthermore, a male factor is

present in, or contributes to, approximately 50% of the observed

infertility problems (Ross, 1983). In spite of this problem,

infertility is under-researched and current treatments are generally

empirical.

Sperm antibodies are thought to account for some cases of

infertility. Evidence for this is: 1) these antibodies are found

more frequently in the infertile population when compared with a

fertile one (Hargreave et al. , 1980); 2) long-term follow-up of

couples with sperm antibodies has shown that, when antibodies are

detected above a certain level, the chance of fertility is very low

(Rumke et al., 1974); 3) steroid treatment in some cases appears to

result in fertility (Hendry et al., 1979, 1981).

The incidence of significant levels of sperm antibodies in

the male partner of an infertile marriage has been reported to be

approximately 9-10% (Hendry et al., 1977; Hargreave et al., 1982a).

This group of patients represents one of the few potentially

treatable groups because treatments already exist for modulating

immune responses. However, immunosuppression is a potentially

dangerous treatment and our understanding of immune infertility is

so limited that it is questionable if it is ethical to prescribe

dangerous treatment in light of our current understanding.

- 1 -



Considerably more data are needed before we can define clearly which

patients require treatment and which treatment is to be preferred.

During the past few years our understanding of the complex

cellular and molecular interactions involved in the immune responses

has dramatically increased. This has been attributable in part to

the development of monoclonal antibody probes (Kohler and Milstein,

1976) which have facilitated the identification, quantitation and

isolation of both cellular and molecular components of the immune

system. Of paramount importance in this respect have been those

monoclonals which recognise lymphocyte subsets and other cells of

the immune system. Several panels of monoclonal antibodies against

surface antigens on T- and B-lymphocyte subsets are commercially

available. Such reagents are invaluable diagnostic tools for the

immunophenotyping of lymphocytes and for the analysis of immune

dysfunction. Monoclonal antibodies can determine the proportion

and absolute numbers of T-cells and T-cell subsets. The ratio of

inducer/suppressor cells appears to be a particularly significant

parameter since it provides a measure of the inter subpopulation

balance within the immune system. The size of T-cell population

and further division of these lymphocytes into the helper/inducer

and suppressor/cytotoxic subsets have also been studied in many

autoimmune diseases including rheumatoid arthritis, systemic lupus

erythematosus, multiple sclerosis and thyroid diseases (Schlossman

and Reinherz, 1984). From these studies has emerged a new

conceptual framework for viewing autoimmune diseases.

Nevertheless, in spite of this progress, there are still

large gaps in our overall understanding of the immune system,

especially in certain areas of local immunity. Local modulation of

- 2 -



the immune response is of vital importance in both male and female

reproductive tracts. In the case of the male genital tract, there

is an ever increasing incidence of clinical problems in which the

functioning or otherwise of the local immune system could be of

crucial importance. Included among these problems, in addition to

immune infertility, are sexually transmitted diseases such as

acquired immunodeficiency disease (AIDS), malignancies of the

prostate, testis, and a variety of inflammatory conditions of

undefined aetiology such as prostatitis.

Although the antigenicity of sperm was recognized as early

as 1899 (Landsteiner, 1899; Metchnikoff, 1899), the mechanism

controlling autoreactivity to sperm is not well understood. To

date, most studies in humans on autoimmunity to sperm membrane

antigens have dealt with humoral response to sperm antigens.

Relatively little attention has been given to the possible role of

cell-mediated immunity to sperm. This has been hampered by the

lack of suitable techniques to trace the cellular markers with any

precision. The advent and availability of monoclonal antibodies

have prompted us to investigate in detail the presence in the male

genital tract of the major cellular components of the immune system,

namely lymphocytes and macrophages. These studies were embarked

upon because it was believed they would shed light on both normal

immune homeostatic mechanisms and the pathological events within the

male reproductive tract. This may enable a better understanding of

male immune infertility with the hope that such understanding may

yield new approaches to patient management.

- 3 -



I.B ANATOMICAL AND FUNCTIONAL ASPECTS OF THE MALE

REPRODUCTIVE ORGANS

I.B.I The Testes

The testes are the male reproductive organs. They have two

functional components, seminiferous tubules and interstitial cells.

Sperm production is the primary function of the seminiferous

tubules. Interstitial cells, located between the seminiferous

tubules are primarily responsible for hormone production.

I.B.1.1 Seminiferous tubules

The fibrous tunica propria (the tubular wall) enveloping the

seminiferous tubule consists of several concentric layers: an inner

acellular zone (basal lamina), an intermediate myoid layer and an

outer adventitial region (Bustos-Obregon, 1976). Within the

tubular wall, the seminiferous epithelium comprises two types of

cells: Sertoli or supporting cells (Sertoli, 1865) and germ cells.

Sertoli cells: These form a continuous and complete lining within

the tubular wall where they extend from the basal lamina to the

lumen of the seminiferous tubules (Fawcett, 1975; Nistal et al.,

1982; Schulze, 1984). Tight junctions and other components of

junctional specialization between adjacent Sertoli cell membranes

first arise during puberty with the development of the first

germatocytes (Kormano, 1967; Vitale et al. , 1973). These tight

junctions are the morphological site of the blood-testis barrier

(Koskimies et al., 1973; Setchell et al., 1980). They divide the

- 4 -



germinal epithelium into a basal and an adluminal compartment in

many species (Dym and Fawcett, 1970), including man (de Kretser and

Burger, 1972). The basal compartment contains spermatogonia and

early spermatocytes, whereas the adluminal compartment contains late

spermatocytes and spermatids. By isolating these haploid germ

cells within the adluminal compartment, the blood-testis barrier

ensures that their specific antigens remains separated from the

immune system and may provide protection during meiosis from

circulating toxic substances.

Germ cells: Within the seminiferous tubules the germ cells occupy

the space between the basal lamina and the lumen of the tubule.

Morphological analysis (Clermont, 1963) revealed the presence of

different types of germ cells in the human testis, including

spermatogonia (types A and B), primary spermatocytes, secondary

spermatocytes and spermatids.

The process of sperm production is called spermatogenesis

which can be subdivided into three phases:

1) Spermatogonial proliferation and stem cell renewal

(Clermont, 1972): the division of some type A spermatogonia

gives rise to cells destined to become spermatocytes

(B-spermatogonia), whereas other, apparently identical,

cells give rise to more stem cells.

2) Meiosis: the type B spermatogonia divide mitotically to

form the primary spermatocytes that will undergo meiosis

(Kerr and de Kretser, 1981); a reductional division,

followed by an equatorial division, resulting in the

production of daughter cells with the haploid chromosome

number: the round Sa spermatids.

- 5 -



3) Spermiogenesis: during spermiogenesis, the round Sa
spermatids metamorphose into mature spermatids and finally
transform into highly organised spermatozoa.

Extensive changes occur in both the spermatid cytoplasm and

nucleus (Kerr and de Kretser, 1981) and include formation of the

acrosome, formation of the flagellum and loss of cytoplasm. Though

partially visible by light microscopy, many of these changes can

only be observed by electron microscopy (Holstein, 1976a).
The entire process of spermatogenesis takes approximately 70

days (Heller and Clermont, 1964), and it is not very efficient in
that only one out of five of the mitotic offspring of the

spermatogonia successfully matures to a spermatocyte (Huckins,
1978). This redundancy usually would be of small consequence, but
excess sperm antigenic material that is potentially foreign to the
host must be degraded and cleared in a manner that avoids immune

stimulation of the host.

I.B.I.2 Interstitial (intertubular) tissue

The interstitial tissue between the seminiferous tubules

contains Leydig cells (Leydig, 1850), fibroblasts, macrophages,

occasional mast cells, blood vessels and nerves (Christensen, 1975;

Connell and Connell, 1977).
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I.B.2 The Rete Testis

The seminiferous tubules are long V-shaped tubules, both

ends of which usually terminate in the rete testis (Roosen-Runge and

Holstein, 1978). The rete testis extends along the longitudinal

axis of the testis parallel to the axis of the epididymis and opens

into the ductuli efferentes at the cranial pole of the testis. The

ducts and channels of the rete testis are lined by squamous X

epithelium.

The rete testis is more permeable than the seminiferous

tubule to the egress of sperm antigens or molecules and cells that

are involved in immune processes (Haas and Beer, 1986). The

concentration of sperm in the rete is only one-half that found in

more distal segments of the male genital tract (Jones, 1977).

I.B.3 The Epididymis

In man, the ductuli efferentes - that arise from the rete

testis - gradually coalesce in the distal region of the head

(caput) of the epididymis to form the ductus epididymis (Holstein,

1976b). The ductus epididymis is a single highly convoluted duct

which forms the remainder of the caput epididymis and all of the

corpus and cauda epididymis. The caput epididymis (the head),

which contains the ductuli efferentes and the initial part of the

ductus epididymis, receiving spermatozoa and fluid from the

testicular efferent ducts represents the principal zone of fluid

resorption and the initiation of sperm maturation (Cooper, 1986).

The corpus epididymis (the body) is the principal region for
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completion of sperm maturation and the Cauda epididymis (the tail)

functions as a region for sperm storage (Amann and Howards, 1980).

Approximately 12 days are necessary for transport of sperm

through the 12-15 foot long epididymis. During this time there are

changes in sperm morphology, chemical composition, antigenicity and

metabolism that are associated with increased fertility (Urry,

1981). De novo synthesis of surface components during epididymal

passage has been detected recently using monoclonal antibodies (Eddy

et al., 1985).

The epithelium lining the lumen through which the sperm

cells pass consists of a variety of cell types, the main functions

of which are the resorption and modification of testicular fluid

entering the epididymis and the elaboration of epididymal

secretions. Resorption of fluids increases the concentration of

sperm cells and that of secreted compounds (Cooper, 1986). A simple

columnar epithelium consisting mostly of ciliated and non ciliated

principal cells lines the ductuli efferentes (Holstein, 1969). The

epithelium of the ductus epididymis is of the prismatic pseudo-

stratified type consisting of two major cell types: the principal

cells and basal cells (Horstmann, 1962; Holstein, 1976b; Vendrely,

1981). Intraepithelial lymphocytes, originally described as halo

cells (Reid and Cleland, 1957), are found throughout the epididymis.

In man, they have recently been identified as T-lymphocytes (Ritchie

et al., 1984a).

The lamina propria enclosing the epithelium of the ductus

epididymis consists of a basal lamina and an outer layer of

connective tissue elements.
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I.B.4 The Ductus Deferens (Vas Deferens)

The ductus deferens is a distal extension of the ductus

epididymis. It carries spermatozoa and seminal fluid from the

cauda epididymis to the ejaculatory duct where it forms the

excretory duct of the seminal vesicle. It plays an important role

not only in sperm transport but also in the maintenance of

epididymal sperm reserve. Ejaculated sperm are derived from the

vas deferens and cauda epididymis in a 2/3 ratio (Overstreet, 1986).

Histologically, the ductus deferens is divided into two segments of

very unequal length: the vasal part and the ampulla (Vendrely,

1981). The former is cylindrical in shape and its structure

resembles that of the cauda epididymis. The latter is dilated and

fusiform with a morphology similar to that of the seminal vesicle

(Riva, 1982).

The wall of the vasal part is made up of a mucosa, three

concentric layers of smooth muscles and an adventitia (Hoffer,

1976). The mucosa (the epithelium together with the underlying

connective tissue of the lamina propria) is thrown up into a series

of longitudinal folds, a feature which distinguishes the vas from

the adjacent cauda epididymis. The epithelium within the mucosa is

tall columnar pseudo-stratified epithelium with long stereocilia.

According to Hoffer (1976), four types can be distinguished:

principal cells, dark or pencil cells, mitochondrion rich cells and

basal cells.
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I.B.5 The Prostate

The prostate is the largest accessory sex gland of the male.

The gland is composed of alveoli that are lined with tall columnar

secretory epithelial cells. The acini of these alveoli drain by a

system of branching ducts mainly into the distal part of the

prostatic urethra in close proximity to the orifices of the

ejaculatory ducts (McNeal, 1981). This permits the secretions of

the prostate to be added to other seminal plasma components arriving

through the ejaculatory ducts, which bring spermatozoa and

secretions from the testes, epididymis, ampulla and seminal

vesicles. The prostatic fluid contributes more than 30% of the

fluid volume of the ejaculate, with a normal volume of secretion of

0.5 ml. The bulk of the first portion of an ejaculate is derived

from prostatic secretions, and the subsequent portion is derived

from the seminal vesicles (Mann and Mann, 1981).

The alveoli and ducts of the prostate are embedded in a

tissue matrix composed of stromal components, including

fibromuscular, vascular and connective tissue. The prostatic

epithelium is composed of three types of cells: the secretory

(principal) epithelial cells, the basal cells, and/or the stem cells

(Aumuller, 1983).
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I.B.6 Seminal Vesicles

The seminal vesicles in humans are two glands whose content

is diversed in the terminal part of the ductus deferens, immediately

above the ejaculatory ducts. The seminal vesicles were so named

because it was erroneously believed that they store semen and sperm.

Although their secretions contribute 46-80% of the ejaculate, with

an average volume of 2.5 ml (Mann and Mann, 1981), they do not store

sperm or secretions made elsewhere. Fructose from the seminal

vesicles is the major energy source for ejaculated sperm. In

addition, the seminal vesicles provide a number of proteins which

cause coagulation of the ejaculate (Jenkins et al., 1978). The

gland consists of a villous mucosa (epithelium and lamina propria),

a layer of smooth muscle and an external sheath of connective tissue

(adventitia). The mucosa is thrown into a series of folds and

contains pseudostratified columnar or simple columnar epithelium.

Two main types of epithelial cells can be recognised: the principal

secretory cells and the basal cells.
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I.C AUTOIMMUNITY TO SPERM

I.C.I Historical Perspective

The history of sperm immunology goes back to the turn of the

century when the immunogenicity of spermatozoa was demonstrated,

first in heterologous systems independently by Landsteiner (1899)

and Metchnikoff (1899) and shortly afterwards in a homologous system

by Metlanikoff (1900). Similar studies were carried out by Von

Moxter (1900) during the same period. Half a century passed before

Rumke (1954) and Wilson (1954) reported male autoimmunity to sperm.

Each author reported, independently of the other, on two patients

who had remained childless and whose serum contained sperm

agglutinating antibodies and thereby they stimulated intensive

clinical research in this area. Nevertheless, the presence of

sperm reactive antibodies in the serum of fertile members of many

species raised the question of whether such antibodies could play a

role in infertility. Experiments by Katsh (1959); Edwards (1964);

McLaren (1964) and Bell and McLaren (1979) demonstrated that

immunity to sperm induced by intraperitoneal inoculation of females

with spermatozoa of the same or heterologous species impaired

reproductive performance. In_ vitro exposure of spermatozoa to

antisera also reduced their egg-penetrating ability (Menge, 1971;

Seki and Mettler, 1982). Studies by Tung et al. (1980) and

Yanagimachi et al. (1981) have shown that autoantibodies induced in

male guinea pigs impair the acrosome reaction iri vitro and prevent

zona penetration by acrosome-reacted sperm.
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At the same time that the experimental basis of immunity to

spermatozoa was first documented to cause induced infertility in

animals, Rumke and Hellinger (1959) found that a significant number

of men with infertility manifested an autoimmunity to spermatozoa.

Subsequently, Franklin and Dukes (1964) also demonstrated sperm

agglutinins in the sera of women whose failure to conceive was

otherwise unexplained.

I.C.2 Antigens in Human Sperm and Seminal Plasma

Shulman (1975) has classified the antigens of the male

reproductive tract into two systems. The first antigenic system

includes the testis, epididymis and spermatozoa. The second is

that of the prostate gland and other accessory glands of

reproduction, namely seminal vesicles and bulbourethral glands.

The semen represents a joining of the components of these two

antigenic systems, and has been described as "an antigenic

nightmare" (Jones, 1980).

Human seminal plasma and sperm have heterogeneous antigenic

profiles (Shulman, 1975). Seminal plasma contains a vast array of

antigens to which autoantibodies never seem to have been

demonstrated (Hjort, 1983). This includes sperm-coating antigens

which are seminal plasma components adsorbed so firmly to the

surface of spermatozoa that they cannot be washed (e.g. ABO blood

group determinants and lactoferrin). However, sperm-coating

antigens have been shown to be potent immunogens in heterologous

immunisation (Weil, 1960).
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Of great interest in terms of immunological infertility,

however, are the intrinsic cell surface antigens of the spermatozoa

itself. During the various stages of spermatogonial maturation,

there are continual additions and deletions of spermatogenic cell

surface antigens. It has been estimated that up to 50% of the

antigens on mature spermatozoa were not present on spermatogonia

(Romrell and O'Rand, 1978). The amount of sperm specific antigens

exponentially increases from approximately 4% to greater than 96% by

the late spermatid stage (Romrell and O'Rand, 1978). As a result

of this evolution of sperm antigens, because of the changes that

occur during the maturation process of spermatozoa, mature

spermatozoa would not be recognised as self by the host.

With the use of the antibody localization technique, the

spermatozoon has been shown to possess intrinsic antigens on the

acrosome, mid-piece and tail, some of which may provoke

immunological infertility (Hamerlynck, 1970). Three distinctive

human autoantigens to which spontaneously occurring sperm antibodies

are directed have been partially purified (D'Almeida et al., 1981).

Monoclonal antibodies directed against specific plasma membrane

antigens of rabbit, mouse and human spermatozoa have been shown to

impair fertilization in vitro (Saling et al., 1983). Sperm

membranes possess not only sperm specific but also HLA (Halim et

al., 1982), HY and adsorbed antigens (Shulman, 1975).

Sperm enzymes also contribute to the antigenicity of sperm.

Hyaluronidase, acrosin and lactic acid dehydrogenase - LDH-X (or

LDH-C4) have been studied extensively, but of these only the last

enzyme presents itself on the surface of intact spermatozoa

(Erickson et al., 1975).
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I.C.3 The Immune Response to Sperm Antigens and the Mechanism

involved in Immunological Infertility

The classic reaction of the body to invasion by a foreign

immunogenic substance is by humoral (antibody) and cellular immune

responses. The B- and T-lym p ho c y t e s are required for the

generation of immune responses. B-lymphocytes are responsible

for the expression of the humoral immunity, the production of

antibodies, while T-lymphocytes are the main effector cells of cell-

mediated immune reactions.

I.C.3.1 Humoral immunity

Most studies in humans on autoimmunity to sperm membrane

antigens have dealt with humoral immunity by detection of sperm

agglutination, immobilisation or cytotoxicity. In male sera the

antibodies causing these phenomena belong mainly to the IgG class

(Fjallbrant, 1969; Boettcher et al., 1971; Husted, 1975).

Antibodies in seminal plasma, bound to the surface of spermatozoa in

the ejaculate, are predominantly of the IgA class (Jager et al.,

1980). Several studies have reported that the majority of seminal

plasma IgA has a molecular weight associated with the dimeric

immunoglobulin molecule produced by mucosal surfaces elsewhere in

the body (Uehling, 1971; Witkin et al., 1981). However, it is

thought that transudation of circulating antisperm antibodies occurs

via the prostate or that the prostate gland is capable of mounting a
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local immune response following antigen stimulation (Ablin et al.,

1972).

There are several mechanisms by which sperm antibodies could

interfere with the reproductive process: (1) interference with

sperm motility and penetration of cervical mucus (Rumke and

Hellinger, 1959); (2) lysis of antibody-coated sperm by complement

(Beer and Neaves, 1978); (3) interference with sperm capacitation

(Beer and Neaves, 1978); (4) blocking of sperm-oocyte interaction

(Haas et al., 1980) and (5) leucocyte phagocytosis of antibody-

opsonised sperm (London et al., 1985).

I.C.3.2 Cell-mediated immunity

It must be remembered that antisperm antibodies are only one

aspect of the host's specific immune responsiveness. Relatively

little has been done to study immune infertility possibly associated

with other major components of specific immunity, cell-mediated

immunity. A recent summary by Dondero (1982) updates the limited

amount of information available on this subject. The role of

cell-mediated immunity in human infertility is not clear, even

though it has been well-documented in certain experimentally induced

allergic orchitis states. Active immunization with autologous or

homologous testicular antigen preparations in Freund's adjuvant of

men with prostatic carcinoma resulted in induction of humoral and

cellular immunity as well as aspermatogenesis in some cases (Mancini

et al., 1965).
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Because of the importance of T-lymphocytes and delayed

hypersensitivity against sperm antigens in the animal model (Rumke,

1982), several investigators attempted to demonstrate cellular

immunity against sperm antigens. Various techniques have been used

and in several studies patients had indications of cell-mediated K

immunity to sperm more often than controls (Dondero et al. , 1980).

Studies with either lymphocyte transformation tests or leucocyte

migration tests have provided evidence for the occurrence of

cell-mediated immunity to sperm in 20-50% of men from infertile

couples, vasectomised men or men with various testicular disorders, X

whereas few normal men revealed positive reactions (El-Alfi and

Bassili, 1970; Nagarkatti and Rao, 1976; Thestrup-Pedersen et al.,

1976; Dondero et al., 1980).

Distinct alterations in the cells of the immune system were

recently observed in infertile males and females with cytotoxic

and/or haemagglutinating sperm antibodies in contrast to fertile and

infertile subjects without sperm antibodies. Subsets of

circulating lymphocytes from 20 fertile and 135 infertile couples

were defined, using monoclonal antibodies. The number of

T-helper/inducer cells as well as T-helper/T-suppressor ratio were

significantly decreased, while B-lymphocytes were increased in

infertile males and females with sperm antibodies as contrasted with

the control fertile and infertile groups without sperm antibodies

(Mathur, 1985)

Nevertheless, autoimmunity at the level of the testis and/or
K

the tissues of the reproductive tract will probably have to come

from immunohistological studies of testis biopsies (Rumke, 1982).
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I.C.4 Aetiology of Sperm Autoimmunity

Several factors are probably responsible for the initiation

of autoimmunity against spermatozoa. It is commonly accepted that

the development of male autoimmunity is due to a breakdown in the

blood-testis barrier, exposing the hitherto sequestered spermatozoal

antigens to the general immune system. Conditions that result in a

major disruption of the blood-testis barrier are associated with the

formation of sperm antibodies. Although vasectomy is the most

common cause of antigen leakage (Alexander and Anderson, 1979),

other injuries, such as vas obstruction (Hendry et al., 1982),

testicular trauma (Haensch, 1973), torsion (Mastrogiacomo et al.,

1982) biopsy study (Hjort et al., 1974) and malignancy (Guazziero et

al., 1985), all have been associated with an increase in the

incidence of sperm antibodies.

Recently, it has been reported that the subjects with

immunity to sperm may genetically be predisposed to autoimmunity and

have immune alterations consistent with their altered immunity.

HLA-B7 and B8 antigens occurred together at a significantly

increased frequency in infertile males with sperm antibodies as

contrasted with the sperm antibody negative control groups (Mathur,

1985).

Several studies have suggested an association between sperm

antibodies and epididymitis (Fjallbrant, 1965), prostate vesiculitis

(Fjallbrant and Obrant, 1968; Quesada et al., 1968), and

non-specific urethritis (Witkin and Toth, 1983). Genital tract

infection might, through the creation of local inflammation, allow
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access of immune competent cells to sperm antigens to which they are

not tolerant. However, the whole matter of genital tract infection

would appear to be less clinically relevant than was formerly

believed. In 1981 Fowler reviewed the literature and found little

evidence to support infection as a frequent cause of infertility.

I.C.5 Genital Tract Infection

Male genital tract infection may be difficult to diagnose

due to the paucity of symptoms and the lack of clear clinical,

bacteriological, and seminal fluid criteria.

Some studies have shown no difference in the results of

culture for microorganisms from semen samples from fertile and

infertile populations and no correlation between sperm measurements

(motility and density) and bacteriology. Comparing semen

characteristics of fertile and infertile groups, McGowan et al.

(1981) found that infection in the semen did not significantly

affect the count, motility or volume of the specimen. Comhaire et

al. (1980) and Naessens et al. (1986) also found no significant

difference in the semen motility and density of infertile males with

and without infection. The mere presence of bacteria in the

seminal plasma is an inadequate criterion for the diagnosis of

infection (Comhaire et al., 1980).

Others believe that there is a substantial proportion of

infertile men with very minor symptoms but significant infection.

Eliasson et al. (1967) found that approximately 40% of infertile men

in Sweden had cytological or bacteriological findings indicating
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infection or inflammation of the accessory genital glands. They

suggested that asymptomatic genital infection may be a major cause

of infertility (Eliasson and Johannisson, 1978). Quesada et al.

(1968), Moberg et al. (1980) and Swenson et al. (1980) also reported

that infection of the semen may reduce sperm motility and density

and hence affect fertility.

There are two important reasons for this controversy. The

first is a lack of agreement about criteria to diagnose subclinical

genital tract infection and the second is that in many studies there

has been a failure to culture the complete range of pathogenic

microorganisms; in most studies chlamydia and ureaplasma have been

omitted.

Traditional diagnosis is made by finding an excess of

leucocytes in the ejaculate. However, the importance and upper

limit of normality of white cells in the semen as well as the

prostate vesicular fluid has not been clearly established (Morton,

1968; Johannisson and Eliasson, 1978). Also, several types of

immature germ cells are found in semen including spermatids,

spermatocytes and even spermatogonia (Holstein, 1983), and these

sperm precursors may be confused with white blood cells when

ordinary staining techniques are used. These early non separated

spermatids that share a common cytoplasm may be mistaken for

PMN-leucocytes, while round spermatids (Sa-b) and occasionally

spermatocytes may be mistaken for lymphocytes (Fig. 1.1). Because

of these problems new techniques have been developed to facilitate

discrimination between white blood cells and immature germ cells.

For example, Endtz (1972) has applied a histochemical technique

based on the use of benzidine for staining leucocytes while Nahoum
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Spermatogonia Primary spermatocyte

Secondary spermatocyte Sab spermatid

Sab spermatid Sab spermatid Scd spermatid
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Figure 1.1: a) Immature germinal cells in the ejaculate

b) Leucocytes and epithelial cells in the ejaculate

(Source: Belsey et al., 1980)
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and Cardazo (1980) have proposed the use of 0-toluidine as a

substitute for benzidine to detect these cells. Couture et al.

(1976) have used a combination of Bryan's sperm stain (Bryan, 1970),

which reacts with the acrosomal cap of the spermatozoa and of the

spermatids, and Leishman's blood stain which interacts with

leucocytes (Lillie, 1965).

These techniques, which depend mainly on the endogenous

peroxidase activity of leucocytes, have certain limitations.

Lymphocytes do not show peroxidase activity at any stage of

maturation; basophils do not stain; and monocytes show faint

diffuse cytoplasmic staining (Nelson and Davey, 1977).

Furthermore, PMN leucocyte peroxidase activity depends on the age

and condition of the cell and on the freshness of the smear at the

time of staining (Belsey et al., 1980). Thus older PMN leucocytes

and old smears may not exhibit this granular staining. Peroxidase

activity also is unstable in light. In addition, peroxidase

reaction may be negative in the neutrophils which appear in the

peripheral blood in response to severe infection (Nelson and Davey,

1977), and this may also occur in the semen.

The attempt of Couture et al. (1976) to differentiate

lymphocytes from Sa-b spermatids using Bryan's sperm stain (Bryan,

1970) for the acrosomal cap is also unreliable because the acrosome

may not be fully developed and is difficult to demonstrate by light

microscopy (Clermont, 1970). Also in abnormal semen there are many

aberrations, and the number of immature spermatids with loosened or

missing acrosomes may increase.

In view of the above a new accurate technique for precise

identification of leucocytes in the genital tract secretions is

needed before we can define clearly the role of genital tract
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infection in male infertility. Obviously the technique must also

be able to differentiate leucocytes from immature germ cells.

I.D. THE LYMPHOID SYSTEM AND LYMPHOCYTE SUBPOPULATIONS

I.D.I Introduction

The lymphoid system is composed of tissues and organs in

which lymphocyte precursors and their derivatives originate, mature

and localize. The various organs which comprise the lymphoid

system may be classified as central or peripheral lymphoid organs.

The primary lymphoid tissues are the sites where lymphocytes

are produced. Lymphocytes are derived from pluripotent

haemopoietic stem cells that give rise to all other blood cells.

The earliest blood-forming cells appear first in the yolk sac, later

in the foetal liver and spleen, and finally in the bursa of

Fabricius and the bone marrow, In an adult mammal, the bone marrow

is the major source of haemopoietic stem cells; in birds, stem

cells are found in the bone marrow and in the bursa of Fabricius.

Lymphocytes differentiate from lymphoid stem cells, proliferate and

mature into functional effector cells. In mammals, T-lymphocytes

are produced in the thymus gland from T-cell precursors while

B-lymphocyte precursors are believed to mature into B-cells in both

the foetal liver and bone marrow. In birds, there is a specialized

site of B-cell generation - the bursa of Fabricius.
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I.D.2 The Organs of the Immune System

I.D.2.1 The thymus gland

On leaving the bone marrow and/or the foetal liver some of

the progeny of lymphoid stem cells migrate to the thymus gland,

where they undergo further differentiation and at this site are

referred to as thymocytes. The human thymus consists of two lobes

and each lobe is divided into small lobules. Each lobule, which is

made up of a meshwork of epithelial cells packed with thymocytes, is

arranged into an outer cortex and an inner medulla. The cortex is

tightly packed with the majority of the relatively immature

proliferating thymocytes whilst the medulla contains more mature

thymocytes. Epithelial cells are more tightly aggregated in the

medulla than in the cortex with superimposed interdigitating cells.

Thymic epithelium produces several thymic hormones that cause T-cell

maturation. Some of the epithelial cells, in the medulla, are

arranged concentrically into thymic, Hassall's corpuscles. The

lymphocytes that finally are released from the thymus into the

circulation are referred to as thymus-derived or T-lymphocytes

(T-cells).

Within the thymus the T-lymphocyte subsets (helper T-cells

and cytotoxic T-cells) display a complex type of antigenic

specificity in which they co-recognise a foreign antigen and an

The discussion in this section is based on reviews by Klein
(1982); Holborow and Papamichail (1983); and Butcher and Weissman
(1984).
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autologous membrane protein, coded for the major histocompatibility

complex (MHC).

I.D.2.2 The bursa of Fabricius and bursa equivalents

The bursa of Fabricius, which is present in birds, is a

lymphoepithelial organ located near the cloaca. Histologically,

the bursal lymphoid follicles, within the lining epithelium, are

organised into peripheral cortex and central medulla. Within the

bursal follicles, the lymphocyte precursors transform into mature

cells that leave the bursa as bursa-derived or B-lymphocytes

(B-cells).

Mammals have no bursa, and the mammalian bursa equivalent

may be located multifocally in various organs largely within the

lymphoid tissue of the gastrointestinal tract.

Soon after T- and B-lymphocytes are formed in the central

lymphoid organs, they enter the circulation and migrate to secondary

lymphoid tissues such as spleen, lymph nodes, and other peripheral

lymphoid tissues. In these organs they localize, as described

below, in a specific manner.

I.D.2.3 Spleen

Histologically, the tissue of the spleen is organised into

red pulp and white pulp. Within the red pulp there are thin-walled

blood vessels, the splenic sinusoids and the splenic cords. Within

the white pulp there is the lymphoid tissue, arranged around a

central arteriole, which comprises the periarteriolar lymphoid
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sheath (PALS) and the lymphoid follicles. Secondary follicles

contain "mantles" and "germinal centres". The area between the

white and red pulp is referred to as the marginal zone. The

follicles contain mostly B-lymphocytes and the PALS mostly

T-lymphocytes. Secondary follicles contain dendritic reticular

cells in their germinal centre. The red pulp and marginal area

contain plasma cells as well as macrophages.

I.D.2.4 Lymph node

Lymph nodes are small organs composed of reticular stroma

and lymphoid parenchyma. Each node is loosely enclosed in a

capsule. Beneath the capsule there is a subcapsular lymph space

(sinus) into which the different lymphatics empty. The tissue of a

lymph node is organised into an outer cortex and an inner medulla.

The cortex is separated from the medulla by a paracortical region.

The cortex contains more lymphocytes than the medulla, many of them

aggregated into follicles either primary or secondary with germinal

centres and mantle zones. The lymphocytes in the follicles are

mainly B-cells and the germinal centres are the site of B-cell

proliferation and differentiation. Most lymphocytes in the

paracortical and interfollicular regions are T-cells. Within the

medulla, there are medullary cords, separated by large sinuses,

containing the majority of the plasma cells in the lymph node.
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I.D.2.5 Other secondary lymphoid tissues

In addition to the highly organised lymphoid organs, such as

the lymph nodes and the spleen, the body contains other types of

lymphoid tissue. This tissue can either be diffuse or organised

into follicles. For example, dispersed aggregates of non-

encapsulated lymphoid tissue are frequently found in the

subepithelial connective tissue layer (lamina propria) of the

gastrointestinal and respiratory tract. This mucosal associated

lymphoid tissue is involved in the local immunity at mucosal

surfaces.

The aggregated or solitary lymphoid follicles include the

tonsils and the peyer's patches of the small intestine and the

vermiform appendix of the large intestine.

I.D.3 The Principal Cells of the Immune System

I.D.3.1 T-lymphocytes

A thymic m i c r o e n v i r o nmen t is necessary for the

differentiation of T-lymphocytes in all species. It appears that

precursor bone marrow cells, prothymocytes, migrate to the thymus

gland where they are processed, become functionally competent and

are then exported into the peripheral lymphoid compartment which

includes spleen, lymph and blood (Moore and Owen, 1967; Owen and

Ritter, 1969; Owen and Raff, 1970). Moreover, profound changes in

cell surface antigens accompany the various stages of T-cell
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ontogeny (Konda et al. , 1973). Although initially identified by

the presence of sheep erythrocyte binding receptors, it is not

appreciable that leucocytes other than T-lymphocytes may possess

this receptor (West et al., 1978). The ability to define cell

surface antigens that appear at specific stages of T-cell

differentiation has allowed for the orderly dissection of T-cells

into subclasses.

The most effective technique for identifying and separating

subpopulations of peripheral T-cells are those employing specific

antibodies to lymphocyte surface antigens. Thus, using such

reagents, Cantor and Boyse (1975) were able to show that the mouse

peripheral T-cell pool contains at least three separate T-cell sets.

These are referred to as the Lyl23 set, Lyl set and Ly23 set, and

they account for 50, 30 and 10% respectively of the peripheral

T-cell pool. Functional studies revealed that cells of the Lyl set

are genetically programmed to induce (help) other cell types to

divide and/or differentiate. Thus they induce B-cells to secrete

antibody and stimulate monocytes, mast cells and precursor of

T-killer cells to participate in cell-mediated immune responses.

In contrast, cells of the L23 set are genetically programmed to kill

or suppress other cells (Cantor and Boyse, 1975).

Functional subsets of human T-cells were subsequently

defined on the basis of the cell surface expression of Fc receptors

for either IgM (T cells) or IgG (T cells). T cells induced
O

human polyclonal driven B-cell differentiation in vitro, whereas T„
O

cells actively suppressed Ig synthesis (Moretta et al., 1977).

However, these T-cell surface Fc receptors were subsequently shown
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to be unstable (Pichler et al., 1978) and are not as T-cell specific

as originally believed.

Recently, using the technique of Kohler and Milstein (1976),

monoclonal antibodies reactive with a variety of human lymphocyte

cell surface differentiation antigens have been produced which

enable the identification of a number of human lymphocyte subsets

(Reinherz and Schlossman, 1980a). The cellular expression of the

antigens defined by these monoclonal antibodies is summarised in

Fig. 1.2 and discussed briefly in the following paragraphs.

Unlike the majority of the thymocyte population which lack T1

and T3 antigens, all circulating peripheral T-cells are Tl+ and T3+

(Reinherz et al., 1980a). This mature population could be further

divided into distinct subsets of cells: T4+ and T5+ subsets. T4

antigen is expressed on approximately 60% of peripheral T-cells

while the T5 antigen is present on 20% of peripheral T-cells.

These two subsets correspond to the previously defined TH2~ helper

and TH2+ suppressor cells respectively (Evans et al., 1978).

The T4 positive subset: It has been postulated that T4+ cells are

necessary for the production of lymphokines in response to antigen

(Meuer et al., 1982a), for the induction of B-cells to proliferate

and differentiate into immunoglobulin-containing cells (Reinherz et

al. , 1980b), for the induction of precursor cytotoxic T-cells to

become cytotoxic (Friedman et al., 1981), and for the generation of

suppressor T-cells (Yachie et al., 1982). It has also been

demonstrated that, with the appropriate target cells, a subset of

T4+ lymphocytes may be cytotoxic as well (Moretta et al., 1981).
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I

TIO

TIO
T9+

Early
Thymocyte

II

4
TIO
T6+
T4+
T5+

+

Common

Thymocyte

III

Helper Suppressor

T10+ T10+
Ti+ Ti+
T3+ T3+
T4+ T5+

Mature

Thymocyte

1
Tr

C/S T3h
T5 (T8 )

I
TV

IND T3+
T4+

Figure 1.2: Stages of T-cell differentiation in human beings.

Three discrete stages of thymic differentiation can be defined on the
basis of reactivity with monoclonal antibodies. The most mature
thymocyte population (Stage III) gives rise to the peripheral T-cell
inducer (IND) and cytotoxic/suppressor (C/S) subsets. The cell
surface antigens expressed during T-cell ontogeny are shown (Reinherz
et al., 1980a).
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Furthermore, within the T4+ population, cells with suppressor

function have been identified (Thomas et al., 1981).

The T5 (T8) positive subset: The T5+ (T8+) T-cell subset contains a

mature population of cells with both suppressor and cytotoxic

functions. It has been shown that the T5+ suppressed B-cell

immunoglobulin production (Reinherz et al., 1980b) and also

suppressed autologous T-cell proliferative responses to alloantigens

following activation with Cone. A (Reinherz and Schlossman, 1979).

I.D.3.1.1 Subsets of human T-cells: correlation with

functional abilities

The two major functionally defined subsets of T-cells, i.e.

the he 1per/inducer and the suppressor/ cytotoxic subsets were

identified by the T4 (Leu 3) and T8 (Leu 2) monoclonal antibodies,

respectively (Reinherz et al., 1979; Reinherz et al., 1980c;

Engleman et al., 1981). However, this initial subdivision has

turned out not to be absolute, but rather should be considered a

useful generalisation. For example, cells with cytotoxic function

have now been found within both the Leu 2 (T5/T8) and Leu 3 (T4)

subsets (Moretta et al., 1981). A further distinction has been

made between these subsets. Cytotoxic cells directed against Class

I (HLA-A,B,C) MHC express Leu 2 while cytotoxic cells against Class

II (HLA-DR) MHC express Leu 3 (Heuer et al., 1982; Meuer et al.,

1982b). In addition, Leu 3/T4 antigen expression is not

exclusively restricted to T-lymphocytes in that it is present in low

density on human monocytes (Wood et al. , 1983). Similarly, Leu 2
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is present on a subset of human natural killer (NK) cells, which do

not express pan T-cell antigens such as Leu 4 or T3 (Lanier et al.,

1983; Perussia et al., 1983). However these cells do not show MHC

restriction in their cytotoxic function.

Attempts to generate single monoclonal antibodies which

discriminate between cytotoxic versus suppressor cells, or

monoclonals which demonstrate an absolute correlation with

functional ability have not as yet succeeded. Hence, the most

precise identification of a cell subset is not by the presence of a

single antigen but rather by the correlated presence or absence of a

number of different antigens.

I.D.3.1.2 T-cell activation

T-cell activation, which is an essential step in the

initiation of the immune response, is induced only by antigen

presented by an accessory cell that displays the Class II molecules

(Ia-DR antigens) (Benacerrof, 1981). The macrophage or the antigen

presenting cell must bind, process and present antigen in an

immunogenic form to initiate an antigen-specific, T-cell dependent

immune response (Ziegler and Unanue, 1981). At the same time,

interleukin-1 (IL-1), an antigen-non-specific macrophage-derived

T-cell activating peptide, is synthesized and appears to induce the

synthesis and secretion in turn of another T-cell lymphokine,

interleukin-2 (IL-2) (Smith et al., 1980; Mizel, 1982). IL-2 is

thought to be a primary stimulus for T-cell production of IFN-Y

(Kasahara et al., 1983). The products of antigen-stimulated

T-cells also appear to induce la expression by previously

la-negative macrophages (Scher et al., 1982). There is evidence
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that IFN-Y may also induce macrophage la expression (Basham and

Merican, 1983), the appearance of IL-2 receptors on T-cells as well

as the secretion of IL-1 by monocytes (Steeg et al., 1982).

I.D.3.2 B-Lymphocytes

Morphologically, B-cells look the same as T-cells. However

they can be distinguished by various markers. The most distinctive

and useful marker for B-cells is their surface immunoglobulin (SIg).

This surface immunoglobulin is present on all mature B-cells and is

the receptor for specific antigen. B-lymphocyte precursors (pre-B)

contain cytoplasmic IgM but do not express it on their surface

(Osmond, 1980) while the most immature B-cells express surface IgM

molecules (Cooper et al., 1980). With further maturation, B-cells

begin to express surface IgD or multiple Ig classes and other

membrane-bound glycoproteins, such as receptors for complement

components and Fc portion of secreted IgG antibodies. The majority

of B-cells express SIgM and SIgD. Small numbers express one of the

other heavy chain types such as IgG and IgA. Within each B-cell

class, some B-cells switch from the expression of IgM (and IgD) to

the expression of an IgG, IgA, or IgE immunoglobulin isotype. The

B-lymphocytes undergoing a heavy chain isotype switch may

simultaneously express as many as three different immunoglobulin

isotypes, e.g. IgM, IgD, and IgA (Abney et al., 1978).

In contrast to the variable heavy chain class of the SIg,

each B-cell and all its progeny express only one light chain class

and only one immunoglobulin variable region antigen-binding site
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(idiotype) and these are considered to be "clonal" markers for

B-cells. Of the two, idiotype is much more specific but at present

much more difficult to identify.

One of the most important surface components expressed by

B-cells is the so-called la or DR antigens (mouse and human

respectively). In mice, la determinants are acquired during B-cell

maturation (Kearney et al., 1977), whereas in man the equivalent

HLA-DR molecules are expressed on both pre-B and B-cells (Kamps and

Cooper, 1982).

The mature B-lymphocytes, when activated to divide by

antigenic stimulation and T-cell help, enlarge into blasts, divide

and then transform back into small lymphocytes or the memory

B-cells. These memory B-cells are relatively long-lived and more

easily triggered on subsequent encounters with the same antigen than

are virgin B-cells. Along with their T-cell counterparts, memory

B-cells are responsible for the prompt, heightened antibody

responses that result from secondary exposure to an antigen.

The final step in B-cell differentiation is to the mature

plasma cells, immunoglobulin secreting cells. The progression from

activated B-lymphocyte is accompanied by a gradual loss of surface

immunoglobulin molecules, with the conversion from synthesis of

membrane-type to secretory immunoglobulin molecules.

I.D.3.3 Phagocytic cells

The phagocytes of the body consist of two specialised groups

of cells: the myeloid cells (neutrophils), and cells of the

mononuclear phagocyte system (blood monocytes and tissue
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macrophages). The main function of neutrophils is to kill bacteria

and other infectious agents by phagocytosis. The mononuclear

phagocyte system has two main functions, performed by two different

types of cells (Roitt et al., 1985): phagocytic macrophages whose

predominant role is to remove particulate antigens, and

antigen-presenting cells (APC) whose role is to present antigen to

specific antigen-sensitive lymphocytes.

I.D.3.4 Antigen-presenting cells

All of the macrophage/monocyte lineage represent an

important cell population in lymphocyte interactions in the immune

response. The current consensus of opinion is that there are two

lineages of macrophage/dendritic cells which are responsible for

antigen presentation to lymphocytes (Friedman et al., 1981; Unanue,

1981).

Firstly, the follicular dendritic cells (FDC) of lymph nodes

and spleen germinal centres (Kotani et al., 1977), which possess,

like tissue macrophages, Fc and CP2 receptors but lack cell surface
Class II MHC molecules (Humphrey and Grennan, 1982). In the

periphery they are highly phagocytic and migrate via afferent

lymphatics into lymph node germinal centres carrying their

phagocytosed antigenic load (Kotani et al., 1977, 1982).

The second lineage of accessory or antigen-presenting cells

is the interdigitating reticulum cells (IDC) (Veerman, 1974) or

dendritic cells (Steinman, 1981). Within lymphoid tissue they are

localised to the lymph node paracortex and periarteriolar sheath of

the spleen, but are absent from B-cell areas (Kamperdijk et al.,
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1978). This cell population differs from FDC in that they all seem

to possess cell surface Class II (Ia/Dr-like) antigens which are

thought to be essential for the successful presentation of antigen

to T-cells (Kappler and Marrack, 1976). In contrast, Fc and C3

receptors are absent from the interdigitating reticulum or dendritic

cells of man (Van Voorhis et al., 1982).

Other cell types, possibly variants of the macrophage

lineage, may be involved in antigen presentation to B-cells. These

cell types probably do not express Class II molecules and therefore

presumably do not present antigen to T-cells (Roitt et al., 1985).

I.E IMMUNOHISTOLOGICAL IDENTIFICATION OF LEUCOCYTE

SUBPOPULATIONS

I.E.I Introduction

For over 100 years or so, pathologists have extracted an

extraordinary amount of information from formaldehyde-fixed,

paraffin embedded sections of human tissues by staining them with

dyes such as haematoxylin and eosin and matching the patterns

therein created with pre-existing diagnostic schemata. While these

methods continue to be the primary form of analysis of tissue by the

pathologist, it is clear that new methodologies can extract other

types of information from the same material. Furthermore, there

are occasions when additional information is required.

Histological studies using a variety of immunological

reagents were, for many years, limited to the interested research
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worker. However, with improved equipment more refined techniques

and high quality reagents, such studies are rapidly being integrated

into general histopathological practice. It is now possible to

stain for a wide variety of antigens, hormones, tumour markers, and

immunoglobulins which not only enable a diagnosis to be made, but

also give valuable additional information about the pathogenesis of

a particular disease.

Certainly one of the most dramatic advances in recent years

was the success of Kohler and Milstein (1976) in the i_H vitro

production of antibodies with predetermined specificities, i.e.

monoclonal antibodies. These antibodies, together with the more

improved immunocytochemical techniques, have been successfully

introduced into histopathological practice, especially in various

aspects of cancer diagnosis, and research. The special and unique

function of immunocytochemistry is to demonstrate the microscopic

distribution of antigen in cells and tissues. These techniques

utilising monoclonal antibodies are now currently used to study

lymphocyte subpopulations in lymphoid tissue and other tissue

sections in health and disease (Mason et al., 1982).

I.E.2 Immunocytochemical Methods

Immunocytochemical methods exploit the specific binding of

antibody with its corresponding antigen in order to detect and

localise cell or tissue antigens and render their presence directly

visible utilizing a variety of labelled antibody methods.

Histochemical methods were introduced in the later part of the 19th



century by pathologists searching for more objective methods, aside

from the examination of morphological features, for cellular

recognition and diagnosis. Initially fluorescein was the only

label available (Coons et al., 1941). The introduction of enzyme

labels, such as horseradish peroxidase, was a major step forward

(Nakane and Pierce, 1966) as they lack the major disadvantages of

immunofluorescence, namely instability of stain, requirement for

fresh tissue or live cells and specialised microscopy. In addition

the background fluorescence is relatively difficult to exclude

completely. More recently, immunological methods have been

developed to bind the label to the antibody, e.g. the unlabelled

antibody enzyme bridge method (Mason et al., 1969) and the

peroxidase-antiperoxidase (PAP) complex method (Sternberger et al.,

1970). In addition, numerous modifications of the original methods

have been developed. The most important modifications are listed

in Table 1.1.

Of these, immunoperoxidase methods are now the most

extensively used methods in surgical pathology. The most commonly

used peroxidase methods employ direct or indirect antibody

conjugates or the peroxidase-antiperoxidase complex technique. In

the direct peroxidase methods, horseradish peroxidase is directly

conjugated to the primary antibody specific for the antigen under

study. The labelled primary antibody is applied to the section and

identifies the antigenic sites. The indirect methods involve the

use of peroxidase conjugated antiserum with specificity directed to

the globulin fraction of the primary antiserum (Nakane and Kawaoi,

1974). In this method the primary, unlabelled antiserum having

specificity against the antigen is applied initially, followed by a
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TABLE I.1;

IMMUNOCYTOCHEMICAL METHODS

Method Source

Pure immunological methods

1. Direct labelled antibody

2. Indirect labelled antibody

3. Unlabelled antibody enzyme bridge

4. Peroxidase-antiperoxidase
(PAP) complex

5. Hapten labelled antibody

6. Simultaneous double-labelling

7. Labelled antigen

8. Immunogold staining

Nakane and Pierce (1966)

Nakane and Pierce (1966)

Mason et al. (1969)

Stenberger et al. (1970)

Jasani et al. (1981)

Mason and Sammons (1978)

Mason and Sammons (1979)

De Waele et al (1983)

Mixed immunological/non immunological methods

1. Labelled protein A Dubois Dalq et al. (1977)
Roth et al. (1978)

2. Avidin-biotin Guesdon et al. (1979)
Hsu and Raine (1981)
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second, labelled (peroxidase-conjugated), antibody from a second

species, directed against the immunoglobulin components of the

primary antiserum, the first antibody now acting as an

immunoglobulin antigen. The primary antigenic site is thus

revealed.

This technique is analogous to the indirect immuno-

fluorescent method (Sternberger, 1970). It has certain advantages

in that it is more sensitive than the direct method; it is more

versatile by substitution of primary antisera against a wide variety

of antigens; and it can be subjected to additional specificity

controls by replacement of the primary antiserum by other antisera

of the same origin but irrelevant specificity.

In the peroxidase-antiperoxidase technique, a soluble

peroxidase-antiperoxidase complex rather than a peroxidase

conjugated antiserum is used. The reaction sequence involves the

application of the primary antiserum, an antiserum with specificity

directed to the globulin fraction of the primary antiserum, and

finally the peroxidase-antiperoxidase soluble complex which is

prepared in the same species as the primary antiserum. This method

was initially introduced by Sternberger et al. (1970) as an

alternative to peroxidase conjugate and immunofluorescence

procedures, with an additional advantage of enhanced sensitivity.

I.E.3 Selection of the Immunohistological Staining Technique

Several procedures, both immunological and

non-immunological, are available to visualise antibodies that have
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bound to a tissue section. The indirect staining procedures are

regarded as more sensitive than the direct procedures. As

previously stressed, indirect methods have the advantage that the

same procedure can be used in combination with different primary

antisera, provided they are all raised in the same species.

Methods using protein A or avidin-biotin complex as second steps

appear to be promising but are still at developmental stage and more

studies are required before a final judgement of their applicability

can be reached (Bosman, 1983). Most workers accept that, among the

indirect procedures, peroxidase-antiperoxidase is the most sensitive

technique, followed by the indirect labelled antibody method

(peroxidase conjugate method), and the fluorescent conjugate in that

order. However, the validity of this assumption has been

questioned (Boorsma et al., 1976) and many studies have shown that

the peroxidase-antiperoxidase method is not significantly more

sensitive than the indirect labelled antibody method (Heyderman

and Neville, 1977; Bergroth et al., 1980). Furthermore, the

indirect labelled antibody method is one stage shorter and the

commercial peroxidase conjugates available today are considerably

better in terms of strength of reactivity and lack of non specific

background labelling.

Peroxidase markers are widely used due to the stability of

3,3-diaminobenzidine (DAB) product. Recently several means of

enhancing the intensity of the DAB stain have been reported, such as

by impregnation with silver salts (Gallyas et al. , 1982) after the

DAB reaction or by the addition of 0.01M imidazole to the DAB

substrate solution (Straus, 1982).
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In view of the above, the choice therefore lies between the

indirect conjugate method and the peroxidase antiperoxidase method.

As in fact the end-results of the PAP method are not always better

than those of the indirect conjugate method, and it is one stage

longer, we have chosen the two-step indirect conjugate method. It

is simple, practical, not time consuming, sensitive, versatile and

subjected to additional specificity control by replacement of the

primary antiserum by other antisera of the same origin but

irrelevant specificity.

I.E.4 Modes of Application of Immunoperoxidase Procedures

Immunoperoxidase procedures have been used for the detection

and demonstration of cell surface and intracellular antigens. The

detection of antigen in different localisations is dependent on the

mode of exposure of the cell population to the immunoperoxidase

system. Tissue sections and fixed cell smears have been used for

the demonstration of intracellular and cell surface antigen by

immunoperoxidase methods. The use of cell surface antigens

(surface markers) to identify and characterise subpopulations of

cells has depended heavily on progress in developing monoclonal

antibodies against cell surface determinants on different cells.

An extensive range of monoclonal antibodies against human leucocyte

surface markers has been developed. The combination of monoclonal

antibodies to human leucocyte surface markers and immunoperoxidase

techniques has made possible the study of lymphocyte subpopulations

in frozen sections of normal lymphoid tissues (Poppema et al., 1981)



providing important information regarding the anatomic compartment-

alization of B- and T-lymphocytes. These techniques also have been

extended to the study of the distribution of lymphocyte

subpopulations in different systems in the body (Selby, 1981;

Ritchie et al., 1984b; Allen and Hogg, 1985).

It should be stressed that there is, at present, a general

consensus that frozen sections are to be preferred for the

demonstration of lymphocyte differentiation antigens and surface

immunoglobulin (Falini and Taylor, 1983), and that the antigenicity

of T- and B-cell surface antigens defined by conventional or

monoclonal antibodies can be destroyed in fixed paraffin embedded

tissues, but not in frozen sections.

I.F AIMS OF THE STUDY

1) To investigate the presence and distribution of lymphocyte

subsets and macrophages in the tissue and secretions of the

normal male genital tract.

2) To ascertain if this pattern was altered in various clinical

conditions, particularly in subfertile patients.
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CHAPTER II

MATERIALS AND METHODS

I



II.A COLLECTION AND PROCESSING OF TISSUE SPECIMENS

II.A.1 Normal Tissue Specimens

Specimens of normal human testis, epididymis, vas deferens,

prostate, seminal vesicles and urinary bladder were obtained over a

two year period from eight fertile men with a mean age of 28.7

(19-40) years who had died in road traffic accidents. Relatives had

given permission for multi-organ donation for transplantation and

research purposes. Specimens of spleen and abdominal lymph nodes

were also obtained from the same donors. In addition, specimens of

the vas deferens were obtained from five fertile men requesting

vasectomy, and specimens of the ureter were obtained from five

donors for living related kidney transplant. Their mean age was

35.0 (31-39) years and 35.2 (30-40) years respectively (Table II.1).

II.A.2 Clinical Specimens

These included surgical biopsies from the testis, the

epididymis, the prostate, and the urinary bladder. It should be

stressed that these biopsies were taken when there was sufficient

remaining tissue after all the normal investigations necessary for

the treatment of the patients had been performed.
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TABLE II.1:

SOURCE OF MALE GENITAL TRACT TISSUES USED IN THESE STUDIES

No. of
Source and/or

clinical problem Tissues
specimens
examined

Average age
(yrs)

Multi-organ transplant
donors Testis

Epididymis

Vas deferens

8

8

8

Prostate 8 28.7 (19-40)

Seminal vesicles
and ampulla of
the vas 4

Oligozoospermia Testis 10 27.5 (21-35)

Bilateral epididymal
obstruction Testis 6 35.6 (23-45)

Epididymis 3 37.0 (32-44)

Unilateral epididymal
obstruction Testis 2 31

Epididymis 1 31

Vasectomy reversal Testis 6 34.6 (31-39)

Epididymis 2 33.0 (32-34)

Benign prostatic
hypertrophy (BPH) Prostate 8 70.6 (54-78)
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II.A.2.1 Testicular biopsies from subfertile patients

These were obtained from 24 patients with a mean age of

33.7 + 6 years undergoing investigation and/or treatment of male

infertility (Table II. 1). Ten biopsies were taken from men who,

after three semen analyses, were found to have a sperm density of

less than 10 million/ml. Biopsies were also taken from eight other

patients, six of whom (H.W., J.K., A.S., B.G., S.B., and B.W.) were

diagnosed as having obstructive azoospermia and two (A.H. and R.T.)

as having unilateral testicular obstruction. The diagnosis of

unilateral testicular obstruction was established by exploratory

scrototomy (Figure II.1). A further six biopsies were taken from

six previously healthy men (F.T., J.B., I.G., I.P., D.D., and S.L.)

who had undergone vasectomy. The mean duration of obstruction in

these latter patients was 3.6 (3-6) years. Biopsies from patients

with testicular obstruction were taken at the time of

epididymo-vasostomy or at the time of vasectomy reversal. In all

these patients agglutinating sperm antibodies were measured in serum

and in seminal plasma before biopsy using the tray slide

agglutination test (TAT) (Friberg, 1974).

II.A.2.2 Epididvmal biopsies

These were obtained from three of the patients with

obstructive azoospermia (H.W., J.K. and B.G.) and from one of the

patients with unilateral obstruction (R.T.) and from two of the

patients with vasectomy reversal (I.G. and D.D.). The mean age of

these six patients was 34.6 (31-44) years (Table II.1).
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II.A.2.3 Prostatic biopsy specimens

Prostatic biopsy specimens were obtained following open

operations for benign prostatic hypertrophy (BPH). These were

obtained from seven patients with a mean age of 70.6 (64-78) years.

A further biopsy was taken from a patient (54 years) who was

diagnosed as having chronic prostatitis, in addition to BPH.

II.A.2.4 Urinary bladder biopsy specimens

Endoscopic bladder biopsies were taken from three patients

with histologically proved carcinoma in situ of the urothelium.

The age range was 48 to 72 years, with a mean of 66 years.

II.A.3 Tissue Preparation Techniques

II.A.3.1 Handling of tissue specimens

Immediately after surgical removal, every normal tissue

specimen was sliced into small representative blocks 5-10 mm in

thickness. Every tissue sample was put in a plastic universal tube

which was marked with the name of the patient, the hospital number

and the date of the operation.

The fresh unfixed tissue samples were snap frozen by

immersing the tubes containing the tissue samples directly in liquid

nitrogen within 1-2 hours of surgical removal. The tissues were

then stored at -70°C until used.
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II.A.3.2 Cryostat sectioning

Five um cryostat sections were cut from each tissue

sample/block, using a Teddington type QR cryostat (Brights

Refrigeration Service, Huntington, England) (Figure II.2). Serial

sections were picked up on alcohol washed glass slides and then air

dried for 1-2 hours under a hair dryer.

II.A.3.3 Fixation and storage of frozen sections

After air drying, sections were fixed in acetone for

10 minutes at room temperature and air dried again. The sections

were either used immediately or wrapped in aluminium foil and stored

at -20°C until used.

II.B COLLECTION OF SEMEN SPECIMENS

II.B.l Patients

This study was carried out on 81 men, 69 of whom were

patients with a mean age of 30.1 + 4.8 years attending the

infertility clinic complaining of an infertile marriage. The

remainder were fertile men with a mean age of 30.8 + 10.2 years

attending for vasectomy. The fertile men had fathered at least two

children and at the time of testing had one child under two years of

age. All were given clearly written instructions about the
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Figure II.2: A Teddington type QR cryostat
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production and delivery of the semen specimens. In addition a full

medical history was obtained and a complete physical examination was

performed.

II.B.2 Semen

Semen was collected by masturbation into sterile plastic

containers after three days of sexual abstinence. Using sterile

precautions two aliquots were extracted from each specimen, one for

standard semen analysis and the other for bacterial cultures. The

remainder of the specimen was prepared for immunocytochemical

staining.

Semen analysis was performed as described in the World

Health Organization (WHO) Laboratory Manual (Belsey et al., 1980).

This included sperm density, motility and morphology. Anti-sperm

antibody measurement was done using the TAT (Friberg, 1974) and the

MAR (mixed antiglobulin reaction) tests (Jager et al., 1978).

II.B.3 Microbiological Screening of Semen Specimens

This was performed in the University Department of

Microbiology by Dr H. Young. All the specimens were tested for

aerobic and anaerobic micro-organismms, Ureaplasma urealyticum and

Chlamydia trachomatis. The methods used have been described by

Young et al.( 1983) and were briefly as follows.
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Bacterial cultures were performed by serially diluting

100 ul semen in ten-fold steps in peptone water up to a dilution of

10^ and spreading 20 ul of each dilution onto blood agar and

gentamycin blood agar. The blood agar plates were incubated in

5% CO2 for 24 hours. The gentamycin blood agar was incubated

anaerobically for 48 hours. The identification of the aerobic and

anaerobic organisms was based on the criteria outlined by Cowan

(1974) and on the methods of Duerden et al. (1980) respectively.

Chlamydia trachomatis was isolated by the method of Thomas et al.

(1977) with cycloheximide-treated cells. For the isolation and

identification of Ureaplasma urealyticum, 200 ul semen were used to

initiate a series of ten-fold dilutions in 1.8 ml volumes of TALC

colour change medium (Young et al., 1981). The final dilution was

10^. The presence of Ureaplasma urealyticum was indicated by a

change of colour of the medium. One colour changing unit (CCU) of

activity was defined as the highest dilution of Ureaplasma

suspension that produced a colour change (Taylor-Robinson et al. ,

1971). After allowing for the appropriate dilutions, the results

were expressed as CCU/ml of semen.

II.B.4 Processing of Semen Specimens

II.B.4.1 Introduction

Immunoperoxidase methods of staining have been extensively

used in the study of tissue sections and subsequently this approach

has been extended to the study of fixed smears of cell suspensions



in clinical haematology and/or diagnostic cytology (Nadji, 1980;

Moir et al. , 1983; Erber et al., 1984). In this context

immunoperoxidase staining was felt to offer a similar advantage,

that is, immunocytochemical detection of leucocyte subpopulations in

fixed smears of cell suspensions of the ejaculate. Therefore, to

establish this technique single cell suspensions were prepared of

blood leucocytes, ejaculate and mixtures of both. Cytocentrifuge

smears were then prepared from each suspension and stained,

immunocytochemically, to identify leucocyte subpopulations. Having

established the optimum conditions of the technique, in particular

the preparation of single cell suspensions of the ejaculate with

minimal loss of, and damage to, the cells, semen specimens from

subfertile patients were stained similarly. Leucocyte smears were

used throughout the study, in addition to establishing the

technique, as positive controls.

II.B.4.2 Preparation of a single cell suspension of the ejaculate

The steps involved in the preparation of a single cell

suspension from the ejaculate were as follows:

1) One ml of the freshly collected ejaculate was mixed with

9 ml of Hanks Balanced Salt Solution (HBSS) (Gibco), calcium

and magnesium free, in a 10 ml conical centrifuge tube

(Sterilin tube, 10 ml. Feltham, Middlesex, England), and

centrifuged at 200 x g for 10 minutes at room temperature.

2) The supernatant was decanted and the cell pellet resuspended

in 10 ml HBSS and the total sperm count was determined using

a Neubauer counting chamber.
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3) Washing was repeated by centrifugation at 200 x g for

10 minutes and finally the cell pellet was resuspended at a

concentration of 5-10 million sperm/ml in HBBS or in

RPM1-1640 medium (Gibco) supplemented with 10% fetal calf

serum (RPM1/FCS).

It should be noted that this procedure, which removed

seminal plasma proteins and resulted in minimal loss of, and damage

to cells, was adopted following extensive background studies.

Counting cells in suspension was performed using a

haemocytometer (Neubauer) counting chamber. Immediately before the

second wash, 100 ul of the cell suspension were mixed with 100 ul of

10% Nigrosine dye in a small clean glass tube. After standing for

3-5 minutes, a drop of the diluted well-mixed cell suspension was

transferred to the counting chamber, covered with a coverslip and

allowed to settle. Counts of live cells, i.e. non stained, were

determined in duplicate and the mean was taken. The total number

of viable cells in a 4 mm3 area (the four large corner squares) were

counted and the number obtained multiplied by 2 (the dilution) x 10

(the depth) and divided by 4 (mm3) x 10^ to give the number of

viable cells per 10 per ml of suspension.

II.B.4.3 Preparation of cytocentrifuge smears of

washed ejaculate

One hundred ul of the cell suspension, prepared as

previously described, were placed in each cytospin block and

spun down onto alcohol cleaned glass slides using a Shandon

cytocentrifuge (Shandon-Elliot, Southern Instruments Ltd., England)
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(Figure II.3). This was achieved by spinning at 800 rpm for

10 minutes at room temperature.

The smears were circled with a diamond marker, air dried for

one hour under a hair dryer and then fixed in acetone for 10 minutes

at room temperature. The air-dried, acetone-fixed smears were

either stained immediately or stored, wrapped in aluminium foil and

kept at -20°C until used.

II.B.4.4 Preparation of mononuclear and polymorph nuclear

leucocyte smears from human peripheral blood

Mono-Poly-Resolving Medium (M-PRM), obtained from Flow

Laboratories Ltd., Irvine, Scotland, was used for the separation of

white blood cells. This medium is composed of polysaccharide

(Ficoll 400) and a radio opaque contrast medium (Hypaque 85) in a

specific ratio to yield a density of 1.114 + 0.002. It enables the

resolution of both mononuclear and polymorph nuclear leucocytes into

two distinct bands in one step. Both bands are also free of

contaminating erythrocytes (Ferrante and Thong, 1980).

The procedure involved in the isolation of mononuclear and

polymorph nuclear leucocytes from peripheral blood was essentially

similar to that described by the manufacturer and involved the

following steps:

1) Human venous blood, 15-20 ml, was obtained from a healthy

donor by venipuncture and mixed with 2 ml of 2% EDTA in a

25 ml universal tube.

2) Five ml of the fresh, anticoagulant-treated blood were

layered over 4 ml of M-PRM in a 10 ml centrifuge tube, and
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Figure II.3: A Shandon cytocentrifuge
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centrifuged at 300 x g for 30 minutes at room temperature.

3) The mononuclear leucocyte band (at the plasma-medium

interface) and the polymorph nuclearfleucocyte band (below

the interface) were aspirated with separate pipettes and

transferred into separate clean tubes.

4) The separated cell preparations were washed twice in 10 ml

of HBSS and harvested by centrifugation at 200 x g for

10 minutes.

5) Every cell pellet was resuspended at a concentration of

2-5 million/ml in HBSS or in RPM1/FCS.

6) Each cell suspension and a mixture of both were used to

prepare cytocentrifuge smears as described previously.

Mononuclear cells were also isolated using the method of

Boyum (1968) with minor modifications. The fresh blood, with added

anticoagulant, was diluted 1:1 with HBSS (calcium and magnesium

free). The diluted blood was layered over 15 ml of "Lymphocyte

separation medium", obtained from Flow Laboratories, Irvine,

Scotland, in 25 ml centrifuge tubes. The tubes were centrifuged

at 400 x g for 25 minutes and the cells at the interface region

aspirated and then washed twice in HBSS. Finally, the cells were

resuspended at a concentration of 3-5 million/ml in HBSS or in

RPM1/FCS medium.

In order to identify phagocytic cells, smears were also

prepared from peripheral blood leucocyte suspensions preincubated

with fluorescent latex microspheres. An aliquot of the leucocyte

rich cell suspension (5 million cells/ml) was incubated with an

excess of fluorescent microspheres at 37°C for 1 hour in RPM1/FCS.

The particles were obtained from Polysciences Inc., Warrington, P.A.
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as Fluoresbrite carboxylate microspheres (2.5% solid latex with a

diameter of 0.73 um). The cells were then washed three times using

low-speed centrifugation at 200 x g for 10 minutes, so that free

uningested latex particles did not pellet and were discarded in the

wash supernatants. Finally, the cells were resuspended in HBSS to

prepare cytocentrifuge smears.

II.C MONOCLONAL ANTIBODIES

A range of mouse monoclonal antibodies, with well-defined

specifities to human lymphoreticular cell surface markers, was used

in this study. These antibodies are detailed in Table II.2, which

also indicates their source, specificity and origins.

II.C.l Preparation and Storage of Monoclonal Antibodies

The monoclonal antibodies purchased from Becton Dickinson

were supplied as 100 ug of purified immunoglobulin in 0.5 ml of

phosphate buffered saline, PBS, (200 ug/ml) with the exception of

the anti-Leu 3a and anti-Leu 2a monoclonal antibodies which were at

a concentration of 100 ug/ml. Each antibody was diluted to a

concentrate of 20 ug/ml or volume in medium RPM1-1640 containing

5% fetal calf serum and 0.1% sodium azide. The diluted antibody

was divided into 0.5 ml aliquots and kept in small plastic tubes

(Nunc Tubes, InterMed, Denmark) at -20°C until used.
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TABLE II.2:

MONOCLONAL ANTIBODIES TO HUMAN LEUCOCYTE SURFACE ANTIGENS USED IN THESE STUDIES

Molecular

Monoclonal antibody
CD

Number
weight in

kilo dalton Specificity Source Reference

Anti-leucocyte (HLE-1) - 180-220 All leucocytes BD Beverley, 1980

T6 CD 1 49 Thymocytes
Langerhans cells

CE Reinherz et al., 1980d

Til CD 2 50 All T-cells CE Kamoun et al., 1981

T3 )
)

Leu 4 )
CD3 19-29

All T-cells

All T-cells
BD

Reinherz et al., 1980d

Ledbetter et al., 1981

T4 )
Leu 3a )
Leu 3a + b )

CD 4 56-62 Helper/inducer T-cells
CE
BD
BD

Reinherz et al., 1979
Evans et al., 1981
Evans et al., 1981

T8 )
)
)

Leu 2a )

CD 8 32-34 Suppressor/cytotoxic
T-cells

CE

BD

Reinherz et al., 1980c

Engleman et al., 1981

Leu lib )
)

Leu 7 )
CD 16 50-70

110

Large granular
lymphocytes (NK-cells)

BD

BD

Lanier et al., 1983

Abo and Balch, 1981

B1 )
)

Leu 14 )
CD 20 35 B-cells

CE

BD
Stashenko et al., 1980

Interleukin-2 receptors CD-25 55 Activated T-cells BD Uchiyama et al., 1981

Leu M3 - - ) BD Dimitriu-Bona et al.,
1983

3.9
24

CD 11C 150,95
175

Monocytes/Macrophages )
)

ICR
ICR

Hogg et al., 1986
Hogg and Selvendran,
1985

HLA-DR - 28-34 Non-polymorphic
Class II antigens

BD Lampson and Levy, 1980

BD = Becton Dickinson Lab. Impex Ltd., Twickenham, England.
CD = Coulter Electronics Ltd., Luton, England.
ICR = Imperial Cancer Research Fund (Macrophage Laboratory), London, England.
CD = Cluster of differentiation as proposed by the Committee on Human Leucocyte Differentiation

Antigens (1984).
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Coulter clone monoclonal antibodies were supplied as

lyophilized reagents in vials. The contents of each vial

was sufficient for 100 tests. Each lyophilized antibody was

reconstituted by adding 0.5 ml of distilled water. The

reconstituted antibody was then diluted in 10 ml PBS (see

Appendix A) with 2% fetal calf serum to yield one half of the

working dilution as recommended by the manufacturers. The diluted

antibody was aliquoted (0.5 ml) into small Nunc plastic tubes and

kept at -20°C until used.

Prior to use, the frozen antibody was allowed to thaw at

room temperature after which it was diluted to its final working

dilution, for staining. The diluent used was 2% normal rabbit

serum (NRS) in 0.05M, pH 7.6, Tris-buffered saline (TBS) (see

Appendix A).

II.C.2 Titration of Antibody Concentration

Optimal dilutions of the reagents and the reliability of the

staining procedure were assessed by repeated attempts at staining

frozen sections of normal human spleen, lymph nodes and tonsils, as

well as cytocentrifuge smears of human peripheral blood leucocytes.

Serial sections of lymphoid tissues and leucocyte smears were

stained with increasing dilutions of each monoclonal antibody using

a range of concentration from 1:40 to 1:320, followed by a fixed

concentration of the secondary antibody. Titration of the second

step reagent, the peroxidase conjugated antibody, was performed

using a range of concentration from 1:25 to 1:200 on sections and
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smears preincubated with fixed concentrations of the primary

antibodies. The optimal combination of dilutions, represented by

the slides with the most intense specific staining and the least

amount of background staining, was selected.

II.C.3 Other Cytochemical Reagents

II.C.3.1 Peroxidase conjugate

Immunoperoxidase staining involves the use of antibodies and

the enzyme peroxidase. Peroxidase reacts with its specific

substrate, hydrogen peroxide (H2O2), to form a primary complex.
This complex reacts with an electron donor to produce the end

products of the reaction, a coloured molecule and and water. In

the indirect application an unconjugated antibody will bind to the

antigen in the specimen. To localise this attachment, a peroxidase

conjugated antibody is needed to bind the first antibody. High

quality peroxidase-conjugated anti-mouse immunoglobulin reagents are

now available commercially. The peroxidase conjugated rabbit

anti-mouse immunoglobulin obtained from Dakopatt (Copenhagen,

Denmark) was used in this study. Normal human serum was added at a

concentration of 1:25 to this reagent in order to block cross-

reactivity against human immunoglobulin.
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II.C.3.2 3-3'diaminobenzidine tetrahydrochloride (DAB)

DAB was introduced by Graham and Carnovsky (1966) for

histochemical detection of peroxidase. DAB is an electron donor to

the peroxidase/hydrogen peroxide complex. The free bonds of the

oxidation product of DAB react with each other to form an insoluble

brown phenazine polymer. DAB is very toxic and possibly

carcinogenic.

DAB was obtained, in sealed vials each containing 10 mg,

from BDH Chemicals, Poole, Dorset. Using a disposable syringe, the

contents of a vial were dissolved in 20 ml of TBS to give a final

concentration of 0.5 mg/ml (0.05% w/v). A fresh DAB solution was

used before each session of staining. Immediately before use 20 ul

of 30% H2O2 (100 volume) was added to give a final concentration of
0.01%. Because of the inherent toxicity of the DAB, a mask and

gloves were always worn while it was being dispensed/handled.

II.D IMMUNOPEROXIDASE STAINING OF TISSUE SECTIONS AND

CELL SMEARS

II.D.l Procedure

The indirect labelled (two stage) antibody method of Nakane

and Pierce (1966) was applied with modifications. The steps

involved were as follows:
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Preparation of slides (sections/smears) for staining:

Immediately before staining the stored slides were removed

from the freezer, brought to room temperature and unwrapped. The

slides were air dried for 10 minutes under a hair dryer, and then

washed in 0.05M, pH 7.6, TBS for 5 minutes.

Incubation with monoclonal antibodies:

The serial sections and/or the smears were overlayed with

NRS diluted 1 in 4 in TBS for 10 minutes, to block non specific

binding of protein, after which they were drained off. The

sections/smears were then overlayed with the appropriate working

dilutions of the primary mouse monoclonal antibodies and incubated

for 30 minutes in moist chambers.

Controls:

Negative control sections were either treated with TBS only

or with another irrelevant primary antiserum to a different antigen,

e.g. an antiprostatic acid phosphatase antibody. As positive

controls, the primary antibodies were applied to frozen sections of

human spleen, lymph nodes and tonsils or to leucocyte smears (see

specificity controls II.D.2).

Incubation with secondary antibody:

After washing for 5 minutes in two changes of TBS, to remove

unbound antibody, the sections/smears were overlayed with the

peroxidase conjugate rabbit anti-mouse antibody containing normal

human serum, diluted 1 in 50 in TBS. Incubation was continued for

30 minutes, followed by washing in two changes of TBS.
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Development of the peroxidase reaction:

The final (colour) reaction was achieved by incubating the

sections/smears for 5-8 minutes in 0.01% H2O2 and 0.05% DAB, freshly

prepared in TBS. The staining reaction and its progress was

followed under a microscope to minimise background staining. The

reaction was terminated by rinsing the slides in tap water. To

enhance and increase the intensity of staining, the slides were

incubated in 2% CuSO^ in distilled water for 4 minutes, and washed
in tap water.

Counter-staining:

The s e c t i ons/smear s were counter-stained in Mayer's

haematoxylin for 30-60 seconds, washed in tap water and mounted in

Apathy's aqueous mounting medium. Alternatively, sections were

dehydrated in graded alcohol, cleared in xylene and mounted in DPX

(Distrene Plastisier (dibutyl phthalate) Xylene) (Raymond A. Lamb,

Waxes and General Laboratory Supplies, London).

It should be noted that the above procedure was adopted

following extensive background studies performed to achieve maximal

intensity of specific staining with absent or minimal background

staining. No attempt was made to routinely block the endogenous

peroxidase activity in this study since this was not anticipated

to be a problem within the tissues to be studied. However,

occasionally we preincubated some sections and smears with 0.3% H2O2
in absolute methanol for 10 minutes to block endogenous peroxidase

activity.
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II.D.2 Specificity

Strict specificity of an immunochemical reaction is one of

the most important prerequisites for reliable immunocytochemistry.

Originally, all the monoclonal antibodies used in this study were

obtained as purified immunoglobulins and with well defined

specificities (for references see Table II.2). Furthermore, a

monoclonal antibody reacts with only one single antigenic

determinant and this characteristic should theoretically guarantee

absolute specificity. However, specificity was conventionally

tested by including a standard set of control sections with each

staining sequence.

Specificity controls:

The following control sections were used:

1. Sections in which the primary antibody was omitted and

treated only with TBS (buffer), while other steps are kept

the same. This is to ensure that the second step reagent,

the peroxidase conjugated rabbit anti-mouse antibody shows

no affinity for the tissue section.

2. Sections incubated with a "non-immune serum", normal mouse

serum, or with an unrelated antibody, a mouse antiprostatic

acid phosphatase antibody (which has no specificity for any

antigens in the tissue under investigation). This is to

assess whether binding of immunoglobulin in the primary

antibody is causing non specific staining or to ascertain

whether the immuno-cy t ochemical reagents alone cause

staining of the tissue, i.e. Method Specificity (Pool et

al., 1983).
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Staining tissue sections taking a particular antigen to

which the primary antibody is specific, e.g. normal

testicular tissue sections stained with antilyraphocyte

antisera. This is to demonstrate that positive staining is

due to specific antibody and is not due to contaminated

antibody or due to non specific binding, i.e. serum

specificity.

This was also tested by the use of at least one alternative

antibody of the same specificity, i.e. staining suppressor

T-cells by monoclonal antibodies anti-Leu 2a and T8. If

two antisera from independent sources give the same staining

patterns, this provides compelling evidence that the

reaction is specific, since the two reagents are unlikely to

contain the same contaminating antibody.

Sections of normal lymphoid tissue: spleen, lymph nodes and

tonsil (against which the reactivity of each antiserum has

already been evaluated) were always included as a positive

control. This is to ensure that the staining technique is

working and also that the method of tissue processing is

satisfactory for that antigen.

Sections incubated only with diaminobenzidine/hydrogen

peroxide substrate to check for endogenous peroxidase

activity.
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II.D.3 Interpretation of Labelling Results

Immunoperoxidase staining in combination with a specific

antibody enables localization of cellular antigens via the enzyme

peroxidase. The substrate (DAB) is added which will react with the

enzyme and precipitate at the site of antigen representing specific

positive staining. Positive staining for surface markers appears

on the periphery of the cell. Intracytoplasmic antigens may be

visualised in particular when cell smears are stained (Mason et al.,

1986). Interpretation of the staining results should be made based

on the presence of positive and negative controls, allowing

comparison of the specific and non specific staining pattern of the

unknown with that of the control. Interpretation should also be

made based on properly fixed specimens where the antigen is

preserved and also the morphology.

Artifacts as precipitates, tissue artifact, cell artifact

and specific background staining might interfere with correct

interpretation. This could be prevented by proper handling of the

specimens and proper staining techniques.
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II.E IMMUNOHISTOLOGICAL ANALYSIS AND SCORING

II.E.l Tissue Sections

Sections were examined by light microscopy (Carl-Zeiss

model) using a x 160 magnification. The positively labelled cells

were counted within the epithelium, within the subepithelial

connective tissue (the lamina propria) and within the interstitial

connective tissue of the urogenital organs. In every case the

number of cells reacting with any individual monoclonal lymphocyte

antibody was determined in 10 different fields in identical areas of

the serial sections. In the case of the epididymis, the positively

stained lymphocytes were counted in a minimum of 20 cross-sections

of each region of the epididymis or prostatic glands, using an

eye-piece with a graticule. The total number of the mucosal

epithelial cells were also determined by counting cell nuclei. At

least 200 labelled cells (with any individual antibody) and 1000

mucosal epithelial cells were located in similar areas of the serial

sections. On the basis of these counts the following data were

obtained:

a) the percentage of mucosal epithelial cells which stained

with the individual monoclonal antibodies and

b) the ratio of the suppressor/cytotoxic T-cells to the helper/

inducer T-cells in various histological compartments of each

organ.

The results are expressed as the mean + standard deviation

(S.D.) of the number of positively stained cells per 100 mucosal
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epithelial cells (for the epithelium), or per cross section of the

epididymal duct or the vas deferens (for the lamina propria), or per

single field (0.8 mm2 tissue) for the interstitial tissues.

II.E.2 Ejaculate Smears

Smears were examined using a magnification of x 320. The

cells which stained with any individual monoclonal antibody were

counted in 10 different fields for each smear. The average was

taken and multiplied by the dilution (the number of ml in which the

cell pellet was finally resuspended). Results were expressed as

the mean count together with the standard deviation (S.D.). The

resulting numbers of leucocytes reported in the tables and the

figures do not have any independent meaning but they do allow

comparison between patients and distinction of those with high or

low leucocyte numbers.

II.E.3 Statistical Analysis

Selection of the appropriate statistical methods and

statistical analysis was undertaken by Dr R.A. Elton of the Medical

Statistics Unit, University of Edinburgh.

Wilcoxon rank sum tests were used to compare the mean

leucocyte or lymphocyte subset counts in the normal donors and the

different groups of patients. Comparison of lymphocyte counts

between the head, body and tail of the epididymis were made using

- 68 -



Wilcoxon signed rank tests. The significance of relationships

between different measurements was assessed by Kendall rank

correlation coefficients.

Comparison of lymphocyte counts in different tissues were

made by unbalanced mixed model analysis of variance, using the

program BMDP3V (Dixon, 1985). This allowed a fully efficient

comparison in cases where some (but not all) donors had measurements

made in both tissues. The significance levels obtained are for the

pair-wise tests of each pair of tissues (organs). This analysis

was carried out on the logarithm of lymphocyte counts in order to

equalise variance in the different tissues.

II.E.4 Photomicrography

Stained sections were examined using a Carl Zeiss Jena optic

microscope fitted with an automatic photomicrographic camera (mF

AKS) (Figure II.4). Photomicrography was performed at the same

time to illustrate the microscopical images. The focusing

eye-piece (x 6.3) is fitted with a framing graticule with two formal

figures to indicate the image scale. These formal figures are

sized so that the image section reliably fits into a 24 mm x 36 mm

format. This eye-piece was used in combination with high power

objective lenses x 12.5, x 25 and x 50 to produce pictures at

magnifications x 80, x 160 and x 320 respectively.

Black and white photography was performed using Panchromatic

35 mm films (Kodak, technical pan film, Estar-AH Base). To

increase the contrast between the brown-stained cells and the blue
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Figure II.4: A Carl Zeiss Jena optic microscope fitted with an
automatic photomicrographic camera (mF AKS)
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haematoxylin counter-stained areas, the exposure was made through a

green coloured filter.

Coloured photography was performed using reversal films

(Kodak EKa Chrome, Tungesten colour reversal film - 50) which

provide colour transparencies. Colour prints were then produced

from the positive transparencies.

Pictures were also obtained on colour negative films (Koda

Color Gold 100) which normally are used to obtain colour prints. A

blue coloured correcting filter was used.
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CHAPTER III

OPTIMIZATION OF TECHNIQUES



III.A ROUTINE ASSESSMENT OF MONOCLONAL ANTIBODIES

III.A.l Technical Quality of Immunoperoxidase Stained

Sections and Smears

III.A.1.1 Staining patterns

In the lymphoid tissues, two morphological staining patterns

were clearly demonstrable when using specific monoclonal antibodies

in the indirect immunoperoxidase technique. The first consisted of

a distinctive membrane labelling: the cell periphery was clearly

delineated by a dark brown margin contrasting with a pale cytoplasm.

Such a ring pattern of staining was obtained with all the

anti-lymphocyte antibodies. The second pattern was represented by

a diffuse staining with an abolition of the nuclear

counter-staining. This was obtained with the anti-macrophage, the

anti-HLADR and the anti-interleukin 2 receptor antibodies. Diffuse

intracytoplasmic staining was also demonstrated when cell smears

were stained.

III.A.1.2 The optimum working dilutions of the antibodies

When interpreting dilution results, two criteria were

usually under consideration: specific antigen staining and non

specific background staining. The relation between the specific

staining, background staining and the different dilutions of the

antisera used is presented in Tables III.l and III.2. Low
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TABLE III.1:

INTENSITY OF SPECIFIC AND BACKGROUND STAINING WITH THE INDIRECT
IMMUNOPEROXIDASE TECHNIQUE USING DIFFERENT DILUTIONS OF ANTIHUMAN
LEUCOCYTE MONOCLONAL ANTIBODIES

Intensity of Staining
Monoclonal

antibody

1:40 1:80 1:160 1:320

Anti-human

leucocyte
specific
background

++

++

+++

+

+++ ++

Leu 4 specific
background

+++

++

+++

+

+++ ++

Leu 3a specific
background

++

+++

+++

++

+++

+

+

Leu 2a specific
background

+++

++

+++ +++ ++

Leu 14 specific
background

+++

++

+++

+

+++ ++

Leu M3 specific
background

++

++

+++

+

+++ +

HL-ADR specific
background

+++

+++

+++

++

+++ +++

lL2-r specific
background

+++

++

+++

+

+++ ++

Leu lib specific
background

+++

+++

+++

+

+++ ++

Leu 7 specific
background

+++

+++

+++

+

+++ ++

5{C
Graded as intense +++; moderate ++; weak +; negative.

- 73 -



TABLE III.2:

INTENSITY OF STAINING""" WITH INDIRECT IMMUNOPEROXIDASE METHOD
USING DIFFERENT DILUTIONS OF PEROXIDASE CONJUGATED RABBIT-ANTI-
MOUSE (RAM) ANTIBODY

First antibody RAM Specific Background
dilutionx dilution staining staining

1:25 ++ +++

1:40 1:50 ++ ++

1:100 + +

1:25 ++ ++

1:80 1:50 +++ +

1:100 +

1:25 ++ +

1:160 1:50 +++ —

1:100 +

1:25 + +

1:320 1:50 ++ —

1:100 +

Notes: Graded as +++ intense; f+ moderate; + weak; - negative,

Anti-leu 2a was used as first antibody.
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dilutions (1:40) of the primary antisera of the Leu series gave the

greatest background staining and specific staining began to diminish

with high antisera dilutions (1:320). The maximum intensity,

clarity and uniformity of specific staining with absent or minimal

background staining were obtained with 1:160 dilutions. This

dilution was selected as the optimum working dilution for the Becton

Dickinson reagents.

The Coulter clone monoclonal antibodies T6, Til, T3, T4, T8

and B1 gave similar patterns of staining to that of the Leu series

when used diluted 1:40 as recommended by the manufacturer. However

the Leu series, being used at higher dilutions, 1:160, gave slightly

better results with respect to sensitivity, intensity of the

specific staining and lower background staining.

In general the strongest staining was obtained with the

anti-Leu 2a and T8 monoclonal antibodies which define the

suppressor/cytotoxic T-cell subset. Specific staining for the

helper/inducer T-cell subset using either the anti-Leu 3a or T4

antibodies was less intense as compared to that of the suppressor/

cytotoxic subset. Using the anti-Leu 3a+b antibody, staining of

the helper T-cells became more intense.

III.A.1.3 Specificity controls

Control sections in which a buffer or normal mouse serum

(a non-immune serum) was substituted for the primary antisera were

consistently negative on staining. Replacement of the primary

antisera with a prostatic acid phosphatase monoclonal antibody

(unrelated antibody which has no specificity for any antigen in the
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lymphoid tissue sections), resulted in negative staining in the

lymphoid tissue sections and positive staining in prostatic tissue

sections. This confirmed the specificity of the method. Sections

of normal lymphoid tissue (spleen, lymph node and tonsils) stained

with both the Leu antisera and the Coulter clone antibodies (see

later) confirming the reactivity of these antibodies.

III.A.1.4 Background staining

Non specific staining was seen in the germinal centres of

the lymphoid follicles, as weak intracellular staining, the smooth

muscles of blood vessels and in the red pulp areas of the spleen.

This staining occurred in the control sections treated with DAB/H2O2
substrate alone and was therefore regarded an endogenous peroxidase

staining. This was overcome by preincubating sections with 0.3%

H2O2 in methanol for 10-15 minutes.
It should be stressed that background staining was absent or

very minimal in the negative control sections of the main tissues of

the study, i.e. tissues of the genito-urinary organs, as endogenous

peroxidase activity was not a problem in such tissues. In

addition, the use of higher concentration salt in the buffer

solution, normal rabbit serum, in the diluent, and optimum antibody

dilution resulted in absence of background staining.
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III.B LYMPHOCYTE SUBPOPULATIONS IN HUMAN LYMPHOID TISSUES

AND BLOOD

In the lymphoid tissues, the reactivity of the different

specific monoclonal antibodies was as follows:

III.B.1 Lymph Nodes and Tonsils

The staining patterns with the anti-B and anti-T antibodies

in lymph nodes and tonsils were essentially identical.

The monoclonal antibodies anti-Leu 14 and Bl, which define

B-lymphocytes, stained the majority of the cells in the primary

follicles and in the mantle zones of the secondary follicles

(follicles with germinal centres). Cells in the germinal centres

showed cytoplasmic as well as membrane staining. Very few

scattered 14+ (Bl+) cells were seen in the interfollicular and

paracortical areas (Figure III.l).

The Leu 4 monoclonal antibody, which is a pan T-cell

marker, stained the majority of cells in the paracortical and

interfollicular areas (Figure III.2). Leu 4+ cells were also seen

in the follicles and in the mantle zones. The endothelial cells of

the sinusoids showed no staining. The majority of the Leu 4+ cell

population also reacted with the anti-Leu 3a antibody (Figure

III.3), which defines the helper/inducer T-cells. In contrast, the

anti-Leu 2a antibody, which defines the suppressor/ cytotoxic

T-cells, stained a minority of cells of the Leu 4+ population in the
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Figure III.l: Immunoperoxidase staining of a cryostat section of
lymph node for B-lymphocytes using the monoclonal
antibody anti-Leu 14. (x 160)
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Figure III.2; Immunoperoxidase staining of a cryostat section of
tonsil for T-lymphocytes using the monoclonal
antibody Leu 4. Note that the majority of stained
cells are in the interfollicular areas, (x 160)
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Figure III.3: Immunoperoxidase staining of a cryostat section of
lymph node for helper/inducer T-cells using the
monoclonal antibody Leu 3a. Note the presence of
Leu 3a+ cells in the B-cell area, (x 160)
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paracortical and interfollicular areas. Very few Leu 2a+ cells

were detected within the follicles and the mantle zones. The

monoclonal antibodies T3, T4, T8 gave similar patterns of staining

to that of Leu 4, Leu 3a and Leu 2a antibodies.

The anti-lL2-r monoclonal antibody, which reacts with

activated T-cells, stained a substantial number of cells in the

paracortical and interfollicular regions, i.e. the T-cell areas. A

few lL-2r+ cells were also seen within the follicles, i.e. the

B-cell areas. The positively stained cells showed specific

membrane as well as cytoplasmic staining.

Cells reacting with the anti-Leu Mg antibody, which defines

monocytes/macrophages, were demonstrated in the interfollicular

areas. The follicles showed no positive staining. Cells reacting

with the Leu 7 and Leu lib antibodies, which define the natural

killer (NK) cells, were more abundant and located mainly in the A

germinal centres of large secondary follicles (Figure III.4).

III.B.2 Spleen

The anti-Leu 14 antibody stained the majority of cells in

the germinal centre, corona and the marginal zone of the follicles

(white pulp), the B-cell area. Several cells in the periarteriolar

lymphoid sheath (PALS) and in the red pulp were also stained.

Leu 4 antibody stained almost all lymphocytes in the PALS, the

T-cell areas (Fig. III.5), and scattered cells in the red pulp, and

also a few cells in the follicles. A majority of these Leu 4+
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Figure III.4: Immunoperoxidase staining of a cryostat section of
tonsil for NK-cells using the monoclonal antibody
Leu lib. Note that Leu llb+ cells are located mainly
in the germinal centres of secondary follicles,
(x 160)
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Figure III.5: Immunoperoxidase staining of a cryostat section of
spleen for T-cells using the monoclonal antibody
Leu 4. Note that most stained cells are located in
the periarteriolar lymphoid sheath, (x 160)
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(T-cells) stained with the anti-Leu 3a antibody whilst the minority

stained with the anti-Leu 2a antibody. Almost all Leu 4+ cells in

the red pulp were Leu 2a+. A few cells in the PALS as well as in

the red pulp reacted with the anti lL2-r antibody which reacts with

activated T-cells. Leu 7 and Leu lib labelled a minority of cells

in the follicles and in the red pulp. Leu M3+ (monocytes/

macrophages) were largely seen in the red pulp.

III.B.3 Blood Leucocytes/Ejaculate Smears

On staining of the cytocentrifuge smears of peripheral

leucocytes, the positive cells were stained very strongly and

contrasted clearly with the unstained cells. The positively

staining cells showed specific membranes as well as cytoplasmic

staining (Figure III.6). Negative control smears showed no

staining, indicating that non specific staining did not occur. The

morphological features as well as the staining properties of the

cells preincubated with the latex microspheres were not altered.

Polymorph nuclear leucocytes and monocytes showed specific staining

after phagocytosis of the microspheres. The reactivity of the

anti-lymphocyte antibodies with mononuclear cell smears is detailed

in Table III.3.

The staining pattern seen in the ejaculate smears was

similar to that seen in peripheral blood leucocyte smears (Figure

III.7). Positively stained leucocytes were easily identified from

other cells in the semen.

- 84 -



Figure III.6: Imraunoperoxidase staining of a cytocentrifuge
smear of human peripheral blood with the anti-
human leucocyte monoclonal antibody.

Figure III.7: Immunoperoxidase staining of a cytocentrifuge
smear of human ejaculate with the antihuman
leucocyte monoclonal antibody
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TABLE III.3:

PERCENTAGES OF LYMPHOCYTE SUBPOPULATIONS IN NORMAL PERIPHERAL BLOOD
(CYTOCENTRIFUGE PREPARATION OF MONONUCLEAR CELLS)

Donor
Leu 12+

(B-cells)
Leu 4+

(T-cells)

Leu 3a+
(T helper/
inducer)

Leu 2a+
(T suppressor/

cytotoxic)
Leu 3a/
Leu 2a

1 17 71 50 29 1.72

2 15 75 48 35 1.37

3 20 80 55 27 2.03

4 18 81 51 28 1.82

5 25 65 45 30 1.50

6 30 70 52 24 2.16

7 12 73 47 28 1.67

8 22 68 56 32 1.75

9 16 70 49 33 1.48

10 17 76 54 25 2.16

All
Donors
(S.D.) 19.2±5.26 72.9±5.13 50.7±3.5 28.69±3.35 1. 766±0.279

Note: Results represent percentages of positive lymphocytes for
10 different specimens obtained from 10 healthy donors.
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III.C DISCUSSION

III.C.l Technical Aspects

The use of the two layered indirect immunoperoxidase

technique provided sufficient intensity of staining to reproducibly

detect the lymphoreticular cells in the lymphoid tissue sections and

in the cytocentrifuge smears of peripheral blood leucocytes. The

method provided specific cell membrane staining of cells reacting

with the specific monoclonal antibodies as revealed by well-formed

dark brown rings outlining the membrane of the positively stained

cells, e.g. lymphocytes. Specific cytoplasmic staining was also

obtained when blood smears were stained. The use of proper

controls was necessary for the validation of the immunoperoxidase

staining technique. The presence of specific staining in the

lymphoid tissue sections and the leucocyte smears (the positive

controls) ensured not only that the immunoperoxidase technique was

working but also that the method of tissue processing was

satisfactory for the leucocyte antigens. It has been reported

that the antigenicity of T- and B-cell surface differentiation

antigens defined by conventional or monoclonal antibodies is

destroyed in fixed paraffin embedded tissues, but not in frozen

sections (Falini and Taylor, 1983). Freezing of the tissues

followed by sectioning on a cryostat offered the best preservation

of immunoreactivity as indicated by the specific staining obtained. .

The possible loss of tissue antigens during the tissue processing

was prevented by proper tissue fixation in acetone prior to the
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staining procedure. It appears probable that these antigens,

present in small amounts on the cell surface, are better preserved

and detected in frozen sections, subjected to minimal fixation in

acetone.

The negative controls were also useful in the evaluation of

the validity of the immunoperoxidase staining technique. The

absence of staining in the negative controls indicated that this

immuno-enzymatic revealing technique is specific and is not giving

rise to non specific labelling. Background staining was negligible

or nearly absent and this is attributed to many factors:

1) Proper handling of the tissues in terms of freezing,

sectioning and fixation. Similarly, proper preparation of

leucocyte and ejaculate smears in respect of elimination of

protein contamination and minimizing cell damage.

2) Blocking of the non specific reactivity by preincubating the

sections/smears with non immune serum obtained from the same

species as the second antibody, i.e. NRS. Non specific

reactivity was further reduced by incorporating the normal

rabbit serum into the primary antisera.

3) Blocking cross-reactivity with human immunoglobulin by

adding normal human serum to the second antibody.

4) The use of high and proper dilutions of the primary

antibodies.

5) Blocking of the endogenous peroxidase occasionally.

However this was not routinely done as this method meets

with no complete success on frozen sections and can destroy

the antigenicity of the cells.
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6) Increasing the intensity of the specific staining by

incubating the slides in 2% CuSO^ in normal saline.
The technique throughout this study has proved satisfactory

for a wide variety of tissue antigens. Its advantages were that it

is relatively quick to perform and that a single commercially

available peroxidase conjugate was used.

III.C.2 Lymphocyte Subpopulations in Lymphoid Tissues

This study, utilizing specific monoclonal antibodies, with

an indirect immunoperoxidase technique, shows that lymphoid organs

are highly organised structures consisting of specific B- and T-cell

compartments. In all three lymphoid organs - lymph nodes,

tonsils and spleen - almost all cells of the follicles, whether

primary or secondary, were B-lymphocytes. The follicles also

showed T-lymphocyte specific staining, most of which were of the

helper/inducer phenotype (Leu 3a+). NK-cells (Leu 7+) were also

detected in the follicles. These Leu 3a+ and Leu 7+ cells may play

a regulatory role in maturation and differentiation of B-cells

(James and Ritchie, 1984).

The distribution of T-cell subsets was different in the

three lymphoid organs. In the lymph nodes and tonsils both subsets

of T-cells were found in one compartment, the interfollicular areas.

However, in the spleen the suppressor cytotoxic T-cells (Leu 2a+)
were localized mainly in the red pulp, whereas the helper/inducer

T-cells (Leu 3a+) were present predominantly in the PALS. In

general, the results of this study are in agreement with the
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findings in previous reports of normal human lymph nodes, tonsils

and spleen (Poppema et al., 1981; Ritchie et al., 1983; Timens and

Poppema, 1985).

III.C.3 Leucocytes/Ejaculate Smears

Leucocyte smears and ejaculate/leucocyte smears showed a

clear distinction between positive and negative cells and there was

no background labelling of the antigen negative cells. Positive

cells stained an intense brown which contrasted clearly with the

haematoxylin counter-stain. The simplicity of the immuno-

cytochemical technique used in this study, and the clarity with

which it identifies different leucocyte cell populations in both

leucocytes and ejaculate smears, suggests that it is an ideal means

of identifying leucocyte subpopulations in human ejaculate (see

Chapter VI).

The results of our study on mononuclear cells smears confirm

the wide variation in the proportion of T- and B-cells in the blood

of normal subjects. The results we obtained using the

immunoperoxidase technique are in agreement with those obtained by

Erber et al. (1984) and Hui and Lawton (1984).
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CHAPTER IV

LYMPHOCYTE SUBSETS AND MACROPHAGES IN THE TISSUES OF THE

MALE REPRODUCTIVE TRACT



IV.A THE TESTIS

IV.A.1 Normal Testicular Tissues

IV.A.1.1 Testicular histology

Haematoxylin and eosin staining of each of the specimens

from the eight cadaver donors showed intact germinal epithelium in

all the seminiferous tubules with active meiotic activity

throughout. Mature spermatozoa were identified in the majority of

the tubules. The Leydig cells were unusually represented. No

inflammatory changes and no vascular abnormalities were seen.

IV.A.1.2 Immunohistology

The use of the indirect immunoperoxidase technique provided

sufficient intensity of staining to allow detection of

lymphoreticular cells in frozen tissue sections. The reactivity of

the primary monoclonal antibodies used in this study with sections

of human spleen and lymph nodes (the positive control) was confirmed

as similar to that reported in the previous chapter. Negative

control sections showed no staining.

IV.A.1.2.1 Anti-leucocyte reactive cells

Cells reacting with the pan anti-leucocyte (HLe-1)

monoclonal antibody were consistently detected in both the
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peripheral testis and the rete testis. This antibody reacts with

all human leucocytes in peripheral blood, spleen and tonsil, all

thymocytes, infiltrating leucocytes in other tissues, B, T and

myeloid cell lines (Beverley, 1980). These positively labelled

cells were further characterised using monoclonal antibodies

specific for lymphocyte subsets and tissue macrophages.

IV.A.1.2.2 Lymphocytes

In the normal peripheral testicular tissues none of the

antilymphocyte monoclonal antibodies used gave a detectable reaction

indicating absence of lymphocytes in these tissues. In marked

contrast T-lymphocytes were visualised throughout the rete testis

with the anti-Leu 4 monoclonal antibody which is regarded as a pan

T-cell marker. These T-lymphocytes were located both within the

lining epithelium of the tubules of the rete testis and within the

stromal connective tissue of the rete testis (Figures IV.la and b).

Studies with subset specific antisera revealed differences in

distribution of the T-lymphocyte subsets. Thus T-lymphocytes of

the suppressor/cytotoxic phenotype (Leu 2a+) were more abundant x

within the lining epithelium (Table IV. 1) while the helper/inducer

T-cells (Leu 3a+) predominated in the connective tissue stroma

(Table IV.2). Only a few Leu 14+ cells (B-cells) were demonstrated

in the connective tissue stroma of the rete testis.
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Figure IV.1: Immunoperoxidase staining of cryostat sections of rete
testis for (a) suppressor/cytotoxic T-cells and (b)
helper/inducer T-cells using the monoclonal antibodies
Leu 2a and Leu 3a (x 160)
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TABLE IV.1:

REACTIVITY OF MONOCLONAL ANTIBODIES SPECIFIC FOR T-CELLS WITHIN
THE EPITHELIUM OF THE RETE TESTIS

Leu 2a+ cells Leu 3a+ cells
Leu 4+ cells (T suppressor/ (T helper/ Leu 2a/

Donor (All T-cells) cytotoxic) inducer) Leu 3a

Mean counts of intraepithelial lymphocytes/100
epithelial cells

1 6.6±2.1 4.811.2 2.711.0 1.77
2 5.9±1.6 4.612.3 1.711.1 2.7
3 8.612.2 6.811.4 2.210.9 3.09
4 8.6+2.3 5.9+2.0 1.711.3 3.47
5 6.311.7 3.111.3 1.0610.7 3.1
6 5.413.2 4.6+1.8 1.110.8 4.18
7 5.712.3 3.811.9 0.810.5 4.75
8 8.013.3 6.713.8 1.511.0 4.46

donors 6.9+1.3 5.011.3 1.610.6 3.4410.99

TABLE IV,2;

REACTIVITY OF MONOCLONAL ANTIBODIES SPECIFIC FOR T-CELLS WITHIN THE
INTERTUBULAR CONNECTIVE TISSUE OF THE RETE TESTIS

Leu 4+ cells
Leu 2a+ cells Leu 3a+ cells

(T suppressor/ (T helper/ Leu 2a/
Donor (All T-cells) cytotoxic) inducer) Leu 3a

Average number of positive cells/0.8 mm2 of intertubular
connective tissue (x 160) 1 S .D.

1 12.312.7 6.312.7 7.812.5 0.8
2 7.311.7 2.610.5 6.211.5 0.4
3 14.411.9 5.111.7 8.210.9 0.6
4 17.712.8 7.513.5 10.111.7 0.7
5 6.712.8 1.710.8 4.712.4 0.4
6 6.4+1.0 2.511.6 2.911.4 0.9
7 6.811.5 2.211.4 4,511,0 0.5
8 15.314.7 5.012.9 12.5+4.8 0.4

All donors! 10.814.6 4.112.1 7.113.1 0.610.2
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IV.A.1.2.3 Macrophages

Cells reacting with the anti-Leu M3 monoclonal antibody

which is believed to bind specifically to monocytes/macrophages

(Dimitriu-Bona et al., 1983), were detected in large numbers in

between the seminiferous tubules (Figure IV.2a). In order to

substantiate this observation, staining was also performed with

other monoclonal antibodies designated 3.9 and 24 known to bind to

tissue macrophages and cells of interdigitating or dendritic

appearance (Hogg and Selvendran, 1985; Hogg et al., 1986). These

antisera also bound cells with a similar location to that of Leu M3+

cells (Figure IV.2b). These Leu M3+, 3.9+ and 24+ cells were

largely arranged in a concentric fashion around the seminiferous

tubules and in very close proximity to the outer aspect of their

walls (the tunica propria). No positively stained cells were

detected within the component cells of germinal epithelium. Other

labelled cells were lying within the interstitial tissues, being

abundant around the blood vessels. Labelled cells of this type

were also seen in the rete testis: within the epithelium and within

the connective tissue stroma.

The anti T-6 antibody which reacts with the epidermal

Langerhan's cell gave no detectable reaction with normal testis.

This suggests that the Leu M3+, 3.9+ and 24+ cells within the testis

are not of the Langerhan's cell type.
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a

Figure IV.2: Immunoperoxidase staining of cryostat sections of
normal testicular tissues with (a) Leu M3 and (b)
3.9 monoclonal antibodies which define monocytes/
macrophages (x 160)
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IV.A.1.2.4 The anti-HLA-DR reactive cells

Cells staining with the anti-HLA-DR monoclonal antibody-

exhibited a similar location and distribution to that of the

Leu M3+, 3.9+ and 24+ cells (Figure IV.3). The staining pattern of

the anti-HLA-DR antibody overlapped that of the antimacrophage

antisera. This suggests that the majority of these cells are

macrophages expressing HLA-DR antigens. Unlike the lining

epithelium of the seminiferous tubules (the germ cells and Sertoli

cells) which was HLA-DR negative, the lining epithelium of the rete

testis tubules was HLA-DR positive. The endothelial surface of the

blood cells was also stained.

IV.A.2 Testicular Biopsies from Infertile Men

While no lymphocytes were detected in normal peripheral

testicular tissues, lymphocytes were detected in all the testicular

biopsies from infertile males (24/24).

In patients with oligozoospermia (n = 10), Leu 4+ cells

(T-lymphocytes) were detected as single cells in the interstitial

tissues between the seminiferous tubules. These T-cells were

almost always of the suppressor/cytotoxic phenotype (Leu 2a+) and

were few in number. None of these patients had detectable

sperm-antibody in his serum or seminal plasma.

In patients with testicular obstruction (n = 14),

intratesticular lymphocytes were demonstrated in large numbers and

they were essentially all Leu 4+ cells (T-lymphocytes). A few Leu

14+ cells (B-lymphocytes) were seen. The lymphocytes were found in
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Figure IV.3: HLA-DR positive cells in normal testicular tissue.

Note that the staining pattern of the anti HLA-DR antibody
overlapped completely that of the antimacrophage antibodies.
(Cryostat section, immunoperoxidase, x 80).

- 98 -



two locations. Isolated cells were noted between the fibrous

tunica propria and the germinal epithelium of the seminiferous

tubules (Figure IV.4a). No labelled cells were seen within the

germinal epithelium. The other lymphocytes were arranged in small

aggregates and follicle-like clusters within the intertubular

connective tissue (Figure IV.4b).

In biopsies from patients with obstructive azoospermia (n =

6), T-lymphocytes of the suppressor/cytotoxic phenotype (Leu 2a+)

predominated, making the average T-suppressor/cytotoxic to the

T-helper/inducer ratio (Leu 2a+/Leu 3a+) approximately 4 to 1 (Table

IV.3). The Leu 2a+/Leu 3a+ ratios were significantly higher in

these patients than in those with unilateral obstruction (P ^ 0.05)

or vas reversal (P 0.01). However the total number of Leu 4+ and

of Leu 2a+ cells did not differ significantly among the three

patient groups of testicular obstruction. Of these six patients

with obstructive azoospermia, only one patient had sperm antibody

detected at low titre (1/8) in his serum.

In contrast, in the biopsies from vas reversal (post

vasectomy) patients (n = 6) and patients with unilateral testicular

obstruction, the helper/inducer T-cells (Leu 3a+) predominated.

Levels of the Leu 3a positive cells were significantly higher

(P ^ 0.01) in these patients than in those with obstructive

azoospermia (Figure IV.5) B-lymphocytes (Leu 14+) and activated

T-cells (lL2-r+) were also noted more frequently in comparison to

the previous groups. All these patients had sperm antibody detected

in high titres in their serum and semen (Tables IV.4 and 5).
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a

b

Figures IV.4: (a) Suppressor/cytotoxic T-cells (Leu 2a+) in a
testicular biopsy from a patient with obstructive
azoospermia; (b) helper/inducer T-cells (Leu 3a+)
in a testicular biopsy from a vasectomy reversal
patient.
(Cryostat sections, immunoperoxidase, x 160)
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TABLEIV.3: REACTIVITYOFMONOCLONALANTIBODIESSPECIFICFORT-CELLSWITHTESTICULARBIOPSIES FROMPATIENTSWITHOBSTRUCTIVEAZOOSPERMIA (AveragenumberofpositivecellsperHPFx160(0.8mm2tissue)±S.D.) Leu2a+cells
Leu3a+cells

Leu2a+/ Leu3a+

SpermAntibody TATTitre

Patient
Leu4cells(Tsuppressor/ (AllT-cells)cytotoxic)
(Thelper/ inducer)

Serum

Semen

Histologicalfinding(H&Estaining)

HW

12.7±2.4

11.212.2

1.8+1.0

6.2

0

0

Normalmorphology

JK

14.9±3.6

11.412.2

2.511.1

4.6

0

0

Chronicinflammatorycell infiltrate

AS

15.3±2.9

8.811.5

2.111.0

4.2

0

0

Oedematousstroma- clustersofinterstitial cells

BG

9.0±1.3

5.211.6

1.310.5

4.0

0

0

Normalmorphology

SB

9.7±1.9

6.611.6

1.710.9

3.9

8

0

Oedematousstroma

PW

7.5±1.3

5.111.5

2.011.1

2.6

0

0

Thickeningofthe tunicapropria



TABLEIV.4: REACTIVITYOFMONOCLONALANTIBODIESSPECIFICFORT-CELLSWITHTESTICULARBIOPSIES FROMPOST-VASECTOMYPATIENTS (AveragenumberofpositivecellsperHPFx160(0.8mmJtissue)±S.D.) Leu2a+cellsLeu3a+cells
Leu4+cells(Tsuppressor/(Thelper/Leu2a+/

Patient(AllT-cells)cytotoxic)inducer)Leu3a+
SpermAntibody TATTitre

Serum

Semen

Histologicalfinding(H&Estaining)

FT13.4±3.0 JB16.7±2.6 IG IP

9.611.9 8.911.0

7.811.111.511.40.7 8.011.39.7+1.60.8 6.011.3 6.Ill.6

6.411.2 5.511.7

0.9 1.1

DD25.214.711.512.916.6+3.30.7 SL20.216.68.412.314.213.60.6
204864Oedematousstroma 204864Patchyscarringwith tubularatrophy

102432Thickeningofthe- tunicapropria
6432Thickeningofthe tunicapropria

25664Oedematousstroma 102416Oedematousstroma- maturespermatozoa werenotseen



TABLEIV.5: REACTIVITYOFMONOCLONALANTIBODIESSPECIFICFORT-CELLSWITHTESTICULARBIOPSIES FROMPATIENTSWITHUNILATERALTESTICULAROBSTRUCTION (AveragenumberofpositivecellsperHPFx160(0.8mm3tissue)±S.D. Leu2a+cellsLeu3a+cells
Leu4+cells(Tsuppressor/(Thelper/Leu2a+/

Patient(AllT-cells)cytotoxic)inducer)Leu3a+
SpermAntibody TATTitre

Histologicalfinding
SerumSemen(H&Estaining)

AH

11.4±3.0

5.5±1.6

6.9±1.40.8

104264Intertubularoedema. Tendencytosloughingof thegerminalepithelium.

KT

26.1±9.410.9±2.220.1±5.8
0.5

51232Thickeningofthetunica propria
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IV.B. THE EPIDIDYMIS

IV.B.l Normal Epididymal Tissues

IV.B.1.1 Histology

The sections from the different epididymal regions showed

no microscopical abnormalities on haematoxylin and eosin staining.

IV.B.l.2 T-lymphocytes

Leu 4+ cells (T-lymphocytes) were demonstrable throughout

the length of the epididymis within the actual epithelial lining, in

the subepithelial connective tissue surrounding the epididymal ducts

(lamina propria), and in the interstitial connective tissues. The

greatest proportion of these T-cells were identifiable within the

epithelium where they were situated alongside the epithelial cells

and often in close proximity to the basement membrane. No

positively stained cells were seen within the lumina of the

epididymis (Figures IV.6a, b and c).

Within the epithelium, T-lymphocytes were estimated to

represent 11.6% of the entire epithelial cell population. Up to

87.7% of these T-cells exhibited the suppressor/cytotoxic phenotype,

Leu 2a+ (Table IV.6). Counts of the T-lymphocytes (Leu 4+ cells)

and T-lymphocyte subsets (Leu 2a+ and Leu 3a+ cells) within the

epithelium showed no significant differences between the head, body

and tail of the epididymis.
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Figure IV.6a: Immune histological staining of a cryostat section of
the body of the epididymis for T-lymphocytes using
the monoclonal antibody Leu 4.

Note that these Leu 4+ cells are located in the epithelium, lamina
propria and in the interstitial connective tissue (x 160).
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Figure IV.6b: Suppressor/cytotoxic T-cells (Leu 2a+) within the
epithelium of the head of the epididymis.

Note the predominant location of these cells in the basal layer of
the lining epithelium. (Cryostat section, immunoperoxidase, x 160).
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Figure IV.6c: Helper/inducer T-cells (Leu 3a+) in the tail of
the epididymis.

Note that these Leu 3a+ cells are located mainly in the interstitial
tissues. (Cryostat section, immunoperoxidase, x 160).
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TABLE IV.6:
MEAN (S.D.) LYMPHOCYTE COUNTS PER 100 EPITHELIAL CELLS WITHIN THE
EPITHELIUM OF EPIDIDYMIS FROM 8 DONORS AND 6 PATIENTS

Leu 4+ cells

(All T-cells)

Leu 2a+ cells

(T suppressor/
cytotoxic)

Leu 3a+ cells

(T helper/
inducer)

Leu 2a/
Leu 3a

Donors
Head ) 12.3(3.3)
Body ) 10.7(2.6)
Tail ) 11.8(1.2)

Patients

(epididymal
biopsies) 8.0(1.5)

10.1(2.7)
8.2(2.0)
9.1(1.2)

5.0(2.4)

2.4(0.7)
2.4(1.3)
2.7(1.1)

2.5(0.7)

4.45(1.17)
4.10(1.70)
3.95(2.03)

2.20(1.51)

TABLE IV.7
MEAN (S.D.
IN LAMINA

) LYMPHOCYTE COUNTS PER CROSS
PROPRIA OF EPIDIDYMIS FROM 8

SECTION OF EPIDIDYMAL DUCT
DONORS AND 6 PATIENTS

Leu 4+ cells

(All T-cells)

Leu 2a+ cells

(T suppressor/
cytotoxic)

Leu 3a+ cells

(T helper/
inducer)

Leu 2a/
Leu 3a

Donors
Head ) 1.7(0.3)
Body ) 2.3(0.6)
Tail ) 3.0(0.5)

Patients

(epididymal
biopsies) 6.6(2.9)

1.3(0.3)
1.6(0.4)
2.6(0.6)

2.3(1 .1 )

0.9(0.2)
1.1(0.4)
1.5(0.4)

4.6(2.8)

1.50(0.30)
1.68(0.84)
1.74(0.33)

0.62(0.28)

TABLE IV.8:
MEAN (S.D.) LYMPHOCYTE COUNTS PER HPF (x 160) IN INTERSTITIAL TISSUE
OF EPIDIDYMIS FROM 8 DONORS AND 6 PATIENTS

Leu 4+ cells

(All T-cells)

Leu 2a+ cells

(T suppressor/
cytotoxic)

Leu 3a+ cells

(T helper/
inducer)

Leu 2a/
Leu 3a

Donors
Head ) 8.9(6.2)
Body ) 7.4(4.1)
Tail 8.5(2.6)

Patients

(epididymal
biopsies) 35.3(15.1)

3.4(1.6)
2.8(1.4)
3.0(1.0)

8.6(4.0)

7.7(5.6)
5.9(3.2)
6.3(2.9)

28.6(12.6)

0.52(0.17)
0.52(0.17)
0.56(0.29)

0.31(0.08)

(See Appendix B)
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Within the lamina propria the suppressor/cytotoxic T-cells,

Leu 2a+, predominated at all levels of the epididymis (Table IV.7).

Furthermore, the Leu 4+ cells, all T-cells, and the Leu 2a+ cells

were present at significantly higher counts (P ^ 0.05) within the

epididymal tail as compared with the body or the head.

There was a random distribution of T-lymphocytes within the

interstitial connective tissues. They usually occurred singly but

occasional small, perivascular and perilymphatic lymphoid aggregates

were noted. The T-lymphocytes at this site were predominantly of

the helper/inducer phenotype, Leu 3a+ cells (Table IV.8 and Figure

IV.6c). There were no significant differences in the T-cell counts

between the head, body and tail.

None of the T-lymphocytes showed a detectable reaction

within the anti-interleukin-2 receptor monoclonal antibody, which

detects activated T-cells.

IV.B.1.3 B-lymphocytes

The B-lymphocytes (Leu 14+ cells) were rarely encountered

in the epithelium of the epididymis. However, occasional Leu 14+

cells were seen in the lamina propria and in the interstitial

connective tissues.

IV.B.1.4 Macrophages

Similar patterns of staining were obtained with the Leu M3,

3.9 and 24 monoclonal antibodies. Leu M3+, 3.9+ and 24+ cells were

detected (like the T-lymphocytes) within the epithelium, within the
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lamina propria and within the interstitial connective tissues around

the blood vessels and lymphatics (Figure IV.7).

IV.B.1.5 Anti-HLA-DR reactive cells

Along the length of the epididymis, the cell membranes of

all types of the epithelial cells and vascular endothelia were

stained with the anti-HLA-DR monoclonal antibody. Spermatozoa

within the lumen of the epididymis were HLA-DR negative. Cells

with a strong staining intensity were seen within the epithelium,

lamina propria and the interstitial tissues. The labelling pattern

of the anti-HLA-DR antibody (Figure IV.8) overlapped completely that

of the antimacrophage (Leu M3, 3.9 and 24) antibodies. This

suggests that the majority of these cells are macrophages expressing

HLA-DR antigens.
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Figure IV.7: (a) Leu M3+ cells (monocytes/macrophages) in normal
epididymis. Note that these cells are located, like
T-cells, within the epithelium, lamina propria and
interstitial tissues. See Figure (b), the same
field stained for T-lymphocytes.
(Cryostat sections, immunoperoxidase, x 160)
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Figure IV.8: Immunoperoxidase staining of a cryostat section of the
tail of the epididymis stained with the anti HLA-DR
antibody.

Note the HLA-DR+ cells in the lamina propria and the interstitial
tissue, the expression of HLA-DR antigens on the lining epithelium
and the lack of this expression on the luminal spermatozoa.
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IV.B.2 Epididymal Biopsies from Patients with Testicular

Obstruction

IV.B.2.1 Histology

Haematoxylin and eosin staining of the epididymal biopsies

showed dilated epididymal tubules, increased stromal fibrosis and

infiltration with mononuclear cells. No other abnormalities were

seen.

IV.B.2.2 Immunohistology

Within the epithelium, the numbers of the suppressor/

cytotoxic cells, Leu 2a+, were diminished. The counts of Leu 4+
cells and Leu 2a+ cells were significantly lower in these patients

as compared with biopsies from normal donors (P <^0.05), but there

were no significant differences in the Leu 3a positive cell counts

(Table IV.6 and Figure IV.9).

In contrast, there was a marked increase in the T-helper/

inducer cells (Leu 3a+), within the lamina propria and in the

interstitial tissue. The Leu 4+ and Leu 3a+ cell counts were

significantly higher and the Leu 2a+/Leu 3a+ ratios were

significantly lower in patients as compared with the donors (all at

P< 0.01), (Tables IV.7 and 8; Figures IV.10, 11 and 12).

The three patients with obstructive azoospermia showed

higher counts of Leu 2a+ cells (the T-suppressor/cytotoxic cells)

within the epithelium and the lamina propria as compared with both

the patients with unilateral obstruction and those undergoing
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vasectomy reversal. The latter group showed higher counts of Leu

3a+ cells (T-helper/inducer cells) within the epithelium and the

lamina propria.

The anti-interleukin 2-receptors antibody, which detects

activated T-cells, stained a substantial number of cells in the

lamina propria and in the interstitial tissue. This was noted in

the tissues from both the patients with unilateral obstruction and

with vasectomy reversal. Increased infiltration by macrophages was

also demonstrated in these patients (Figure IV.13), and antisperm

antibodies were detected in high titres in their serum and seminal

plasma, while no sperm antibodies were detected in the patients with

azoospermia (see Tables IV.3, 4 and 5).
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FIGUREIV9 T-Iymphocytesubsetsinnormalepididymisandepididymalbiopsies frompatientswithtesticularobstruction helper/inducerT-cells (leu3a+)



FIGUREIV10 T-lymphocytesubsetsinnormalepididymisandepididymalbiopsies frompatientswithtesticularobstruction
(meancountsinlaminapropriapercrosssectionof,epididymalduct)
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FIGUREIV11 T-lymphocytesubsetsinnormalepididymisandepididymalbiopsies frompatientswithtesticularobstruction
(meancountsperHPF(x160)ininterstitialtissue) helper/inducerT-cells (leu3a+)



Figure IV.12; Immunoperoxidase staining of cryostat sections of
epididymal biopsy from a vasectomy reversal patient
stained with (a) Leu 4 antibody for all T-cells, and
(b) Leu 3a antibody for helper/inducer cells.

Note loss of the T-cells from the epithelium and increased
infiltration of the lamina propria and interstitium with Leu 3a+
cells, (x 160).
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Figure IV.13: Leu M3+ cells (macrophages) in epididymal biopsies
from: (a) a vasectomy reversal patient and (b) a
unilaterally obstructed patient.
(Cryostat sections, immunoperoxidase, x 160)
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IV.C THE VAS DEFERENS

IV.C.l Lymphocytes

IV.C.1.1 The vasal part

In the scrotal portion of the vas deferens (n = 8), a

T-lymphocyte population (Leu 4+) was demonstrated in between the

epithelial cells and within the lamina propria (Figure IV.14).

Within the epithelium these T-lymphocytes were located mainly in the

basal layer of the epithelium and constituted approximately 25% of

the epithelial cell population. Up to 63% of this T-cell

population were suppressor/cytotoxic T-cells (Leu 2a+) (Table IV.9).

The suppressor/cytotoxic T-cells predominated also in the lamina

propria. The anti-Leu 3a antibody, which defines the

helper/inducer T-cells, stained a minority of the T-cell population.

No B-lymphocytes were detected.

Table IV.9 and Figures IV.15 and 16 show the reactivity of

the anti-T-lymphocyte antibodies from two different sources (B.D.

and C.C.) with the vas deferens from cadaver and live donors.

There were no significant differences between the T-lymphocyte

counts as measured by the B.D. antibodies and those measured by the

C.C. reagents, nor in the Leu 2a/Leu 3a (T8/T4) ratios. Live

donors and cadavers did not differ significantly in any of the

T-lymphocyte counts.
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a

b

Figure IV.14: Immunoperoxidase staining of cryostat sections of vas
deferens stained for:
(a) T-lymphocytes. Note the location of these T-cells
in the basal layer of the epithelium;
(b) HLA-DR antigens. Note the expression of HLA-DR
antigens on the epithelium.
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TABLE IV.9: T-LYMPHOCYTE SUBSETS IN THE VAS DEFERENS

Leu 2a+ cells Leu 3a+ cells
Leu 4+ cells (T suppressor/ (T helper/ Leu 2a/

Donor (All T-cells) cytotoxic) inducer) Leu 3a

A. EPITHELIUM (mean counts ± S.D . per 100 epithelial cells)

Cadavers
D1 23.92 15.33 9.07 1.69
D2 25.64 18.31 9.77 1.87
D3 32.83 22.78 9.48 2.40

Vasectomy
Patients

349317 21.95 14.14 6.64 2.12
386367 20.31 12.24 10.02 1.22
385040 25.55 12.12 8.566 1.41

T3 T8 T4 T8/4

385040 27.82 12.36 7.63 1.61
368820 24.0 13.46 9.31 1.44
386573 21.64 15.61 7.88 1.98

All donors 24.84±3.78 15.15±3.49 8.70±1.12 1.74±0.37

Donor

Leu 2a+ cells Leu 3a+ cells
Leu 4+ cells (T suppressor/ (T helper/

(All-T cells) cytotoxic) inducer)
Leu 2a/
Leu 3a

B. LAMINA PROPRIA (mean counts ± S.D. per cross section of the vas)

Cadavers
D1
D2
D3

Vasectomy
Patients

349317
386367
385040

14.4±1.5
15.2±2.0
11.7±1.7

9.2±1.4
9.3±2.3
9.1±2.5

8.4±2.1
7.2±1.8
4.3±2.2

6.0±1.1
5.1±1.2
5.2±2.3

5.7±1.9
4.0±1.8
2.4±1.2

3.2±2.2
4.3±1.2
2.4+1.0

1.47
1.8
1.8

1.9
1.2
2.2

T3 T8 T4 T8/4

385040
368820
386573

10.9±2.0
8.8±1.9

17.1±1.7

5.4±1.3
6.0±1.9

12.3±1.5

3.5±0.8
4.6±1.7
9.0±1.6

1.5
1.3
1.4

All donors 11,7±3.06 6.65±2.44 4.34±2.03 1.6±0.32
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FIGUREIV15 T-lymphocytesubsetsinnormalvasdeferens (meancountsper100epithelialcells) o helper/inducerT-cells (leu3a+)



FIGUREIV16 T-lymphocytesubsetsinnormalvasdeferens (meancountsinlaminapropriapercrosssection) helper/inducerT-cells (leu3a+)



IV.C.1.2 The ampulla of the vas

T-lymphocytes were also demonstrated within the convoluted

epithelial lining and within the lamina propria of the ampulla of

the vas. Within the epithelium they were found in the range

3.5-7.3 T-lymphocytes/100 epithelial cells. They were mainly of

the suppressor/cytotoxic phenotype (Leu 2a+). Table IV. 10 shows

the reactivity of the antilymphocyte antibodies within the

epithelium and within the lamina propria of the ampulla of the vas.

The T-lymphocyte counts within the ampulla were significantly lower

than those within the vasal part (P <^0.01).

IV.C.2 Macrophages

Cells reacting with the antimacrophage antibodies, Leu M3,

3.9 and 24, were detected within the epithelium and within the

lamina propria of both the vasal part and the ampulla of the vas

deferens. They were few in numbers but appeared more numerous in

the vasal (scrotal) part.

IV.C.3 The Anti-HLA-DR Reactive Cells

The lining epithelium of both the vasal part and the

ampulla of the vas was completely stained with the anti-HLA-DR

antibody (Figure IV.14). The staining was somewhat weaker in

sections of the ampulla. HLA-DR positive cells were also seen in

the lamina propria.
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TABLE IV.10:

T-LYMPHOCYTE SUBSETS IN THE AMPULLA OF THE VAS DEFERENS

Leu 2a+ cells Leu 3a+ cells
Leu 4+ cells (T suppressor/ (T helper/ Leu 2a/

Donor (All T-cells) cytotoxic) inducer) Leu 3a

EPITHELIUM (mean counts ± S.D. per 100 epithelial cells)

D1 7.13 5.06 0.97 5.21

D2 3.52 3.46 1.19 2.90

D3 7.28 5.04 1.72 2.93

D4 5.43 3.64 1.23 2.95

All donors 5.84±1.76 4.3±0.87 1.27±0.31 3.49±1.14

CONNECTIVE TISSUES OF THE LAMINA PROPRIA AND INTERSTITIUM

(mean counts ± S.D. per 0.8 mm2 tissue x 160)

D1 5.0±2.0 2.0+0.8 4.011.8 0.5

D2 3.211.6 1.610.7 2.3+0.7 0.69

D3 7.111.7 1.810.8 5.811.2 0.31

D4 6.0+1.8 2.311.8 2.8+1.6 0.82

All donors 5.3211.65 1.92+0.29 3.72+1.55 0.5810.22
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IV.D. THE SEMINAL VESICLES

IV.D.l Lymphocytes

The pattern of staining of the antilymphocyte antibodies

within the seminal vesicles was more or less similar to that of the

ampulla of the vas. Lymphocytes were very few in number and were

all essentially T-lymphocytes of the suppressor/cytotoxic phenotype.

They were detected within the convoluted lining epithelium and

within the lamina propria of the seminal vesicles (Figure IV.17).

Table IV. 11 shows the reactivity of the Leu 4, Leu 2a and Leu 3a

antibodies within the seminal vesicles. No B-lymphocytes were

detected.

IV.D.2 Macrophages

No detectable reaction was obtained with any of the anti-

macrophage (Leu M3, 3.9 and 24) antibodies.

IV.D.3 The Anti HLA-DR Reactive Cells

HLA-DR positive cells were detected in the lamina propria

but the lining epithelium did not show any staining.
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Figure IV.17: Immunoperoxidase
seminal vesicles
T-cells (x 160).

Note that these cells are few
epididymis and vas deferens.

staining of a cryostat section of
stained for suppressor/cytotoxic

compared with those noted in the
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TABLE IV.11;

T-LYMPHOCYTE SUBSETS IN THE SEMINAL VESICLES

Leu 2a+ cells Leu 3a+ cells
Leu 4+ cells (T suppressor/ (T helper/ Leu 2a/

Donor (All T-cells) cytotoxic) inducer) Leu 3a

EPITHELIUM (mean counts ± S.D. per 100 epithelial cells)

D1 2.48 1.52 0.68 2.23

D2 2.20 1.60 0.49 3.26

D3 2.95 3.01 0.62 4.85

D4 2.36 2.15 0.62 3.46

All donors 2.49+0.32 2.07±0.68 0.60±0.08 3.45±1.07

CONNECTIVE TISSUES OF THE LAMINA PROPRIA AND INTERSTITIUM

(mean counts ± S.D. per 0.8 mm2 tissue x 160)

D1 4.4±2.2 2.3±1.3 2.5+0.5 0.92

D2 3.8±2.1 1.6±0.8 2.3±1.3 0.69

D3 5.9±3.0 2.8±1.3 3.1±2.3 0.93

D4 2.8+0.8 1.4±0.7 2.6±1.0 0.53

All donors 4.22±1.29 2.02±0.64 2.62±0.34 0.76±0.19
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IV.E THE PROSTATE

IV.E.l Normal Prostatic Tissue

IV.E.1.1 Lymphocytes

Haematoxylin and eosin staining showed normal morphology

with no hyperplastic or inflammatory changes in the eight specimens

examined. The ducts and other acinar tissues were lined by

columnar epithelium.

Immunoperoxidase staining of the cryostat sections of

normal prostatic tissues revealed the presence of lymphocytes within

the epithelial lining, within the lumina of the ducts in proximity

to the corpora amylacea and in immediately periductal connective

tissue septa. Within the epithelium, lymphocytes were almost all

T-lymphocytes (Leu 4+) and largely of the suppressor/cytotoxic

phenotype (Leu 2a+) (Table IV. 12a). They tended to lie close to

the basement membrane but very occasionally some cells appeared

further up in between the epithelial cells towards the lumen (Figure

IV.18). The interstitial positively labelled cells were more

abundant and were mainly T-cells of the helper/inducer phenotype

(Leu 3a+) (Table IV.12b). They tended to be arranged in clumps

rather than singly. Similarly there was a tendency to aggregation

of lymphocytes within the interlobar septa of connective tissue.

B-cell aggregations (Leu 14+) were also seen in the interstitial

tissues.
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TABLE IV.12a:

T-LYMPHOCYTE SUBSETS IN NORMAL PROSTATIC EPITHELIUM
(mean counts 1 S.D. per 100 epithelial cells)

Leu 2a+ cells Leu 3a+ cells Cells ratio
Leu 4+ cells (T suppressor/ (T helper/ Leu 2a/

Donor (All T-cells) cytotoxic) inducer) Leu 3a

1 15.36 8.01 3.30 2.42
2 10.99 9.32 3.34 2.79
3 11.65 9.09 3.22 2.82
4 11.52 9.36 2.08 4.5
5 10.34 9.51 2.20 4.3
6 17.21 12.456 2.49 5.0
7 11.78 9.69 1.88 5.15
8 13.64 10.386 1.80 5.77

All donors 12.81±2.39 9.7211.28 2.5310.65 4.0911.25

TABLE IV.12b:

T-LYMPHOCYTE SUBSETS IN THE CONNECTIVE TISSUE STROMA OF NORMAL
PROSTATE (mean counts ± S.D. per 0.8 mm

2
tissue x 160)

Leu 2a+ cells Leu 3a+ cells Cells ratio
Leu 4+ cells) (T suppressor/ (T helper/ Leu 2a/

Donor (All T-cells) cytotoxic) inducer) Leu 3a

1 6.5±3.5 3.312.00 5.712.83 0.57
2 6.8±3.79 3.312.16 5.613.09 0.58
3 8.8±5.18 4.713.12 5.9+3.95 0.79
4 8.312.83 3.511.84 5.412.83 0.64
5 1212.1 3.810.6 7.411.7 0.51
6 14.413.6 3.110.87 16.112.8 0.19
7 7.5+1 1.510.5 6.010.8 0.25
8 6.910.9 1.310.5 3.310.9 0.39

All donors 8.91±2.83 3.0611.13 6.9213.87 0.4910.20
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Figure IV.18: (a) Leu 4+ cells (T-lymphocytes) in normal prostate
are seen in the lining epithelium, in the lumina of
ducts and in the interstitium.

(b) Leu 2a+ cells (suppressor/cytotoxic T-lymphocytes)
in the lining epithelium of prostatic acini.
(Cryostat sections, immunoperoxidase, x 160 & x 320)
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IV.E.1.2 Macrophages

The Leu M3, 3.9 and 2.4 monoclonal antibodies stained a

minority of cells within the lining epithelium and within the

interstitial connective tissue stroma of the prostate (Figure

IV.19).

IV.E.1.3 Anti-HLA-DR reactive cells

Cells reacting with the anti-HLA-DR antibody were

consistently demonstrated along the basal layer of the lining

epithelium of the prostatic acini and ducts and in very close

proximity to the basement membrane (Figure IV.20). The rest of the

epithelium was HLA-DR negative. Occasional HLA-DR positive cells

were seen in the interstitial tissues.

IV.E.1.4 Anti-Leu 7 reactivity to normal prostatic tissues

The anti-Leu 7 antibody, which is believed to react with

the natural killer (NK) cells, stained the prostatic epithelium.

This anti-Leu 7 reactivity was localised in the cytoplasm of the

ductal and acinar epithelium. However, some acini and ducts were

not stained, i.e. the staining was heterogenic. The fibromuscular

stroma did not stain (Figure IV.21). In contrast, the anti-Leu lib

antibody, which also reacts with the NK cells, did not show any

reactivity with the normal prostatic epithelium.

It should be stressed that specific staining was obtained

with anti-Leu 7 and anti-Leu 11 in the positive control sections

(tonsils) while negative control sections showed no staining.
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Figure IV.19: Leu M3+ cells (macrophages) in normal prostate
(Cryostat section, immunoperoxidase, x 80)

Figure IV.20: HLA-DR+ cells in normal prostate.
(Cryostat section, immunoperoxidase, x 80)

llote the location of these cells in the basal layer of the
spithelium and that the epithelium is not stained.
fot
r
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Figure IV.21: Immunoperoxidase
prostate tissue
the staining of

staining of a cryostat section of
stained with Leu 7 antibody. Note
prostatic epithelium, (x 160)
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IV.E.2 Benign Prostatic Hyperplasia Tissues

IV.E.2.1 Lymphocytes

The hyperplastic prostates showed cystic dilatation of the

glandular epithelium and thick fibrous septa. Around the prostatic

acini there were accumulations of the positively stained

T-lymphocytes (Leu 4+) which were surrounding almost concentrically

the glands. Some of these Leu 4+ cells were present within

the lumen. The majority of T-lymphocytes within the prostatic

epithelium exhibited the suppressor/cytotoxic phenotype, i.e.

Leu 2a+. The helper/inducer T-cells (Leu 3a+) predominated in

the connective tissue stroma (Figure IV.22). T-lymphocyte counts

within the epithelium were expressed as average numbers/100

epithelial cells and in interstitial tissues as average numbers/HPF

(0.8 mm2 tissue). The mean counts of Leu 4+, Leu 2a+ and Leu 3a+

cells and the mean Leu 2a/Leu 3a ratios are shown in Tables IV. 13a

and b. There were no significant differences in Leu 4+, Leu 2a+ or

Leu 3a+ cell counts within the epithelium between the normal donors

and the patients with benign prostatic hyperplasia (BPH). The

highest level of Leu 4+ cells (T-lymphocytes) and Leu 2a+ cells

(T-suppressor/cytotoxic cells) was observed in the patient with

chronic prostatitis. In this patient activated T-cells (lL2-r+

cells) were also found within the epithelium and within the

interstitial tissues (Figure IV.23a). In the interstitial tissues,

the T-lymphocyte counts in the patients with BPH were significantly

higher than in normal donors, for Leu 4+ cells (P 0.001), Leu 2a+

- 137 -



\ V, - 3fcV . r . » V ^v* . v »_ » 4 '%. >C^. ^

ifPw i*?-T r:V »•- '•" •" "*
V :t?.^

/ :*'** M -v
► l * ' y • *

» ■ ^ - J *
"•■ " **• * k - ' v*. ♦/ y ~' *■'

f'i . ' V>/- v ^y ' , ■ '.
• *"l "*??*' .

ft>.'■ . « ' •

v>v »-••-•J - %

A" «

-®w.
v. ••%

•

<.•*
, 4 * Vu . ■ ■ * ■«. * ' ? i^:• ^

- ; 4 '

\ . * ..
- - ? •

"*U .*'

Figure IV.22: Immunoperoxidase staining of cryostat sections of BPH
tissues stained for
(a) suppressor/cytotoxic T-cells (Leu 2a+)
(b) helper/inducer T-cells (Leu 3a+)

Note increased infiltration of the lining epithelium and the
interstitial connective tissue with Leu 2a+ and Leu 3a+ cells
respectively, (x 80)
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TABLE IV.13a:

T-LYMPHOCYTE SUBSETS IN THE PROSTATIC EPITHELIUM IN BPH TISSUES
(mean counts ± S.D. per 100 epithelial cells)

Leu 2a+ cells Leu 3a+ cells Cells ratio
Leu 4 cells (T suppressor/ (T helper/ Leu 2a/

Patient (All T-cells) cytotoxic) inducer) Leu 3a

017862 21.22 13.70 4.32 3.171
WW 12.04 9.29 3.97 2.34
324650 10.88 7.70 3.18 2.42
385636 12.06 9.25 3.43 2.69
070220 13.50 11.36 1.90 5.98
375205 10.55 7.00 2.396 2.92
284249 15.13 9.41 4.39 2.14
017867 12.57 7.496 3.87 1.93

All patients 13.49±3.44 9.4±2.22 3.43±0.90 2.94±1.28

TABLE 13b:

T-LYMPHOCYTE SUBSETS IN THE CONNECTIVE TISSUE STROMA OF BPH TISSUES
(mean counts ± S.D. per 0.8 mm5 tissue x 160)

Leu 2a+ cells Leu 3a+ cells Cells ratio
Leu 4+ cells (T suppressor/ (T helper/ Leu 2a/

Patient (All T-cells) cytotoxic) inducer) Leu 3a

113855 30.6±9.3 12.2±3.32 24.5±9.4 0.49
324650 14.8±4.10 5.6±1.95 13.5±4.0 0.47
WW 32.3±14.49 6.1±2.50 28.3±15.12 0.21
385636 32.6±14.58 6.5±3.65 29.6±9.32 0.21
070220 23.7±6.92 6.2±2.82 23.4±9.70 0.26
375205 26.4±9.38 7.9+3.60 13.3±3.83 0.59
284249 17.9+6.15 3.9±1.44 11.0±2.0 0.35
017867 15.7±7.10 3.1±0.99 5.4±2.41 0.57

All patients 24.25±7.39 6.43±2.77 18.62±8.93 0.37±0
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Figure IV.23: Immunoperoxidase staining of cryostat sections of
prostatic tissue, obtained from a 54 year old
patient with BPH and chronic prostatitis, stained
for: (a) activated T-cells (lL2-r+)

(b) B-lymphocytes (Leu 14+)
(Cryostat sections, immunoperoxidase, x 160)
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cells (P <^0.01) and Leu 3a+ cells (P <^0.05). Figures IV.24 and
25 show plots of the Leu 2a+ cell counts against Leu 3a+ cell counts

for individual subjects in both the normal donor and the patient

groups.

B-lymphocytes (Leu 14+ cells) were demonstrated as small

follicles within the connective tissue stroma and were more frequent

than those in the normal prostatic tissues (Figure IV.23b).

IV.E.2.2 NK-cells

The reactivity of the anti-Leu 7 antibody (HNK-1) in

tissues with BPH was similar to that in the tissues from normal

donors, i.e. the Leu 7 antibody reacted with the prostatic

epithelium of BPH.

The Leu lib antibody showed no reactivity with the

prostatic epithelium. On the contrary, it stained single cells

within the epithelium and within the connective tissue stroma. The

Leu llb+ cells were more numerous within the connective tissue

stroma (Figure IV.26).

IV.E.2.3 Macrophages and anti-HLA-DR reactive cells

The reactivity of the antimacrophage and anti-HLA-DR

antibodies showed no obvious difference from that in the normal

tissue.
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FIGUREIV25 T-lymphocytesubsetsintheconnectivetissuestromaoftheprostate (meancountsperHPF(x160)) helper/inducerT-cells (leu3a+)
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Figure IV.26: Immunoperoxidase staining of cryostat sections of BPH
tissue with Leu lib antibody.

Note that this antibody (unlike Leu 7) did not stain prostatic
epithelium and Leu lib* (NK) cells are located mainly in the
interstitial connective tissue, (a = x 80; b = x 160)

- 144 -



IV.F. T-LYMPHOCYTE SUBSETS IN THE MALE GENITAL TRACT:

SUMMARY OF RESULTS

Lymphocyte subpopulations have a specific pattern of

distribution in various parts of the male genital tract. In all

normal tissues, apart from the peripheral testis where no

lymphocytes were identified, T-lymphocytes (Leu 4+) were found to be

the predominant cell type. These cells were largely of the

suppressor cytotoxic phenotype (Leu 2a+) and were more abundant in

between the epithelial cells of the rete testis, epididymis, vas

deferens, seminal vesicles and prostatic ducts and acini. Table

IV.14 and Figures IV.27 - 30 show the distribution of T-cell subsets

within the epithelia of the male genital tract organs. Cells of

the he 1per/inducer phenotype (Leu 3a+) were identified mainly

within the interstitial connective tissue. Very few B-lymphocytes

(Leu 14+) were identified and these were mainly in the connective

tissue stroma of the prostate. In each organ the ratio of

suppressor/cytotoxic T-cells to the helper/inducer T-cells was

consistent. Derangement of the pattern of distribution of

lymphocyte subsets and alterations in the T-suppressor/cytotoxic to

the T-helper/inducer ratios were observed in subfertile males.

Testicular biopsies from patients with testicular

obstruction showed marked infiltration with T-lymphocytes. The

helper/inducer T-cells (Leu 3a+) predominated in biopsies from

unilaterally obstructed and vasectomised patients. The suppressor/

cytotoxic T-cells predominated in biopsies from patients with

obstructive azoospermia. Epididymal biopsies showed a decrease in
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the suppressor/cytotoxic T-cells and an increase in the helper/

inducer T-cells. The patient with chronic prostatitis showed high

levels of T-cells, some of which were in an activated state as

indicated by their expression to the lL2-r antigens.
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TABLEIV.14: T-LYMPHOCYTESUBSETSWITHINTHENORMALEPITHELIUMOFTHEMALEGENITALTRACT (Lymphocytecounts(mean±S.D.)per100epithelialcells) Organ

Number
ofdonors

Leu4+cells (AllT-cells)
Leu2a+cells

(Tsuppressor/ cytotoxic)

Leu3a+cells (Thelper/ inducer)

Leu2a/ Leu3a

Retetestis

8

6.4(1.4)

4.6(1.2)

1.5(0.7)

3.54(1.11)

Peripheraltestis
8

0

0

0

-

%

Epididymis

8

11.2(1.8)

8.8(1.3)

2.5(1.0)

4.04(1.34)

Vasdeferens

8

24.7(4.0)

15.5(3.5)

8.7(1.2)

1.79(0.38)

Prostate

8

12.7(2.2)

9.7(1.1)

2.5(0.7)

4.09(1.26)

SeminalVesicles
4

2.5(0.3)

2.1(0.7)

0.6(0.1)

3.41(1.07)

Ampulla

4

5.9(1.6)

4.3(0.9)

1.3(0.3)

3.49(1.13)

Averageofhead,bodyandtail
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IV.G DISCUSSION

IV.G.l Lymphocytes

Lymphocytes have been reported in the epithelium of the

intestinal tract (Ferguson, 1977; Selby et al., 1981); the

respiratory tract (Bienenstock et al., 1973) and the reproductive

tract (Dym and Romrell, 1975). It has been suggested that these

lymphocytes are more likely to be present in every mucosal

epithelial layer forming a common mucosal immunological system

(Bienenstock et al., 1980).

Lymphocytes have been investigated in rat epididymis and

attempts to identify them by light and electron microscopy have

produced descriptions of "halo cells" (Reid and Cleland, 1957),

"lymphocyte-like cells" (Hamilton, 1972), "agranular leucocytes"

(Hoffer et al., 1973) and "intra-epithelial lymphocytes" (Dym and

Romrell, 1975). Recently, ultrastructural and immunohistological

evidence for the presence of lymphocytes in human epididymis has

been reported (Holstein, 1983; Ritchie et al., 1984a).

In the present study, using specific monoclonal antibodies,

we have demonstrated lymphocyte subpopulations and macrophages and

defined their anatomical locations within the tissues of the male

genital tract. Lymphocytes were almost always T-cells and they

tended to be concentrated in large numbers in the epididymis, vas

deferens and the prostate. They were few in numbers in the seminal

vesicles. B-lymphocytes were rarely encountered in this study and
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were demonstrated mainly in the connective tissue stroma of the

prostate.

T-lymphocytes exhibited a compartmentalised distribution.

Within the lining epithelium, lymphocytes of the suppressor/

cytotoxic phenotype were the major component. This was observed at

all levels of the genital tract. This cell type was also

preponderant in the subepithelial connective tissue (the lamina

propria) of the epididymis, vas deferens, and seminal vesicles. In

contrast, the helper-inducer T-lymphocytes were more abundant in the

interstitial connective tissues.

The demonstration of resident populations of T-lymphocyte

subsets, within the tissues of the male genital tract, with a

preponderance of the suppressor/cytotoxic subset in the epithelial

lining suggests an important immunological barrier with distinct

immunological function. It has been postulated that the helper/

inducer T-subset induces B-cell proliferation, differentiation and

immunoglobulin production and helps in the development of the

cytotoxic killer cells in cell-mediated lympholysis, i.e. they

provide helper (inducer) function in T-T, T-B and T-macrophage

interaction, while the suppressor/cytotoxic subset of T-cells was

shown to suppress B-cell immunoglobulin production either by soluble

mediators or through direct T-T or T-B interaction (Reinherz and

Schlossman, 1980b). As previously suggested by Ritchie et al.

(1984a), it is most likely that the predominant suppressor/cytotoxic

T-cells in the epithelial lining of the male genital tract form a

major immunological barrier which normally prevents the development

of autohumoral or cellular immune responses to sperm and other

specific antigens. Human intestinal intraepithelial lymphocytes
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have been shown to possess immunoregulatory activity when added to

co-cultures of peripheral blood lymphocytes in a pokeweed-mitogen

driven immunoglobulin synthesis (Greenwood et al., 1983). The

lymphocytes were largely T-cells of the suppressor phenotype, and in

common with other suppressor effector cells (in contrast with

cytotoxic effectors) responded poorly to mitogens and did not

mediate cytotoxic functions in vitro (Clement et al., 1984).

The pattern of distribution of this suppressor barrier seems

to be consistent with the functional properties of each organ. The

absence of detectable lymphocytes in the normal peripheral testis

may be explained by the presence of the blood-testis barrier which

is formed mainly by the tight junctions of the Sertoli cells

(Johnson, 1973). This barrier may not only serve to isolate and

protect the maturing germ cells from potentially harmful blood-borne

substances, but may be equally important in preventing sperm

antigens from entering the circulation and eliciting an immune

response. In other words, this blood-testis barrier ensures that

the body's immunological system does not recognize differentiation

antigens on haploid germ cells as non self. Under such

circumstances germ cells may not require the protection that such

suppressor lymphocytes would afford.

In contrast, T-lyraphocytes were normally found in these

parts of the excurrent genital duct system (i.e. in the rete testis,

epididymis and vas deferens) where the blood-testis barrier is weak

or absent (Johnson, 1973), occurring only at the level of the

Sertoli cells and where the sperm and/or sperm components are in

contact directly with the outside environment.
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The epididymis absorbs most of the fluid secreted by the

testis and the products of sperm breakdown (Jenkins et al., 1978).

Approximately half the spermatozoa that enter the head of the

epididymis disintegrate before reaching the cauda region which

stores mature spermatozoa (Fabbrini and Hafez, 1980). The vas

deferens plays an important role, not only in sperm transport but

also in the maintenance of epididymal sperm reserve.

Freund and Davis (1969) and Overstreet (1986) reported that

60-70% of the spermatozoa within a normal ejaculate come from the

epididymis and the proximal part of the vas deferens. The ampulla

of the vas also stores sperm. Under normal physiological

conditions and during sexual rest, large numbers of the stored

spermatozoa often disintegrate, leading to considerable absorption

of fluid and possibly of products of sperm degradation. Since it

is well established that human sperm are autoantigenic (Mancini,

1974), the absorption of sperm breakdown products may initiate

immune responses against self, i.e. autoimmunity. However, the

existence of a network of suppressor T-cells within the epithelium

and the subepithelial connective tissue of the rete testis,

epididymis and vas deferens could limit self reactivity to

testicular and/or sperm antigens under normal, non pathological

circumstances.

There is substantial evidence implicating suppressor T-cells

in inducing tolerance against self antigens (Richaman et al., 1978;

Cowing, 1985). T-cell tolerance induction was also shown to be

Class II MHC (major histocompatibility complex) restricted (Lowy et

al., 1984). We noted, in the present study, definite expression of

the HLA-DR antigens, Class II molecule of the MHC, on the actual
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epithelia of the rete testis, epididymis and vas deferens. It has

been suggested that the expression of Class II MHC antigens on

non-lymphoid organs may induce tolerance against self antigens,

protecting self against both exogenous factors and autoimmunity

under normal circumstances (Iwatani et al., 1985). Furthermore,

the HLA-DR positive epithelial cells may act as antigen presenting

cells, resulting in the induction of suppressor T-cells. Bland and

Warren (1986 ) have demonstrated antigen presentation by Ia+

(DR-like) intestinal columnar epithelial cells and presented

evidence suggesting that antigen presentation by gut epithelial

cells does result in the induction of immunoregulatory T-suppressor

cells.

The finding that the epithelium of the seminal vesicles

contains few suppressor T-cells is also consistent with its

functions. The seminal vesicles are not a storage depot for

spermatozoa and the secretions of the seminal vesicles are only in

contact with the spermatozoa at the moment of ejaculation (Clavert

et al., 1985), i.e. there is little or no absorption of sperm

antigens. This also may explain why the seminal vesicle epithelium

is HLA-DR negative. However, antigenic properties of the male sex

accessory glands, the prostate and the seminal vesicles, have been

reported (Flocks et al., 1960; Shulman and Orsini, 1970).

The observations of Rao and Sadri (1959), Grant and Everall

(1963) and Barnes et al. (1965) that seminal fluid and prostatic

extracts contain identical antigens, provide clues as to the

significance of the antigens in this organ for immunological

fertility disorders. This may explain in part the significance of

the predominant suppressor/cytotoxic T-cells in the prostate. A
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potential consequence of this suppressor barrier in the prostate is

that infections and inflammation are commonly encountered in young

men. Inflammation may result in occlusion of the ejaculatory ducts

and absorption of prostatic and sperm antigens. Alternatively, the

elicitation of a localised genital tract immune response to

pathogens may lead to the formation of bacterial membrane

carbohydrate-directed antibodies that cross-react with carbohydrates

on the sperm surface (Sarkar, 1974). The demonstration of

B-lymphocytes in the interstitial connective tissue of the prostate

may account for the source and level of local secretion of

immunoglobulins.

Several studies have suggested an association between sperm

antibodies and epididymitis (Fjallbrant, 1965) and prostate

vesiculitis (Fjallbrant and Obrant, 1968; Quesada et al., 1968;

Witkin and Toth, 1983). In addition a higher incidence of

prostatitis was noted in men with sperm antibodies than in their

control group (Fjallbrant and Nilsson, 1977). Furthermore, in

longitudinal studies in males with acute and chronic bacterial

prostatitis, systemic and local humoral immune responses have been

found (Shortliffe et al., 1981).

It has been demonstrated that antibacterial protection

depends on both lymphocytes and macrophages (Mackaness, 1964;

Kaufmann, 1984). Extracellular bacteria can be eliminated by

phagocytes (granulocytes) and this process is amplified by

opsonizing antibodies. Thus protective immunity against these

organisms is mediated by B-cell-derived antibodies. Facultative

intracellular bacteria, however, can survive and multiply within

normal phagocytes and antibodies have little or no protective
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effects. Acquired resistance against these pathogens depends on

specific T-cells which activate macrophages harbouring bacteria for

bacteriostatic and bactericidal activity.

Selective stimulation of T-cell subsets is controlled by

gene products of the MHC. Association of antigenic epitopes with

Class I molecules will stimulate cytotoxic T-cells whereas

association with Class II molecules will lead to generation of

helper T-cells (Hahn and Kaufmann, 1981). Macrophages express a

high amount of Class II antigen and this feature will allow

preferential association of bacterial antigens with these molecules.

Activation of macrophages by Class II restricted helper T-cells is

triggered in intracellular bacterial infection and this event will

lead to elimination of bacterial pathogens. On the other hand,

Class I restricted cytotoxic T-cells will result in lysis of viral

infected target cells inhibiting virus replication.

In view of these studies, it is possible that the

identification of T-lymphocytes of both the suppressor/cytotoxic

T-cells and helper/inducer T-cells, B-lymphocytes, HLA-DR+ cells and

macrophages in the prostate indicates their role in protecting this

organ against infection. The observation that the prostatic

biopsy, from the patient with chronic prostatitis, was infiltrated

by a large number of T-cells, together with the finding that some of

these were activated (lL-r2+), indicates that the aetiology of some

chronic prostatitis has an immunological component.

Activated T-cells, and specifically their products

(lymphokines), have been shown to facilitate the reactivity of

macrophages not only by enhancing their capacity to present antigens

(Scher et al. , 1982) but also by augmenting their antimicrobial
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activity against a variety of pathogenic microorganisms (Nathan et

al., 1983). T-cell lymphokines can also enhance the oxygen-

independent antimicrobial mechanisms of human mononuclear phagocytes

(Murray et al., 1983).

We have shown in this study that Leu 7, an antigen

associated with NK-cells (Abo and Balch, 1981), is also expressed on

prostatic epithelium. This is in agreement with the recent

observation of Wahab et al. (1985) who reported the reactivity of

the anti-Leu 7 antibody with normal, benign and malignant prostatic

tissues. They also suggested that Leu 7 antibody may be a useful

diagnostic and prognostic marker of prostate cancer.

In contrast, the anti-Leu lib antibody which also defines

the NK-cells, did not cross-react with the prostatic tissues. Leu

llb+ (Leu 1~) was detected within the epithelium and within the

interstitial connective tissue stroma in BPH tissues. These

results indicate that the Leu lib antibody, rather than the Leu 7,

is well suited to identifying NK-cells in prostatic tissues.

It has been shown that the Leu 7+ Leu ll- subset

demonstrates low NK activity, whereas Leu 7~ Leu 11+ cells have a

potent NK function (Abo et al., 1984). Although the clinical

significance of NK-cells is unknown, researchers postulate that they

act as primary and early defence mechanisms against viral

infections, through the cytotoxic and secretory activities and as a

component of immune surveillance against tumour cell formation

(Herberman and Ortaldo, 1981).
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IV.G.2 Macrophages

Little is known of macrophage maturation and function in

vivo, because variations in macrophage morphology, enzyme content,

and surface receptors hinder their recognition from other cell

types. The recent development of monoclonal antibodies to human

monocyte/macrophage surface antigens can now be used to identify

normal resident mononuclear phagocytes and different stages of

maturation and in several different tissues. Using these specific

antibodies we have identified a resident population of mononuclear

phagocytes and possibly dendritic cells within the tissues of the

male genital tract: the testis, epididymis, vas deferens and the

prostate. These cells were rarely seen in the seminal vesicle.

The presence in peripheral testis of relatively large

numbers of cells reacting with anti-monocyte/macrophage monoclonal

antibodies was unexpected in the light of previous observations

using conventional histological techniques. While we cannot

entirely exclude the possibility that certain of the monoclonals

used cross-reacted with other cells, e.g. fibroblasts, we believe

that the present studies indicate that there are significant numbers

of monocytes/macrophages and possibly dendritic cells within the

peripheral testis. In the first place these antisera failed to

stain cultured human skin fibroblast or fibroblasts in prostatic

tissue and skin. Three anti-macrophages/monocytes from independent

sources (in addition to the antihuman leucocyte and the anti-HLA-DR

antibodies) all gave the same staining patterns. This provides

compelling evidence that the reaction is specific, since the

three or the five reagents are unlikely to contain the same
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contaminating antibody. Furthermore, our observations are in

agreement with previous histological studies in man (Holstein, 1978)

and rat (Miller et al., 1984). In addition, the rat testis has

recently been shown to produce large amounts of interleukin-1, which

is known to be a macrophage derived protein (Khan et al., 1987).

The role of these macrophages in testicular tissues is not

clear. In rats, testicular macrophages were observed in intimate

association with Leydig cells, and portions of Leydig cell cytoplasm

were endocytosed by macrophages (Miller et al., 1984). This

prompted Bergh (1985) to suggest that these macrophages could be

involved in the endocrine function of the testis. However, we

believe that these macrophages may perform a more central

immunological function. They may provide an ancillary back-up

protection against the risk of escaped sperm antigens following

compromise of the micro-anatomical blood-testis barrier.

Alternatively, they may prevent the escape and dissemination of

antigenic substances by destruction and removal by phagocytosis

following alteration in the integrity of the blood-testis barrier.

The demonstration of such cells in those segments of the genital

tract, rete testis, epididymis and vas deferens, where luminal

contents are absorbed or where sperm are stored, provides further

support for their immunological role in the male reproductive tract.

These cells could perform a direct phagocytic function against

debris or sperm breakdown products and could also participate in the

complex cellular interactions known to occur in both cellular and

hutaoral immune responses (Friedmann et al. , 1981). In this

context, it is interesting to note the expression of HLA-DR antigens

on these macrophages or the presence of other HLA-DR+ cells, within
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the tissues of the male genital tract, which are thought to be

essential for the successful presentation of antigen to T-cells

(Kappler and Marrack, 1976). T-cells will recognize foreign

antigens only when they are associated on the surface of a cell with

a molecule encoded by the major histocompatibility complex (MHC).

Thus cytotoxic T-cells usually see antigen in association with Class

I MHC (molecules which are expressed on all cells) and helper

T-cells usually see antigen in the context of MHC Class II molecules

(la or Dr-like) which are expressed on a number of the cell

varieties which comprise the immune system (Robertson, 1985).

Whether or not these macrophages (Leu M3+, 3.9+ and 24+ cells) are

functioning as phagocytic or antigen presenting cells remains to be

established. Nevertheless sperm phagocytosis was reported in the

rete testis of the monkey and man (Holstein, 1978) and intra¬

epithelial macrophages have been reported to occur throughout the

length of the human epididymis (Wang and Holstein, 1983).

IV.G.3 Patients with Testicular Obstruction

Unilateral vasoligation and vasectomy have been shown to

produce antisperm antibody in rats (Rumke and Titus, 1970). In

man, Hendry et al. (1982) have reported on 32 subfertile humans with

unilateral testicular obstruction, of whom 80% had antisperm

antibodies and 50% were severely oligozoospermic. The development

of such antibodies in 60-80% of men undergoing bilateral vasectomy

is well-established (Samuel and Rose, 1980). Meanwhile testicular

biopsies in subfertile men with circulating antisperm antibodies
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have been reported as showing no evidence of allergic orchitis or

immune depression of spermatogenesis (Rumke and Hellinger, 1959).

Hargreave et al. (1982b) found no evidence of lymphocyte, macrophage

or plasma cell infiltration in any testicular biopsies from 94 men

with sperm density less than 10 million/ml and 9 men with

obstructive azoospermia. Jarrow et al. (1985) have also found no

evidence of inflammatory reactions in testicular biopsy specimens

from 31 vasectomized men. Furthermore, Bigazzi et al. (1979) have

reported that no human studies have revealed monocytic infiltration

to be a characteristic of post-vasectomy testicular biopsy

specimens. However, Hendry et al. (1979) have reported one patient

with a high titre of antisperm antibody who had a focal round cell

infiltrate around the seminiferous tubules.

Our study on testicular biopsies from subfertile men, using

specific monoclonal antibodies with an indirect immunoperoxidase

technique, has revealed the presence of lymphocytic infiltration,

mainly of the T-lymhocytes, in all the patients with testicular

obstruction. The suppressor/cytotoxic T-lymphocytes predominated

in the biopsies from patients with obstructive azoospermia in whom

no sperm antibodies were detected in either serum or semen. On the

other hand, the helper/inducer T-cells predominated in biopsies from

both patients with unilateral testicular obstruction and vas

reversal patients, and this may explain in part the high titre of

antisperm-antibodies noted in the serum and semen of these patients.

It is of interest to note that epididymal biopsies from these groups

of patients showed a more or less similar pattern of T-cell

distribution.

- 161 -



In the epididymal biopsies the pattern of distribution of

the T-cell subsets was altered from that seen in normal epididymal

tissues. There appeared to be a decrease in the suppressor/

cytotoxic T-cells within the epithelium and an increased

infiltration by helper/inducer T-cells within the connective tissues

of the lamina propria and interstitium. This was particularly

marked in the patients with unilateral obstruction and vasectomy

reversal. In addition, activated T-cells were seen in these latter

patients, indicating the presence of ongoing immune reactions. In

such men, spermatozoa are produced continuously, although at a

decreased rate, and accumulated within the blocked compartment of

the excurrent genital ducts. These cells will disintegrate and

breakdown in situ, resulting in increased resorption, phagocytosis

and direct extravasation of sperm components. This, in turn,

represents a powerful and continuous antigenic stimulus which may

overwhelm and exhaust the capacity of the suppressor T-cell barrier.

The resident suppressor T-cells, in the lining epithelia of the

excurrent genital ducts, would under normal physiological conditions

be exposed to a continuous but low dose of such sperm antigens.

As previously emphasized, it is now well established that

T-cells are involved in a complex series of interactions which

regulate the immune response. Interaction between the Leu 2a+
cells and Leu 3a+ cells is required to induce suppression of

immunoglobulin production to antigen, pokeweed mitogen, or

autologous mixed leucocyte reactions (Thomas et al., 1981). The

Leu 3a subset of cells on the other hand has been shown to

proliferate in response to soluble antigens and to induce B-cells to

secrete both immunoglobulin and precytotoxic cells to become
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cytotoxic (Reinherz et al., 1979). It has been also demonstrated

that, with the appropriate target cells, a subset of Leu 3a+ (T4+)
cells may be cytotoxic as well (Moretta et al., 1981).

Nevertheless, the demonstration that Leu 3a+ (T4+) cytotoxic

lymphocytes are specific for Class II molecules (DR-antigens)

provides a mechanism for tissue damage. Such cytotoxic cells could

conceivably damage a variety of cells bearing Class II antigens

including endothelial cells. In addition, loss or decrease in the

Leu 2a+ (T8+) cells may result in unopposed inducer functions and

the development of unregulated cytotoxic Leu 3a+ (T4+) cells.

A delicate balance between effector and regulatory cells

normally exists and is required for immune homeostasis.

Aberrations in immunoregulatory T-cell subsets have been shown to

exist in many autoimmune diseases, e.g. rheumatoid arthritis,

systemic lupus erythematosus and graft versus host disease. These

diseases are generally characterised by an increase in the ratio of

the helper/inducer to the suppressor/cytotoxic T-cells. These

changes in the T-lymphocyte subsets are associated with reduced or

impaired suppressor activity and may be accompanied by the

development of autoantibodies and/or cytotoxic cell activity

(Schlossman and Reinherz, 1984).

In view of these studies, it is most likely that the

predominant suppressor/cytotoxic T-cells in the epithelial lining of

the normal male genital tract function as a major immunological

barrier which may normally prevent the development of autohumoral or

cellular immune responses to sperm antigens. Obstruction to the

outflow of spermatozoa resulted in: increased infiltration of

testicular and epididymal biopsies, from patients with unilateral
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obstruction and vasectomy reversal, by Leu 3a+ cells; loss of Leu

2a+ cells and imbalance of the suppressor/inducer cell ratios in

epididymal biopsies. The finding of increased infiltration of

testicular and epididymal biopsies with T-cells, together with the

observation that some of these are activated, or lL-2r+, suggests

the presence of antisperm cell-mediated reactions. It also

elucidates the mechanism of sperm antibody production. The

observation that the unilaterally obstructed patients resemble

vasectomised men as regards the pattern and type of cell infiltrate

and the presence of sperm antibodies in their serum and seminal

plasma may indicate the clinical significance of unilateral

testicular obstruction in subfertile males. This has been recently

reported by Hendry (1986).
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CHAPTER V

LYMPHOCYTE SUBSETS IN UROTHELIUM



V.A INTRODUCTION

The mucosal lining of the urinary tract is being constantly

challenged by a variety of biological and chemical agents which

include microorganisms, and toxic or carcinogenic substances. The

development of mucosal as well as systemic immune responses to

microbial and other antigens is controlled and regulated by specific

immunoregulatory mechanisms. T-lymphocytes and macrophages are

known to play a major role in such immune-regulation.

Having defined the lymphocyte subsets and macrophages in

the tissues of the reproductive tract, we find that it is worthwhile

to extend these studies to the urinary tract, particularly the

urothelium. This section reports the results in normal human

urothelium and the preliminary studies on patients with bladder

tumour (carcinoma in situ).

V.B NORMAL UROTHELIUM

Histological examination of sections stained with

haematoxylin and eosin showed normal urothelium and subjacent lamina

propria. All the specimens showed the same immunostaining profile.

V.B.I T-Lymphocytes

T-lymphocytes stained with the pan T-cell monoclonal

antibody (Til) were demonstrated within the mucosal lining of both

the ureter and the urinary bladder. They showed a uniform
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distribution in the urothelium around the entire circumference of

the ureter, while in the bladder cellular distribution within the

mucosa was patchy. In both the ureter and the urinary bladder, the

T-lymphocytes were situated mainly within the epithelium and the

lamina propria with the greater proportion of them being present

within the epithelium. T-lymphocytes were situated alongside the

epithelial cells at various levels above the basement membrane but

tended to be concentrated towards the basal layer. In the lamina

propria the T-lymphocyte cells were found towards the upper part of

the subepithelial connective tissue layers also in close proximity

to the other surface of the basement membrane.

The majority of these mucosal T-lymphocytes were identified

as T8+, i.e. of the suppressor/cytotoxic phenotype (Figure V.l).

In the ureter, 84.1% of the intraepithelial T-lymphocytes and 61.3%

of the lamina propria T-lymphocytes exhibited the suppressor/

cytotoxic phenotype. In the urinary bladder the distribution of

T-lymphocytes was similar; 87.7% of the intraepithelial T-cells and

60.7% of the lamina propria T-cells expressed the suppressor/

cytotoxic phenotype (Tables V.l and V.2).

Some T4+ (helper/inducer T-lymphocytes) were also detected

both within the epithelium and the lamina propria of the mucosal

lining of the ureter and the urinary bladder and were located mainly

in the lamina propria. They were fewer in number in comparison to

the T8+ cells. The average ratios of the suppressor/cytotoxic

T-cells to the helper/inducer T-cells (T8+/T4+) were 10.4 and 7.4 in

the urothelium of the ureter and the urinary bladder respectively.

None of the T-lymphocytes showed a detectable reaction with the
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Figure V.l: T8+ cells (suppressor/cytotoxic T-lymphocytes) within
normal urothelium: a) ureter; b) urinary bladder.
(Cryostat sections, immunoperoxidase, x 160 and x 80)
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TABLE V.l:

T-LYMPHOCYTE SUBSETS WITHIN THE EPITHELIUM AND LAMINA PROPRIA
OF NORMAL HUMAN URETER

Tll+ cells T8+ cells T4+ cells
Live (All T-lympho- (T suppressor/ (T helper/
Donor cytes) cytotoxic) inducer) T8+/T4+

EPITHELIUM (mean counts ± S.D. per 100 epithelial cells)

A 14.30 10.74 1.20 8.95

B 9.43 8.43 1—1 • CO 00 6.10

C 11.24 9.57 0.95 10.07

D 12.12 11.34 0.62 18.29

E 10.79 8.03 0.58 13.84

All donors 11.57±1.80 9.62±1.42 0.94±0.35 11.45±4.72

LAMINA PROPRIA (mean counts ± S.D. per 0.8 mm2
tissue x 160)

A 12.1±2.7 6.6±1.5 4.8±2.0 1.37

B 12.8±2.3 7.9±1.2 5.9±1.1 1.33

C 16.7±2.9 11.0±1.8 7.0±1.2 1.57

D 18.1±2.3 11.1±1.9 6.9±1.4 1.60

E 15.5±3.4 9.5±1.6 5.0±1.3 1.90

All donors 15.04±2.54 9.22±1.96 5.92±1.02 1.55±0.22

(See Appendix C)
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TABLE V.2:

T-LYMPHOCYTE SUBSETS WITHIN THE EPITHELIUM AND LAMINA PROPRIA
OF NORMAL HUMAN BLADDER

Tll+ cells T8+ cells T4+ cells
Cadaver (All T-lympho- (T suppressor/ (T helper/
Donor cytes) cytotoxic) inducer) T8+/T4+

EPITHELIUM (mean counts ± S.D. per 100 epithelial cells)

4 7.87 6.94 0.73 9.50

5 10.84 7.10 0.92 7.71

6 9.67 7.88 1.16 6.79

7 9.39 8.23 1.15 9.46

8 9.14 6.79 1.05 6.46

All donors 9.38±1.06 7.38±0.63 1.002±0.18 7.98±1.44

LAMINA PROPRIA (mean counts ± S.D. per 0.8 mm2
tissue x 160)

4 9.3±1.3 5.3±1.3 3.7±0.7 1.43

5 13.8±2.3 8.4±1.4 5.6+1.8 1.50

6 11.8±3.3 7.5±1.7 5.5±1.4 1.36

7 10.2±1.5 5.0±0.9 3.0±0.8 1.66

8 11.0±1.8 7.6±2.1 5.1±1.5 1.49

All donors 11.22±1.71 6.76±1.51 5.67±1.71 1.48±0.11

(See Appendix C)
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anti-interleukin-2 receptor monoclonal antibody which detects

activated T-cells.

V.B.2 B-Lymphocytes

Cells reacting with the B1 antibody which detects

B-lymphocytes were seen as small lymphoid aggregates in the outer

part of the serosa of the ureter. No Bl+ cells were detected in

the mucosal lining of the ureter and the urinary bladder.

V.B.3 Monocytes and Macrophages

Cells stained by the anti-Leu M3 monoclonal antibody, which

reacts with cell-surface antigens of monocytes/macrophages, were few

in number and were detected mainly in the lamina propria.

Occasional Leu M3+ cells were also seen within the urothelium.

V.B.4 Anti-HLA-DR Reactive Cells

The majority of mucosal cells were HLA-DR negative but

scattered HLA-DR positive cells were observed within the epithelium

and within the lamina propria. Within the epithelium, the

distribution of HLA-DR+ cells was similar to that of the

T-lymphocytes. On the other hand, the HLA-DR+ cells detected in

the lamina propria had a dendritic morphology (Figure V.2).

However, T6+ cells identified in the lamina propria were very few in

numbers compared with the HLA-DR+ cells.
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Figure V.2: HLA-DR"1" cells within the epithelium and lamina propria
of normal human ureter.

(Cryostat sections, immunoperoxidase, x 80)
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v.c BLADDER BIOPSIES FROM PATIENTS WITH CARCINOMA IN SITU

V.C.I T-Lymphocytes

The three biopsies examined showed massive infiltration

with T-lymphocytes throughout the yrothelium and the lamina propria.

In contrast to normal tissues, the T-lymphocytes tended to be

concentrated in the lamina propria. In addition the majority of

these T-cells stained with the T4 antibody which defines the

helper/inducer T-cells (Figure V.3a). The T8 antibody stained a

minority of T-cells. The expression of IL2-receptors was

demonstrated on a substantial proportion of cells.

V.C.2 B-Lymphocytes

In the lamina propria, B-lymphocyte aggregates and/or

follicles were detected (Figure V.3b). These B-cell aggregates

(follicles) were often surrounded by a halo of T4+ (helper/inducer)

T-cells.

V.C.3 Monocytes/Macrophages

Cells stained by Leu M3 antibody were detected and appeared

more numerous compared with the normal tissue.
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Figure V.3: Immunoperoxidase staining of cryostat sections of a
bladder biopsy obtained from a patient with carcinoma
in situ stained with a) T4 and b) B1 monoclonal
antibodies.

Note the infiltration of the urothelium with T4+ cells and the

presence of Bl+ follicles in the lamina propria (x 80).
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V.C.4 Anti-HLA-DR Reactive Cells

Unlike the normal urothelium which was HLA-DR-negative, the

urothelia, in these three biopsies, displayed strong staining with

the anti-HLA-DR antibody. Furthermore, all the lymphocytes and

macrophages were HLA-DR-positive.

V.D DISCUSSION

Using monoclonal antibodies in an indirect immunoperoxidase

technique, lymphocyte subsets and macrophages in normal ureteric and

bladder urothelium were identified. Lymphocytes were located

within the epithelium as well as in the subepithelial connective

tissues and were almost always T-cells with a preponderance of the

suppressor/cytotoxic phenotype. The lymphocytes were concentrated

within the epithelium, whereas 81.3% of the intraepithelial

T-lymphocytes were of the suppressor/cytotoxic phenotype.

The pattern of lymphocyte distribution observed in normal

human urothelium is very similar to that noted in the lining

epithelia of normal human rete testis, epididymis, vas deferens,

prostate and seminal vesicles where it was shown that approximately

70% of the T-lymphocytes found within the mucosa of the male genital

tract were of the suppressor/cytotoxic phenotype. These results

are in agreement with the recent observations of Gardiner et al.

(1986) who reported the presence of T-lymphocytes mainly of the

suppressor/cytotoxic phenotype within normal human bladder mucosa.

In addition Selby and his colleagues (1981) have shown that 79% of
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the intraepithelial T-lymphocytes in the intestinal mucosa were also

of the suppressor/cytotoxic phenotype. These findings suggest a

probable common pattern of deployment of immune competent cells

within mucosal surfaces and perhaps a shared mucosal immunity

system. The urothelium has a wide surface area on which there is

an interface between the environment and the tissues and, although

contamination with microorganisms is frequent, frank infections are

rare. Similarly, urine may contain numerous carcinogenic agents

and yet urothelial malignancy is limited.

The presence of T-lymphocyte subsets within the urothelium

and within the lamina propria may imply that immune related

mechanisms may be directly involved in protection of the ureter and

the bladder mucosa. The obvious preponderance of T-cells,

macrophages and cells expressing HLA-DR antigens, combined with the

paucity of B-cells, suggests that cell-mediated immunity is more

important than humoral immunity in effecting a local mucosal

resistance. However it is not clear whether these demonstrable T8+

cells are functioning in a suppressor or in a cytotoxic role as both

lymphocyte subsets are detected by this reagent. If indeed these

lymphocytes were predominantly of the suppressor phenotype, it might

be argued that their functional presence within the urothelium was

to protect the epithelial microenvironment from immune mediated

damage. If however the T8+ cells were mainly of the cytotoxic

phenotype, then they would be of value both in resistance against

certain infections and in tumour surveillance. Cytotoxic T-cell

mediated immune reactions could lead to the removal of damaged cells

as well as urothelial cells with adherent bacteria, infected cells

and cells damaged by environmental chemicals. It has been
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suggested that, when an agent destroys a group of intestinal mucosal

epithelial cells, local release of cytotoxic cells would provide a

first line of cell-mediated defence of the de-epithelialised area

with macrophages further supplementing this initial action (Mowat

and Ferguson, 1981).

The presence of macrophages (Leu M3+ cells) within the

mucosa of the ureter and the urinary bladder suggests that they also

have a role in local mucosal immunity. They could perform a direct

cytotoxic function and/or phagocytic function against the invading

microorganisms or against aberrant cells and could also participate

in the complex cellular interactions known to occur in both cellular

and humoral immune responses (Friedman et al., 1981). In this

context it is interesting to note the presence within the urothelium

of cells possessing cell surface Class II (Ia/Dr-like) antigens

which are thought to be essential for the successful presentation of

antigen to T-cells (Kappler and Marrack, 1976; Stingl et al.,

1978). This finding further suggests that cell-mediated immunity

is of more importance than humoral immunity in the mucosa.

Of particular interest were the changes in lymphocyte

distribution noted in the few biopsies examined from patients with

carcinoma in situ. The most notable changes were: increased

infiltration with T-cells of the helper/inducer phenotype (T4+) and

macrophages (Leu M3+) ; the demonstration of B-lymphocytes (Bl + )

aggregates in the lamina propria; and the expression of the HLA-DR

antigens (Class II molecules) on the urothelial cells as well as the

infiltrating lymphoid cells. These changes indicate a host immune

response to the tumour though the relevance of such to tumour growth

remains to be established. While there are many ways such a
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response could retard tumour growth including both cells of the

immune system and antibodies, most tumours eventually go on or

progress to kill the patient.

In conclusion, using specific monoclonal antibodies,

T-lymphocyte subsets and macrophages were identified in normal

urothelium and shown to have a specific pattern of distribution

similar to that noted in the lining epithelium of the genital tract.

The existence of these cell populations may contribute to the health

and protection of the urothelium, particularly in resistance to

infection and tumour surveillance. These cell populations should

also be considered in relation to the understanding of mucosal

immunity in general. Profound changes in the incidence and

distribution of these cells were noticed in bladder biopsies from

patients with carcinoma in situ.
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CHAPTER VI

IDENTIFYING LEUCOCYTES AND LEUCOCYTE SUBPOPULATIONS

SEMEN USING MONOCLONAL ANTIBODY PROBES



VI. A INTRODUCTION

This chapter reports the results of immunocytochemical

detection of leucocyte subpopu1 ations , combined with the

microbiological screening, in the ejaculate of 81 men (see materials

and methods, section II.B.4) and discusses the findings.

VI.B IMMUNOPEROXIDASE STAINING OF CYTOCENTRIFUGED SMEARS OF SEMEN

The monoclonal antibodies used to study leucocytes and

leucocyte subpopulations in the ejaculate of 69 subfertile men and

12 infertile men included: the antihuman leucocytes which defines

all leucocytes; the anti-Leu 4 which defines all T-cells; the

anti-Leu 3a which defines the T-helper/inducer cells; the anti-Leu

2a which defines the T-suppressor/cytotoxic cells and the anti-Leu

12 which defines B-lymphocytes (see Table II.2 in materials and

methods).

The staining pattern seen in semen smears was similar to

that obtained in peripheral blood leucocyte smears, the positive

controls. The positively stained cells were easily identified by

their dark brown cell membrane and/or cytoplasmic staining. The

majority of these stained cells appeared from their morphological

appearance to be PMN leucocytes. Cells actively involved in

phagocytosis showed specific staining. The distribution of the

positively labelled cells was nearly uniform throughout the smears

and in any particular specimen the count from one field to another
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was consistent. A few leucocytes showed yellowish brown peroxidase

positive granules in their cytoplasm. Negative control smears

showed no staining.

VI.C LEUCOCYTES IN THE SEMEN

VI.C.l Fertile Men

All of the specimens from the 12 fertile men showed cells

reacting with the pan anti-leucocyte monoclonal antibody with a mean

count of 44.9 ± 25.8 leucocytes per HPF (x 320) (Table VI.la).

Most of these cells appeared from their morphological appearances to

be polymorphonuclear leucocytes (Figure VI. la). Cells reacting

with the antilymphocyte reagents were rarely detected.

VI.C.2 Patients with an Infertile Marriage

Leucocytes were detected in 90% (63/67) of the specimens

from the patients, with a mean count of 14.6 ± 17.1 leucocytes per

HPF (x 320). T-lymphocytes (Leu 4+ cells) were demonstrated in

13 subfertile patients, with a mean count of 4.5 ± 3.3. The mean

count of all leucocytes in these 13 patients was 15.6 ± 12.6

leucocytes/HPF T-lymphocytes/HPF (x 320) (Table VI.lb). The

T-lymphocytes were mainly of the suppressor/cytotoxic phenotype (Leu

2a+) (Figure VI.lb). Although Leu 3a+ tells (T-helper/inducer

cells) were seen occasionally, no Leu 12+ cells (B-lymphocytes) were

detected in any of the specimens. The number of PMN leucocytes was
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TABLE VI.la:

LEUCOCYTES IN SEMEN DETECTED BY ANTIHUMAN LEUCOCYTE (HLe-1)
MONOCLONAL ANTIBODY

Number of leucocytes Number of fertile
per HPF (x 320) Number of patients men (controls)

0 7 0

I-10 35 0

II-20 15 2

20 13 10

TABLE VI.lb:

T-LYMPHOCYTES IN SEMEN DETECTED BY ANTI-LEU 4 MONOCLONAL ANTIBODY

(A PAN T-CELL MARKER)

Number of T-lymphocytes Number of fertile
per HPF (x 320) Number of patients men (controls)

0 50 11

1-10 12 1

11-20 1 0
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Figure VI.1: Immunoperoxidase staining of cytocentrifuge smears of
semen stained with:
a) antihuman leucocyte antibody for all leucocytes
b) Leu 2a antibody for suppressor/cytotoxic cells

(a x 320; b x 640)
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calculated by subtracting the total lymphocyte count from the total

leucocyte count. Wilcoxon rank sum tests showed that the total

leucocyte count and the PMN leucocytes were significantly higher in

fertile men (P 0.001 in both). However, there were no

significant differences in the counts of T-lymphocytes or their

subsets. This possibly is a reflection of the low incidence of

T-lymphocytes in the ejaculate examined.

VI.D MICROBIOLOGICAL INVESTIGATIONS

Sixty-five patients and eight fertile men were tested for

the following microorganisms: aerobes, anaerobes, Ureaplasma

urealyticum and Chlamydia trachomatis. Fifty-seven of the 65

patients and 7 of the 8 fertile men were found to have positive

bacterial cultures for one or more of these microorganisms

(Table VI.2). Eight patients and one fertile man had completely

negative results. There were no positive cultures for Chlamydia.

Aerobic organisms were isolated either alone or in

association with anaerobes of Ureaplasma urealyticum from 55

patients and seven fertile men. Anaerobes were isolated from 43

patients and from all of the fertile men with positive cultures.

Nine patients and one fertile man had positive cultures for

Ureaplasma urealyticum.

There were no significant differences in bacterial counts

among individual organisms or groups except for Proteus, which was

significantly more common in the fertile men (2/8) compared with the

patients (2/65). The most frequent organism in both patients and
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TABLE VI.2: NUMBER OF BACTERIAL SPECIES* ISOLATED PER SEMEN SAMPLE

No. of patients with corresponding number
of species (and total number of isolates)

No. of bacterial

species isolated
per patient Infertile patients Controls

0 8 (0) 1 (0)
1 12 (12) 3 (3)
2 11 (22) 1 (2)
3 17 (51) 2 (9)
4 12 (48) 0 (0)
5 3 (15) 0 (0)
6 2 (12) 0 (0)

Total 65 (160) 8 (14)

Excluding Ureaplasma urealyticum

Notes:
The mean number of organisms per control sample = 1.75 (14/8)
The mean number of organisms per infertile sample = 2.46 (160/65)
None of the controls has 3 bacterial species present per sample

TABLE VI.3: ISOLATION RATE OF BACTERIA FROM 73 SEMEN SAMPLES

Number (and percentage) of samples with
corresponding organism(s)

Species group Infertile patients (n=65) Controls (n=8)

Staphylococcus albus 48 (73.8) 5 (62.5)
Diphtheroids 27 (41.5) 3 (37.5)

haemolytic streptococci 10 (15.4) 0

haemolytic streptococci 1 (1.5) 0
Streptococcus faecalis 1 (1.5) 1 (12.5)
Proteus spp 2 (3.1) 2 (25.0)
Escherichia coli 3 (4.6) 0
Bacteroides spp 31 (47.7) 2 (25.0)
a) Anaerobic cocci 31 (47.7) 1 (12.5)
b) Ureaplasma urealyticum 9 (13.9) 2 (25.0)
c) Others 6 (9.2) 0

a) Bacteroides and/or anaerobic cocci were isolated from 43 (66.2%)
samples from infertile patients and from 3 (37.5%) samples from
controls.
b) Ureaplasma isolation rate based on 70 valid cultures.
c) Includes: Fusobacterium nucleatum 1; Eubacterium Lentium 2;
Proprionibacterium acnes 1; Gardnerella vaginalis 1; and
Lactobacillus sp. 1.
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TABLE VI.4:

QUANTITATIVE BACTERIOLOGY OF MOST FREQUENTLY ISOLATED ORGANISMS

Range (and mean number) of
No. of colony forming units*

Group/species isolates isolated

Anaerobic cocci 32

Peptococcus magnus 13 l.OxlO3 - 5xl05 (9.7xl04)
Peptococcus asaccharolyticus 8 l.OzlO3 - 3xl05 (4.2xl04)
Peptococcus prevottii 6 2.0xl03 - 1.5xl04 (7.4 x 103)
Peptococcus anaerobius 1 2.5xl04

Peptostreptococcus anaerobius 3 5.0xl03 - l.OxlO6 (3.4xl05)
Unidentified 1 2.0xl03

Bacteroides spp. 32

Bacteroides asaccharolyticus 9 l.OxlO3 - l.OxlO6 (3.2xl05)
Bacteroides bivius 4 5.0xl03 - l.OxlO5 (5.5xl04)
Bacteroides melaninogenicus 2 3.0xl03 - 4.0xl05 (2.0xl05)
Bacteroides oralis 2 1.5xl03 - 5.0xl03 (3.2xl03)
Bacteroides corporis 1 5.5xl03

Bacteroides disiens 1 l.OxlO6

Bacteroides intermedius 1 5.0xl04

Unidentified 12 3.0xl02 - 4.5xl06 (3.7x 105)
Staphylococcus albus 50 1.5xl02 - 1.5xl06 (l.lxlO5)
Diptheroids 28 5.0xl03 - 4.0xl06 (4.9xl05)

haemolytic streptococci 10 2.0xl02 - 2.0xl05 (3.4xl04)
Ureaplasma urealyticura 10 l.OxlO1 - l.OxlO4 (2.1xl03

Colour changing units in case of Ureaplasma urealyticum
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fertile men was Staphylococcus albus (Tables VI.3 and 4) with a

mean (range) count of colony forming units isolated of 1.1 x 10~*
9 f\

(1.5 x 10 - 1.5 x 10 ) . Correlating the bacterial count

of every individual organism detected with sperm density and

motility, the results were not significant except for Bacteroides

asaccharolyticus, which showed a negative correlation with density

and motility (P <( 0.05).

VI.E RELATIONSHIP OF LEUCOCYTES TO BACTERIAL COUNTS

Each individual bacterial count, ureaplasma and bacterial

groups were correlated with the leucocyte and leucocyte

subpopulation counts. The results were not statistically

significant (Tables VI.5, 6 and 7) except that B-streptococci showed

a significant positive correlation with T-lymphocytes (P 0.05).

VI.F RELATIONSHIP OF LEUCOCYTES TO ANTISPERM ANTIBODIES

Serum TAT results were available for 50 patients and MAR IgG

for 19. Of the correlations with leucocyte counts, only that

between MAR IgG and PMN leucocytes was significant (positive

P 0.05). However, there was no significant correlation with

serum TAT (Table VI.8).
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TABLE VI.5: RELATIONSHIP BETWEEN NUMBER OF BACTERIAL SPECIES PER
SEMEN SAMPLE AND LEUCOCYTE COUNT

No. of bacterial Number of patients with
species isolated leucocyte counts of:

per patient 1 1-20 20 Total

0 1 3 2 6
1 1 8 3 12
2 4 6 1 11
3 5 10 2 17
4 2 8 2 12
5 1 2 0 3
6 0 1 1 2
Total 14 38 11 63

Kendall rank correlation: t = O.Ol (non significant)

TABLE VI.6: RELATIONSHIP BETWEEN PRESENCE OF ANAEROBES AND
LEUCOCYTE COUNT

Leucocyte Anaerobes Anaerobes
count present absent Total

1 12 2 14
1-20 22 16 38

20 7 4 11

Total 41 22 63

Wilcoxon rank sum test showed non significant correlation (z = -1.07)

TABLE VI.7: RELATIONSHIP BETWEEN UREAPLASMA CULTURE AND LEUCOCYTE
COUNT IN INFERTILE MEN (n = 60)

Ureaplasma culture

Number of leucocytes No. of patients No. of patients
per field (% of +ve) (% of -ve)

1 2 (22.2) 12 (23)
1-20 5 (55.5) 30 (57)

20 2 (22.2) 11 (21)
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TABLE VI.8:

RELATIONSHIP BETWEEN LEUCOCYTE COUNTS AND SPERM ANTIBODIES

MAR IgG versus PMN leucocytes

MAR IgG Number of patients
PMN leucocytes
(mean ± S.D.)

negative 14 13.2 (22.0)

positive 5 24.8 (16.3)

Serum TAT versus total leucocytic count

Serum TAT Number of patients
Leucocytes

(mean ± S.D.)

negative 36 12.7 (16.4)

positive 5 15.7 (19.2)

- 187 -



VI.G RELATIONSHIP OF LEUCOCYTES TO SPERM DENSITY, MOTILITY AND

SUBSEQUENT FERTILITY

There was no correlation between the leucocyte count and the

duration of involuntary infertility, sperm motility and sperm

density (Kendal rank correlation of - 0.03, 0.07 and 0.05

respectively, non significant (NS)). Furthermore, using the

couple-month analysis method, there was no significant relationship

between leucocyte counts and subsequent fertility (Tables VI.9 and

10).

VI.H DISCUSSION

Monoclonal antibodies with specificity to human leucocyte

surface markers were used in an indirect immunoperoxidase technique

to stain cytocentrifuge smears of washed ejaculate. This

immunocytochemical technique has permitted precise identification of

leucocytes in the semen. This procedure, which utilizes specific

monoclonal antibody probes, allowed further classification and

characterization of the leucocytes into their subpopulations.

The technique has many advantages, mainly its high

specificity. For example, the antihuman leucocyte monoclonal

antibody (HLC-1) has been shown to react with more than 95% of

lymphocytes, monocytes, polymorph nuclear cells, and eosinophils in

peripheral blood, spleen and tonsils (Beverley, 1980).

Furthermore, in the study on the frozen sections of human peripheral

testis (Chapter 4, section A) we have shown that the antibodies used
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TABLE VI.9:

RELATIONSHIP BETWEEN NUMBER OF BACTERIAL SPECIES PER SEMEN SAMPLE
AND SPERM MOTILITY

No. of bacterial No. of patients with sperm motility
species isolated

per patient 10 11-60 60 Total

0 2 1 2 5
1 2 4 7 13
2 3 4 4 11
3 4 6 7 17
4 2 7 3 12
5 1 1 1 3
6 1 0 1 2

Total 15 23 25 63

Kendall rank correlation: t = 0.07 (NS)

TABLES VI.10:

(a) RELATIONSHIP OF TOTAL LEUCOCYTE COUNTS TO SUBSEQUENT FERTILITY

Pan leucocyte count Observed pregnancies Expected pregnancies

0 2 1.47
0 10 2 3.94

10 20 4 2.24
20 1 1.35

X2 = 2.6 3 d.f. (NS)

(b) RELATIONSHIP OF T-LYMPHOCYTES TO SUBSEQUENT FERTILITY

T-lyraphocyte count Observed pregnancies Expected pregnancies

0 5 7.11
0 4 1.89

X2 = 2.99 1 d.f. (NS)
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in this study do not react with the germinal epithelium, sperm

precursors or mature sperms. Therefore, with this immunoperoxidase

technique the staining was very specific, and the danger of false

negative and false positive results was circumvented by simultaneous

study of known positive and negative controls.

It should be stressed that the use of diaminobenzidine/

hydrogen peroxide substrate in this technique may allow

visualisation of the peroxidase positive granules, if still active,

in the neutrophils, thus allowing simultaneous exploration of

currently used techniques to identify this cell population. It

also should be noted that the morphology of cells in the fixed

smears may be examined simultaneously by light microscopy following

staining. The stained preparations provide a permanent record

which can be stored at room temperature, and the use of high

dilutions of the monoclonal antibodies (1/100-1/160) makes this

technique relatively inexpensive. Moreover, the total time

required for the labelling procedure was approximately two and a

half hours and at least 24 cell smears could be processed in one

batch.

In the present study PMN leucocytes were the predominant

cell type of leucocytes in the ejaculate in both fertile and

subfertile groups. T-lymphocytes were demonstrated only in 13/63

specimens from subfertile patients, and these lymphocytes

represented 28.1% of the total leucocyte count in these 13 patients.

This is in contrast to the findings of Couture et al. (1976) In

their study, lymphocytes predominated and represented 66.6% of the

total count of leucocytes, while PMN leucocytes represented only 33%
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of the total count. A possible explanation of the difference in

results is that, in Couture's study, round immature germ cells in

which the acrosomal cap staining was deficient or difficult to

visualize, were counted as lymphocytes, thus increasing their

number. It is also possible that the PMN leucocytes which failed

to show peroxidase positive granules were considered to be

non-separated spermatids, thus lowering the number of PMN

leucocytes.

Our finding that the fertile men had large numbers of PMN

leucocytes compared with subfertile men raises many questions about

the normal role of these cells in the ejaculate. The primary role

of PMN leucocytes is internalization and killing of microorganisms

by the accumulation of toxic products within phagocytic vacuoles.

However, extracellular release and cytotoxicity of these agents,

including reactive oxygen derivatives and products of the

myeloperoxidase system, are well documented (Clark, 1983). So the

existence of PMN leucocytes in the ejaculate may provide a non

specific and rapid defence mechanism and protection against invading

organisms. The presence of these cells often is used as a

criterion of subclinical genital infection, but perhaps these cells

have another role.

It is well known that during spermiogenesis, excess

spermatid cytoplasm is shed as residual bodies (Clermont, 1970).

These cytoplasmic fragments are phagocytosed, broken down, and

subsequently resorbed by Sertoli cell lysosomes. A small portion

of cytoplasm, the cytoplasmic droplet, however, remains attached to

the midpiece of spermatozoa. So, it is possible that the

PMN-leucocytes in the ejaculate have a role in the final
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phagocytosis of the residues of degenerating germ cells and of

residual bodies in the ejaculate. On the other hand, subfertile

men have a high percentage of abnormal sperm forms which would,

perhaps, result in an over stimulation of phagocytosis but for the

presence of suppressor/cytotoxic cells.

In this study we tried to find a possible relationship

between subclinical genital tract infection and male infertility.

We defined precisely the leucocytes and leucocyte subpopulations and

also performed cultures for a range of microorganisms in the

ejaculate studied. A high bacterial isolation rate was found: 87%

of the semen cultures of both the fertile and infertile groups were

positive for microorganisms with no difference between the patients

and fertile groups. However, there was no significant correlation

between leucocyte counts and the counts of positive cultures for all

microorganisms. The significant correlation between B-streptococci

and T-lymphocytes (P ^0.05) is difficult to explain but may be a

spurious result from multiple statistical tests. Furthermore, no

correlations were found between leucocytes and sperm density,

motility and subsequent fertility.

In 1981 Fowler reviewed the literature and found little

evidence to support infection as a frequent cause of infertility.

Our results are also in agreement with those of other studies.

Naessens et al. (1986) reported that 97.7% of the semen cultures

were positive for aerobes and anaerobes and they found that no

single aerobic or anaerobic organism could be related to abnormal

semen samples. Comhaire et al. (1980) found no significant

difference in semen characteristics of infertile males with and

without infection. McGowan et al. (1981) found that infection in
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the semen did not significantly affect the count, motility or volume

of the specimen. In his experience with 290 patients, Hendry

(1983) found that pregnancies were produced with roughly equal

frequency with or without positive semen cultures irrespective of

whether the organisms were treated with antibiotics or not.

Our observation that none of the controls and the infertile

men was positive for Chlamydia may be due to the fact that all men

examined were asymptomatic and had no history of specific or non

specific genital tract infections and Chlamydia is not a commensal

organism. However, Ulstein et al. (1976) were unable to culture

Chlamydia from the urine, expressed prostatic secretion or semen of

21 asymptomatic men with unexplained infertility.

Our results showed no correlation between ureaplasma culture

results and leucocyte response. These results are in agreement

with those published by Upadhyaya et al. (1984) who also studied an

asymptomatic population of men. It has been suggested that the

presence of ureaplasma in the semen is merely the result of

contamination at the time of ejaculation (Deasi et al., 1980).

De Louvois et al. (1974), Ulstein et al. (1976) and Matthew et al.

(1975) found no differences in the frequency of ureaplasma from the

genital tract of infertile men and fertile control subjects. In

addition, Hargreave et al. (1982c) have not found any relationship

between ureaplasraa isolated from seminal plasma and the occurrence

of sperm antibodies.

The positive correlation between the PMN-leucocyte count

and the direct MAR IgG seems to be a spurious result from the

statistical analysis. This is roughly what might be expected

as a chance finding in 25 correlations. However, the lack of

correlation with serum TAT seems to be a fairly definite finding.

- 193 -



VI.I CONCLUSION

The use of specific monoclonal antibodies in conjunction

with the indirect immun o peroxidase technique enabled precise

identification of leucocytes and leucocyte subpopulations in

ejaculate smears. This suggests that the immunocytochemical

technique, as described in this study, is a suitable means of

screening semen specimens for the presence of leucocytes.

The evidence from both the leucocyte and bacterial studies

suggests that subclinical genital tract infection in asymptomatic

patients has no major role in male infertility. We found no

correlation between sperm density, sperm motility, the presence of

sperm antibodies, positive bacterial cultures and the leucocyte

response in the semen. These results cast doubts on the currently

accepted criteria of subclinical genital tract infection.
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CHAPTER VII

CONCLUDING DISCUSSION



This is the first systematic immunocytochemical study of

lymphocyte subsets and macrophages in the male genital tract. It

provides us with the first clear picture of the distribution of

immunocompetent cells within various tissues of the normal male

genital tract and its secretions. This distribution appears to be

remarkably consistent, the main observations being as follows:-

1) T-lymphocytes are the predominant cell type in all tissues

examined apart from the peripheral testis where none were

identified.

2) The T-cells present are largely of the suppressory cytotoxic

phenotype.

3) There is a specific pattern of distribution of T-cells within

the various tissues, the suppressor/cytotoxic T-cells being more

abundant within the epithelium and lamina propria, while T-cells of

the he 1 per/inducer phenotype are found mainly within the

interstitium.

4) T-lymphocytes were found to represent 10.5% of the mucosal cell

population of the epithelium.

5) Macrophages were detected in high numbers in the peripheral

testis and are also found throughout the genital tract.

6) B-cells are found in appreciable numbers only in the prostate.

7) Natural killer cells are present in the prostate.

8) Polymorph nuclear leucocytes were the predominant cell type in

the ejaculate.

Of added interest was the marked pertubations in the

incidence, distribution and possible state of activation (i.e. IL2

receptor expression) of cells of the immune system noted in a

~
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variety of clinical disorders, especially testicular obstructions

and chronic prostatitis.

The patterns of distribution observed in normal specimens

can act as a basis for future studies and can be readily explained

in terms of the functional properties of the genital tract, while

the changes noted in clinical biopsies are also consistent with the

observed clinical and laboratory findings. Together they provide a

cohesive picture of the importance of the local immune system to the

effective functioning and protection of the male genital tract.

Of particular interest is the preponderance of

suppressor-cytotoxic T-cells within the epithelium and lamina

propria of those tissues where the blood-testis barrier is weak or

deficient, or luminal contents are absorbed and sperm are stored.

It is not unreasonable to suggest that one of the key functions of

the suppressor cell component of this population is to limit an

autoimmune response to the differentiation antigens expressed upon

the germ cells. In this context it should be noted that there is

substantial evidence indicating that suppressor T-cells are involved

in inducing tolerance to self antigens (Cowing, 1985). Our

findings on the distribution of HLA-DR molecules on the epithelia of

the rete testis, epididymis and vas deferens are also of interest in

view of the observation that tolerance is Class II restricted (Lowy

et al., 1984).

While the absence of lymphocytes from the peripheral testis

could be explained on the basis that tight junctions prevent

exposure of the immune system to potentially autoantigenic sperm

antigens, the presence of relatively large numbers of cells reacting

with antimonocyte/macrophage antibodies was unexpected in the light
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of previous observations using conventional histological techniques.

However, our observations are in agreement with previous

histological studies in man (Holstein, 1978) and rats (Miller et

al., 1984). In addition the rat testis has recently been shown to

produce large amounts of interleukin-1 which is known to be a

macrophage-derived protein (Khan et al., 1987).

The role of these macrophages in testicular tissues is not

clear. They may provide an ancillary back-up protection against

the risk of escaped sperm antigens following alterations in the

integrity of the blood-testis barrier. The cells observed

elsewhere in the genital tract could perform a direct phagocytic

function against debris or sperm breakdown products. Alternatively

they could also participate in the complex cellular interactions

known to occur in both cellular or humoral immune responses by

acting either as antigen-presenting cells (Friedman et al., 1981) or

producing essential soluble factors such as IL1. Whether or not

these cells are functioning as phagocytic or antigen-presenting

cells, or in some other manner, remains to be established.

In certain respects the prostate was unique. While it

contained large numbers of T cells and macrophages like other

genital tract tissues, B-cells and NK-cells were relatively more

abundant. The presence of more B-cells is probably not surprising

in view of the known local production of immunoglobulin by the

prostate (Krieger, 1984). However the reason for the preferential

localisation of NK-cells is less apparent. Nevertheless it is

interesting "to note that the functions recently ascribed to NK-cells

could be highly relevant to maintenance of this tissue. These

include its ability to inhibit the proliferation of both malignant

"
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and normal cells, especially B-cells (James and Ritchie, 1984) and

its antiviral activity.

Our studies on the distribution of lymphocyte subsets in

patients with testicular obstruction have proved particularly

illuminating. Of special interest are the apparent associations

between the distribution of the various T-cell subsets and the

development of antisperm antibodies. Thus the presence of high

levels of antisperra antibodies, as noted in patients with unilateral

obstruction and post-vasectomy patients, is accompanied by T-helper

cell infiltration of the testis and a decline in the T-suppressor

cell content of the epithelia and lamina propria of the epididymis.

In contrast, in patients with obstructive azoospermia who had low

levels of antisperm antibody, the lymphocytes infiltrating the

testis were of the suppressor cytotoxic phenotype. These

observations may explain the origin of sperm antibodies, and suggest

the presence of antisperm cell-mediated reactions or indicate that

the distinctive distribution of suppressor cells in the epithelium

may exist in order to prevent the development of an autoimmune

response to tissue specific differentiation antigens present in

sperm.

One interesting feature of this study was the finding that

polymorphonuclear leucocytes were the predominant cell type in the

ejaculate and that the fertile men had large numbers of these cells

compared with patients with an infertile marriage. In addition

there was no correlation between sperm density, sperm motility, the

presence o _ p

the leucocyte response in the semen. The inference from this

finding is that these cells may have a further role in the ejaculate
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other than being a criterion of infection, for example elimination

of sperm debris, residues of degenerating germ cells, and dead

and/or immature sperm.

The identification of T-lymphocyte subsets and macrophages

in normal urothelium suggests a probable common pattern of

deployment of immune competent cells within mucosal surfaces and

perhaps a shared mucosal immunity system. These cell populations

should also be considered in relation to the understanding of

mucosal immunity in general.

There are a number of ways in which the present work could

be extended. It is patently obvious that the results obtained by

these studies need to be confirmed in a large series. Of prime

importance in this regard are similar investigations in patients

with detectable sperm antibodies in serum and/or semen. Further

studies on other genital tract disorders, e.g. chronic prostatitis

or infections of the genital tract, are essential. Where possible,

further studies with other monoclonal probes would be an advantage,

especially those which indicate the activational status of cells of

the immune system. Undoubtedly however, the most pressing need is

for studies with a monoclonal which can readily distinguish between

the T-suppressor and T-cytotoxic cell subsets. Furthermore,

functional studies are also essential but at the present time the

availability of tissue, together with technical limitations, render

this difficult. Finally, extension of these studies to both normal

foetal and prepubertal male tissue and tissues of the female genital

tract should provide information of both theoretical and practical

importance. In this context it would enable us to establish if the

characteristic localisation of T-suppressor cells in the male

genital tract precedes puberty.
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APPENDIX A

Preparation of buffered saline:

1. Tris Buffered Saline (TBS)

This was prepared using 0.85 NaCl buffered with Tris-HCl,
pH 7.6, 0.01M.

Working solution:

Dissolve 17g NaCl in

100 ml 0.2M Tris

157 ml 0.1N HC1

Then add distilled water to a final volume of 2 litres.

2. Phosphate Buffered Saline (PBS)

0.145M NaCl, 0.018M K2HP04,
0.01M KH2P04 pH 7.4

25 x stock solution

Dissolve in 1 litre of distilled water:

NaCl

k2hpo4

kh2po4

1 x working solution

To 960 distilled water, add 40 ml 25 x stock solution

or to 1920 ml distilled water, add 80 ml 25 x stock.



APPENDIX B

TABLE 1;

T-LYMPHOCYTE SUBSETS WITHIN THE EPITHELIUM OF THE EPIDIDYMUS
(mean counts 1 S.D. per 100 epithelial cells)

Leu 2a+ cells Leu 3a+ cells
Leu 4+ cells (T suppressor/ (T helper/ Leu 2a/

Donor (All T-cells) cytotoxic) inducer) Leu 3a

A - HEAD

1 16.49±3.72 13.94±4.49 3.5512.04 3.92
2 13.58±2.81 11.05±3.85 3.1511.51 3.50
3 14.12±1.83 11.0812.79 2.7311.35 4.05
4 9.20±2.33 8.6012.61 1.5111.46 5.69
5 14.91±2.12 12.2613.04 2.3111.28 5.30
6 13.58±2.81 10.69+3.24 2.7211.61 3.93
7 9.07±3.33 7.9013.43 1.3811.08 5.72
8 7.33±2.49 5.2813.36 1.8713.36 2.82

All donors 12.30±3.30 10.1012.70 2.4012.70 4.4511.17

B - BODY

1 11.9713.51 8.8013.02 2.7812.49 3.16
2 12.7213.13 10.0612.72 3.5512.50 2.83
3 13.0512.28 10.4211.96 3.7812.19 2.75
4 5.4912.26 4.8412.19 0.9910.67 4.88
5 10.5312.83 8.0912.13 2.3311.37 3.47
6 11.8212.67 9.5812.30 3.7911.20 2.52
7 7.9413.23 6.0013.88 0.86+0.83 6.97
8 11.7412.07 8.0313.46 1.2011.77 6.69

All donors 10.7012.60 8.2012.0 2.4011.30 4.1511.

C - TAIL

1 11.39+6.09 7.1213.17 3.3011.78 2.15
2 12.3415.32 9.2613.74 4.2212.14 2.19
3 14.1214.69 11.0112.94 3.39+1.57 3.24
4 12.8413.34 10.2112.07 1.7511.08 5.83
5 11.7612.72 8.4712.97 3.0611.56 2.76
6 11.2212.41 9.1412.97 3.46+1.32 2.64
7 10.6813.13 8.7213.89 1.6111.18 5.41
8 10.3213.23 8.6313.54 1.1210.83 7.70

All donors 11.8011.20 9.1011.20 2.7011.10 3.9512.05



TABLE 2:

T-LYMPHOCYTE SUBSETS IN THE LAMINA PROPRIA OF THE EPIDIDYMIS
(mean counts ± S.D. per cross section of the epididymal duct)

Leu 2a+ cells Leu 3a+ cells
Leu 4+ cells (T suppressor/ (T helper/ Leu 2a/

Donor (All T-cells) cytotoxic) inducer) Leu 3a

A - HEAD

1 1.311.3 1.111.5 0.711.2 1.57
2 2.211.3 1.411.3 1.211.2 1.16
3 1.811.3 1.110.9 0.610.6 1.76
4 2.110.6 1.811.0 0.910.5 2.0
5 1.511.3 1.111.4 0.9+0.6 1.22
6 1.511.3 1.311.2 0.910.9 1.44
7 2.010.9 1.410.7 0.910.6 1.55
8 1.410.6 1.010.7 0.810.6 1.25

All donors 1.710.3 1.310.3 0.910.20 1.49+0.28

B - BODY

1 2.911.9 1.711.3 1.910.9 0.89
2 2.712.5 1.311.3 1.111.0 1.18
3 3.011.4 1.810.9 1.110.9 1.63
4 1.710.7 1.310.6 1.210.7 1.08
5 1.910.9 1.410.9 1.310.9 1.07
6 2.111.5 1.311.3 0.610.9 2.16
7 1.610.7 1.410.7 0.710.5 2.00
8 2.711.2 2.411.1 0.710.6 3.42

All donors 2.310.6 1.610.4 1.110.4 1.6810.84

C - TAIL

1 3.211.5 3.511.3 2.011.6 1.75
2 3.312.9 3.212.2 2.2+2.0 1.45
3 3.612.1 2.712.0 1.811.8 1.50
4 2.410.7 1.810.7 1.310.7 1.38
5 2.911.0 2.510.8 1.110.6 2.27
6 3.311.3 2.511.5 1.611.1 1.56
7 2.511.6 2.611.3 1.210.8 2.16
8 2.511.0 2.010.9 1.1+0.6 1.81

All donors 3.010.5 2.610.6 1.510.40 1.7310.33



TABLE 3:

T-LYMPHOCYTE SUBSETS IN THE INTERSTITIAL CONNECTIVE TISSUES OF
NORMAL HUMAN EPIDIDYMIS
(mean counts 1 S.D. per 0.8 mm3 interstitial tissues x 160)

Leu 2a+ cells Leu 3a+ cells
Leu 4+ cells (T suppressor/ (T helper/

Donor (All T-cells) cytotoxic) inducer)

A - HEAD

1 15.4±2.8 5.412.7 13.613.2
2 4.0±1.2 2.610.8 6.513.5
3 5.0+2.2 2.310.7 3.310.8
4 21.0±6.9 5.9+3.1 18.3+7.6
5 7.2±2.7 3.111.2 4.111.5
6 4.0±1.8 1.810.9 2.5+1.1
7 5.7±3.0 1.911.0 4.711.6
8 8.5±2.9 4.011.8 8.712.2

All donors 6.5±4.1 3.4H.6 7.715.5

B - BODY

1 5.6±2.5 5.911.4 11.213.4
2 6.0±1.6 2.710.7 5.112.5
3 3.4±1.2 2.010.8 2.710.5
4 11.013.9 3.211.0 9.713.3
5 4.812.4 2.111.2 2.811.5
6 3.812.6 1.810.9 3.211.9
7 6.310.9 1.510.5 5.111.5
8 8.613.2 3.111.0 7.212.0

All donors 7.414.1 2.811.4 5.913.2

C - TAIL

1 9.812.4 4.012.1 7.811.5
2 8.8+1.9 2.910.9 7.812.0
3 8.013.5 3.312.5 3.9+2.4
4 13.213.3 4.611.6 11.412.6
5 5.011.2 2.511.7 3.411.1
6 6.612.4 3.412.3 3.210.8
7 6.312.0 1.610.8 5.211.7
8 10.5+3.1 1.910.7 8.010.7

All donors 8.512.6 3.011.0 6.312.9



TABLE 4:

T-LYMPHOCYTE SUBSETS IN EPIDIDYMAL BIOPSIES FROM PATIENTS WITH
TESTICULAR OBSTRUCTION

Patient
Leu 4+ cells
(All-T cells)

Leu 2a+ cells

(T suppressor/
cytotoxic)

Leu 3a+ cells
(T helper/
inducer)

Leu 2a/
Leu 3a

EPITHELIUM (mean counts ± S.D. per 100 epithelial cells)

HW 7.39 7.22 1.51 4.78
JK 6.90 3.45 2.54 1.35
BG 10.87 8.60 2.59 3.32
IG 9.48 4.23 3.64 1.16
DD 7.35 3.56 2.52 1.41
RT 5.42 2.81 2.41 1.16

All 7.90± 4.97± 2.53± 2.19+
patients 1.95 2.35 0.67 1.51

LAMINA PROPRIA (mean counts ± S.D. per cross section of the

epididymal duct)

HW 2.9±1.4 1.6±0.7 2.0+0.7 0.60
JK 6.4±3.2 2.1±1.7 3.210.9 0.74
BG 4.9±1.6 2.0±0.8 2.410.8 0.08
IG 11.2±4.8 0.8±0.6 9.6+2.5 0.83
DD 5.8±1.3 3.511.6 4.711.7 0.80
RT 8.4+4.0 3.6H .6 6.0+2.7 0.65

All 6.6± 2.261 4.651 0.611
donors 2.88 1.09 2.84 0.27

INTERSTITIAL TISSUES (mean counts ± S.D. per 0.8 mm5 tissue x 160)

HW 20.0+5.7 5.7+1.6 15.4+5.6 0.37
JK 25.6+9.8 4.2+1.8 23.1+9.2 0.18
BG 48.5+12.0 14.5+4.0 38.0+11.8 0.38
IG 20.9+5.7 5.8+1.8 15.0+4.2 0.38
DD 42.0+20.0 10.0+2.1 34.8+11.4 0.28
RT 55.0+14.5 11.7+3.2 45.2+11.6 0.25

All 35.31 8.611 28.6+ 0.30+
patients 15.1 4.0 12.6 0.08



 



TABLE1: REACTIVITYOFMONOCLONALANTIBODIESSPECIFICFORT-LYMPHOCYTESWITHINTHEEPITHELIUMANDLAMINAPROPRIA OFNORMALHUMANURETER(averagenumberofpositivecells±S.D./HPF(x160)) Tll+cellsT8+cellsT4+cells
(AllT-lymphocytes)(Tsuppressor/cytotoxic)(Thelper/inducer)T8+/T4+ LaminaLaminaLaminaLamina

DonorUrotheliumpropriaUrotheliumpropriaUrotheliumpropriaUrotheliumpropria 1

46.2±5.9

12.1+2.5

34.714.7

6.611.5

3.911.2

4.812.0

8.9

1.4

2

32.0±4.7

12.8+2.3

28.612.9

7.9+1.2

4.711.9

5.911.1

6.1

1.3

3

50.517.8

16.712.7

43.0+5.6

11.011.8

4.311.6

7.011.2

10.1

1.6

4

51.318.9

18.113.0

49.016.4

11.111.9

2.710.8

6.911.4

18.1

1.6

5

42.312.3

15.513.4

31.5+3.4

9.511.6

2.310.9

5.011.3

13.7

1.9

LI >nors

44.519.3

15.013.6

37.418.9

9.212.3

3.611.6

5.911.7

10.4

1.6



TABLE2: REACTIVITYOFMONOCLONALANTIBODIESSPECIFICFORT-LYMPHOCYTESWITHINTHEEPITHELIUMANDLAMINAPROPRIA OFNORMALHUMANBLADDER(averagenumberofpositivecells±S.D./HPF(x160)) Tll+cellsT8+cellsT4+cells
(AllT-lymphocytes)(Tsuppressor/cytotoxic)(Thelper/inducer)T8+/T4+ LaminaLaminaLaminaLamina

DonorUrotheliumpropriaUrotheliumpropriaUrotheliumpropriaUrotheliumpropria 1

20.4±3.0

9.3±1.3

18.0±2.4

5.3±1.3

1.9±0.9

3.710.7

9.5

1.4

2

28.1±5.3

13.8±2.3

18.4±3.5

8.4±1.4

2.4±1.1

5.611.8

7.7

1.5

3

26.5±4.0

11.8±3.3

21.6±4.6

7.5±1.7

3.210.9

5.511.4

6.7

1.4

4

20.3±2.7

10.2±1.5

17.9±1.4

5.0±0.9

2.510.8

3.010.8

7.2

1.7

5

26.8±3.4

11.0±1.8

19.9±2.9

7.6±2.1

3.111.7

5.111.5

6.4

1.5

LI )nors

24.4±4.9

11.2±2.6

19.2±3.3

6.8±2.0

2.6+1.2

4.6H.6

7.4

1.5
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Lymphocyte Sub-populations in the Male Genital Tract

M. I. M. EL-DEMIRY, T. B. HARGREAVE, A. BUSUTTIL, K. JAMES, A. W. S. RITCHIE and G. D.
CHISHOLM

University Department of Surgery/Urology and Department of Pathology, Western General Hospital, Edinburgh

Summary—A series of monoclonal antibodies that react with human lymphocyte subsets was used
in an indirect immunoperoxidase technique to study representative blocks from normal human testis,
epididymis, vas deferens, prostate and seminal vesicles. Biopsies of testis, epididymis and vas
obtained during surgical procedures directed at the investigation and treatment of infertile males
were also studied. In all normal tissues, apart from the peripheral testis where no lymphocytes were
identified, T lymphocytes were the predominant cell type (Leu 4 +). These lymphocytes were largely
of the suppressor/cytotoxic phenotype (Leu 2a + ) and were more abundant in between the
epithelial cells in the rete testis, epididymis, vas deferens, seminal vesicles and prostatic acini. Cells
of the helper/inducer phenotype (Leu 3a + ) were identified mainly within the interstitium of the
epididymis and the prostate. B-lymphocytes (Leu 12+) were few in number and were mainly in the
stroma of the prostate. In each organ the ratio of the T-cell subsets was determined and changes in
this ratio were observed in epididymal and vasal biopsies from some infertile males. Finally, in testis
biopsies from infertile men, suppressor/cytotoxic T-cells were demonstrated between the germinal
epithelium and the fibrous tunica of the seminiferous tubules and as focal aggregates in the
interstitium.

Immunogenicity of sperm cells and their ability to
induce specific auto- and iso-immunity were
reported as early as the turn of this century (Metla-
nikofif, 1900). Autoimmunity as a cause of inferti¬
lity in men was initially reported by Rumke in
1954.

B and T lymphocytes are required for the gen¬
eration of immune responses. B-lymphocytes are
responsible for the expression of the humoral
immunity, the production of antibodies, while
T-lymphocytes are the main effector cells of cell
mediated immune reactions. Two distinct subsets
of human peripheral T-cells have recently been
characterised by monoclonal antibodies. They con¬
trol both the type and intensity of cellular and
humoral immune responses by acting as helper/
inducer or suppressor/cytotoxic cells (Reinherz and
Schlossman, 1980). Therefore, determination of the

Read at the 41st Annual Meeting of the British Associa¬
tion of Urological Surgeons in Eastbourne, July 1985

precise location of lymphocyte subset populations
within the tissues of the male genital tract is of con¬
siderable importance in understanding the autoim¬
mune infertility. In the present study we have
demonstrated and characterised the lymphocytes in
testis, epididymis, vas deferens, prostate and semi¬
nal vesicles using monoclonal antibodies to human
lymphocytes in an immunoperoxidase technique.

Materials and Methods

Tissue

Specimens of normal human testis, epididymis, vas
deferens, prostate and seminal vesicles were
obtained from five multi-organ transplant donors.
Specimens of the vas deferens were also obtained
from vasectomy patients. Surgical biopsies of testis
(10) and epididymis (5) were obtained from
patients under investigation and treatment of infer¬
tility.

Tissues were frozen in liquid nitrogen within 1 to
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2h of surgical removal and stored at — 70°C until
used. Several blocks were prepared from each
tissue and 5 pm cryostat sections were cut from
each block. Sections were air dried for 1 to 2h
under a hair dryer and kept at — 20°C until used.

Antisera

These included the monoclonal antibodies* anti-
Leu 4 which defines the entire population of T-lym-
phocytes, anti-Leu 3a which defines the helper/
inducer T-cell subset, anti-Leu 2a which defines the
suppressor/cytotoxic T-cell subset and anti-Leu 12
which defines B-lymphocytes. The specificities of
these antibodies have previously been described
(Engleman et al., 1981; Ledbetter et al., 1981).

Immunoperoxidase Technique
The indirect labelled antibody method was applied
(Nakane and Pierce, 1966). Immediately before
staining the frozen sections were fixed in acetone
for lOmin, air dried and washed in 0.05 M, pH 7.6
Tris-HCl buffer saline (TBS). Serial sections from
each block were overlayed with 60 pi of the appro¬
priate dilutions of the monoclonal antibodies for
30 min. Negative control sections were treated with
TBS only. As positive controls the monoclonal
antibodies were applied to frozen sections of lymph
nodes. Subsequently all sections were incubated
with peroxidase conjugated rabbit anti-mouse
immunoglobulin (Dakopatt A/S) for 30 min
diluted 1/50 in TBS. All incubations were per¬
formed in moist chambers at room temperature.
Between incubations, the sections were washed for
5 min in two changes of TBS. The final reaction
was achieved by incubating the sections with
0.01% hydrogen peroxide and 0.05% diaminoben-
zidine tetrahydrochloride freshly prepared in TBS
for 5 to 8 min. The sections were then rinsed in tap
water and counter stained in Mayer's haematoxylin
for 30 s, washed in tap water and mounted in
Apathy's mounting medium.

Immunohistological Analysis and Scoring
The sections were examined by light microscopy
using an X25 objective lens. The positively labelled
cells were identified by their dark brown cell mem¬
brane staining and were scored within the epithe¬
lium, within the lamina propria and within the
interstitial connective tissues. In almost every case
the number of cells reacting with any individual

* These monoclonal antibodies were obtained from
Becton Dickinson, Mechelen, Belgium.

monoclonal antibody was determined in 20 cross-
sections using an eye-piece with a graticule. The
total number of the mucosal epithelial cells in cer¬
tain sections was also determined by counting cell
nuclei. On the basis of these counts we were able to

determine (a) the percentage of the mucosal epithe¬
lial cells—in certain tissues—which stained with
individual monoclonal antibodies and (b) the ratio
of the helper/inducer T-cells to the suppressor/
cytotoxic T-cells in various compartments in each
organ.

Results

The Testis

None of the antilymphocyte monoclonal anti¬
bodies used gave a detectable reaction with normal
peripheral testis.

In marked contrast, T-lymphocytes (Leu 4 +
cells) were always demonstrated in the rete testis
with a predominance of cells of the suppressor/
cytotoxic phenotype (Leu 2a +) (Table 1).

Table 1 Suppressor/Cytotoxic T-Lymphocytes (Leu
2a+ ) as a Percentage of the Total T-Cell Population
(Leu 4 + ) within the Epithelium of the Male Genital
Tract (Leu 2a + /Leu 4 +)

Tissue % of T S/C

Rete testis 61.0(59.4-62.7)
Epididymis

Head 80.7 (77.5-84.3)
Body 79.1 (72.4-84.1)
Tail 72.7 (62.6-80.3)

Vas deferens 65.9 (60.3-71.5)
Prostate 68.4(52.1-84.7)
Seminal vesicles 62.0 (61.7-62.8)

While no lymphocytes were detected in the nor¬
mal peripheral testis, T-lymphocytes were demon¬
strated in 10/10 testicular biopsies obtained from
infertile patients. These T-lymphocytes were
almost always of the suppressor/cytotoxic pheno-
types (Leu 2a +). They were found in two locations.
Isolated cells were noted between the fibrous tunica

propria and the germinal epithelium of the semini¬
ferous tubules. No cells were identified within the

germinal epithelium. The other lymphocytes were
arranged in small aggregates and follicles within
the intertubular connective tissues (Fig. 1).

The Epididymis
In normal tissues no Leu 12+ cells (B-cells) were
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Fig. I Immunoperoxidase staining of a testicular biopsy from
a sub-fertile patient with idiopathic oligozoospermia. Leu 2a +
cells (suppressor/cytotoxic T-lymphocytes) are seen in the outer
layer of the wall of the seminiferous tubules and in the intersti-
tium. (Cryostat section, immunoperoxidase x 28).

seen. Leu 4 + cells (T-lymphocytes) were the pre¬
dominant cell type. They were estimated to repre¬
sent 12.7% of the mucosal cell population in the
epithelium. Up to 77.9% of these T-lymphocytes
were of the suppressor/cytotoxic phenotype (Leu
2a+ ) (Table 1, Fig. 2a). T-lymphocytes of the
helper/inducer phenotype (Leu 3a+) were more
abundant in the interstitium (Fig. 2b). Detailed re¬
sults for the epididymis have been reported by Ei-
Demiry et al. (1985).

The Vas Deferens
In the scrotal portion of the vas deferens, a T-
lymphocyte population (Leu 4 + ) was demon¬
strated in between the epithelial cells and within the
lamina propria. These T-lymphocytes constituted
25% of the epithelial cell population. Up to 66% of
this T-cell population were suppressor/cytotoxic T-
cells (Leu 2a+ ) (Fig. 3). However, the ratio of the
suppressor/cytotoxic T-lymphocytes to the helper/
inducer T-lymphocytes was very close to that in the
epididymis (Table 2). This ratio was changed in
surgical biopsies obtained from patients during
vasectomy reversal operations where marked in¬
creases of helper/inducer T-cells (Leu 3a+ ) were
noted.

The Ampulla of the Vas and Seminal Vesicles
In these sites, few T-lymphocytes were demon¬

strated and they were mainly of the suppressor/
cytotoxic phenotype (Leu 2a +). They were located
within the convoluted epithelial lining of both
the ampulla of the vas and the seminal vesicles
(Table 1).

The Prostate

No hyperplastic or inflammatory changes were
seen in the specimens examined. The ducts and
other acinar tissues were lined by columnar epithe¬
lium.

Lymphocytes were demonstrated within the
epithelial lining, within the lumina of the ducts in
proximity to the corpora amylacea and in imme¬
diately periductal connective tissues as well as in
the intertubular connective tissue septa (Fig. 4a).
The intra-epithelial lymphocytes were almost all T-
lymphocytes and largely of suppressor/cytotoxic
phenotype (Table 1). They tended to lie close to the
basement membrane but very occasionally some
cells appeared further up, in between the epithelial
cells towards the lumen (Fig. 4b).

The interstitial positively labelled cells were more
abundant and were mainly T-cells of the helper/
inducer phenotype. They tended to be arranged in
clumps rather than singly. Similarly, there was a
tendency to aggregation of lymphocytes within the
interlobar septa of connective tissue; B-cell aggre¬
gations (Leu 12 + ) were also seen in the interstitial
tissues.

Discussion

Lymphocytes have been reported in the epithelium
of the intestinal tract (Ferguson, 1977; Selby et al.,
1981), the respiratory tract (Beinenstock et al.,
1973) and the reproductive tract (Reid and Cle-
land, 1957; Hamilton, 1972; Hoffer et al., 1973;
Dym and Romrell, 1975). It has been suggested
that these lymphocytes are more likely to be
present in every mucosal epithelial layer forming a
common mucosal immunological system (Bienen-
stock et al., 1980). Ritchie et al. (1984) first used
monoclonal antibodies to study lymphocyte distri¬
bution within the epididymis and the colour illus¬
trations in that report clearly illustrate the striking
results obtained by the immunoperoxidase tech¬
nique.

In this study we have demonstrated and charac¬
terised lymphocytes along the length of the human
male genital tract. Lymphocytes were almost
always T-cells and they tended to be concentrated
in large numbers in the epididymis, the vas deferens
and the prostate respectively. They were few in
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Fig. 2 (A) Human epididymis stained with anti-Leu 4 (Pan T-cells marker). T-lymphocytes are seen in the epithelium, lamina pro¬
pria and in the interstitium. (Cryostat sections, immunoperoxidase x 64). (B) Human epididymis stained with anti-Leu 3a (which
defines helper/inducer T-lymphocytes). These T H/Ind lymphocytes are more abundant in the interstitium. (Cryostat sections,
immunoperoxidase x 25).

Table 2 Average Ratio of Suppressor/Cytotoxic T-
Lymphocytes to Helper/Inducer T-Lymphocytes in Nor
mal Male Genital Tract

Intra¬ Lamina Interstitial
Tissue epithelial propria tissue

Rete testis 2.1 — 0.6

(1.8-2.3) (0.5-0.7)
Epididymis

Head 4.1 1.4 0.5

(3.5-5.5) (1.1-2.3) (0.39-0.69)
Body 3.0 1.3 0.6

(2.5-3.5) (1.0-2.3) (0.35-0.74)
Tail 2.4 1.7 0.4

(2.2-2.8) (1.6-2.3) (0.37-0.51)
Vas deferens 1.8 1.6

(1.2-2.4) (1.2-1.9)
Prostate 2.6 — 3.9

(2.4-2.8) (3.2-4.7)
Seminal 1.2 1.2 —

vesicles (1.19-1.23) (1.1-1.3)

Fig. 3 Leu 2a + cells (suppressor/cytotoxic T-lymphocytes) in
the lining epithelium of the human vas deferens. (Cryostat sec¬
tion, immunoperoxidase x 77).

number in the rete testis, ampulla of the vas and
seminal vesicles. B-lymphocytes were demon¬
strated only in the stroma of the prostate.

T-lymphocytes exhibited a compartmentalised

(Ratio in peripheral blood is 0.5)

distribution. Within the epithelium, lymphocytes
of the suppressor/cytotoxic phenotype were the
major component. This was observed at all levels
of the genital tract (Table 1). Suppressor/cytotoxic
T-cells were also preponderant in the lamina pro¬
pria of the epididymis, vas deferens and seminal
vesicles. In contrast, the helper/inducer T-lympho-
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Fig. 4 (A) Leu 4+ cells (T-lymphocytes) in normal human prostate are seen in the lining epithelium of the prostatic acini, in
lumina ducts and in the interstitium. (Immunoperoxidase x40). (B) Leu 2a+ cells (suppressor/cytotoxic T-lymphocytes in the
lining epithelium of prostatic acini. (Immunoperoxidase x65).

cytes were more abundant in the interstitial con¬
nective tissues (Table 2). It is most likely that the
predominant suppressor/cytotoxic T-cells in the
epithelial lining of male genital tract function form
a major immunological barrier which normally
prevents the development of autohumoral or cellu¬
lar immune responses to sperm antigens.

The pattern of distribution of this suppressor
barrier is consistent with the functional properties of
each organ, namely the absence of the lymphocytes
from the normal peripheral testis, where there is an
anatomical blood-testis barrier formed by the
Sertoli cells and which appears only at puberty
(Kormano, 1967; Vitale el al., 1973; Setchell, 1980).
Freund and Davis (1969) reported that 60 to 70%
of the spermatozoa within a normal ejaculate come
from the epididymis and proximal part of the vas
deferens. The testicular fluid is also absorbed in the

epididymis. Since it is well established that human
sperm are immunogenic, the absorption of the pro¬
ducts of sperm breakdown in the epididymis repre¬
sents an enormous immunogenic stimulation which
will lead to initiation of immune responses. But it
seems that under the conditions of a healthy genital
tract, this sperm-immunogenic stimulation can be
easily handled by the immunological suppressor
barrier (Ts/C) in the lining epithelium of the epidi¬
dymis and to a certain extent in the vas deferens.
This may also explain why the suppressor/cyto¬
toxic T-cells are more abundant in the epididymis
than the rest of the genital tract. The occurrence of
sperm granuloma, testicular degeneration and the

development of autoimmunity post-vasectomy and
post-obstruction may illustrate the importance of
the vas deferens and its epithelial suppressor bar¬
rier in the normal immune homeostasis of the male

genital tract.
A potential consequence of this immunological

suppressor barrier in the prostate is that infections
and inflammations are commonly encountered in
young men. Inflammation may result in occlusion
of the ejaculatory duct and absorption of prostatic
and sperm antigens. The demonstration of B-lym-
phocytes in the interstitial connective tissues of the
prostate may account for the source and level of
local secretion of immunoglobulins.

The finding that the epithelium of seminal vesi¬
cles contains few suppressor T-cells is also consis¬
tent with its function. The seminal vesicles are not a

storage depot for spermatozoa and the secretions
of the seminal vesicles are only in contact with the
spermatozoa at the moment of ejaculation (Clavert
et al.. 1985), i.e. there is little or no absorption of
sperm antigen.

In conclusion, lymphocyte subpopulations were
normally demonstrated in rete testis, epididymis,
vas deferens, prostate and seminal vesicles, with a
specific pattern of distribution in the epithelium,
lamina propria and the interstitium. T-lymphocyte
of suppressor/cytotoxic phenotype were found to
constitute the larger part of the T-cell population
along the epithelial lining of the genital tract
organs (Table 2). The ratio of Ts/C to TH/i„d was
consistent in all of the specimens examined from
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each organ. Changes in this ratio were noted in
clinical specimens but the true significance of this
finding must await study of a larger number of ab¬
normal specimens from patients with defined clini¬
cal problems.
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Immunohistochemical Identification of Lymphocyte
Subsets and Macrophages in Normal Human
Urothelium Using Monoclonal Antibodies
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Summary—Monoclonal antibodies were used to examine the pattern of distribution of lymphocyte
subpopulations and macrophages in normal human urothelium. T lymphocytes (T11 -positive cells)
were demonstrated within the epithelium and within the lamina propria of both the ureter and the
urinary bladder. Suppressor/cytotoxic T cells (T8-positive cells) predominated, with the average
ratio of suppressor/cytotoxic T cells to the helper/inducer I cells being approximately 8.9 in the
epithelium and 1.5 in the lamina propria. Leu M3+ cells (monocytes/macrophages) were detected
in both epithelium and lamina propria. The character and distribution of these immunocompetent
cells within the urothelium suggest a protective function, especially against infection and in tumour
surveillance.

The mucosal lining of the urinary tract is con¬
stantly being challenged by a variety of biological
and chemical agents which include micro-orga¬
nisms and toxic or carcinogenic substances. The
development of mucosal as well as systemic im¬
mune responses to microbial and other antigens is
controlled and regulated by specific immunoregu-
latory mechanisms. T lymphocytes and macro¬
phages are known to play a major role in such
immune regulation. Two distinct subsets of T lym¬
phocytes, of the helper/inducer (T4-positive) and
the suppressor/cytotoxic (T8-positive) phenotypes,
have been defined in man using monoclonal anti¬
bodies (Reinherz and Schlossman, 1980). These
subsets of T cells modulate the activity of a variety
of effector cells, including the natural killer cells
(NK cells), cytotoxic T cells and B lymphocytes,
that give rise to antibody-producing plasma cells
(Reinherz et al., 1980). It is also widely accepted
that the initiation of certain immune responses
involves accessory cells such as macrophages/den-
dritic cells which are responsible for antigen pres¬
entation to lymphocytes (Friedman, 1981). T cells

Accepted for publication 10th March 1986

will recognise foreign antigens only when they are
associated on the surface of a cell with a molecule
encoded by the major histocompatibility complex
(MHC). Thus cytotoxic cells usually see antigen in
association with Class 1 MHC (molecules which
are expressed on all cells), and helper cells usually
see antigen in the context of MHC Class II mole¬
cules (la or Dr-like) which are expressed on a
number of the cell varieties which comprise the im¬
mune system (Robertson, 1985).

The recent development of specific monoclonal
antibodies as well as highly sensitive immunohisto¬
chemical staining techniques has made it possible
to study immunocompetent cells in tissue sections.
We have therefore examined the distribution of

lymphocyte subpopulations and macrophages in
the tissues of normal ureter and urinary bladder
using monoclonal antibodies in an indirect
immunoperoxidase technique.

Material and Methods

Tissues

Specimens of normal ureter were obtained from
five donors for living related kidney transplants

436
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Table 1 Monoclonal Antibodies Reacting with Human Lymphoreticular Cells

Monoclonal antibody Source Specificity

Til "Coulter Electronics All T lymphocytes
TS Coulter Electronics T suppressor/cytotoxic cells
T4 Coulter Electronics T helper/inducer cells
B1 Coulter Electronics B lymphocytes
Anti-Leu M3 tBecton Dickenson Monocytes/macrophages
Anti-1 L2-receptors Becton Dickenson Interleukin 2-receptors on activated T cells
Anti-HLA-DR Becton Dickenson Class II molecule (Dr-Ia-like antigen)

* Coulter Electronics Ltd, Luton,
t Laboratory Impex Ltd, Twickenham.

and specimens of urinary bladder wall from the
vault of the bladder from five brain-dead ventilated
cadaver kidney donors who were victims of road
traffic accidents. Permission for multi-organ dona¬
tion had been granted by their next of kin. All
tissues were snap frozen in liquid nitrogen within 1
to 2h of surgical removal and stored at — 70°C
until used. Serial cryostat sections (5 pm thick)
were cut, air dried for I h, and fixed in acetone for
lOmin at room temperature. The slides were
wrapped in aluminium foil and kept at — 20 C
until used.

Monoclonal Antibodies

Full details of the murine monoclonal antibodies
used in this study are given in Table 1. The optimal
working dilutions of these antibodies and the speci¬
ficity and reliability of the staining technique were
determined by staining similarly frozen sections of
normal human tonsil, spleen and lymph nodes.
These tissues were also used as positive controls in
every staining session.

Immunoperoxidase Staining
The indirect immunoperoxidase technique was
used throughout. Details of the procedure have
been described by El-Demiry et al. (1985). Briefly,
serial sections were incubated with the different
primary mouse monoclonal antibodies, followed
by peroxidase conjugated rabbit-anti-mouse anti¬
body (Dakopatt, Copenhagen). In the case of nega¬
tive controls the primary antibodies were omitted.
The colour reaction was developed by incubating
the sections with diaminobenzidine/hydrogen per¬
oxide substrate. Sections were finally counter-
stained with haematoxylin, dehydrated and
mounted in DPX.

Immunohistological Analysis
Sections were examined by light microscopy using
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Fig. 1 Mucosal (epithelial and lamina propria) T lymphocytes
(T11-positive cells) in normal human ureter. (Cryostat section:
human peroxidase x 40).

a x 160 magnification. The positively labelled cells
were identified by their dark brown cell membrane
related staining and were counted both within the
epithelium (urothelium) and within the subepithe¬
lial connective tissues (lamina propria) of both the
ureter and the urinary bladder. In every case the
number of cells reacting with any individual mono¬
clonal antibody was determined in 10 different
fields in identical areas of the serial sections. The
results are expressed as the mean (±SD) of the
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Fig. 2 TI I-positive cells (T lymphocytes) in normal bladder mucosa. (Cryostat section: immunoperoxidase x 80).

Table 2 Reactivity of Monoclonal Antibodies Specific for T Lymphocytes within the Epithelium and Lamina Pro¬
pria of Normal Human Ureter (Average Number of Positive Cells ± SD/HPF ( x 160))

T suppressorIcytotoxic
cells to T helperI inducer

All T lymphocytes T suppressor/cytotoxic cells T helperI inducer cells cells ratios
(TI I-positive) (T8-positive) (T4-positive) (T8-positive/T4-positive)

Lamina Lamina Lamina Lamina
Donors Urothelium propria Urothelium propria Urothelium propria Urothelium propria

I 46.2± 5.9 12.1 ±2.5 34.7 ±4.7 6.6± 1.5 3.9± 1.2 4.8 ±2.0 8.9 1.4
I] 32.0±4.7 12.8 ± 2.3 28.6 ±2.9 7.9 ± 1.2 4.7 ± 1.9 5.9 ±1.1 6.1 1.3
III 50.5±7.8 16.7 ±2.7 43.0±5.6 11.0± 1.8 4.3± 1.6 7.0± 1.2 10.1 1.6
IV 5I.3±8.9 18.1 ±3.0 49.0 ±6.4 11.1 ± 1.9 2.7 ± 0.8 6.9 ± 1.4 18.1 1.6
V 42.3 ±2.3 15.5 ± 3.4 31.5 ± 3.4 9.5± 1.6 2.3 ±0.9 5.0± 1.3 13.7 1.9

All Donors 44.5 ±9.3 15.0 ± 3.6 37.4± 8.9 9.2±2.3 3.6± 1.6 5.9 ±1.7 10.4 1.6

number of positive cells in a single field (i.e.
0.8 mm2).

Results

The reactivity of the primary monoclonal anti¬
bodies with sections of human tonsils, spleen and
lymph nodes (the positive control sections) was
confirmed as similar to that previously reported
(Poppema et al.. 1981; Ritchie el al., 1983).

T Lymphocytes
T lymphocytes stained with the pan T cell mono¬
clonal antibody (Til) were demonstrated within
the mucosal lining of both the ureter and the urin¬
ary bladder. They showed a uniform distribution in
the urothelium around the entire circumference of

the ureter (Fig. 1), while cellular distribution within
the bladder mucosa was patchy (Fig. 2). In both the
ureter and the urinary bladder, the T lymphocytes
(Tl 1-positive) were situated mainly within the
epithelium and the lamina propria, with the greater
proportion being present within the epithelium
(Tables 2 and 3). The T lymphocytes were situated
alongside the epithelial cells at various levels above
the basement membrane but tended to be concen¬

trated towards the basal layer of the epithelium. In
the lamina propria the T lymphocytes (Tll-posi-
tive) cells were found towards the upper part of the
sub-epithelial connective tissue layers, also in close
proximity to the other surface of the basement
membrane.

Most of these mucosal T lymphocytes were iden¬
tified as T8-positive, i.e. of the suppressor/
cytotoxic phenotype (Figs 3 and 4). In the ureter,
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Table 3 Reactivity of Monoclonal Antibodies Specific for T Lymphocytes within the Epithelium and Lamina Pro¬
pria of Normal Human Bladder (Average Number of Positive Cells + SD/HPF ( x 160))

T suppressor/cytotoxic
cells to T helperIinducer

All Tlymphocytes Tsuppressor/cytotoxic cells Thelper/inducer cells cells ratios
(771 -positive) (T8-positive) (T4-positive) (T8-positive/ T4-positi\e)

Lamina Lamina Lamina Lamina
Donors Urothelium propria Urothelium propria Urothelium propria Urothelium propria

I 20.4 ±3.0 9.3± 1.3 18.0 ±2.4 5.3± 1.3 1.9 ± 0.9 3.7±0.7 9:5 1:4
II 28.1 ± 5.3 13.8 ±2.3 18.4 ±3.5 8.4± 1.4 2.4± 1.1 5.6± 1.8 7:7 1:5
III 26.5 ±4.0 11.8 ± 3.3 21.6 ± 4.6 7.5± 1.7 3.2±0.9 5.5 ± 1.4 6:7 1:4

IV 20.3 ±2.7 10.2 ± 1.5 17.9 ± 1.4 5.0±0.9 2.5±0.8 3.0±0.8 7:2 1:7
V 26.8 ±3.4 11.0± 1.8 19.9 ±2.9 7.6 ± 2.1 3.1 ± 1.7 5.1 ± 1.5 6:4 1:5

All donors 24.4±4.9 11.2 ± 2.6 19.2 ±3.3 6.8 ±2.0 2.6± 1.2 4.6 ± 1.6 7:4 1:5

84.1% of the intra-epithelial T lymphocytes and
61.3% of the lamina propria T lymphocytes exhi¬
bited the suppressor/cytotoxic phenotype. In the
urinary bladder the distribution of T lymphocytes
was similar; 87.7% of the intra-epithelial T cells
and 60.7% of the lamina propria T cells expressed
the suppressor/cytotoxic phenotype (Tables 2 and
3).

Some T4-positive cells (helper/inducer T lym¬
phocytes) were also detected both within the epi¬
thelium and the lamina propria of the mucosal
lining of the ureter and the urinary bladder and
were located mainly in the lamina propria. They
were fewer in number than the T8-positive cells.
The average ratios of the suppressor/cytotoxic T
cells to the helper/inducer T cells (T8-positive/T4-
positive) were 10:4 and 7:4 in the urothelium of the
ureter and the urinary bladder respectively. None
of the T lymphocytes showed a detectable reaction
with the anti-interleukin-2 receptor monoclonal
antibody which detects activated T cells.

B Lymphocytes
Cells reacting with the B1 antibody which detects B
lymphocytes were seen as small lymphoid aggre¬
gates in the outer part of the serosa of the ureter.
No B1-positive cells were detected in the mucosal
lining of the ureter and the urinary bladder.

Monocytes and Macrophages
Cells stained by the anti-Leu M3 monoclonal anti¬
body, which reacts with cell-surface antigens of
monocytes/macrophages, were few in number and
were detected mainly in the lamina propria. Occa¬
sional Leu M3+ cells were also seen within the
urothelium.

Anti HLA-DR reactive cells

Most of the mucosal cells were HLA-DR-negative
but scattered HLA-DR-positive cells were
observed within the epithelium and within the
lamina propria (Fig. 5). Within the epithelium the
distribution of HLA-DR-positive cells was similar
to that of the T lymphocytes and this suggested
that these HLA-DR-positive cells were T lympho¬
cytes. On the other hand, the HLA-DR-positive
cells detected in the lamina had a dendritic mor¬

phology.

Discussion

Using monoclonal antibodies in an indirect immu-
noperoxidase technique, we have identified lym¬
phocyte subsets and macrophages in normal
ureteric and bladder urothelium. Lymphocytes
were located within the epithelium as well as in the
subepithelial connective tissues and were almost
always T cells with a preponderance of the suppres¬
sor/cytotoxic phenotype. The lymphocytes were
concentrated within the epithelium, where 81.3%
of the intra-epithelial T lymphocytes were of the
suppressor/cytotoxic phenotype.

The pattern of lymphocyte distribution observed
in this study is very similar to that noted in our
earlier studies on normal human testis, epididymis,
vas deferens, prostate and seminal vesicles (Ritchie
et al., 1984; El-Demiry et a/., 1986) where it was
shown that approximately 70% of the T lympho¬
cytes found within the mucosa of the male genital
tract were of the suppressor/cytotoxic phenotype.
Selby et al. (1981) showed that 79% of the intra¬
epithelial T lymphocytes in the intestinal mucosa
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Figs 3A and B T8-positive cells (suppressor/cytotoxic T lymphocytes) within the epithelium and lamina propria of normal human
ureter. (Cryostat section: immunoperoxidase x 160).
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were also of the suppressor/cytotoxic phenotype.
These findings suggest a common pattern of
deployment of immune competent cells within
mucosal surfaces and perhaps a shared mucosal
immunity system. The urothelium has a wide sur¬
face area on which there is an interface between the
environment and the tissues and although contami¬
nation with micro-organisms is frequent, frank
infections are rare. Similarly, urine may contain
numerous carcinogenic agents and yet urothelial
malignancy is limited.

The presence of T lymphocyte subsets within the
urothelium and within the lamina propria may im¬
ply that immune-related mechanisms may be dir¬
ectly involved in protection of the ureter and the
bladder mucosa. The obvious preponderance of T
cells, macrophages and cells expressing HLA-DR
antigens, combined with the paucity of B cells, sug¬
gests that cell-mediated immunity is more impor¬
tant than humoral immunity in effecting a local
mucosal resistance. However, it is not clear
whether these demonstrable T8-positive cells are
functioning in a suppressor or a cytotoxic role,
since both lymphocyte subsets are detected by this
reagent. If indeed these lymphocytes were predomi¬
nantly of the suppressor phenotype it might be
argued that their function within the urothelium
was to protect the epithelial micro-environment
from immune-mediated damage. If, however, the
T8-positive cells were mainly of the cytotoxic phe¬
notype, then they would be of value both in resis¬
tance against certain infections and in tumour
surveillance. Cytotoxic T cell mediated immune
reactions could lead to the removal of damaged
cells as well as urothelial cells with adherent bac-

Fig. 4 T8-positive cells (suppressor/cytotoxic T lymphocytes)
in normal bladder mucosa. (Cryostat section: immunoperoxi-
dase x 160).

Figs 5A and B HLA-DR-positive cells within the epithelium
and lamina propria of normal human ureter. (Cryostat section:
immunoperoxidase A x 40: B x 60).
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teria, infected cells and cells damaged by environ¬
mental chemicals. It has been suggested that when
an agent destroys a group of intestinal mucosal
epithelial cells, local release of cytotoxic cells would
provide a first line of cell-mediated defence of the
de-epithelialised area, with macrophages further
supplementing this initial action (Mowat and Fer¬
guson. 1981). However, this matter will not be
resolved until monoclonal antibodies which dis¬
tinguish T suppressor from T cytotoxic lympho¬
cytes are available and functional studies are
performed on lymphocytes from the urothelium.

The presence of macrophages (Leu M3+ cells)
within the mucosa of the ureter and the urinary
bladder suggests that they also have a role in local
mucosal immunity. They could perform a direct
cytotoxic and/or phagocytic function against the
invading micro-organisms or against aberrant cells
and could also participate in the complex cellular
interactions known to occur in both cellular and
humoral immune responses (Friedman el al.,
1981). In this context it is interesting to note the
presence within the urothelium of cells possessing
cell surface class II (la Dr-like) antigens which are
thought to be essential for the successful presen¬
tation of antigen to T cells (Kappler and Marrack,
1976). This finding also suggests that cell-mediated
immunity is more important than humoral immu¬
nity in the mucosa.

On the strength of these baseline findings in nor¬
mal subjects, this work will be followed up by a
study of mucosa from chronically inflamed and
from neoplastic urothelia.

In conclusion, using specific monoclonal anti¬
bodies, T lymphocyte subsets and macrophages
were identified in normal urothelium and shown to
have a specific pattern of distribution. The exis¬
tence of these cell populations may contribute to
the health and protection of the urothelium, par¬
ticularly in resistance to infection and tumour sur¬
veillance. These cell populations should also be
considered in relation to the understanding of
mucosal immunity in general.
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Summary—The presence of leucocytes and their subpopulations was studied in the ejaculate from
69 men with an infertile marriage and 12 fertile men. Monoclonal antibodies specific for human
leucocytes were used in an immunoperoxidase technique. In addition to the standard sperm
analysis, each specimen was also tested for sperm antibodies, aerobic and anaerobic micro¬
organisms, Ureaplasma urealyticum and Chlamydia trachomatis. Leucocytes were found in large
numbers in the fertile men compared with the patients. Lymphocytes were found in 20% of the
patients. Micro-organisms were cultured from a similar proportion of both groups. We found no
correlation between leucocyte counts, sperm density and motility, sperm antibodies and growth of
micro-organisms. Our results cast doubt on the conventional criteria of subclinical genital tract
infection, namely positive culture and excess leucocyte counts.

The role of subclinical genital tract infection in
male infertility is controversial. Some studies have
shown no difference in the results of culture for

micro-organisms from semen samples from fertile
and infertile populations and no correlation be¬
tween sperm measurements (motility and density)
and bacteriology. Comparing semen characteristics
of fertile and infertile groups, McGowan et al.
(1981) found that infection in the semen did not
significantly affect the count, motility or volume of
the specimen. Comhaire et al. (1980) and Naessens
et al. (1986) also found no significant differences in
the semen motility and density of infertile males
with and without infection.

Others believe that there is a substantial propor¬
tion of infertile men with very minor symptoms but
significant infection. Eliasson et al. (1967) showed
that approximately 40% of infertile men in Sweden
had cytological or bacteriological findings indicat¬
ing infection or inflammation of the accessory

Read at the Combined Meeting of the British Association
of Urological Surgeons and The Canadian Urological
Association in London, June 1986

genital glands. They suggested that asymptomatic
genital infection may be a major cause of infertility
(Eliasson and Johannisson, 1978). Queseda et al.
(1968), Moberg et al. (1980) and Swenson et al.
(1980) also reported that infection of the semen
may reduce sperm motility and density and hence
affect fertility. There are two important reasons for
this controversy. The first is a lack of agreement
about criteria to diagnose subclinical genital tract
infection and the second is that in many studies
there has been a failure to culture the complete
range of pathogenic micro-organisms; in most
cultures Chlamydia has been omitted.

Traditional diagnosis is made by finding an
excess of leucocytes in the ejaculate. However, it is
difficult to distinguish leucocytes from the immature
sperm cell using current techniques, which have
many limitations and are not specific. In view of
these problems, this study was undertaken to try
and improve the diagnosis of infection by the use
of a new technique to stain leucocytes. We have
also undertaken culture from the same ejaculate for
aerobic and anaerobic organisms, Chlamydia and
genital Mycoplasma.
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Patients and Methods

The study was carried out on 81 men, 69 of whom
were attending the infertility clinic because of an
infertile marriage. The remainder were fertile men
attending for vasectomy. The fertile men had
fathered at least two children and at the time of

testing had one child under 2 years of age. All were
given clearly written instructions about the produc¬
tion and delivery of the semen specimens. In
addition, a full medical history was obtained and a
complete physical examination was performed.

Semen

Semen was collected by masturbation into sterile
plastic containers after 3 days of sexual abstinence.
Using sterile precautions, two aliquots were ex¬
tracted from each specimen, one for standard
semen analysis and the other for cultures for micro¬
organisms. The remainder of the specimen was
prepared for immunocytochemical staining for
leucocytes. Semen analysis was performed as
described in the World Health Organisation
(WHO) Laboratory Manual (Belsey et al., 1980).
Antisperm antibody measurement was done using
the tray agglutination test (TAT) (Friberg, 1974)
and the MAR test (Jager et al., 1978).

Microbiological screening
Bacterial cultures were done for aerobic and
anaerobic organisms, Chlamydia trachomatis and
Ureaplasma urealyticum. The methods have been
described elsewhere (Hargreave et al., 1982; Young
et al., 1983). All micro-organisms (aerobes, anaer¬
obes, Ureaplasma urealyticum and Chlamydia tra¬
chomatis) were identified and reported separately
(Taylor-Robinson etal., 1971; Duerden etal., 1980).

Seminal leucocyte staining
1. Preparation of a single cell suspension of the
ejaculate. 1 ml of the freshly collected ejaculate was
mixed with 9 ml Hanks Balanced Salt Solution
(HBSS), calcium- and magnesium-free, in a 10 ml
centrifuge tube and centrifuged at 200 x g for
10 min at room temperature. The supernatant was
decanted and the cell pellet was resuspended in
10 ml HBSS and centrifuged again at 200 xg for
10 min. The cell pellet was then resuspended at a
concentration of 5 to 10 million sperm/ml in HBSS.

This procedure removed seminal plasma proteins
and resulted in minimal cell loss and damge.

each cytospin block and spun down on to alcohol-
cleaned glass slides using a Shandon Cytocentrifuge
(Shandon-Elliot, Southern Instruments Ltd). This
was achieved by spinning at 800 rpm for 10 min.
The smears were circled with a diamond marker,
air dried for 1 h and then fixed in acetone for 10 min
at room temperature. The smears were either
stained immediately or stored, wrapped in alumin¬
ium foil and kept at — 20°C until used.

3. Immunoperoxidase staining. The indirect immu-
noperoxidase technique was used throughout. The
procedure has been fully described by El-Demiry et
al. (1986). The essential steps were as follows.
Smears were incubqted with the different anti-
human leucocyte monoclonal antibodies, followed
by peroxidase conjugated rabbit anti-mouse anti¬
body. Full details of the antibodies used are given
in Table 1. In the case of negative controls the
primary antibodies were omitted. As positive
controls the monoclonal antibodies were applied to
cytocentrifuged smears of human peripheral blood
leucocytes. The colour reaction was developed by
incubating the smears with diaminobenzidine-
hydrogen peroxide substrate. Smears were finally
counter-stained with haematoxylin, dehydrated
and mounted in DPX.

Smears were examined by light microscopy
(magnification x 320). The positively labelled cells
were identified by their dark brown cell membrane
staining (Figs 1 and 2). Stained cells with any
individual monoclonal antibody were counted in 10
different fields for each smear. The average was
taken and multiplied by the dilution (the number
of ml in which the pellet was resuspended).

The resulting numbers of leucocytes reported in
the Tables have no independent meaning but they
allow comparison between patients and distinction
of those with high or low leucocyte numbers.

Table 1 *Monoclonal Antibodies Reacting with Human
Leucocytes

Monoclonal antibody Specificity

Anti-human leucocytes All leucocytes
(Hie-1)

Anti-Leu 4 All T lymphocytes
Anti-Leu 3a Helper/inducer T lymphocytes
Anti-Leu 2a Suppressor/cytotoxic T

lymphocytes
Anti-Leu 12 B lymphocytes

2. Preparation of cytocentrifuge smears of washed
ejaculate. 100 p\ of the cell suspension were put in

* These monoclonal antibodies were obtained from Becton/
Dickenson, Lab Impex Limited, Twickenham.
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Fig. 1 Immunoperoxidase staining of cytocentrifuge smear of
semen with antihuman leucocyte (Hie-1) monoclonal antibody.
(x 320).

Fig. 2 Leu 2a-(-cells (suppressor/cototoxic T lymphocytes)
in semen stained with anti-Leu 2a monoclonal antibody.
(Immunoperoxidase x 320).

Statistical methods

Between-group comparisons of leucocyte and bac¬
terial species and counts were made using Wilcoxon
rank sum tests, and the significance of relationships
between these measurements was assessed by
Kendal rank correlation co-efficients. Relationships

between leucocyte or bacterial counts and subse¬
quent fertility were tested by couple-months analy¬
sis (Hargreave and Elton, 1983).

Results

Microbiological investigations
Sixty-five patients and eight fertile men were tested
for the following micro-organisms: aerobes, anaer¬
obes, Ureaplasma urealyticum and Chlamydia tra¬
chomatis: 57 of the 65 patients and 7 of the 8 fertile
men were found to have positive bacterial cultures
for one or more of these micro-organisms (Table 2).
Eight patients and one fertile man had completely
negative results. There were no positive cultures for
Chlamydia.

Aerobic organisms were isolated either alone or
in association with anaerobes or Ureaplasma from
55 patients and seven fertile men. Anaerobes were
isolated from 43 patients and from all of the fertile
men with positive cultures. Nine patients and one
fertile man had positive culture for Ureaplasma
urealyticum.

There were no significant differences in bacterial
counts among individual organisms or groups
except for Proteus, which was significantly more
common in the fertile men (2/8) compared with the
patients (2/65). The most frequent organism in both
patients and fertile men was Staphylococcus a/bus
(Table 3) with a mean (range) count of colony
forming units isolated of 1.1 x 105 (E5 x 102—1.5 x
106). Correlating the bacterial count of every
individual organism detected with sperm density
and motility, the results were not significant except

Table 2 Number of Bacterial Species* Isolated per
Semen Sample

No. ofbacterial species
isolated per patient

No. ofpatients with
corresponding number of
species (and total number
of isolates)

Infertile patients Controls
0 8(0) 1(0)

1 12(12) 3(3)
2 11 (22) 1 (2)
3 17(51) 3(9)
4 12(48) 0(0)
5 3(15) 0(0)
6 2(12) 0(0)
Total 65(160) 8(14)

* Excluding Ureaplasma urealyticum
Note: Mean number of organisms per control sample = 1.75 (14/
8). Mean number of organisms per infertile sample = 2.46 (160/
65). None of the controls had > 3 bacterial species present per
sample.
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Table 3 Isolation Rate of Bacteria from 73 Semen

Samples

Number (andpercentage) of
samples with corresponding
organism(s)

Infertile patients Controls

Species group Is II Ox (n — 8)

Staphylococcus albus 48 (73.8) 5 (62.5)
Diphtheroids 27 (41.5) 3(37.5)

haemolytic streptococci 10(15.4) 0

haemolytic streptococci 1 (1-5) 0

Streptococcusfaecalis 1(1.5) 1 (12.5)
Proteus spp 2(3.1) 2 (25.0)
Escherichia coli 3 (4.6) 0
Bacteroides spp 31 (47.7) 2(25.0)
(a) Anaerobic cocci 31 (47.7) 1(12.5)
(b) Ureaplasma urealyticum 9(13.9) 2(25.0)
(c) Others 6 (9.2) 0

(a) Bacteroides and/or anaerobic cocci were isolated from 43
samples (66.2%) from infertile patients and from 3 samples
(37.5%) from controls.
(b) Ureaplasma isolation rate based on 70 valid cultures.
(c) Includes Fusobacterium nucleatum 1; Eubacterium lentium 2;
Proprionibacterium acnes 1; Gardnerella vaginalis 1; and Lacto¬
bacillus spp 1.

for Bacteroides asaccharolyticus, which showed a
negative correlation with density and motility
(P <0.05).

Leucocytes in the semen

Comparison ofpatients with an infertile marriage and
fertile men. All of the specimens from the 12 fertile
men showed cells reacting with the pan-antileuco-
cyte monoclonal antibody with a mean count of
44.9 ± 25.8 leucocytes per high power field (x 320).
Most of these cells appeared from their morpho¬
logical appearances to be polymorphonuclear
(PMN) leucocytes. No cells reacting with the pan-
antilymphocyte reagent were detected.

Leucocytes were detected in 90% (63/67) of the
specimens from the patients, with a mean count of
14.6+ 17.1 leucocyte per HPF (x 320). T lympho¬
cytes (Leu 4 + ) with predominance of the suppres-
sor/cytotoxic phenotype (Leu 2a+ ) (Fig. 2) were
also demonstrated in 13 patients with a mean count
of 4.5 ±3.3 T lymphocytes per HPF (x 320). The
number of PMN leucocytes was calculated by
subtracting the pan-lymphocyte count from the
pan-leucocyte count. Wilcoxon rank sum tests
showed that the total leucocyte count and the
polymorphonuclear leucocytes were significantly
higher in fertile men (P< 0.001 in both), but there
were no significant differences in the counts of T
lymphocytes or their subsets.

Relationship of leucocytes to bacterial counts. Each
individual bacterial count, Ureaplasma and bac¬
terial groups were correlated with the leucocyte and
leucocyte subpopulation counts. The results were
not statistically significant (Tables 4, 5 and 6)
except that /^-streptococci showed a significant
positive correlation with T lymphocytes (P<0.05).

Table 4 Relationship between Number of Bacterial
Species per Semen Sample and Leucocyte Count

No. ofbacteria! species No. ofpatients with leucocyte Total
isolated per patient counts of

<1 1-20 >20
0 1 3 2 6
1 1 8 3 12
2 4 6 1 11
3 5 10 2 17
4 2 8 2 12
5 1 2 0 3
6 0 1 1 2
Total 14 38 11 63

Kendall rank correlation = t = 0.01 (not significant).

Table 5 Relationship between Presence of Anaerobes
and Leucocyte Count

Leucocyte Anaerobes Anaerobes
count present absent Total

<1 12 2 14
1-20 22 16 38
>20 7 4 11
Total 41 22 63

Wilcoxon rank sum test showed non-significant correlation (z =
1.07).

Table 6 Relationship between Ureaplasma Culture and
Leucocyte Count in Infertile Men

Ureaplasma culture

Positive Negative

No. ofpatients No. ofpatients
No. of leucocytes perfield (°/of + ve) (fof-ve)

< 1 2(22.2) 12(23)
1-20 5 (55.5) 30 (57)
>20 2(22.2) 11 (21)

Relationship of leucocytes to antisperm antibodies.
Serum TAT results were available for 50 patients
and MAR IgG for 19. Of the correlations with
leucocyte counts, only that between MAR IgG and
PMN leucocytes was significant (positive P<0.05).
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However, there was no significant correlation with
serum TAT.

Relationship of leucocytes to sperm density, motility
and subsequent fertility. There was no correlation
between the leucocyte count and the duration of
involuntary infertility, sperm motility and sperm
density (Kendal rank correlation of—0.03,0.07 and
0.05 respectively, NS). Furthermore, using the
couple-months analysis method, there was no
significant relationship between leucocyte counts
and subsequent fertility (Table 7).

Table 7a Relationship of Total Leucocyte Counts to
Subsequent Fertility

Pan leucocyte count Observed pregnancies Expected
pregnancies

0 2 1.47
0<10 2 3.94

10 <20 4 2.24
>20 1 1.35

X2 = 2.6 3 df (NS)

Table 7b Relationship of T lymphocytes to Subsequent
Fertility

T lymphocyte count Observed pregnancies Expected
pregnancies

0 5 7.11
>0 4 1.89

X2 = 2.99 1 df (NS)

Discussion

In this study we tried to find a possible relationship
between subclinical genital tract infection and male
infertility. We defined precisely the leucocytes and
leucocyte subpopulations in the ejaculate using
specific monoclonal antibodies in an immunoperox-
idase technique. We also performed cultures for a
range of micro-organisms.

Leucocytes were detected in all of the fertile men
(12) and in 63 of the 65 patients (90%) with an
infertile marriage. Polymorphonuclear leucocytes
were the predominant cell type in both groups. The
fertile men were found to have a significantly larger
number of leucocytes (mainly PMN leucocytes)
compared with the patients. T lymphocytes were
detected in only 13 of the 63 patients. A high
bacterial isolation rate was found: 87% of the
semen cultures of both the fertile and infertile

groups were positive for micro-organisms with no
difference between the patients and fertile groups.
However, there was no significant correlation
between leucocyte counts and the counts of positive
cultures for all micro-organisms. The significant
correlation between /?-streptococci and T lympho¬
cytes (P<0.05) is difficult to explain but may be a
spurious result from multiple statistical tests.
Furthermore, no correlations were found between
leucocyte counts and sperm density, motility and
subsequent fertility.

In 1981 Fowler reviewed the literature and found
little evidence to support infection as a frequent
cause of infertility.

Our results are also in agreement with those of
other studies. Naessens et al. (1986) reported that
97.7% of the semen cultures were positive for
aerobes and anaerobes and they found that no
single aerobic or anaerobic organism could be
related to abnormal semen samples. Comhaire et
al. (1980) found no significant difference in semen
characteristics of infertile males with and without
infection. McGowan et al. (1981) found that
infection in the semen did not significantly affect
the count, motility or volume of the specimen. In
his experience with 290 patients who had semen
cultured, Hendry (1983) found that pregnancies
were produced with roughly equal frequency with
or without positive semen cultures irrespective of
whether the organisms were treated with antibiotics
or not.

Our observation that none of the controls and the
infertile men was positive for Chlamydia may be
due to the fact that all men examined had no history
of specific or non-specific genital tract infections
and Chlamydia is not a commensal organism.
However, Ulstein et al. (1976) were unable to
culture Chlamydia from the urine, expressed pros¬
tatic secretion or semen of 21 asymptomatic men
with unexplained infertility.

Our finding that the fertile men had large
numbers of polymorphonuclear leucocytes com¬
pared with the patients with an infertile marriage
raises many questions about the normal role of
these cells in the ejaculate. These cells are important
in host defence against invading micro-organisms
but are also able to destroy tissue cells. It is possible
that these polymorphonuclear leucocytes have a
role in the phagocytosis of the residues of degener¬
ating germ cells and of residual bodies in the
ejaculate. Another possibility is that they play a
role in the destruction and removal of the dead and/
or immature sperm. In this connection it is
interesting to note that leucocyte phagocytosis of
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antibody coated sperm has been demonstrated by
London et al. (1985).

In conclusion, the evidence from both the
leucocyte and the bacterial studies suggests that
subclinical genital tract infection in asymptomatic
patients has no major role in male infertility. We
found no correlation between sperm density, sperm
motility, the presence of antisperm antibodies,
positive bacterial cultures and the leucocyte re¬
sponse in the semen. Our results cast doubts on the
currently accepted criteria of subclinical genital
tract infection.
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IDENTIFYING LEUCOCYTES AND LEUCOCYTE

SUBPOPULATIONS IN SEMEN USING
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ABSTRACT—An indirect immunoperoxidase technique employing specific monoclonal antibodies
has been used to identify leucocyte subpopulations in cytocentrifuge smears of washed human ejac¬
ulate. Cells reacting with the pan antihuman leucocyte monoconal antibody (HLe-1) were demon¬
strated in 63/67 specimens from subfertile patients with a mean count of 14.5 ± 17.1 leucocytes per
HPF ( x 320). Cells with similar reactivity were observed in all specimens examined from 10 fertile
men with a mean count of 41.6 ± 26.3 leucocytes per HPF ( x 320). Leu-T4 + cells (T-lympho-
cytes) were demonstrated in only 13/63 of the subfertile group with a mean count of 4.46 ± 3.3 T-
lymphocytes per HPF ( x 320). Studies with the anti-leu 2a antibody revealed that these leu-4 +
cells were mainly of the suppressor/cytotoxic phenotype. In contrast, no leu-4 + cells were detected
in the control group. No leu-12 + cells (B-lymphocytes) were detected in any of the 80 specimens
examined.

The role of subclinical genital infection in male
infertility remains controversial. Male genital
tract infection may be difficult to diagnose due
to the paucity of symptoms and the lack of clear
clinical, bacteriologic, and seminal fluid crite¬
ria. The mere presence of bacteria in the
seminal plasma is an inadequate criterion for
the diagnosis of infection.1

The importance, and upper limit of normal¬
ity, of white cells in the semen as well as the
prostate vesicular fluid have not been clearly
established with respect to fertility.23 Also
several types of immature germ cells are found
in semen including spermatids, spermatocytes,
and even spermatogonia,4 and these sperm pre¬
cursors may be confused with white blood cells

when ordinary staining techniques are used.
Thus early nonseparated spermatids that share
a common cytoplasm may be mistaken for poly¬
morph nuclear leucocytes (PMN), while round
spermatids (Sa-b) and occasionally spermato¬
cytes may be mistaken for lymphocytes. Be¬
cause of these problems new techniques have
been developed to facilitate discrimination be¬
tween white blood cells and immature germ
cells. For example, Endtz5 has applied a histo-
chemical technique based on the use of benze-
dine for staining leucocytes while Nahoum and
Cardozo6 have proposed the use of O-toluidine
as a substitute for benzedine for histochemical
staining of these cells. Couture et al.7 have used
a combination of Bryan's8 sperm stain, which
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reacts with acrosomal cap of the spermatozoa
and the spermatids, and Leishman's blood stain
which interacts with leucocytes.9

These techniques which depend mainly on
the endogenous peroxidase activity of the leuco¬
cytes have certain limitations. Lymphocytes do
not show peroxidase activity at any stage of
maturation, basophils do not stain, and mono¬
cytes show faint diffuse cytoplasmic staining.10
Furthermore PMN leucocytes peroxidase activ¬
ity depends on the age and condition of the cell
and on the freshness of the smear at the time of
staining.11 Thus older PMN leucocytes and old
smears may not exhibit this granular staining.
Peroxidase activity also is unstable in light. Also
peroxidase reaction may be negative in the neu¬
trophils which appear in the peripheral blood
in response to severe infection,10 and this may
also occur in the semen.

The attempt of Couture et al.7 to differenti¬
ate lymphocytes from Sa-b spermatids using
Bryan's sperm stain8 for the acrosomal cap is
also unreliable because the acrosome may not
be fully developed and is difficult to demon¬
strate by light microscopy.12 Also in abnormal
semen there are many aberrations, and the
number of immature spermatids with loosened
or missing acrosomes may increase.

In an attempt to overcome these limitations
in this study, we have used antihuman leuco¬
cytes monoclonal antibodies in an immunocyto-
chemical technique to define precisely the leu¬
cocytes and their subpopulations in semen.

Material and Methods

Semen specimens were obtained from 80
men, 70 of which were subfertile. The remain¬
der were from fertile men attending for vasec¬
tomy. The fertile men had fathered at least two
children, and at the time of testing had one
child under two years of age. All were given
clearly written instructions about the produc¬
tion and delivery of the specimens. Using sterile
precautions, 2 aliquots were extracted from
each specimen, one for standard semen analysis
and Papanicolaou staining and the other for mi¬
crobiologic cultures. The remainder of the spec¬
imen was prepared for immunocytochemical
staining.
Monoclonal antibodies

A series of monoclonal antibodies that react
with human leucocytes and leucocyte subpop¬
ulations (The Becton-Dickinson Series) were
obtained from Lab Impex Limited (Twick-

Table I. Monoclonal antibodies
reacting with human leucocytes

Monoclonal Antibody Specificity
Anti-human leucocytes

(HLe-1)
Anti-leu 4
Anti-leu 3a

Anti-leu 2a

Anti-leu 12

All leucocytes

All T-lymphocytes
Helper/inducer

T-lymphocytes
Suppressor/cytotoxic

T-lymphocytes
B-Lymphocytes

enham, Middlesex). Further details of these
reagents are listed in Table I. The specifications
of these antibodies have been described pre¬
viously.1315
Immunoperoxidase staining of
cytocentrifuged smears of semen

Cytocentrifuge smears were prepared as fol¬
lows:

1. One ml of ejaculate was mixed with 24 ml
of Hank's balanced salt solution in a 25-ml uni¬
versal tube and centrifuged at 200 X g for ten
minutes. This procedure, which removed
seminal plasma proteins, resulted in minimal
loss and damage of cells.

2. The supernatant was aspirated, and the
cell pellet was resuspended at a concentration
of 5-10 million spermatozoa per ml in Hank's
solution and spun down on to clean glass slides
(100 p\ each) using a Shandon cytocentrifuge
(Shandon-Elliot, Cheshire, UK). This was
done by spinning at 800 rpm for ten minutes.

3. The smears were circled with a diamond
marker, air dried for one hour, and then fixed in
acetone for ten minutes after which they were
either stained or wrapped in aluminum foil and
stored at -20°C until used.

Staining procedures
The indirect immunoperoxidase technique

was used, as follows:
1. The primary monoclonal antibodies dilut¬

ed 1:100 in tris-buffered saline (TBS) at pH 7.6
were applied to the smears (60 /d each) except
the negative control smears. The slides were in¬
cubated in humid chambers for thirty minutes
at room temperature.

2. Following a five-minute wash in TBS,
peroxidase conjugated rabbit antimouse Ig
(Dakopatts, Copenhagen, Denmark) diluted
1:30 in TBS was applied to the smears (60 pi
each). The slides were re-incubated for thirty
minutes; then washed in TBS for five minutes.
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Figure 1. Immunoperoxidase staining of cytocentrifuge smear of semen with (A) antihuman leucocyte
(HLe-1) monoclonal antibody, (B) anti-leu 4 monoclonal antibody (Pan T-lymphocyte marker), (C) leu-2a +
cells (suppressor/cytotoxic T-lymphocytes) stained with anti-leu 2a monoclonal antibody, and (D) leu-3a+
cell (helper/inducer T-lymphocyte) stained with anti-leu 3a monoclonal antibody. (Original magnifications
A, B, and C, x 320; (D) x 640.)

(Normal human serum was added 1:25 v/v to
the conjugated antibody to block cross reactiv¬
ity against human immunoglobulins.

3. The slides were finally incubated with
freshly prepared diaminobenzidine (0.6 mg/ml)
hydrogen peroxide (0.01% v/v) substrate for
five minutes, washed in tap water and counter-
stained in Mayer's hematoxylin for thirty sec¬
onds.

4. The slides were washed once more in tap
water and mounted in Apathy's aqueous
mounting medium.

It should be stressed that (1) cytocentrifuge
preparations of human peripheral blood leuco¬
cytes were used as positive controls throughout
this study, and (2) phagocytic cells were identi¬
fied by pre-incubating peripheral blood leuco¬
cytes with fluorescent-labeled latex beads for
one hour.

Immunologic analysis and scoring
Smears were examined by light microscopy

using a magnification of x 320. The positively

labeled cells were identified by their dark
brown cell membrane staining. Stained cells
with any individual monoclonal antibody were
counted in ten different fields for each smear.

The average was taken and multiplied by the
dilution (number of mis in which the pellet was
resuspended). The values expressed as the mean
± standard deviation.

Results

Staining pattern
The staining pattern seen in semen smears

was similar to that obtained in peripheral blood
leucocyte smears. The positively stained cells
were easily identified by their dark brown cell
membrane staining (Fig. 1A). The majority of
these stained cells appeared from their morpho¬
logic appearance to be PMN leucocytes. Cells
actively involved in phagocytosis showed spe¬
cific membrane staining. The distribution of
the positively labeled cells was nearly uniform
throughout the smears, and in any particular
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Table II. Leucocytes in semen detected by
antihuman leucocyte (HLe-1)

monoclonal antibody
Number of

Leucocytes/HPF Fertile Men
(x 320) Patients (Controls)
0 7 0
I-10 35 0
II-20 15 2
>20 13 8

Table III. Lymphocytes in semen detected by
anti leu-4 monoclonal antibody

(a pan T-cell marker)
Number of

Leucocytes/HPF Fertile Men
(x 320) Patients (Controls)
0 50 10
1-10 12 0
11-20 1 0

specimen the count from one field to another
was consistent. Few leucocytes showed yellow¬
ish brown peroxidase positive granules in their
cytoplasm. Negative control smears showed no
staining.
Fertile men

All the specimens from the 10 fertile men
were found to contain cells reacting with the
pan antileucocyte antibody (HLe-1). From
their morphologic appearance, these positively
stained cells appeared to be polymorphonuclear
leucocytes. The mean count was 41.6 ± 26.3
leucocytes per high-power field (X 320). No
cells reacting with anti-T and anti-B cell
reagents were detected.
Patients

Cells reacting with the antihuman leucocyte
monoclonal antibody (HLe-1), which defines
all leucocytes, were demonstrated in 63/67
(90%) specimens with a mean count of 14.6 ±
17.1 leucocytes/HPF (x 320) (Table II). Leu-
4 + cells (T-lymphocytes) were demonstrated in
13/63 (20.6%) specimens (Fig. IB) with a mean
count of 4.46 ± 3.3 T-lymphocytes/HPF (x
320)(Table III). The mean count of all leuco¬
cytes in these 13 patients was 15.6 ± 12.6 (leu-
cocytes/HPF), T-lymphocytes were of the sup-
pressor/cytotoxic phenotype (leu-2a + ) (Fig.
1C). Although occasionally leu-3a + cells
(helper/inducer T-cells) were seen (Fig. ID), no
leu-12 + cells (B-lymphocytes) were detected in
any of the specimens. In smears stained with
Papanicolaou technique, leucocytes were re¬
ported only in 2/60 (3.3%) patients as 2 leuco¬
cytes/HPF (x 100).

Comment

Monoclonal antibodies with specificity to hu¬
man leucocyte surface markers were used in an
indirect immunoperoxidase technique to stain
cytocentrifuge smears of washed ejaculate. This

immunocytochemical technique has permitted
precise identification of leucocytes in the se¬
men. This procedure which utilizes specific
monoclonal antibody probes allowed further
classification and characterization of the leuco¬
cytes into their subpopulations.

The technique has many advantages, mainly
its high specificity. For example, the antihuman
leucocyte monoclonal antibody (HLe-1) has
been shown to react with > 95 per cent of lym¬
phocytes, monocytes, polymorphonuclear cells,
and eosinophils in peripheral blood, spleen, and
tonsil.13 Furthermore, in a study on frozen sec¬
tions of human peripheral testis, we have re¬
ported that the antibodies used in this study do
not react with the germinal epithelium, sperm
precursors, or mature sperms.16 Therefore,
with immunoperoxidase techniques the staining
was very specific, and the danger of false nega¬
tive and false positive results was circumvented
by simultaneous study of known positive and
negative controls.

It should be stressed that the use of diamino-
benzidine/hydrogen peroxide substrate in this
technique may allow visualization of the perox¬
idase positive granules, if still active, in the neu¬
trophils, thus allowing the simultaneous ex¬
ploration of currently used techniques to
identify this cell population. It also should be
noted that fixed smears may be examined si¬
multaneously for morphology and staining by
light microscopy. The stained preparations pro¬
vide a permanent record which can be stored at
room temperature, and the use of high dilutions
of the monoclonal antibodies (1/100) makes this
technique relatively inexpensive.

In the present study PMN leucocytes were the
predominant cell type of leucocytes in the ejac¬
ulate in both fertile and subfertile groups. T-
lymphocytes were demonstrated only in 13/63
specimens from subfertile patients, and these
lymphocytes represented 28.1 per cent of the to¬
tal leucocyte count in these 13 specimens. This
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is in contrast to the findings of Couture et al.1
In their study, lymphocytes predominated and
represented 66.6 per cent of the total count of
leucocytes, while PMN leucocytes represented
only 33.3 per cent of the total count. A possible
explanation of the difference in results is that in
Couture's study round immature germ cells in
which the acrosomal cap staining was deficient
or difficult to visualize were counted as lym¬
phocytes thus increasing their number and
perhaps the PMN leucocytes which failed to
show peroxidase-positive granules were consid¬
ered to be non-separated spermatids, thus low¬
ering the number of PMN leucocytes.

Previous reports have demonstrated im¬
munosuppressive factors in human seminal
plasma which can interfere, either directly or
indirectly, with the function of most cells of the
immune system including T-cells, B-cells, NK
cells, and macrophages.17 The existence of such
seminal immunosuppressive factors may ex¬
plain the rarity of lymphocytes in the ejaculate
of fertile men. Instead of having lymphocytes,
which have specific and delayed action, the
ejaculate is endowed with cells which are capa¬
ble of performing immediate action.

Our finding that the fertile men had large
numbers of PMN leucocytes compared with in¬
fertile men raises many questions about the nor¬
mal role of these cells in the ejaculate. The pri¬
mary role of PMN leucocytes is internalization
and killing of microorganisms by the accumula¬
tion of toxic products within phagocytic vac¬
uoles. However, extracellular release and cyto¬
toxicity of these agents including reactive oxy¬
gen derivative and products of myeloperoxidase
system are well documented.18 So the existence
of PMN leucocytes in the ejaculate may provide
a nonspecific and rapid defense mechanism and
protection against invading organisms. The
presence of these cells often is used as a criterion
of subclinical genital infection but, perhaps,
those cells have another role.

It is well known that during spermiogenesis,
excess spermatid cytoplasm is shed as residual
bodies.12 These cytoplasmic fragments are pha-
gocytosed, broken down, and subsequently re-
sorbed by Sertoli cells lysosomes. A small por¬
tion of cytoplasm, the cytoplasmic droplet,
however, remains attached to the midpiece of
spermatozoa. So, it is possible that the PMN
leucocytes in the ejaculate have a role in the
final phagocytosis of the residues of degenerat¬
ing germ cells and of residual bodies in the ejac¬
ulate. On the other hand, subfertile men have a

high percentage of abnormal sperm forms
which would, perhaps, result in an overstimu¬
lation of phagocytosis but for the presence of
suppressor/cytotoxic cells.

Our findings need to be confirmed by others,
but they do cast doubt on the traditional crite¬
ria of subclinical genital tract infection.

Edinburgh EH4 2XU, Scotland
(DR. EL-DEMIRY)
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Mechanisms of Immunity Within the Prostate and Male Genital
Tract

T.B. Hargreave, K. James, G.D. Chisholm, M. El Demiry, S. Szymaniec, J. Harvey
and A. W.S. Ritchie
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Introduction

The male genital tract is an area of consider¬
able immunological interest because there is
a conflict of need. Antigenic sperm first
appears at an age when the immune system is
fuily developed and therefore not recognised
as »self«. When injected they will produce an
autoimmune reaction. The first need is to

shield sperm from the immune system both
in the male and female genital tracts. How¬
ever, the male urethra is one of the potential
pathways ofentry of bacterial organisms into
the body. Also the close proximity of the
urethra to the rectum means that there is a

high level ofcontamination. The second need
therefore is for an effective defence against
organisms ascending the urinary and genital
tract. In our department we have for.the past
five years been investigating genital tract
immunity mechanisms which may be rele¬
vant to how this balance is achieved. The pur¬

pose of this paper is to summarise our work
with specific references to prostatitis.

Patients

Serum and semen samples were obtained
during the course of routine investigation of
male patients attending the infertility clinic at
our hospital. Testicular and epididymal biop¬
sy samples were obtained during the course
of investigation of infertility. Prostatic biopsy
Specimens were-obtainedTrom prostatecto¬

my specimens following operations for be¬
nign prostatic hypertrophy. Normal male gen¬
ital tract tissue including prostatic tissue was
obtained from young men who had been
killed accidentally and where relatives had
given permission for multi organ donation for
transplantation and research.

Methods

The methods used have all been described
fully elsewhere (3, 6). The following tech¬
niques were used to study the effect of
seminal plasma:
1) the effect of concanavalin A induced trans¬
formation of mouse and human lympho¬
cytes; 2) effect on concanavalin A induced
transformation of mouse lymphocyte after
depletion of adherent accessory cells and re-
constitution with peritoneal exudate cells
from seminal plasma treated mice; 3) the
effect on the ability of C. parvum treated
mouse peritoneal exudate cells to attach to
glass, spread and phagocytose fluorescein
coated latex beads; 4) the effect on the
chemiluminescence response of human
peripheral blood monocytes to opsonised
zymozan; 5) the effect on chemilumines¬
cence response of human neutrophils to
opsonised zymozan; 6) the effect on the ex¬
pression of Fc (but not C3) receptors by
macrophages.
More recently we have also examined the
effect of seminal plasma on the natural killer
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(NK)- activity of peripheral blood,leucocytes
(4).
For the immunohistologic studies frozen sec¬
tions were cut using a cryostat and staining

Table I. Summary of our findings of the inhibitory
effects of seminal plasma on cells of the immune
response (3).

Target Response suppressed

T lymphocytes
human and murine
Monocytes and
macrophages

Natural killer cells

Neutrophils

Proliferative response to
concanavalin A
Attachments and spreading
of activated macrophages
Expression of Fc (but not
C3 receptors3)
Phagocytosis of latex parti¬
cles
Generation of reactive oxy¬

gen species
Lysis of susceptible target
cells (4)
Generation of reactive oxy¬

gen species
1 Szymaniec and James (unpublished data)

was.undertaken using a.panel of monoclonal
antibodies against T-cells and their sub-sets.
The antisera used were purchased from Coul¬
ter-Electronics, Bedforshire, England. They
included reagents reacting with all T cells
(Tu), the suppressor/cytotoxic subset (Tg)
and the helper/inducer subset (T*). The slides
were then stained using immunoperoxidase
and counterstained with haematoxilin. The
full details of the method have been publish¬
ed elsewhere (6,1).

Results

Our seminal plasma results which are sum¬
marised in table 1 confirm and extend the
work of others. Seminal plasma has a potent
immunosuppressive effect and has been de¬
monstrated by us and others to suppress T-
lymphocytes, B-lymphocytes, NK-cells,
macrophages and neutrophils (2). The variety
of effects observed might be due to different
fractions within seminal plasma (3) but it has
so far not been possible to determine whether

Table II. Summary ofour findings from immunohistological studies ofnormal tissue from the male genital
tract (data from (6,1).

Tissue Finding

intraepithelial interstitial tissues and lamina propria

Testis

peripheral
jete

None
Occasional T suppressor/
cytotoxic

Occasional T helper/inducer cells
Occasional T helper/inducer cells
in the interstitium

Epididymis T suppressor/cytotoxic cells
throughout the epithelium of
the epididymis

Aggregates of T helper/inducer cells
in the interstitium

Vas Dense population of intraepi¬
thelial T suppressor/cytotoxic
cells

Occassional T helper/inducer

Seminal vesicle and prostate
(figure 1)

Suppressor/cytotoxic cells
within the epithelium though
less prevalent than in the
epididymis

Occasional aggregates of T helper/
inducer cells
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the components responsible are secreted by
the prostate, seminal vesicles or epididymis.
Our tissue results demonstrate that in addi¬
tion there may be a mechanism of mucosal
immunity within the genital tract. The results
are summarised in table II. We find a com¬

mon pattern throughout the genital tract. T-
cells of the suppressor cytotoxic subset are

present within the epithelium while the
majority of the T-cells of the helper/inducer
subset are found within the interstitium. This
pattern is also true for the prostate gland.

Discussion

Our studies demonstrate two possible
mechanisms'for modulation of "the immune
response within the genital tract. We confirm
the work of Prakash and Lang (1980) and
others reviewed in James and Hargreave
(1984) that seminal plasma has strong im¬
munosuppressive effects. Our studies (3)
demonstrate a particular suppression of

macrophage function which is relevant as

macrophages are thought to »programme«
both cellular and humoral immune re¬

sponses. The components of seminal plasma
responsible for immunosuppression have not
yet been characterised but more than one
fraction seems to be responsible. At present
we are working to characterise the compo¬
nents. Once we have done this we hope to
find which of the accessory sex glands is re¬

sponsible for their production by examina¬
tion of split ejaculate samples and further
immunological studies. Ifsome or all of these
components arise in the prostate gland this
may help explain why prostatitis is such a
chronic condition.
Our immunohistological studies demon¬
strate another possible reason for the chroni-
city of the genital tract infections. We find a

predominance of T-cells of the suppressor/
cytotoxic subset within the epithelium. This
finding has now been confirmed by two stud¬
ies from our department (6,1) and as far as we

Figure I. Section of nor¬
mal prostate stained with
McAB for T suppressor/
cytotoxic cells. Note the
suppressor/cytotoxic
cells appear as black in
this black and white pho¬
tograph and are mainly in
the epithelium. The dis¬
tinction is much clearer in
colour as the T cells
appear brown against a
blue background. For col¬
our illustrations see (6).
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know this is the first time these observations
havebeenmade-within'the genitaltract. The
pattern we find within the genital tract is how¬
ever similar to that seen in human intestinal
mucosa (7) where the high suppressor cell
content may inhibit the response to dietary
antigen. As we have suggested it is possible
that the presence of T-suppressor/cytotoxic
cells within the epithelium of the epididymis,
vas and prostate may minimize sensitisation
to autoantigens of the sperm. One conse¬
quence of this might be an impaired response
to opportunistic microorganisms. We do not
yet know whether the cells within the genital
tract mucosa are suppressor or cytotoxic be¬
cause monoclonal antibodies to further
differentiate, the cell,types were not available
to us when we did our studies. Such anti¬
bodies are now being developed and we hope
soon to be able to define whether the mucosal
cells are suppressor or cytotoxic. We also
hope to try to collect sufficient numbers of
cells to untertake functional studies to see if
the cells are active or not.
Clinicians have been aware for many years
that prostatitis is a difficult disease to treat and
often recurrs. There has however been no sa¬

tisfactory explanation why this should be so.
The clinical situation has been further con¬

fused because prostatitis is difficult to
diagnose as the symptoms are nonspecific
and often there is no bacteriological evidence.
In a proportion ofcases the symptoms sugges¬
tive of prostatitis may in fact be caused by
bladder neck obstruction and urodynamic
evaluation provides the answer. Nevertheless
when histological specimens are examined or
when more accurate culture techniques are

used, for example, the four-specimen-techni¬
que (8) a population of men can be defined
who have proven prostatitis with
microbiological evidence. Often, however,
despite long term therapy with tetracycline,
an antibiotic which is known to be toxic to the

organisms concerned, the condition relapses.
We suggest that the genital tract immu¬
nosuppressive mechanisms we have de-
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scribed in this paper may be relevant to this
problem of-relapse. These mechanisms may
also be relevant to other infections within the
genital tract and to the acquired immune defi¬
ciency syndrome (AIDS) and finally to cancer
of the cervix. It is our hope and at present it
can only be a hope, that better understanding
of these mechanisms may lead to improved
understanding of genital tract disease and to
improvements in therapy.
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Introduction

There is conflicting information in the litera¬
ture about the role in male infertility of sub¬
clinical genital tract infection (10) and in parti¬
cular infection.with Ureaplasma urealyticum
(22). It is therefore relevant to ask why there is
difficulty in obtaining clear evidence. There
are several good reasons for the difficulties
and some are common to all attempts to
assess the causes of male infertility. The first
problem is that it is very difficult to define
what is male fertility for the obvious reason
that the end result, a successful pregnancy, in¬
volves the female partner and therefore intro¬
duces another set ofvariables. This would not
matter if there was good or exact correlation
between semen analysis measurements and
fertility, but there is not (11). Indeed the stand¬
ard techniques of semen analysis (23) are
inaccurate (17). The use ofaccurate clinical re¬
cord keeping for both male and female part¬
ner and multivariate methods of statistical
analysis (12) may give better help in the future
when relating male laboratory results to male
fertility but the numbers of variables mean
that computer facilities have to be used. So
far this approach has not been used to analyse
the results of semen bacterial culture but it
has only been possible to use less sophisticat¬
ed techniques such as the comparison of re¬
sults between a population of men complain¬
ing of an infertile marriage compared with
men with a fertile marriage or simply to relate
culture results from men with an infertile mar¬

riage to symptoms or other laboratory meas¬
urements. However these methods of asses¬

sing the role of infection, provide only indi¬
rect evidence about fertility. When consider¬
ing Ureaplasma urealyticum there is an addi¬
tional problem that the organism is difficult to
culture, some serotypes may be pathogenic
but others only commensual and facilities for
quantitative culture do not exist in all hospi¬
tals. We are fortunate in this city to have good
facilities for bacterial culture as well as a busy
infertility clinic and we have taken the oppor¬
tunity to investigate the role of Ureaplasma
infection. The purpose of this paper is to re¬
view our work to date to help answer the
question does subclinical Ureaplasma urealy¬
ticum infection play any part in male infertili¬
ty? We have unfortunately only been able to
do simple studies involving the correlation of
Ureaplasma culture results with other labora¬
tory measurements and for the reasons given
above our results cannot give the final answer
but rather they provide some more evidence.
It is. relevant to note that our results relate
only to patients complaining of an infertile
marriage and who did not have any symp¬
toms or signs of prostatitis or genital tract
infection i.e. true subclinical infection.

Patients

Our first study was performed in 1981 (13) and
the second started in 1985 and is continuing.
Semen samples were collected from patients
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attending a general infertility clinic. The-poli-
cy in the clinic is to fully investigate and offer
treatment to both husband and wife as well as

conduct studies into male infertility. The pur¬

pose of our first study was to search for corre¬
lation between antisperm antibodies and
Ureaplasma culture to try to define whether
such an infection may have a role in triggering
antibody production. Because the study ob¬
jective was to study cause of antisperm anti¬
body production the clinic appointments
were biased during the study period to give an
increased number of attenders who were

known to have antisperm antibodies from
previous tests. It was possible although ex¬
tremely unlikely-that this bias had, inadver¬
tently excluded patients with significant
Ureaplasma infection and it was therefore
decided to conduct a second study and this
was started in 1985. In order to eliminate any
inadvertent bias in our second study semen

samples were cultured for Ureaplasma from
consecutive new patients attending the clinic.

Methods

Semen samples were collected and immedi¬
ately taken to the laboratory. Using sterile
precautions an aliquot was extracted for
standard perm measurements. The remain¬
der of the specimen was transported to the
bacteriology department for culture. The
methods of semen analysis were standard as
described in the World Health Organization
laboratory manual (23).

A ntisperm antibody measurement

The methods have been described elsewhere

(13). The Tray agglutination test (TAT) (9)
and the microimmobilisation test (MIT) (15)
were used.

Ureaplasma urealyticum culture

The methods have been described elsewhere
(13). Seminal plasma (0.2 ml) was added to 1.8

ml of TALC (Trimethoprim, .amphotericin,
lincomycin, colistin) colour change medium
(24) and transported to the laboratory within
four hours of collection. On receipt in the
laboratory a series of tenfold dilutions was
made in 1.8 ml volumes of TALC medium:
the final dilution was 1010. Cultures were in¬
cubated at 37°C and examined after 24 and 48
hours. The presence of Ureaplasmas was in¬
dicated by a colour change in the medium
from yellow to pink. One colour-changing
unit (CCU) ofactivity was defined as the high¬
est dilution of the Ureaplasma suspension
that produced a colour change (20).

Seminal-leucocyte staining

Seminal leucocytes were estimated in two
ways. The standard method was to make a di¬
rect smear from the sperm sample and to
stain it using the Papanicolaou method. The
number of white cells per high power field
(times 100) were then estimated.
There is, however, some doubt about the
accuracy ofdiscrimination of leucocytes from
immature sperm forms when the Papanico¬
laou method is used and for this reason there
has been a search for more specific staining
methods (3). During our second study period
we have used a new sensitive monoclonal

antibody based immunoperoxidase proce¬
dure (6). The monoclonal antibody used was
directed against all leucocytes but did not
stain sperm or sperm, precursors. Because of
the expense and limited quantity of reagents
we stained cytospin preparations of washed
ejaculate. Varying dilutions of the washed
and resuspended ejaculate were made to
given approximately constant sperm num¬
bers (106 per ml) to make counting practical.
Leucocyte counts were then made for five
high power fields and the average taken. In
order to minimise mathematical manipu¬
lation of the readings we have chosen in this
paper not to report the leucocyte count in
absolute terms but simply to multiply the
count per high power field by the dilution.
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The resulting numbers of leucocytes reported
in the tables do not have any independent
meaning but they do allow comparison
between patients and distinction of those
with high or low leucocyte numbers. Further
work is in progress when the same technique
will be applied to samples from a fertile con¬
trol group and the results will be correlated
with culture results for a variety of anaerobic
and aerobic organisms (7). The full work will
be published later but the preliminary results
which pertained to Ureaplasma culture are
presented here.

Results

In our first study (13) sperm samples were
cultured for Ureaplasma from 115 men and
correlations were made between the culture

results, sperm measurements and antisperm
antibody measurements. The results are
summarised in table I which shows that there
was no correlation between Ureaplasma cul¬
ture results and any of the other test results.

Table I. Summary of results from first Ureaplasma
study (13).

TAT Correlation
serum with Urea¬
titre plasma culture,

result

Patients with anti-
sperm antibody < 1/64
detected in
both serum and none

seminal plasma
> 1/64

<20%
Sperm Motility 20-60 none

> 60%

All cases n= 115
Patients with a

marriage with none

unexplained fertility
n= 17

Table II. Correlation between Ureaplasma culture
and sperm motility - 2nd study period.

Ureaplasma culture

+ve —ve

Progressive motility
< 10% 1 5
11-60% 3 14
> 60% 4 24
X2 = 0.10, 2d.f„ NS

Table III. Correlation between Ureaplasma culture
and leucocyte count (Papanicolaou method) - 2nd

.study period.

Ureaplasma culture

Leucocytes, Pap. stain +ve —ve

Present 3
Absent 8 40
X2 = 0.53 1 d.f., NS.

The possibility remained however that in
some cases the Ureaplasmas were commen-
sual but in others pathogenicand the problem
was how to differentiate between these two

alternatives. We decided to repeat a study of
Ureaplasma culture results in samples from
consecutive new patients attending our clinic.
The results from the first 55 patients are
shown in the tables. Four patients did not
have either Papanicolaou stain or progressive
motility'measurement and'this accounts for
only 51 patients appearing in tables II and HI.
In table II the Ureaplasma results are shown
in relation to sperm motility and again no
correlation was seen. This supports our first
study and is also in agreement with the
findings of WeidnertiaL (1985).The results of
correlation between leucocyte counting using
the Papanicolaou staining method and Urea¬
plasma culture is shown in table IIL There
was again no correlation although only eight
patients had leucocytes detected using this
method and the highest count was 3 per high
power field. It was because of the doubts
about accuracy of this method that a new spe-
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Table TV. Correlation between Ureaplasma culture
and leucocyte count (McAB stain) - 2nd study -

55 men with an infertile marriage.

No of
leucocytes
per field

Ureaplasma culture

+ve —ve

patients, n
(% of +ve)

patients, n
(% of —ve)

< 1 1(12) 9(19)
1-20 5(62) 26 (56)
> 20 2(24) 11 (24)
X2 = 0.23 2 d.f., NS

cific staining technique for leucocytes was
devised. The results of the correlation
between leucocyte staining using the mono¬
clonal antibody method and Ureaplasma
culture are shown in table IV and despite
leucocytes being detected in all but five
patients there was again no correlation
between the two' sets of measurements.

Discussion v.

There is conflicting evidence about the role of
any infection in male infertility. The first dis¬
tinction to be made is between symptomatic
clinically overt infection such as sexually
transmitted disease (STD), prostatitis, epidi¬
dymitis, orchitis, etc and sub-clinical infec¬
tion.
There is a well known association between
STD and infertility usually secondary to the
complications rather than the primary infec¬
tion. The most common complications caus¬

ing infertility are epididymitis with secondary
epididymal obstruction and urethral stricture
especially if the later requires surgical repair.
The percentage of cases of male infertility
secondary to STD is very variable depending
on local customs and the availability of effec¬
tive medical help. In the United Kingdom
clinics for sexually transmitted disease are

generally available and most men with
urethritis seek help rapidly. Despite the high

prevalence of STD in the UK (2) treatment is
usually rapid and its complications do not
seem to be a common cause ofmale infertility
in our clinic. It could be argued that many of
our patients have not told us about their past
history of STD. Evidence to back up our
impression of the minor role of STD induced
male infertility in our clinic can be found by
examining our clinic records of men with
obstructive azoospermia. From the last two
hundred men with obstructive azoospermia
we have identified only one such case. Our
most common cause ofobstructive azoosper-

.imia was congenital obstruction probably due
to a failure of fusion of ducts between the
head and body ofthe epididymis. The clinical
finding is an engorged epididymal head with
an empty epididymal body and tail and with
no evidence of any inflammatory damage of
adhesions. Our second most common cause

is Young's syndrome (azoospermia in associa¬
tion with respiratory disease). Even cases of
azoospermia secondary to previous surgical
trauma are more common in our practice
than those after venereal disease. This low
incidence ofazoospermia secondary to gono¬
coccal epididymitis is completely different to
that reported in some other series (19). It is
probably reasonable to assume that the low
incidence ofSTD induced male infertility we
find in our azoospermic patients is also true
for the rest of our patients. In the last two
hundred unselected patients we have seen

only ten gave past history ofSTD although all
were asked.
Ifovert STD does not play a major role in our
male patients could subclinical genital tract
infection be important? The majority of men

attending our clinic have oligozoospermia
but there is no obvious cause. There is con¬

flicting evidence in the literature about the
role of infection in general (10) and Ureaplas¬
ma urealyticum infection in particular. De
Louvoiszt al. (1974) found no difference in the
frequency of Ureaplasma urealyticum be¬
tween a fertile and infertile group of patients
but Idriss et al. (1978) found that 44% of pa-
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tients with unexplained infertility had Urea-
plasma urealyticum infection against 32% in a
control population and this difference was

significant. Ureaplasma urealyticum has been
shown to stick to sperm (8) and therefore be¬
cause of the conflicting reports in the litera¬
ture we thought it worthy of further study.
In our first study of 115 men we found no ob¬
vious correlation between Ureaplasma cul¬
ture and the fertility status of the patient,
sperm motility or the presence of antisperm
antibodies. The isolation ofUreaplasma from
51 (44.3%) of 115 men in our first study is
similar to the incidence 32.6% reported
previously in a similar population (5). These
isolation rates are also similar to those
obtained in other populations; when urine
specimens from men with non gonococcal
urethritis and from men with no urethritis
were cultured, Ureaplasma was found in 53%
and 33% of patients respectively (14). These
findings lend support to the suggestion of
Desaiet aL 1980 that the presence ofUreaplas¬
ma in the semen is merely the result of con¬
tamination at the time of ejaculation. We
could not, however, entirely exclude the
possiblity that in some cases Ureaplasma
were commensual but in others pathogenic.
The problem remained to distinguish the
mere presence of Ureaplasma in semen
samples as a result of contamination during
passage through the urethra from their
aetiological role in fertility. One possible
index of the pathogenecity of organisms in
the semen is the leucocyte response and we
therefore decided to repeat the Ureaplasma
culture work in association with a special
attempt to distinguish leucocytes from
immature sperm cells. Because of doubt
about our ability to distinguish leucocytes
from immature sperm forms using Papani¬
colaou method we have also used a specific
leucocyte monoclonal antibody (Pan T cells)
in association with the immunoperoxidase
technique. Despite the use of this more

sophisticated ■ nnd sensitive technique our
preliminary results show no correlation

between Ureaplasma culture results and
leucocyte response. This result may be inter¬
preted in a number of ways. Firstly the
number of patients in our preliminary report
is small and we may still be missing the
occasional case where Ureaplasma is-in fact
pathogenic. It should be remembered that
the patients we are studying are asymptoma¬
tic presenting with infertility and this may ex¬
plain why our results differ in some respects
from those published by Weidner et al. (1985)
where the population under study was 597
men with symptoms of chronic prostatitis
attending a special prostatitis clinic. Our re¬
sults are in agreement with those published
by Upadhaga et aL (1984) who also studied an
asymptomatic population on men. Another
possible interpretation of our results is that
other organisms may be responsible. Several
of our patients in fact had large numbers
of leucocytes and although we find no correla¬
tion with Ureaplasma culture results there
may be correlation with culture results for
other organisms. We are currently expanding
our series and performing a full range of cul¬
tures and hope to be able to comment about
this second possibility in the future.
Finally we did not serotype the Ureaplasma
and the possibility remains that we missed
infection with those serotypes which are
thought to be significant. With this in mind it
is interesting to note that Busalo and Zanchel-
ter (1985) found Ureaplasma urealyticum se¬
rotypes 4,8 and 6 had a high infection activity
with in vitro penetration by human sperm of
hamster eggs.
In conclusion the evidence from both our

Ureaplasma studies suggests that this orga¬
nism does not play a major role in male infer¬
tility if the patient has no symptoms ofprosta¬
titis. We did not find any correlation between
the fertility status of the patient, sperm motili¬
ty, the presence of antisperm antibodies and
the leucocyte response in the semen. We
have therefore found no evidence for true

subclinical Ureaplasma urealyticum infection
as a major factor in causing male infertility.
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