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AesrRacr

The study described in this thesis seeks to evaluate the nature of the

interactions occurring between semen and cells of the uterus that occur

following mating in pig. This thesis describes a previously unrecognized

and novel ability of porcine seminal plasma to induce dose dependent cell-

cell adhesion and mitogenesis amongst peripheral blood lymphocytes in

uitro. The induction of cell-cell adhesion was shown to occur independently

of the induction of mitogenesis and was not associated with

immunosuppression or cytotoxicity. Seminal plasma induced homotypic

cell-cell adhesion amongst T cells and macrophage/monocytes, but not

amongst B cells. The response was inhibited by the exogenous frbronectin

tetrapeptide, arg-gly-asp-ser (RGDS), inhibitors of intracellular signalling,

cytochalasins, heparin and required divalent metal ions. This evidence

indicated that the mechanism of cell-cell adhesion was analogous to that

occurring between regulated cell surface integrins and molecules of the

extracellular matrix and was the result of cellular activation by seminal

factors. Integrins are ubiquitous cell surface heterodimeric glycoproteins,

consisting of cr and p subunits linked to the cytoskeleton via transmembrane

linkages. Furthermore, they appear on all cell types and extend throughout

the most of the phylogentic tree.

Assaying the various boar accessol'y gland secretions on lymphocytes ln

uitro, indicated that the mitogenic and adhesive activity originated in the

seminal vesicles. Furthermore, surgical removal of the seminal vesicles

resulted in ejaculates devoid of mitogenic and cell-cell adhesive activity.

Fractions from chromatographic separations of seminal vesicle proteins

produced by cation exchange, hydrophobic interaction, diafiltration, Phenyl-

SuperoserM and C-18 separations, were assayed for induction of cell-cell

adhesion amongst lymphocytes in uitro. Reversed phase separations
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conducted on Phenyl-Superose, revealed two distinct. forms of cell-cell

adhesion; one forming a network of inter-connecting strands and the other

forming regular circular clumps of adhered cells. Reversed phased

chromatography of the former on C-18 silica revealed a single peak of

activity containing a protein of 15kDa molecular weight, which represented

approximately 0.5-lVo of the total seminal vesicle fluid protein content.

Purity of the adhesion inducing factor-1 (AIF-l), was estimated at 97Vo by

N-terminal sequencing, from which a 32 amino acid sequence was

determined. Screening of the SwissProt protein sequence data base

revealed that AIF-1 is a novel protein. A region of the N-terminal amino

acid sequence of AIF-1 is homologous to a highly conserved region in two

bovine seminal vesicle glycoproteins, of similar molecular weight to AIF-1.

This sequence also appeared in the collagen binding domain of type II

bovine frbronectin. The bovine seminal vesicle proteins share a high degree

of homology with the collagen binding domain of type II bovine fibronectin

and together with AIF-1, potentially represent a novel class of bioactive

proteins with unique biological activites. Northern analysis of total porcine

RNA by a synthetic 51mer DNA oligonucleotide complementary to the

predicted mRNA identified an abundant mRNA species of 0.9kb.

Tl¡e in uiuo role of seminal plasma proteins, which functionally upregulate

cell surface integrins remains uncertain. However, cellular adhesive

interactions mediated through integrins, particularly in leukocytes,

transduce a variety of intracellular signals important to the regulation of

growth, development, differentiation, gene expression and activation state

of the cell. Furthermore, expression of functionally upregulated cell surface

adhesion receptors is a feature of cellular activation, particularly at sites of

inflammation. Hence, the modulation of function and activation of uterine

leukocytes and possibly of other cell types within the uterus by seminal

plasma following mating is postulated.
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Studies in rodents indicate that seminal plasma induces a post-mating

uterine inflammatory response, associated with cytokine production by

lymphoid and epithelial cells. Uterine and embryo derived cytokines are

recognized as playing a role in the regulation of embryonic and uterine

development during early pregnancy. In this regard, seminal plasma

adhesion inducing proteins such as AIF-I, may augment the post-mating

uterine inflammatory response and thus, participate in the esablishment of

an appropriate uterine millieu important to the establishment of pregnancy.

The mechanisms involved in the regulation of cell adhesive interactions and

its cellular consequences, remains one of the most fundamentally important

and potentially rewarding aspects of cell biology.
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CHAPTER 1

LITERATURE REVIEW



1.1 Gnrv¡ner, IxrnooucrroN

Synchronous cellular and functional development of the embryo and uterus

is a prerequisite for the establishment of a viable symbiotic relationship

essential for pregnancy. The period from mating through to the time of

implantation is characterized by elaborate changes in the cellular and

functional organization of the uterus, which resemble those occurring

during a classical inflammatory immune response to a pathological insult.

In the uterus, as in other tissues, inflammation is mediated by a multitude

of pleiotropic chemical messengers which include the lymphohematopoietic

cytokines. Emerging evidence indicates that growth factors and cytokines

play a role in the regulation of pregnancy due to the biological responses

exhibited by the embryo and uterus to these factors. These substances are

produced locally by a variety of cells including activated leukocytes,

endothelial, fibroblast and epithelial cells. Hence, it is not surprising that

the involvement of these cells and their cytokine products in the uterus is

increasingly implicated in events associated with mating, early embryonic

and uterine development during pregnancy.

Recently, there has been mounting interest in the mechanism by which

seminal plasma induces the acute uterine inflammatory response (Lobel

7967, Barratt et al 1990, Lovell and Getty 1968) and concomitant cytokine

production that typically follows mating in most mammalian species

(Sanford et aI 1992, McMaster et al 1992). Although seminal plasma has

been shown to possess a variety of immunomodulatory and allogeneic

substances, virtually nothing is known of the bioactive constituents which

mediate this response. In the course of preliminary investigations into the

mechanisms of this phenomena in pig, it was observed that porcine seminal

plasma induced cell-cell adhesion amongst peripheral blood lymphocytes in
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a manner similar to that occurring between cell surface integrins and their

extracellular matrix protein ligands.

Adhesive interactions mediated by integrins and other cell surface adhesion

receptors, particularly in leukocytes, are able to transduce a variety of

intracellular signals resulting in regulation of cell growth, differentiation,

gene expression and activation state of the cell (for reviews see: Littman

1989, O'Rourke and Mescher 1989, Springer 1990, Larson and Springer

1gg0). The study documented in this thesis describes the characterisation

of this previously unrecognized and novel activity of seminal plasma and

suggests a mechanism by which the post mating inflammatory response

may be mediated.

7.7.7 Embryonic Deuelopment During EørIy Pregnøncy

The maternal-embryonic interactions occurring during the prolonged

preimplantation period characteristic of some species such as the pig, are of

special interest due to the high incidence of embryonic loss occurring at this

time. The rate of intrauterine embryonic loss is a major determinant of

litter size and the major factor limiting productivity and profitability in pig

production enterprises.

The fertilized, pig embryo enters the uterus 46-48 hours after ovulation

(Hunter 7974), developing to the blastocyst stage by day 5 or 6, with

hatching not occurring until day 10 (Papaioannou and Ebert 1988). After

hatching, the blastocysts remain free in the uterine lumen up to day 13

(Dantzer 1985). From day !I-12, pig blastocysts undergo remarkable

elongation and reduction of their diameter, where growth may be as fast as

80-45 mm./hr and. is initially the result of cellular remodelling (Geisert et al
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1982). Attachment occurs at around day 13-14, and is initiated with loose

contacts between trophoblast and uterine membranes near the embryoblast.

After day 18, implantation is completed by an intermingling of uterine and

trophoblastic microvilli to form the characteristic epitheliochorial form of

placentation (Dantzer 1985). This contrasts with the laboratory rodents

where hatching is followed immediately by implantation. In mice and rats,

blastocysts enter the uterus and hatch 3.5 days after mating, and implant

on day 4.5 (Stroband and Van der Lende 1990).

Estimates of embryo loss during early pig gestation range from 5-10Vo for

fertilized ova during the frrst 10 days, with a further 20-25Vo loss between

days 8 and 13. A further lOVo of embryos die between days 14 and 25,

followed by resorption of 5-6Vo between days 25 and 40 (Scofield et o'l 1974).

This represents a substantial loss, considering the relatively high ovulation

rate (Pope et aI 1990) and fertilization rate (close to l00Vo, Hunter 1990).

The physiological mechanisms responsible for this phenomena remains

unknown. Increased understanding of the nature of the utero-fetal

interactions during early pig pregnancy is necessary if these rates of

embryonic loss are to be overcome.

7.7.2 Literøture Reuiew

Much of the knowledge about the involvement of uterine derived factors in

regulating pregnancy comes from studies involving laboratory rodents, with

very little or no studies involving larger animals with prolonged

preimplantation periods. The frrst part of the literature review deals with

the evidence for an immunological role of the uterus in the establishment

and maintenance of pregnancy. Also discussed, is the evidence for the

involvement of uterine derived pro-inflammatory cytokines in the regulation
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of embryo growth and development, and that of the uterus during estrus

and early pregnancy.

During estrus and through to the time of implantation, leukocyües, display

highly specific temporal and spatial localization within the uterine tissues.

The involvement of these cells in uterine function during this time is

discussed. Also discussed, is the recent evidence for the seminal plasma in

mediating the post-mating uterine inflammatory response and

concommitant cytokine production and its potential role in pregnancy.

The second part deals briefly with the current knowledge of the

immunomodulatory substances and alloantigens present in seminal plasma

and their possible role in insemination at mating and pregnancy. Finally,

the possible involvement of integrins and cell adhesion as molecular

mediators of these cellular events in inflammation is addressed.
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L.2 LJrnmwp InnnnuNp Iwr¡or,vpMENT rN Eanr,v PnncxaNcv

The female reproductive tract is one of the mucosal-associated lymphoid

tissue systems and comprises part of the peripheral l¡tmphoid tissues which

are present at epithelial sites. These tissues are either fully, or have the

potential to be exposed to environr4ental antigens and include the

gastrointestinal tract, skin, nasopharangeal tissue and bronchus. Mucosal

immunity in these tissues is usually afforded by intraepithelial

lymphocytes, plasma cells and Langerhans cells. Langerhans cells function

as antigen presenting cells that present antigens to T cells in conjunction

with MHC molecules. These cells also capture antigen within the epidermis

and carry it to the draining lymph nodes, where T cells become activated.

These cells multiply and differentiate into immune effectors that ultimately

lead to an immune response. The increase in cell numbers and in fluid

(oedema) results in rapid local node enlargement within a day or two.

The female reproductive tract is immunologically competent and has been

demonstrated to effect immune responses, both locally and systemically

(Chaouat et at 1985) against the ejaculate (Hancock 1984), trophoblast cells

(Searle 1986), allografts (Beer and Billingham 1970) and allogeneic cells

(Searle 1986). It is now recognized that the uterus plays an immunological

role in facilitating the growth and development of the semi-allogeneic

embryo in pregnancy.

7.2.7 (Jterine Immune Reøctiuity ønd EørIy Pregnøncy

Studies conducted on rats, mice and hamsters have demonstrated that

during allogeneic pregnancy, the weights of the regional lymph nodes
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draining the uterus (referred to as the lumbar, illiac, caudal or para-aortic

lymph nodes (PALN)) are significantly increased, as are placental, fetal and

mean litter sizes, compared to syngeneic. PALN hypertrophy has also been

shown to occur after allogeneic insemination, and intra-uterine allograft

transplantation compared to syngeneic. A sustained increase in PALN

weight occurs only in pregnant animals and is dependent upon the presence

of an embryo (Chambers and Clarke 1979). However, increases in PALN

weights occur inconsistently and appear to depend on the mouse strains

used (Hetherington and Humber 1977, Chambers and Clarke 1979). The

importance of these particular lymph nodes has been demonstrated by

studies in which prior removal of the PALNs reduces the degree of T cell

sensitization during allogeneic pregnancy, as well as the mean litter size in

rats (Beer et al 1975, Tofoski and Gill 7977).

The increase in weight of these particlular lymph nodes is attributable to an

immunological response to allogeneic antigens in the uterus and suggests

that the antigenic disparity between the embryo and the mother contributes

to the magnitude of the local inflammatory response. This response occurs

in the endometrium at the site of implantation and has been postulated to

benefit embryonic growth and development (Clarke 1984, Rutherford and

Searle 1984, Beer et aI 1971, 7975a 1975, Beer and Billingham 1974,

Chambers and Clarke 1979, Head and Billingham 1984, Maroni and De

Sousa 1973, Ansell et aI 1978).

Further evidence for a significant role of local uterine immune reactivity in

pregnancy comes from observations that after uterine immunization by

means of a cellular allograft in rats, the uterus responds by re-exposure to

the same tissue antigens by hypersensitivity. This does not occur if the

priming antigen is presented by other routes, including the contralateral

horn. This locally inducible and locally expressed hypersensitivity to
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allogeneic cells, including spermatozoa, significantly increases, on an

immunologically specifrc basis, the number of conceptuses which implant

(Beer and Billingham L974).

Ilence, uterine immunological sensitization and the ensuing inflammatory

immune response, does not appear to be disadvantageous with regard to

fertility but is in fact benefïcial. The maternal uterine immune response to

antigens of the feto-placental unit and the ensuing benefits to reproductive

performance, suggests that the immunological state of the uterus, the local

draining lymphatics and the PALNs, together play an immunological role in

facilitating the implantation of embryos. Studies in the human have shown

that immunological and coagulation reactions within the placenta are

measures of normal immune responses to materno-trophoblastic allogeneic

recognition and exacerbated immune responses are part of abnormal

pregnancy (for review see Labarrere et øl 1989).

Further evidence for uterine immunological involvement in early pregnancy

comes from studies investigating the growth and developmental

requirements of embryos in vitro. These studies demonstrate that early

embryonic development is largely an autonomous process and can occur

independent of uterine factors, due the ability to culture early cleavage

stage embryos in uitro to the blastocyst stage employing relatively simple

media (Davis 1985). Mouse embryos can undergo preimplantation

development in uitro for the first flrve days of embryonic growth (Brinster

1963, Whitten and Biggers 1968). Although the rate of development in uitro

is slower than tlnat in uiuo, it suggests that embryonic growth is at least

partly under autocrine control (Rappolee et al 1988, Goddard et aI 1983).

Also, embryos appear to be relatively insensitive to changes in the

composition of media and zygotes can in some instances, develop to

blastocysts at rates equal to or higher than those obtained in uiuo.
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Nevertheless, culture of embryos in uitro prior to embryo transfer is often

associated with developmental abnormalities during pregnancy and at term

(Walker et al L992, French 1992). Furthermore, the uterus has been shown

to influence the morphology, viability and timing of development of

embryos, as illustrated in studies demonstrating a requirement for

synchrony between uterine and embryonic development in pig and rodent

embryo transfer experiments (Stroband and Van der Lende 1990, Polge

t982, French 1992, Papaioannou and Ebert 1986).

No clear biochemical explanation has emerged to explain these phenomena.

However, signifïcant improvements in embryonic growth rates have been

made with co-culture of embryos with monolayers of somatic cells in uitro,

particularly with oviduct or uterine cells (Bavister 1988). These strategies

have overcome some of the developmental blocks of several mammalian

species in uitro and suggest that cells of the maternal reproductive tract

synthesize factors that regulate early embryonic development (Pampfer et al

1991, Sakkas et aI 1989). While many cells types within the uterus can

potentially synthesize growth factors, the most important appear to be the

secretory epithelial cells lining the uterine lumen, and the

lymphohematopoietic cells that migrate into the uterine tissues following

mating, and during pregnancy. The regulated spatial and temporal

localization of macrophages and granulocytes during estrus, following

mating and during the periimplantation period provides circumstantial

evidence for their involvement in early pregnancy.

Recently, evidence has emerged indicating that seminal plasma regulates

cytokine production in uterine epithelial and lymphoid cells following

mating in the mouse, as part of the normal post-mating uterine

inflammatory response (McMaster et aI 1992, Sanford et aI 1992). The

interaction of seminal plasma with the various uterine cells including
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leukocytes, particularly in intrauterine inseminators, is potentially

important in providing an appropriate uterine milieu which supports the

gfowth and development requirements of the preimplantation embryo.

7.2.2 Imtnunesurueillønce ín the Fernøle Reproductíue Trqnt

during Eørly Pregnøncy ønd Following Møtíng

Reproductive tissues contain a large population of white blood cells whose

numbers and composition change in response to the cyclically changing

hormonal environment of the estrus cycle. The epithelium of the vagina and

cervix of the mouse and human contain Langerhan cells and T cells, whose

numbers increase during non-estrus (Parr and Parr 1991). Increased

numbers of uterine intraepithelial lymphocytes have been observed in pigs

(King 1988), cows (Van der Weilen and King 1984), sheep (Gogolin-Ewins eú

øI) and, rats (Noun et al 1989, Kachkache et al 1991) during estrus through

to the time of implantation, after which numbers significantly decrease. In

mice and rats, the number of endometrial plasma cells appear to be

regulated by progesterone and estradiol, and increase in number prior to

estrus and during pregnancy (Parr and Parr 1986).

Similarly, macrophages, T cells and PMNs have been shown to infiltrate the

uterus in response to estrogen in normal, ovariectomized and immature

animals (ZJneng et aI 1988, Kachkache et al 1991, Finn and Martin L974,

Finn and Pope 1991, De et aI 1991, Hunt 1989, Tachi and Tachi 1989,

Kachkache et al 1991). Macrophages form the major cellular component of

the mouse uterus during early pregnancy, and reside predominantly within

the myometrial stroma prior to mating (approximately lÙVo of all uterine

cells), which then localize to underly the glandular and luminal epithelia

prior to implantation. They are then replaced by the developing decidua,
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with very few appearing within the implantation site, and reside mostly in

areas not containing implantation sites. A similar pattern of localization

within the uterus during this time has been shown to occur for granulocytes

(Tachi and Tachi 1989, Hunt 1989, De et al 1.991-). The increased abundance

of macrophages and granulocytes and subepithelial localization during

pregnancy has been shown to be mediated by the chemotactic action of

uterine CSF-1 which is produced and secreted by the uterine epithelium in

response to estrogen and progesterone (Pollard et aI 1987, Daiter and

Pollard 1992, Wood et aI 1992).

Macrophages, large granulated lymphocytes and intraepithelial

lymphocytes have also been detected throughout the human endometrium

and increase in number premenstrually and in early pregnancy. However,

T cells tend to form a relatively constant, small population throughout the

cycle (Pace et at 1-99L, Bulmer et aI 199L Kamat and Isaacson 1987, King

and Loke 1991, Dietl et aI L992). Preliminary studies suggest that the

localisation of leukocytes during the menstrual cycle and pregnancy in the

human endometrium may be due to the regulated expression of cell surface

adhesion molecules and/or their ligands (Tabibzadeh 1990, 1990a,

Tabibzadeh and Pourbouridis 1990). Expression of activation antigens and

adhesion receptors on human endometrial T cells and on large uterine

granular lymphocytes, as well as expression of y-IFN receptors on

endometrial epithelium suggests that the endometrium may be involved in

cytokine production, as part of normal uterine function during pregnancy

(Tabibzadeh 1990, King and Loke 1991, Dietl et al 1992)-

At mating, species such as humans, sheep, cattle and rabbits deposit their

ejaculate intracervically, whereas others such as pigs, horses, mice, rats and

hamsters are intrauterine inseminators. Following mating, sperm are

normally present throughout the female reproductive tract in both cases. In

10



intrauterine inseminators at least, the uterine epithelial cells and

infiltrating leukocytes are certainly exposed to the seminal plasma in

addition to the spermatozoa. This is unlikely in intracervical inseminators,

except for the possible carriage of seminal plasma components that have

bound to sperm.

Studies in mice, rats, pigs and humans have shown that the uterus and

cervix responds to mating with a hightened inflammatory response to

mating (Lobel et aI1967, Sanford et aM92, McMaster et aI t992,Barrattet

al 199O, De et al 1997, Lovell and Getty 1968, Cohen 7984, Claus 1991).

This is characterized by a large leukocytic infiltration into the uterus,

consisting predominantly of PMNs and macrophages within the luminal and

glandular epithelium and endometrium. The infrltrating leukocytes are

recruited from the blood, migrate into the endometrium and pass through

the luminal epithelium. Phagocytic cells eliminate semen during days 1 and

2, and in the absence of pregnancy or continued inflammatory stimuli, the

uterus returns to a state in which there is little evidence that an

inflammatory response has occurred (Lobel et al 7967, De et aI 199L,

Kachkache et aI 1991). The numbers of PMNs and macrophages peak on

days 1 and 2 and disappear thereafter, while macrophage numbers remain

hish.

These events, which represent the normal physiological changes of the

uterus, are similar to events occurring during an inflammatory response to

a pathological insult (Larson and Henson 1983). Inflammation is a term

used to describe a series of responses of the vascularized tissues of the body

to injury and which mediates local defence and tissue repair. The most

obvious features are increased blood flow and vascular permeability, cellular

infiltration, release of a variety of bioactive substances and activation of

leukocytes. Several important soluble bioactive pleiotropic substances
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mediating the cellular effects of inflammation have been identified, which

include prostaglandins, leukotrienes, vasoactive amines, cytokines as well

as other mediators (for reviews see: Trotta 1991, Larson and Henson 1983,

Papadimitriou and Ashman 1989, Arai et al 7990, Miyajima et al 1992). As

a normal physiological event, the inflammatory response that occurs in the

uterus after mating appears to be dn exception to the generally held view of

acute inflammation as a defensive and corrective response to a pathological

insult.

Recent evidence from studies in the mouse demonstrate that this uterine

inflammatory response following mating with normal or vasectomized males

occurs due to a component in the seminal plasma (Sanford et al 1992,

McMastet et al 1992). The role of the uterine inflammatory response

following mating remains to be determined. However, the highly abundant

leukocytes and their regulated localization during estrus, following mating

and throught to the time of implantation may be a mechanism which

ensures that an adequate uterine leukocyte population is recruited to the

uterus in preparation for implantation.

7.2.3 (Jterine Cytohine Regula'tion Following Mating

Although molecules in semen with the ability to regulate cytokine

prod.uction have not been identified, insemination at mating presents the

cells of the uterus with a variety of paternally derived immunomodulatory

substances and alloantigens (Thaler 1989). Studies of the post-mating

uterine inflammatory response, strongly implicate a role for seminal plasma

as a regulator of cytokine synthesis and as a modulator of cellular activation

in the uterus following mating.
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In the mouse, seminal plasma has been demonstrated to induce hightened

mRNA levels and expression of GM-CSF, CSF-I, IL-1 (c¡ and Þ), IL-6 and

TNF-cr, on days 1 to 3 of pregnancy at levels greater than that detected in

uteri of cycling mice (Sanford et øI 1992). The distribution of cytokine

producing cells parallels the same temporal and spatial localisation of

eosinophils and activated macrophages over this time. The induction of

uterine cytokine mRNA is detectable for up to 36 hours following mating.

This response is induced by mating with vasectomized males and not by

mechanical stimulation of the cervix. This indicates that the seminal

plasma is able to induced cytokine production by the uterus following

mating and is not due to an effect of mating. This contrasts with cytokine

production that is induced following intraperitoneal injection of LPS which

is transient and acute, being maximal within t hour and returning to basal

levels by 4 to 6 hours (McMaster et aI 7992). This evidence indicates that

seminal plasma induces a long-lasting and specific form of cytokine

synthesis by these cells in the uterus.

Recently, the induction of the cytokines GM-CSF, and IL-6 secretion by

uterine epithelial cells following mating has been attributed to the seminal

vesicle fluid component of murine seminal plasma (Robertson and Seamark

1990, 1991, Robertson eú aI 1992). Also, the induction of EGF gene

expression has been shown to occur in the luminal and glandular epithelial

cells following mating, after which expression diminishes and increases

again during implantation (Huet-Hudson et aI 1990). Although it is not

known whether EGF expression is elevated due to seminal factors at

mating, the possibility cannot be excluded'

Additional immune ïesponses mediated by semen at mating have been

described. Allogeneic spermatozoa alone, inoculated into the uterus of rats

can elicit lymphoadenopathy (Beer et al I97L Beer and Billingham f974).
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The PALNs of rats (Beer et aI 1975) and mice (Chambers and Clarke 1979,

Clarke 1984) displayed hypertrophy 4-5 days after a single allogeneic

natural insemination, but not afber syngeneic matings. Natural

insemination evokes a cell mediated allospecific immune response in the

female human (Dorsmann et aI 1978) and mice (Rutherford and Searle

1984). Additionally, u component of the ejaculate was implicated in the

induction of plasma and T cell proliferation and associated

lymphoadenopathy observed in the PALNs of rats within two days of mating

(Mcl,ean et at !980), and in the increase in thymus and PALN weights in

mice four days after mating (Clarke 1984).

Such studies have illustrated that the cells of the uterus, local lymphatics

and the PALNs together are modulated by the seminal plasma component of

the ejaculate following mating, which elicits an inflammatory response

associated with cytokine production. This evidence lends further support to

the view that induction of immunological mechanisms is responsible for

successful establishment and maintenance of pregnancy, the evidence for

which has recently been reviewed extensively (Clark and Chaouat 1989,

Labarrere et aI t989, Hill 1990, Hunt and Hsi 1990)' The consensus is that

during pregnancy, maternal allogeneic recognition of fetal and

extraembryonic tissues occurs. This recognition reaction establishes an

appropriate uterine milieu mediated in part by inflammatory cytokines and

g¡owth factors. These factors act to prevent maternal immunological

rejection of the embryo, and assists feto-trophoblastic growth and

development (Wegmann 1989). The identification of specific factors derived

from uterine and fetal tissues which inhibit lymphocyte reactivity, stimulate

decidual suppïessor cells, and suppress cytotoxic activity at the feto-

maternal interface have added credence to this theory and have been

proposed to account for pregnancy induced uterine immunosuppression.

(For reviews see: Golander et aI 1981, Kouttab et al 1976, Mclntyre and
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Faulk 1rg7g, Clark et al 1986, Daya et aI 1987, Chaouat and Kolb 1985,

Chaouat and Chaffaux 1984, Daya and Clark 1986, Skibin et a|1989).

7.2.4 Cytohíne Networhs ín Early Mouse Pregnøncy

A role for cytokines in pregnancy has recently been demonstrated in the

mouse, where administration of either TNF-cr, y-IFN or IL-z after

implantation, can in some instances, increase fetal resorption rates

(Chaouat et aI 1990, IJill et al !987a, 1987b Haimovici et al 1991). Also,

cytokines of the CSF family (IL-3 and GM-CSF) have been demonstrated to

increase the chances of fetal survival when injected into abortion prone

mice, which also results in increased fetal and placental weights. Although

the mechanism by which these cytokines mediate these effects remains

unclear, they may mediate an embryotrophic effect, or induce/enhance

immunosuppression mediated by endometrial T cells, NK cells,

macrophages or granulocytes (Chaouat et al 1990). However,

administration of CSF-1 to normal females following mating,through to day

5 of pregnancy, impairs pregnancy outcome significantly, independently of

an active maternal anti-fetal immune response (Tartakovsky eú aI l99I).

Although the specifrc regulatory mechanisms that operate cytokine

networks are unknown, these studies illustrate that a delicate cytokine

balance is operating during pregnancy which, if disturbed, can compromise

pregnancy outcome.

In the mouse, uterine epithelial cells have been demonstrated to synthesize

and secrete a variety of cytokines in response to estrogen and progesterone

during the estruos cycle and early pregnancy at significantly elevated levels

(Tabibzadeh 1991, De et aL, I992a) and during the second half of pregnancy

(De et at., 1992b). These include, GM-CSF, IL-6 (Robertson and Seamark
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1990, 1991), LIF (Bhatt et ø11991), CSF-1 (M-CSF, Arceci et al L989), TGF-

B1 (Tamada et at 1990), TGF-cr (Tamada et a,I I99t), EGF (Huet-Hudson eú

al 1990), TNF-0 (Tabibzadeh 1991), and bFGF (Watson et øI 1992).

Additionally, lymphoid cells within the endometrial stroma and decidua

have been shown to produce cytokines including CSF-I, SCF, TNFg

(Tamada et aI t99| McMaster et aI \992),IL-6, IL-1 o and p (McMaster eú

aI 1992), TGF-p1, and a TGF-82 like molecule (Pampfer et al 1990, Sanford

et øt 1992). These factors also exhibit temporal and spatial changes in their

expression patterns during early pregnancy, usually peaking at or around

implantation, indicating additional specific mechanisms for control of their

expresslon.

Detection of these factors and their receptors in the uterus, whose levels

change in response to ovarian steroids, has provided circumstantial

evidence that estrogen and progesterone differentially regulate uterine

cellularity and function in preparation for embryo implantation.

Identification of receptors for some of the growth factors and cytokines

produced by these cells on the preimplantation embryo indicate that the

embryo is also a target for these factors. Demonstration of biological

responses of embryos and placental trophoblast cells to some of these

cytokines in uitro and. in uluo suggests a role for them in the regulation of

g¡owth, development and differentiation of the preimplantation embryo (For

reviews see: Pampfer et al 199I, Pollard 1990, Hunt 1989, Watson et aI

lgg2, Haimovicí et aI 1991, Armstrong and Chaouat 1989). Preimplantation

embryos have also been demonstrated to express mRNAs for TGF-cr and p,

PDGF-[, IGF-I and II, and for receptors for PDGF-ø, insulin, IGF-I and II

(Watson et aI lgg2, Rappolee et at 1988), which indicates that the embryo

may regulate its growth and development in an autocrine fashion as well as

that of the uterus in a paracrine or juxtacrine fashion (Daiter and Pollard

Igg2). Pig, sheep, cow and goat embryos have also been reported to produce
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type I conceptus interferons which have been shown to have antiluteolytic

functions (For reviews see; Bazer and Johnson 1991, Flint et al lg88).

1.2.5 A RoIe for Maarophages in EørIy Pregncrncy

CSF-1 is synthesized by uterine epithelium in normal cycling mice in

response to estradiol-17B and its production is increased following mating

and through to day 16 of pregnancy (Bartocci et aI 1986, Pollard et aI t987,

Wood et al 7992,). During later pregnancy, levels peak on days 1.5-t7

(Arceci et aI 1989). Uterine CSF-I has been shown to mediate the

recruitment of macrophages into the uterus, which constitute the major

cellular component of the uterus of cycling mice and pregnancy (Wood et aI

L992, Hunt 1990).

The importance of macrophages and CSF-1 in pregnancy comes from studies

conducted on CSF-1 deficient osteopetrotic (op lop) mica The very low

numbers of peripheral macrophages and the infertile status of these mice

implicates the involvement of these cells in successful pregnancy. Uterine

macrophages are not detected in virgin op lop mice, and no CSF-I can be

detected in the uterus or placenta of op lop mice at any stage of pregnancy.

However, during pregnancy, macrophages are attracted to the uterus

presumably via non CSF-1 chemotactic factors (eg. GM-CSF or TNF-a) and

display an uncharacteristically rounded morphology. Their abundance is

similar to heterozygote controls on days 7 and 8, after which numbers are

undetectable by day 74.

Op lop mice can carry wild type fetuses, albeit at a reduced frequency. One

explanation for this is that pregnancies will proceed if some embryos are

phenotypically normal (+ lop or + l+), because they may produce a
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substance, (not CSF-1), that enables op lop embryos to survive.

Alternatively, under the regulation of CSF-I, males may produce a factor in

their seminal fluid that stimulates the female reproductive tract to produce

a growth factor that can compensate for the absence of CSF-1 (Pollard et aI

1991).

The precise role of macrophages remains uncertain but may be speculated

to involve production of cytokines involved in regulatory networks and/or

mediate local immunosuppression during pregnancy. Immunosuppression

may be mediated by macrophage derived cytokines which may down

regulate the production of embryo toxic cytokines (TNF, TGF, gIFN, IL-2)

by nearby lymphoid cells. Additionally, it is possible that cytokines may act

on macrophages to produce bioactive factors which may mediated embryo

growth and development.

7.2.6 Effect of Uteríne Imtnune Presensítizøtiorù on Pregnancy

Attempts have been made to enhance uterine immune reactivity in an effort

to improve reproductive performance. This has been largely approached

with protocols assessing the effects of intrauterine infusion of semen, semen

with additives, various mating protocols and combinations of all three on

the litter size of pigs. Fertility is improved by increasing the frequency of

mating in pigs (Tilton and Cole 1982). lf.a}r et aI (1985), demonstrated that

gilts mated to vasectomized boars 15 minutes prior to each fertile mating, in

an attempt to provide additional copulatory stimulus, improved conception

rate but not litter size. This observation suggests that additional mating

stimuli may have a beneficial effect on conception rate. This \ryas

contradicted by similar studies in sheep (Restall 1961-, Hawk 1972, Kleeman

et al 1989) and pigs (Pursel et al 1982). Almlid (1981) demonstrated an
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increase in reproductive performance of gilts, as measured by the number of

five week old embryos present after addition of cellular antigens in the form

of leucocytes to the artificially inseminated semen. These observations

could not be confrrmed in other studies (van der Lende eú aI 1986).

However, intrauterine administration of normal or attenuated semen at the

estrus prior to the insemination has been shown to increase litter size in

pigs (Murray et aI l}8},Murray and Grifo 1986, H:anet al7988, Gooneratne

and Thaker 1989). Addition of antigen, adjuvant or mitogen to AI semen

does not increase litter size, but is in fact detrimental to fertility Glichfeldt,

1984) and may compromise embryo viability by non specifically evoking a

maternal anti-fetal immune response.

However, interpretations of such studies must consider that any effect on

fertility obsewed due to additional copulatory or seminal stimulation, may

be due to modulation of LH secretion and ovulation by mating due to neural

stimuli of mating. Mated gilts have been shown to exhibit different

secretory patterns of LH release from non mated gilts (Mah et aI 1985).

Cervical stimulation tends to hasten the LH surge and clitoral stimulation

hastens ovulation in the bovine (Kirsch et aI 1985, Randel et al 1973). Aron

et al (1966) observed that the number of coital contacts affected the

frequency of luteinisation in rats. Although it is not known whether such

hormonal changes induced by mating impact on reproductive performance

or on the nature of the post-mating uterine inflammatory responses, their

involvement cannot be excluded.

These studies are particularly relevant to embryo transfer procedures which

produce a significantly lower incidence of implantations than normal

physiological matings. The need to prime the female reproductive tract in

order to prepare for fertilizalion and implantation has been illustrated in

mice where, significantly fewer 2-cell embryos (44Vo reduction) were
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produced when mice were artificially inseminated with \Vo of the normal

number of spermatozoa. This reduction was significantly reversed by

inseminating with the normal number of dead spermatozoa 12 hours afber

the live aliquot (Chaykin and Watson 1983). Carp et aI (1984) also observed

that the implantation rate of transferred rat embryos was significantly

increased afber insemination on day four of pseudopregnancy compared to

non inseminated controls. Similar investigations conducted in the human

where semen placed at the cervix or in the uterus post-operatively after fVF

(Bellinge et aI 1986, Fishel et at L989, Marconi et al t989) and GIFT (Ah-

Moye et at 1988) has produced conflicting results. Bellinge et al (1986) and

Marconi et al (1989) reported an improvement in fVF implantation rates,

whilst Fishel et aI (1989) observed no effect. Turker et aI (!990) observed

increased pregnancy rates after post-operative intrauterine and

intracervical insemination compared to normal GIFT procedures.

It is still uncertain as to which component of the ejaculate is responsible for

mediating these effects in the human. Surgical removal of some or all of the

male accessory glands has resulted in reduced fertility in mice (Pang et aI

1979), rats (Blandau 1945, Queen et aI l98I), hamsters (Chow et aI 1986, O

et aI :,¡gBS), and guinea pigs (Lawlah 1930). However, the secretions of the

male accessory sex glands contribute to the formation of the vaginal plug

and provide factors important for sperm function, in whose absence, may

compromise fertility (Mann and Lutwak-Mann 1981, Blank L988, Eliasson

19Z6). The most compelling evidence for a pivotal role for seminal plasma

in embryo implantation and development, is that the removal of the male

accessory sex glands in the golden hamster causes a slower cleavage rate in

embryonic development and significant embryonic loss during the ensuing

pregnancy (O et ol 1988). The mechanism mediating these effects remains

to determined, but may be due to an inadequate or diminished post mating

uterine inflammatory response. This would lessen the range or levels of
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embryotrophic and regulatory cytokines available to the preimplantation

embryo, which in turn, may also fail to establish adequate uterine

immunosuppression. Alternatively, absence of an appropriate cytokine

network may compromise embryo viability.
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1.3 ImnnurlolocY or SnnnINAL Pr,nsnnn

Seminal plasma is a a complex extracellular fluid produced at the time of

ejaculation which provides the medium and vehicle for sperm. It is a

composite mixture of the secretions of the male accessory sex glands; the

epididymis, vas deferens, prostate, bulbourethral gland and urethral glands,

with the biggest contribution made by the seminal vesicles. Higher

animals, including man, commonly produce a relatively dilute semen with

seminal plasma representing a considerable proportion of the ejaculate.

Most of these organs, or analogous structures appear throughout males of

the eutherian mammal class.

Seminal plasma is not a mandatory requirement for pregnancy and

consequently, has been largely neglected and considered of little

consequence to the reproductive process. Hence, the bulk of research

conducted on semen has focused mainly on the functional aspects of sperm

and fertilization. Little effort has been made to dissect apart the

components of the ejaculate and attribute any functional immunological role

to the seminal plasma in uterine cytokine regulation and reproduction.

However, seminal plasma from a variety of mammalian sources has been

shown to modulate almost all immune cell functions in uitro. The main

focus of these investigations to date has been the characterisation of

immunosuppressive activity (James and Hargreave 1985, Alexander and

Anderson 1987, Quayle and James 1990) and the identification of antigens

cross reactive to those on the trophoblast (Mclaughlin et aI 1986, Anderson

et aI 7987, Kajino et aI1988, Thaler et a|7989).
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7.3.1 Immunosuppressiae Actiuities of Seminøl Pløsmø

In 1975 Stites and Erickson first reported suppressive activity of human

seminal plasma on in uitro responses of peripheral blood lymphocytes to

mitogens. Since then, a plethora of studies has emerged demonstrating the

many immunosuppressive effects of seminal plasma at relatively low doses

(7-0.05Vo v/v), when tested in most in uitro cellular and humoral immune

assays (Table 1.1). Lymphocyte studies have demonstrated that seminal

plasma impairs the basal turnover of lymphocytes and T cell responses to

mitogens, antigens, allogeneic sperm and cells. In mitogen stimulated

cultures, seminal plasma reduces IL-Z receptors by up to 75Vo. However,

preactivated lymphocytes, natural killer cells and monocytes are less

susceptible to inhibition by seminal plasma (Quayle al 1987, Quayle and

James 1990). Seminal plasma also inhibits phagocytosis, oxygen

consumption and the hexose monophosphate shunt activity of rat peritoneal

macrophages (Chvapil et a\,7977).

Studies on the seminal plasmas of rodent and livestock species have

similarly identified immunosuppressive activities. Bovine seminal plasma

contains substances that suppress T cell responses to both Con A, mixed

lymphocyte responses and B cell responses to LPS in uitro (Prakash et øI

lg71,Fahmi et aI 7985) and neutrophil phagocytosis of sperm (Strzemienski

lgSg). The immunosuppressive activity of bovine seminal plasma on

mitogen stimulated lymphocytes has been shown to be due to the presence

of copious amounts of immunosuppressive RNase, which decreases the

expression of the cr chain of the IL-2 rcceptor on T-cells (Tamburriti et aI

1gg0,). Homogenates of mouse accessory glands are potent suppressors of

Con A and LPS stimulation of spleenocytes and suppresses both primary

and secondary humoral immune responses to antigen in mice in uiuo

(Anderson and Tarter 1982). Non specific suppression of mouse, boar and

oo
Z¿t )



Table 1.1 Immunosuppressive Activities of Seminal Plasma.

Immune Assay Reference

Inhibition of T and B cell
proliferation

Inhibition of monocyte/macrophage
and neutrophil phagocytic activity.

Suppression of NK-cell activitY
anä cytotoxic T cell activity.

Inhibition of complement

Interference with IgG-Fc

Inhibition of hypers ensitivitY

Inhibition of leukocyte migration

Inhibition of T-rosette formation

Stites and Erickson (1975)
Pitout and Jordan (1976)
Lord et øI (1977)
Prakash et aI (1976)
Majumdar et al (1982)
Mukherjee et aI (1983)
Quayle et al (1987)
Turner et aI (L987)
Thomas and Erickson (1984)
Alexander and Anderson (1987)
Anderson and Tarter (1982)
Saxena et aI (1988)
Saxena et al (1985)
Saxena and Farooq (1987)
Szymaniec et aI (1987)
Frânken and Slabber (1981)
Bischof eú ¿/ (1983)
Brooks et aI ].98l

Chvapil et al (1977)
Stankova et aI (1976)
James et aI (1983)
Schopf eú al (7984)

Tarter et al (1986)
James and Sz5rmaniec (1985)
Rees et aI (1986)

De Simone et al (1988)
Marcus et aI (1978)
Ablin et aI (1990)

Tarter and Alexander (1984)
Peterson et al (1980)

Witkin et al (1983)
Thaler et al (1989)
Bukovsky et al (1991)

Moulik et al (1989)
Lee and Ha (1989)
Marcus et al (1973)

Mirecka et aI (1981)

Fabbri et al (1985)
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human T cell function has been demonstrated by components of mouse

seminal vesicle fluid (Emoto et aI ]^99]-). Phagocytic activity of activated rat

peritoneal macrophages is inhibited in uitro by one of the major secretory

proteins (SV-ry) produced by the rat seminal vesicle epithelium (Galdiero eú

a/ 1g8g). SV-JV has also been demonstrated to inhibit phagocytosis and

chemotaxis of human polymorphonuclear leukocytes (Metafora et al t989).

Boar seminal plasma and seminal vesicle fluid has been suppress activation

of T and B cells by PWM, PHA, Con A (Stanek et al 1985) and LPS (Bouvet

et aI 1987). A 100-110kDa protein fraction prepared from boar seminal

plasma inhibited most mouse in uitro immune functions and in uiuo ptrrnary

responses to T dependent and independent antigens (Bouvet et al 1987).

Components of molecular weights 170,000, 70,000, 30,000, 10,000 and 5,000

have since been reported in boar seminal plasma to suppress LPS

stimulated mouse lymphocytes and PWM stimulated pig lymphocytes

(Cechova et aI 1989).

Many components of human seminal plasma have well established in uitro

and, in ujuo immunoregulatory effects and could contribute to the reported

suppressive activities of this fluid (for review see Quayle and James 1990).

Semen contains high concentrations of immunosuppressive prostaglandins

derived from the seminal vesicles (Tempelton et al 1978, Tarter et aI 1986,

Quayle et at 1989, Bourne et a|7974). Polyamines (spermine, putrasine and

spermidine) present in seminal plasma become immunosuppressive after

being metabolized to cytotoxic aminoaldehydes, acrolein, by ubiquitous

polyamine oxidases (Allen and Roberts 1986, Vallely and Rees 1986, Ablin

1988). Seminal plasma contains high levels of prostate derived zinc

(0.13mg/ml), which exists complexed to proteins and in free ionic form. This

has been shown to inhibit PHA induced mitogenesis (Berger and Skinner

Ig74), NK cell activity (Ferry and Donner 1984), granulocyte function
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(Stankova eú aI 1976) and macrophage function (Chvapil eú øI 1977).

Opiates also present in seminal plasma inhibit T-rosetting (Fabbri et aI

1985).

A variety of proteins from human seminal plasma have also been identified

to be immunosuppressive. Proteins of molecular weight SkDa (Pitout and

Jordaan 11976),20kDa (Brooks et aI 1981) and 35kDa (Saxena et aI 1988)

have been shown to be immunosuppressive in uitro. Pregnancy associated

plasma protein A (PAPP-A) present in seminal plasma has been detected

and shown to be immunosuppressive (Bischof 1983). Lactoferrin, a major

component of seminal plasma has been shown to be anticomplementary

(Morgan et al 1975, Kijlstra and Jeurissen 1982). Uteroglobin and

transglutaminase also present in seminal plasma suppress lymphocyte

proliferation to epididymal sperm (Mukherjee et aI 1983) by causing

alteration of antigens and receptors (Alexander and Anderson 1987).

The presence of soluble IgG-Fc receptor type III (IgG-FcRIII, CD16)

molecules in seminal plasma has been proposed to be immunoregulatory, by

competing with PMN or NK-cell IgG-FcRIII receptors for cytophilic

antibodies (Alexander and Anderson 1987, Witkin et aI 1983, Thaler et al

1989, Bukovsky eú aI 1991) which may prevent IgG mediated sperm

destruction. FcRIII appear to interact with IgG in an allorestrictive pattern

(Boyer 1961) suggesting that IgG-Fc binding molecules might compete more

effectively for autologous (i.e., female) than for homologous (i.e., male) IgG.

Such a preferential association has yet to be experimentally demonstrated.

The chemical complexity of seminal plasma has made it difficult to isolate

individual components and assign them specific roles. Demonstration of

seminal plasma mediated immunosuppression of in uitro immune cell

function suggests that some of the components may play a physiological role
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in reproduction. Although this is highly speculative, the current most

widety considered postulate is that these immunosuppressive factors in

semen bind to the spermatozoa at the time of ejaculation to render them

less immunogenic when deposited in the female tract during coitus. This

consequently may be crucial in preventing maternal immunological

destruction of sperm or sensitization to sperm antigens during the local

leukocytosis which occurs on insemination (Pandya and Cohen 1985).

However, as discussed above, maternal sensitization to paternal antigens

and uterine inflammatory responses against antigens may in fact be

beneficial to reproduction. The clinical implications of repeated exposure to

seminal plasma may be that locally impaired immunesurveillance due to

seminal immunosuppressive factors may help induce neoplastic change in

the presence of sexually transmitted viral diseases (Quayle and James

1990).

7.3.2 Trophobløst-Lymphocyte Cross Reactíue Antigens in

Humøn Seminøl Plo,sma

Several antigens specifically and predominantly expressed by

syncytiotrophoblast have been immunologically defined (Anderson et o,I

1g8?) and have been shown to appear on lymphocytes (Mclntyre et al L983)

and platelets (Faulk and Mclntyre 1981) and are hence named trophoblast-

lymphocyte cross reactive (TLX) antigens. Although poorly characterized,

the majority of these antigens on the trophoblast appear to be paternally

inherited as trophoblastic development has been shown to be determined

mainly by paternal chromosomes (Surani et al 1987). During pregnancy

these antigens are bathed in maternal blood and may potentially induce

maternal immunological reactions which would presumably depend on the

antigenic allotypic variation between individuals. The majority of
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trophoblast antigens in seminal plasma have been studied

immunochemically using polyclonal and monoclonal antibodies, but

information on allotypic variations among individuals is limited'

Allot5'pic variation has been suggested for only three antigenic systems in

seminal plasma; placenta-specifrc alkaline phosphatase (PLALP), the IgG-

Fc receptor (FcRIII) and the HLA independent trophoblast-lympocyte cross

reactive series (Thaler 1989). Placental like alkaline phosphatase (PLALP)

polymorphism is accounted for by three alleles of the gene which account for

at least six different phenotypes (Millan et aI 1985). In spite of genetically

determined variations, alloimmune responses to PLALP have never been

demonstrated, possibly due to specifrc immunoregulatory mechanisms

during pregnancy (Johnson et aI 1987) and expression only after the first

trimester of gestation (Berkowítz et al 1986). PLALP in seminal plasma has

been shown to originate in the seminiferous tubules and is possibly

associated with a role in spermatogenisis rather than with immunological

functions in insemination and pregnancy (Mclaughlin et aI1986).

Seminal plasma and trophoblast IgG-Fc receptor (FcRIII) is a part of a

biallelic alloantigen system (Werner et al 1936). Vaginal resorption of

paternal seminal plasma FcRII molecules following mating has been

suggested to lead to the formation of complexes with maternal IgG.

Although it is possible that during early pregnancy FcRIII blocking

antibodies are targeted to trophoblast FcRIII, FcRIII blocking antibodies are

not routinely observed before 4 weeks of gestation. Also, vaginal

insemination alone does not appear to induce detectable circulating FcIIIR

blocking antibodies (Thaler 1989).

HLA independent TLX antigens in seminal plasma have been shown to

originate from the luminal epithelium of the seminal vesicles (Thaler et aI
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1989, 1990). Serologically, at least three different allotypes have been

identified (Mclntyre et al 1983). These antigens have been proposed to

induce anti-anti-TlX antibodies which bind to antibodies directed against

the trophoblast TLX antigens. Purported blocking antibodies have been

poorly characterized and direct evidence that TLX antigens induce

antibodies essential to normal pregnancy has not been demonstrated (For

review see Thaler 1989).

It is speculated that allogeneic TLX antigens in seminal plasma induce the

generation of blocking antibodies in the mother which are targeted to their

trophoblastic counterparts, thus escaping identification by the maternal

immune system. This response, together with other maternal allogeneic

responses, have been proposed to prime the mother for events leading to

normal implantation, placentation, and protection of the fetus from immune

rejection (Faulk et aI 11987, Thaler 1989, Faulk and Mclntyre 1981,Kajino et

al 1988). Failure of the female to establish correct immunological

mechanisms in pregnancy has been demonstrated to compromise its

outcome and are thought to account for recurrent spontaneous abortion in

humans (Hill 1990, Hill and Anderson 1988, clarke and chaouat 1989,

Labarrere et al 1989). This premise has subsequently justified

immunostimulation and immunosuppression as forms of therapy in

recurrent abortion with ambiguous eflicacy (Hill 1990, Coulam 1988).
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L.4 Cnr,r, AorrnsroN Mor,EcuLEs

Studies of the interactions of cells of the immune system with antigen

bearing cells have yielded, in addition to the antigen specific receptors, a

plethora of cell adhesion molecules which are related to those on many other

cells. These molecules are now recognized as important regulators not only

of cell adhesion but of migration, growth, development, differentiation and a

multitude of other cellular functions. Together with chemotactic molecules,

cell adhesion molecules, can in principle, mediate the localization,

organization and function of cells throughout the body (Table 1.2) (Littman

1989, O'Rourke and Mescher 1989, Springer 1990, Larson and Springer

1990).

Table 1.2. Biological Functions Involving Cell Adhesion Molecules'

Biological Function Reference

cellular growth
differentiation
gap junctions
cell polarity
embryonic development
inflammation
hemostasis
platelet function

wound healing
tumour invasion
immune mechanisms
fertilization
cell migration

(Panayotou et øI 1989)
(Perris et aI 1988)
(Stevenson and Paul 1989)
(Gumbiner 1990)
(Shur 1989)
(Osborn 1990)
(George 1985 Andrews and Fox 1990)
(Parmlntier et aI 1990'
Silversteinet aI 1989)
(Clark RAF 1989)
(Nicolson 1989)
(Springer 1990)
(Snell 1990)
(Basara et aI1985)

The ligands of cell surface adhesion receptors can be molecules on the

surface of other cells (counter receptors), those of the extracellular matrix

(ECM) as well as soluble ligands. The majority of ECM proteins have been

shown to support cell adhesion and induce mitogenesis of a variety of cell

types in uitro (For revie\¡/ see Shimizu and Shaw 1991, Levesque et aI 1^991-),
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and in recent years, following their biochemical dissection, signifïcant

progress has been made towards understanding the molecular basis of the

activities that they mediate. The ECM consists of large, multi domain

molecules that are linked together by covalent and non covalent bonds into

an insoluble composite. This network of glycoprotein and complex

carbohydrate is laid down by cells and fills most of the intercellular spaces

and is usually covalently linked to core proteins to form proteoglycans.

Their primary function appears serve a mechanical role in supporting and

maintaining tissue structure as well as modulating a multitude of cell

functions.

All of the currently characterized cell surface adhesion molecules

responsible for mediating cell adhesion consist of extracellular,

transmembrane and cytoplasmic domains and can be grouped into the

following classes: (1) Those which express their adhesive function only in

the presence of Ca++. Commonly referred to as cadherins and confer

homophiltic cell-cell adhesion (Takechi, f988); (2) The adhesion molecules of

the immunoglobulin superfamily, which share an immunoglobulin domain

composed of 90-100 amino acids, which are the receptors on T and B

lymphocytes that recognise foreign antigen as a peptide fragment in

conjunction with cell surface molecules of the major histocompatibility

complex (MHC) (Williams and Barclay 1988, Alzan et aI., f988); (3) The

lectin-EGF-complement-CAMs (LEC-CAMs), or selectins which are cell

adhesion molecules with an amino terminal calcium dependent lectin

domain (177-720 amino acids), a single EGF domain (34-40 amino acids)

and several complement regulatory domains (repeat motifs of 62 amino

acids). LEC-CAMs help regulate leukocyte binding to endothelium and

inflammatory sites via carbohydrate interactions, whose ligands are

commonly referred to as addressins (Butcher 1990, Kishimoto et al 1989,

Gallatin et aI 1989, Bevilacqua et a|1989, Johnston et aI 1989,Larsenet al
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1989, Siegelman 1991); (4) The integrins, which are heterodimeric molecules

that function both as cell-cell, cell-ECM and cell-soluble ligand receptors

(Hynes 1987).

7.4.7 Integríns

I{nowledge of integrin structure and function represents the convergence of

studies of adhesion mediated by the platelet membrane glycoprotein

gpIIb/IIIa complex to ECM proteins (Phillips et aI., 1988, Silverstein et al

lg3g), the abundant high affinity fibronectin receptor ø5Þ1 (Yamada 1989),

the RGD cell recognition peptide sequence present in virtually all ECM

adhesive proteins (Ruoslahti and Pierschbacher 1987) and of the adhesive

interactions of the cells of the immune system (Springer 1990, Springer

lg9ga,Larson and Springer 1990). It has now become apparent that the cell

surface glycoproteins mediating these processes, belong to a superfamily of

molecules known as integrins which are expressed on nearly all cells and

extend throughout most of the phylogenetic tree (Marcantonio and Hynes

1988). Integrins have been found to play a role in platelet aggregation,

immune functions, tissue repair, and tumour invasion, and some diseases

are already known to be caused by mutations in integrin genes (For reviews

see Ruoslahti 1991, Hynes 1992, Larson and Springer 1990, Springer 1990,

1990a, Roth lgg2, Shimizu et aI 1992, Albelda and Buck 1990, Shimizu and

Shaw 1991).

Integrins are heterodimers (95,000-200,000 Mr) consisting of noncovalently

associated alpha (cr) (120-180 kDa) and beta (Þ) (90-110 kDa) subunits which

appear on nearly all animal cell types. There are at least eight different p

subunits and fourteen o subunits which can combine to form at least 14

different oclB dimers (Vogel et al 1990, Hynes 1992). Five subfamilies of
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integrins have been characterized which can be distinguished according to p

subunit utilisation (Table 1.3). The p subunits of all integrins are

remarkably similar which share a 44-47Vo DNA sequence homology. There

is also complete conservation of 56 cysteines in the B subunits so far

sequenced, many of which appear in four repeating units in the C-terminal

half of Þf, ÞZ and B3. Although the cr subunits exhibit more sequence

heterogeneity than p subunits, they are similar in structure and arc 25-60Vo

identical in amino acid sequence. There arc 18-24 cysteines in each a

subunit, with 14-16 of them conserved among all known a subunits (for

review see, Hemler 1990).

Table 1.3. The Integrin FamilY.

p Subfamily cr Subunits Ligands RGD
Sensitivity

P1 (CD2e)

p2 (CD18)

Þ3 (CD61) (cD41)
1)

LM, COL
LM, COL
FN, LM, COL
FN, VCAM.I
FN
LM
FN

ICAM-1,2
c3bi, FX, FB
csbi

+

+

+

Ba (CD-)

Þ5 (CD-)

c[v= (CD5

c¿6=(CD49Ð

oV=(CD5t)

FB, FN, VWF, FB +
VN, FB, VWF, TSP +

VN, FN

2

+

Abreviations: FN, fibronectin; LM, la
FB, fibrinogen; vWF, von Willebran
inactivated form of CSb comPonent
intercellular adhesion molecule; VC
LFA-1, lymphocyte function-related
(1990) and Albelda and Buck (1990).

Association of the amino terminal globular domains of the cr and B subunits

form the extracellular ligand binding domains of the receptor (Nermut et o/
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1988, Smith and Cheresh, 1988, 1990, D'Souza et aI L988, 1990, Beer and

Coller 1989). Integrins are also linked to the cytoskeletal actin filaments

through transmembrane linkages via talin, vinculin, a-actinin and possibly

other cytoskeletal associated molecules (Horwitz et aI 1986, Burridge et øl

1988). The interaction of integrins with the cytoskeleton appears to require

the presence of both subunits and the cytoplasmic domain of the p subunit

(Buck et at 1986,, Solowska et øI 1989, Hayashi et aI t990).

The three major integrin classes are the Þr, Þz and p3. The p1 and B3

classes predominantly mediate cell-ECM adhesion, while the p2 class are

cell-cell adhesion receptors, The Þ1 ot VLA subfamily contains at least 6

distinct members (VLA 1-6) and are found on a variety of cell types (Hynes

1987, Hemler 1988). The p2 subfamily, or leukocyte integrins contains

three members (LFA-1, Mac-1 and p150,95) are exclusively expressed on

leucocytes, and have been shown to be involved in a diverse number of

leukocyte adhesion dependent phenomena, giving them a critical role in

inflammatory and immune responses (Springer 1990, 1990a, Kishimoto et al

1989a, Larson and Springer 1990,). The ÞS subfamily, or cytoadhesin

family, has two members (VNR and platelet glycoprotein IIb/IIIb) which are

expressed primarily on endothelial cells and platelets (Ruoslahti and

Pierschbacher L987).

1.4. 7.7 Specíficity of Integrín-Lígand Interq'ctíons

A common feature of ECM proteins is the presence of cell binding activity in

short linear peptide sequences that are recognized by integrins. In the

central cel] binding region close to the carboxyl terminal heparin binding

domain of fibronectin, cell adhesive activity has been assigned to the

tetrapeptide RGDS, representing less than 0.2Vo of the molecule
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(Pierschbacher and Ruoslahti 1984a, Yamada and Kennedy 1984)' Since its

discovery in fi,bronectin, the key RDG tripeptide has been found in almost

all adhesive ECM glycoproteins and is known to play a key role in

mediating adhesive interactions (Ruoslahti and Pierschbacher 1986,

Humphries 1990). The functionality of this sequence in other molecules has

so far been tested only by assessing the anti-adhesive activity of generic

RGD containing peptide s in uitro. The results of such studies indicate that

RGD is a shared adhesive motif and a common feature to most integrin-

ECM interactions (Table 1.4).

Table 1.4. Integrin Adhesive Recognition Sequences.

Sequence Protein

RGDS
RGDS
RGDS
RGDS
RGDVIREDV
RGDV
RGDT
RGDT
RGDX (X=various)
RGDQ
RGDG
RGDN
RGDM
RGDA

LDV/CS1
HHLGGAKQAGDV
VGVAPG
LGTIPG
YEKPGSPPREWPRPRPGV
KNNQKSEPLIGRKKT
YIGSR
RYWLPRPVCFEKGMNYTVR (F- 9 )
LRE
PDSGR
RNIAEIIKDI
IKVAV

Fibronectin
Fibrinogen
Osteopontin
von Willebrand factor
Fibronectin
Vitronectin
Bone Sialoprotein
Collagen I
Collagen VI
Complement CSbi
Entactin
Laminin
Tenascin
Thrombospondin

Fibronectin
Fibrinogen
Elastin
Elastin
Fibronectin
Fibronectin
Laminin
Laminin
Laminin
Laminin
Laminin
Laminin

Compiled from Humphries (1990)

The arginine, glycine and aspartic acid residues are essential for activity,

while the serine can be replaced by other amino acids with retention of cell
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attachment activity, thereby establishing the RGD tripeptide as a minimum

functional unit. Peptides containing this sequence exhibit antiadhesive

activity, while analogues containing minor changes in the frrst three

residues are inactive (Pierschbacher and Rouslahti 1984b, Yamada and

Kennedy 1985).

While RGD sequences within proteins other than frbronectin can mediate

cell surface binding and cell adhesion, the mere presence of an RGD

sequence within a protein does not equate with a function of the RGD

sequence in cell adhesion, which can be functionally silent (D'Souza et aI

1gg1). ECM glycoproteins that mediate adhesion, have more than one site

that confers adhesive activity to the molecule. A second sequence LDV is

similar to RGD in its abundance amongst ECM glycoproteins and has a

higher affinity than the RGD by at least two orders of magnitude

(Humphri es et aI Ig87 , Humphries 1990). However, it is not known if these

sites are functional. In the fibrinogen "t chain, the active sequence

mediating platelets aggregation has been shown to be a 12-mer peptide

(Table 1.4). Although unique to frbrinogen, this peptide also competitively

blocks the RGD depend,ent binding of frbronectin and von Willebrand factor

to platelets, indicating a possible shared mechanism of interaction of these

sequences with the cell surface (Kloczewiak et al1984). In addition to these

sites, a number of other active adhesive recognition sites have been

identified in ECM molecules, listed in Table 1.4

When the ligand binding specifrcities of integrins are examined, two general

features are apparent. Firstly, certain integrins are able to bind multiple

ligands that superfrcially have dissimilar structures, and secondly, the same

ligand may have multiple receptors (Kirchhofer et aI 1990). The functional

status of an RGD sequence within an individual protein is established by

the accessibility of the sequence within the overall conformation of the
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molecule which is postulated to depend on the following; (1)

conformationally unique information contained in the sequences

themselves; (2) modulatiot by, or synergism with a second site, (3) some

combination of conformational and second site interaction, or (4)

interactions with other matrix constituents or proteolysis, which are

conìmon occurrences in extracellular matrices and could alter the exposure

and function of an RGD sequence within a protein (D'Souza et aI 199I, 1988,

Obara et al 1988). These mechanisms may also account for the relatively

low biological activity of synthetic mimics of these sequences compared to

the molecules from which they are derived (Humphries 1990). It has been

proposed that knowledge of the target amino acid sequence for many

integrins, the RGD sequence, can be exploited to design compounds

controlling cell adhesion for therapeutic purposes (Ruoslahti 1991).

7.4.7.2. Cell Signølling ønd Integrins

Integrins are perhaps the most sophisticated of the adhesion molecule

family which engage in heterotypic interactions with cell surface ligands,

ECM components and soluble ligands (Hynes eú al 1989). The term

"integrin" was introduced by Tamkun eú ol (1986) who reported the cloning

of the p subunit of the mouse receptor for cell adhesion to fibronectin. The

name denotes the integral membrane nature of these transmembrane

molecules and their probable role in the integrity of both the extracellular

matrix and the cyboskeleton, and their ability to link macromolecular

assemblies of the ECM and signals from the extracellular environment with

the intracellular cytoskeletal infrastructure.

From studies of cell adhesive interactions occurring in the immune system

and platelets, it has become evident that engagement of integrins can
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transduce signals leading to cellular events that change the phenotype,

movement, gene expression and activation state of the cell. This has been

demonstrated where signals received via LFA-1 on T cells augment the

prod,uction of 1-IFN (Strassman et a|1985). On the other hand, a variety of

cytoplasmic signals transduced from the engagement of another cell surface

receptor regulate the functional activity, surface expression and specificity

of these receptors (Kirchhofer et al 1991). Signals mediating activation of

integrins typically involve protein kinase C (PKC), increase in intracellular

calcium concentration, phosphoinositide turnover or production of cAMP (for

review see, Pardi et al Igg2, Hynes 1992). consequently, integrins exist in

an active or inactive state which is reflected in a high or low aftìnity for

their ligands, respectively. Studies of the regulated cell-cell adherence

mediated bV þZintegrins suggests that increased adhesiveness by integrins

is primarily mediated by increased affinity of the integrin for its ligand

(qualitative upregulation), in contrast to increased receptor numbers on the

cell surface (quantitative upregulation) (Zimmerman et aI 1992, Hynes

lgg2). This phenomenon has been best charactetized in the adhesion

mediated by the platelet integrin, o11Þg to ECM ligands and the þZ

leukocyte integrins to cell surface ligands (Hynes 7992). Evidence from

these studies is consistent with a conformational switch (or switches)

between states of the extracellular domain, driven from within the cell after

its activation

7.4.7.3 Integrín Inuolvement ín Inflammation and ltntnune

Responses

The nature of regulated adhesive interactions mediated by integrins comes

from studies of the adhesive interaction occurring during an immune

response. In order for cells of the immune system to patrol the body
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effectively for pathological insults, they must circulate as nonadherent cells

in the blood and lymph, and migrate as adherent cells through tissues.

Additionally, in the presence of foreign antigen, they must be able to

congregate in lymphoid organs, cross endothelial and basement membrane

barriers to aggregate at sites of infection and interact with cells bearing

foreign antigen. The p2 integrins expressed on leukocytes exhibit activation

dependent adhesion. Activation of leukocytes is required for expression of

the various ligand binding activities of the Þ2 integrins. Activation is

accompanied by a conformational change(s) in these integrins which can be

detected by various antibodies (Hynes 1992)-

Greatest progress in the understanding of B2 integrins has been made in

neutrophils and lymphocytes. The adhesion of PMNs and T cells to ECs is

an early and prerequisite event to leave the bloodstream and enter into sites

of inflammation (Larson and Henson 1983, osborn 1990). This is one of a

number of phenomena which influences their differential migration

throughout the body, and results in their increased adhesion and reduced

trafficking. A role for integrins in inflammation has emerged from studies

of the adhesive interactions between cells of the immune system with

endothelial cells (þCs). T cells and PMNs interact in a precisely regulated

fashion with activated ECs through cell surface integrins and selectins

which augment their migration into lymphoid and non-l5rmphoid tissues.

The adhesive interaction can be rapidly induced and is rapidly reversible, or

can be sustained over several hours depending on the nature of the

stimulus. The emerging concept of the adhesion cascade involved in T cell

and PMN migration through endothelial cells appears to involve an initial

tenuous adhesion or tethering via selectin mediated interactions which

deliver triggering signals to upregulate integrin function, usually LFA-1,

Mac-1, VLA-4,-5 and -6. This forms the major adhesive force or "glue" which

binds cells together (Springer 1990, Shimizu et al t992).
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Following activation with chemotactic factors, ionophores, phorbol esters,

certain cybokines or with antigen primed macrophages, PMNs and T cells

become adhesive for ECs (Kishimoto et al 1989a, Shimizu et aI 1992,

Zimmerman et aI 1992, Dustin and Springer 1989, Hibbs et al 1991, Arnout

1gg0, Figdor et al 1990)). The primary mechanism accounting for their

enhanced adhesiveness appears to be due to a qualitative alteration in Þ2

and some Ê1 integrin heterodimers that are constitutively present in the

plasma membrane and which mediate cell-cell and/or cell-ECM adhesion

respectively. Also, increased adhesion of T cells to fibronectin and laminin

through VLA-4, -5 and -6 following T cell activation has recently been

demonstrated (Shimizu et aI 7992). These studies indicate that expression

of an adhesive phenotype by immune cel1s is a feature of cellular activation.

This may contribute to the migration of cells in the ECM and at sites of

inflammation.

During inflammation a change in the phenotype of ECs occurs due to the

action of a wide range of stimuli including IL-1, TNF, IL-4 and IFN-I which

increases synthesis and expression of integrin counter receptors (ICAM-l' -2

and VCAM-I) and selectin ligands (ELAM-1). The major consequence of

this change, is the increased efficiency by which activated PMNs and T cells

bind through integrins LFA-1 (to ICAM-I and -2) and VLA-4 (to VCAM-l)'

In the absence of an inflammatory response, cell surface integrin ligands are

expressed on only a few cells. ECs also synthesize and express PAF on their

cell surface in response to stimulation by thrombin, histamine, leukotriene

Ca and other agonists, which acts on PMNs as a signal to induce

adhesiveness to ECs by upregulation of Þ2 integrins (Zimmerman et al

lgg2). Additionally, ECs are activated by TNF-cr, IL-1 and LPS to produce

and secrete IL-8 which is a potent chemotactic factor for PMNs and

stimulates upregulation of ÞZ integrins and enhanced adhesion to resting
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ECs and to the subendothelial matrix (for review, see Zimmerman et aI

lgg2). The specific patterns of EC-T cell and EC-PMN cell adhesion are

complex and depend on the regulated synthesis and expression of adhesive

ligands which are influenced by: (1) the inducing cytokine or combination of

cytokines i Q) the time after cytokine exposure; and (3) the type of

endothelial cell and its environmental cues from neighbouring cells and the

ECM.

The leukocyte integrins also have a diverse role in multitude of

immunological functions which are described in reviews by Arnout (1990),

Figdor et aI (1990), Larson and Springer 1990, Springer 1990. The most

characterized has been LFA-1, which has been shown to have a critical role

in the adhesion of cytotoxic T cells to target cells bearing antigen in

conjunction with MHC. It is suggested that when a cTL encounters a

target cell, initial contact is mediated via low affinity LFA-I-ICAM-I

interactions. If recognition of the antigen in conjunction with MHC occurs

via the T cell receptor-CD3 complex, an intracellular signal is transduced

which leads to the activation of LFA-1 via phosphorylation of the p chain

(Altman et aI 1990). LFA-1 then mediates high affinity binding with its

ligand (ICAM-l), thereby strengthening the adhesion between the cells

enabling efficient delivery of the lethal hit. In contrast to LFA-I, which is

restricted to leukocytes, its ligand ICAM-I can be expressed on wide variety

of cells and its induction in inflammation is an important means regulating

LFA- I/ICAM- 1 interactions throughout the body.
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1.5 CoNcr,usroNs

The precise nature and extent of mechanisms responsible for the

paradoxical success of the semi-allogeneic feto-placental unit and for its

growth and development during the periimplantation period are still

unknown. Proinflammatory cytokines appear to be potent regulators of

preimplantation embryonic growth and development, as well as mediators

of the functional and cellular organization of the uterus in early pregnancy.

Presumabley, this would invlove the regulation of cell surface adhesion

molecules by cytokines. In rodents, the post-mating uterine inflammatory

response mediated by seminal plasma is associated with the functional

activation of leukocyte and epithelial cells with regard to hightened cytokine

production. Seminal plasma in these species may play a role in furnishing

an appropriate uterine milieu conducive to pregnancy, particularly in

intrauterine inseminators. This activity of seminal plasma on the uterus

may explain observations in rodents, where in the absence of the male

accessory sex glands secretions, early embryonic cleavage rate is slower and

fertility is compromized. The evidence reviewed here suggests that seminal

plasma contains substances that act on various uterine cells which

specifrcally regulate cytokine production and cellular activation.

The study described in this thesis documents preliminary observations of

the ability of porcine seminal plasma to induce cell-cell adhesion amongst

peripheral blood lymphocytes through a mechanism similar to the adhesion

occurring between cell surface integrins and their extracellular matrix

protein ligands. Integrins are a class of cell surface heterodimeric

glycoproteins appearing on all cells of the body, that in addition to

mediating adhesion, are responsible for transducing a plethora of cellular

signals in a bidirectional manner across the cell membrane. Elevated

integrin expression and affinity are phenomena associated with activated
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immune cells and in the migration of cells through tissues that is commonly

seen in inflammatory responses (Shimizu et aI 1990). This i¿ uitro pro-

adhesive activity of seminal plasma offers an explanation by which uterine

cytokine production and leukocyte infiltration during the post mating

inflammatory response in rodents may be mediated, and thus participate in

the regulation of embryonic and uterine development.
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MATERIALS AI.[D METHODS



2.7 Prepøration ønd Cryopreseruøtion of Porcíne Peripherøl

Blood Lyrnphocytes

Porcine blood (1 litre) was collected from 90-110kg pigs at slaughter into a

sterile 1 litre container containing 100m1 citrate phosphate dextrose

(formula 050, TUTA, Australia) as anticoagulant. The blood was further

diluted with Ll of calcium and magnesium free Hank's balanced salt solution

(HBSS). Bgml aliquots of diluted blood were underlaid with 20ml of Ficoll-

paque (Pharmacia Biosystems, Sweden) in 50ml Falcon centrifuge tubes

(Falcon, USA) and centrifuged for 3Qmins at l'600rpm (Beckman J6 B, USA)

at room temperature. Lymphocytes present at the interface vr'ere removed

and diluted with an equal volume of HBSS, pelleted and washed twice in

phosphate buffered saline (PBS). Lymphocytes were pooled, made up to

100mls with PBS and separated into four aliquots of 25mls in 50ml tubes

and pelleted. Residual red blood. cells present, were lysed by resuspending

the cells in 10mls of 4.0oC 0.2Vo NaCl with a pasteur pipette for 20 seconds.

10mls of 4.0oC 1.67o NaCl were added and the volume taken to 50m1 with

HBSS and the cells pelleted. Cells were resuspended to 6x107 cells/ml in

RPMI-1640 (Gibco-BRL, USA). 1ml of cells was added to 1ml of fteezing

rrnx (407o FCS, 207o DMrSO), mixed and frozen to -100oC in a controlled rate

freezer (Phillips, usA) and stored in liquid nitrogen. Lymphocybes required

for culture experiments were snap thawed in a 37oC water bath and diluted

slowly (over lmin) with an equal volume of RPMI-!640, 57o FCS and

incubated at room temperature for 10mins. This was repeated and the cells

\ryere washed twice in RPMI-1640,5% FCS prior to use'

2.2 Semen Cotlection a.nd Preparation Of Seminal Plasma

Ejaculates were collected from 100-200kg normal and vasectomized boars

using a gloved hand technique (du Mesnil du Buisson and Denamur 1970).
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Semen from 23 boars was used throughout the course of this study.

Ejaculate volumes of 200-300m1 were commonly obtained and were strained

through sterile galrze and centrifuged for 3Omins at 4009 at room

temperature. The supernatant was then centrifuged for 3.5hrs, 100,0009 at

10oc (Ti 45, Beckman, usA) and stored at -80oc in 20ml aliquots. Prior to

use in cell adhesion or proliferation assays, aliquots were thawed and frlter

sterilized through o.22¡JJnfilters (Millex GV, Millipore, usA).

2.3 Surgical RemoaøI of Seminal Vesícles

premed,ication and. Anaesthesia: The surgical technique for the removal

of seminal vesicles from a boar was a slight modifïcation of that described by

Davies et al (1gT5). A 90kg White Landrace boar (n=1) was fasted for 24hrs

prior to surgery. The boar was premedicated with 240rng Azaperone

(Stresnil, Boehringer Ingelheim) by intramuscular injection 5-10mins prior

to induction of general anaesthesia with 1gm Sodium Thiopentone (57o

solution, Pentothal, Boehringer Ingelheim) intravenously via the ear vein'

Anaesthesia was maintained with a Halothane-oxygen (Fluothane, ICI

Pharmaceuticals) mixture administered through a face mask'

Surgicøl Techniquez A 30cm incision was made close to and parallel with

the prepuce, extending forward from the pelvic rim. upon entering the

abdominal cavity, a retractor was used to hold the incision open' The

urinary bladder was exteriorized and reflected back posteriorly to expose

the seminal vesicles and emptied with an 18 gauge needle and syringe. The

seminal vesicles of the boar are two large pyramidal shaped masses of

glandular tissue which lie dorsal to, and cover the neck of, the bladder,

urethra, vas deferens and the prostate. The glands lie in close proximity to

the urethra and the anterior regions of the bulbourethral glands. The tissue
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has a pale pink colour, is distinctly lobate and is covered with a thin fibrous

capsule. The connective tissue between the seminal vesicles and the

surrounding structures was gently severed by blunt dissection until the

prostate gland was identified. Careful blunt dissection was used to

minimize the risk of rupturing the seminal vesicle capsule, which would

lead, to release of seminal vesicle fluid. Extreme care \Mas also necessary to

avoid damage to the ductus deferentes and urethra at the point where they

curye around the seminal vesicles before entering the urethra and bladder,

respectively. After careful dissection from the surrounding tissues, the

seminal vesicles were removed as two halves. Strict haemostasis was

maintained throughout by extensive ligation of vessels. The fibrous capsule

which contained the seminal vesicles was closed with a continuous suture of

3/0 Vicryl (Johnson and Johnson, USA). The area was irrigated with sterile

saline before restoring the glands to their original position, before closing

the incision with 1 Vicryl (Johnson and Johnson) using normal surgical

techniques.

postoperøtíae Treatmentz 5ml of Procaine Penicillin (250mg/ml) and

dihydrostreptomycin (250mg/ml) (Vetstrep, Pitman-Moore) was

administered by intramuscular injection (1/day for 3 days). 5mg of

Betamethasone (2mglml, Betsolan, Pitman-Moore) was administered by

intramuscular injection (l'lday for 2 days). The boar was kept in isolation on

normal food and water rations for 4 weeks before semen samples were

collected.

2.4 Surgícøl VøsectotnY of Boørs

g0-110kg White Landrace boars (n=8) rvr¡ere premedicated and anaesthetized

as for surgical removal of seminal vesicles. A single 15cm incision on the
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ventral scrotum was made over each testicle extending through the tunica

vaginalis. The testicle was exteriorized and the vas deferens exposed. The

vas deferens was ligated twice (1.5cm apart) and an interim 1cm section \Mas

removed. The testicle was irrigated with sterile saline and returned to the

scrotum. The tunica vaginalis incision was closed \Mith 3/0 Vicryl (Johnson

and Johnson) continuous suture, the skin incision was closed with 1 Vicryl

(Johnson and Johnson) using an interrupted horizontal mattress suture

pattern. 10mls of Oxytetracycline (200mg/ml, Terramycin IjA, Pftzer

Agricare) \Mere administered by intramuscular inj ection.

2.5 Prepara.tion of Accessory Gland Secretions

Reproductive tracts of 90-110kg boars were obtained at slaughter (n=18)'

Under sterile conditions, the seminal vesicles were dissected apart from the

bladder and Cowper's gland leaving the seminal vesicles and prostrate

intact and attached to the urethra (3-5cm). The prostate and membranes

enveloping the seminal vesicles were subsequently removed. The remaining

urethra was cut to expose the ducts of the seminal vesicles. The seminal

vesicles rwere squeezed gently by hand to extract the seminal vesicle fluid.

The prostate was dissected away from surrounding tissue and membranes.

prostatic fluid was obtained by slicing the prostate in two and squeezing

each piece frrmly. The testicle and epididymis were exteriorized from the

tunica vaginalis. The epididymis was exposed and cut away from the

testicle. Epididymal fluid was collected by injecting 5ml of saline into one

end of the epididymis and forced through the entire length by hand'
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2.6 Mea.suretnent of Lymphocyte Prolíferøtion By Tritíated

Thy múd.ine I nc orp or øt i o n

To d.etermine the maximal proliferative dose of phytohaemagglutinin (PHA'

Sigma USA) on porcine lymphocytes, dilutions of PHA were cultured with

lymphocytes for 24, 48, 72 and 96hrs. To determine if porcine seminal

plasma could influence the proliferation of resting peripheral blood

lymphocytes and that induced by the maximal proliferative dose of PHA,

lymphocytes were assayed for proliferation when cultured in the presence

and absence of mitogen with and without seminal plasma. Triplicate assays

were performed in 96 flat bottomed well tissue culture trays (Costar, USA)'

Cells (2x105 cells/well) were cultured in RPMI-1640 (Gibco-BRL, USA),

107oFCS, 2mM L-glutamine (ICN, USA), 10-5M 2-mercaptoethanol, 20mM

HEPES, 100IU/mt penicillin, 100ug/ml streptomycin (Sigma, USA). Assays

were incubated for 24, 48, 72 and 96hrs at 37oC in \VoCO2, 95Vo humidity

and pulsed with 1¡rCi of 3g-t¿n (20Ci/mmole, 74OGBq/mmole, Amersham,

UK) for 6 hours before harvesting. The plates rvvere harvested (PHD,

Cambridge Scientifrc) on to cellulose triacetate filters (Gelman) for

scintillation counting (Beckman LS 6000LL scintillation counter).

Scintillation fluid consisted of 5gm PPO (2-5-diphenyl oxaxole) in 1 litre of

toluene and 337o Triton X-100.

2.7 Quantitøtion of Cell'CeII Adhesion

Lymphocytes were set up as for proliferation assays and incubated for l-6-

24;¡rs. All experiments were conducted in triplicate. Cells were viewed

through an inverted microscope (40x) and the number of free non-adhered

cells were counted in the fields of view across the diameter of the wells. The

total number of free cells per well was estimated and the percentage of cell-
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cell adhesion was determined by the formula; 100 x ll-(number of free cells

per test well)/(number of free cells per control well)1. Scores ranged from 5-

lOOVo, in increments of 5, where îVo indicated that essentially no cells were

adhered in clusters.

2.8 Purificøtion of Adherent CeII Populøtion from Peripherøl

Blood Lymphocytes

The methods for preparation of porcine leukocyte population are essentially

those described by Hunt (1987) and Pescovitz (1984). Briefly, tissue culture

plastic petri dishes (90mm, costar, usA) r,¡/ere incubated with 10ml of

RPMI-1640, lTVo FCS for thr at 37oC, then washed once in PBS (10m1).

Cells (5x107) in RpMI-1640, 10Zo FCS, were added per dish and incubated

for thr at BTOC. The non-adherent cells were resuspended by gentle

swirling, then decanted and were removed by three gentle washings in

media (RPMI-1640). The adherent cells \Mere gently washed three times

with cold PBs, and removed by incubatins with 4ml of 0.2vo trypsin in PBS,

3mM EDTA. This population was washed once in RPMI-1640, 107o FCS

before use. Purity of macrophage cells was determined by flow cytometry

after labelling cells with monoclonal hybridoma supernatant containing a

monoclonal antibody reactive to porcine macrophage cell surface marker

(74-22-75, ATCC no. HB 142, Pescovitz et aI 1984) and then with

fluoresceinated anti-mouse IgG. Purity was found to be approximately 987o

pure for macrophages, with a yield of 5-707o of the starting cell number.

2.9 Purífi.cation of B Cells from Peripherq,I Blood Lymphoc!Ìtes

Tissue culture petri dishes (90mm, costar, usA) r¡/ere incubated overnight
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with 4.0mls of 10¡rg/ml affrnity purified goat anti pig IgG (Southern

Biotechnology Associates Inc. USA) at 4oC overnight. The solution was

decanted and the plates were washed twice in PBS, then 10ml of RPMI-

1640,107o FCS was added and incubated for thr at 37oC, then washed once

in PBS (10m1). After removal of the adherent cell population, cells in RPMI-

1G40, 107o FCS were applied to antibody coated petri dishes and incubated

for 45min at 4oC. The plate was swirled once at the mid point of the

incubation. Non adhered cells Ìr/ere gently resuspended and decanted. The

adhered cells were washed three times with cold PBS, 0.27o BSA. l07o

normal porcine serum in PBS was added to the plates and incubated for

B0mins at 4oC. The normal serum was decanted and B cells were removed

by forceful pipetting using 50ml PBS, 0.2Vo BSA. Purity of B cells was

determined by flow cytometry after labelling with fluoresceinated goat anti-

porcine IgG (Southern Biotechnologies Inc. USA). Purity of IgG+ cells was

75-80Vo and represented approximately a yield of íVo of the original

population.

2.70 Purificøtíon of T Cells from Perípheral Blood Lymphocytes

To an empty tissue culture grade petri dish (90mm, costar, usA) previously

incubated 10mls RPMI-1640, l}Vo FCS for thr at 37oC,3x107 cells in 3-

Smls RPMI-1640,27o FCS were added and incubated at 37oC,57o CO2,95Vo

humidity for thr to allow monocytes to adhere. Non adherent cells were

removed and the dish washed gently with medium. The cells were pelleted

and resuspend.ed in 250p1 of RPMI-1640, 107o FCS and applied to a 10ml

syringe barrel containing 0.6gm of acid washed nylon wool, previously

incubated with 10mls RPMI-I640,700/o FCS for thr at 370c with a 3-way

tap attached. An additional 700p1 of RPMI-1640, 107o FCS added on top of

the cells, the column was sealed at both ends and. incubated for thr at 37oC'
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T cells were obtained by running 12mls of RPMI-L640, tjVo

the column. Purity of T cells was determined by flow cytometry

labelling with fluoresceinated goat anti-porcine ISG (Southern

Biotechnologies Inc. USA). Purity of IgG+ cells was 6-I0Vo IgG+ and

represented a yield of t\Vo of the original population.

2.77 Reøgents

Seminal plasma and seminal vesicle fluid were collected, prepared and

assayed as described in chapter 2. Heparin (sodium salt, CSL, Australia)

was used at a final concentration of 1mM in the assays. EDTA was used at

a final concentration of 1mM. Inhibitors of cytoskeletal actin

polymerization were Cytochalasin B and D (Sigma, USA) which were

dissolved in 50Vo DMSO and used at a final concentration of 5pg/ml (0.5Vo

DMSO). Assays conducted in presence of 0.5Vo DMSO were found to have

no effect on the ability of lymphocytes to respond to seminal plasma. The

inhibitor of d.e nouo protein synthesis, cyclohexamide, (Sigma, USA) was

dissolved in PBS and used at a final concentration of 5pglml. Dibutyryl

cAMp (Sigma, USA), an inhibitor adenylate cyclase, \ryas dissolved in PBS

and used at a fìnal concentration of 2mM in the assay (Kaibuchi et al 1982,

Patel et al 1987, Klausner et al 1987)' The phorbol ester, 4b-phorbot-12b-

myristate-13a-acetate, (Sigma, USA), an activator of protein kinase C (PKC)

was dissolved in DMSO and used at fi.nal concentrations between 1-

100ng/ml (0.5Vo DMSO) (Nishizuka 1984). IBMX, a cell permeable cAMP

analogue which inhibits phosphodiesterase activity, was dissolved in 50Vo

DMSO and used. at a final concentration of 0.5mM (0.25Vo DMSO)' The

protein kinase C inhibitors staurospaurine (Tamaoki et al 1986) and H-7

(Hidaka et al 1984) were purchased from Sigma (USA) and were dissolved

in 25Vo DMSO and used at final concentrations of 5pglml (0.57o DMSO).
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Nordihydroguairetic acid (NDGA), an inhibitor of prostaglandin and

leukotriene synthesis, was dissolved in 700Vo ethanol and used at a fìnal

concentration of 0.01mM (lVo etlnanol) (Schewe et al 1987)' Indomethacin'

an inhibitor of prostaglandin synthesis was used at a fïnal concentration of

0.01mM (Schewe et al 1987). The following inhibitors of glycoprotein

synthesis were purchased from Boehringer Mannheim (Germany), dissolved

in PBS and used at the following frnal concentrations; bromoconduritol

(4mM), castanospermine (100pM), 1 deoxymannojirimycin (4mM), 1

deoxynojirimycin (5mM), swainsonine (1Qlrm), tunicamycin (lQpg/ml)

(Schwarz and Datema 1984, Lalegerie et al 1982). Hybridoma supernatant

containing a functional monoclonal antibody reactive with porcine

lymphocyte function antigen-1 (LFA-l) was provided by Dr Mal Brandon

(Centre for Animal Biotechnology, Melbourne, Australia). Fibronectin

peptides; RGD, RGDS and RGDA were purchased from Auspep (Australia),

dissolved in PBS and used at final concentrations of 2rnglml in assays.

proteinase K was purchased from Boehringer Mannheim (Australia),

dissolved in PBS and used at a final concentration of 2O¡¡glml and digestions

carried out at 4oC for 16hrs'

2.72 ChromøtogrøPhY

chromatography was performed using a dual pump Fast Protein Liquid

Chromatography (Fpf,CTM) system with a GP 250 gradient programmer

(Pharmacia Biosystems, sweden) at room temperature with continuous

monitoring of elutions for UV absorbance at 280nm. All buffers were

filtered through a o.22¡rnmembrane filter (Millipore waters, GVWP, USA)

using a vacuum filtration apparatus (Kontes, USA). Fractions eluted from

columns were desalted with sephadex G-25 Superfìne (Pharmacia

Biosystems, Sweden) into PBS before assaying in culture with lymphocytes,
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if required. The following chromatographic media were obtained from

Pharmacia Biosystems (Australia); S-Sepharose Fast Flow, Sephadex G-25

superfine, sephacryl s-200 HR, Sephacryl s-400 HR, Superose 6, superose

12, C-18 PEPRPC HR 5/5, Octyl Superose CL- B, Heparin Superose CL-68,

Metal Chelating AfFrnity Superose Fast Flow and Phenyl Superose HR5/5.

Trifluoroacetic acid (free acid, TFA) \¡/as purchased from Sigma (USA)'

Acetonitrile (HiperSolvTM grade) was purchased form BDH (England). For

further details, see ChaPter 5.

2.73 Gel Electrophoresís ønd Sílaer Støíníng of Proteíns

The method for SDS polyacrylamide ge1 electrophoresis was essentially that

of Laemmli (1970) and O'Farrell (1975). Discontinuous gel electrophoresis

was performed on a miniature electrophoresis system (80 x 50 x 1'5mm

gels), (Hoefer scientific Instruments, usA). All chemicals and reagents

used were of electrophoresis grade purity (BDH, England). Proteins were

visualized by staining of the gels with silver nitrate according to method

d.escribed by Morrissey (1981). Breifly, gels were frxed in 45Vo ethanol,l0%o

acetic acid and then in 707o ethanol, 707o acetíc acid, each for 3Omins. Gels

\Mere then placed in l\Vo ghúeraldehyde for 3Omins, given four 15min

washes in reagent grad.e water, then placed in 5¡rg/ml dithiothreitol

(Bgmins) and. then in 0.2Vo silver nitrate (Sigma, USA) for 30mins. Gels

were washed in reagent grade water for lmin and then placed in 2-3

changes of developer solution (37o sodium bicarbonate, 0.0185vo

formaldehyde) until protein bands were visualised. The reaction was

terminated by ptacing the gel in l\Vo acetíc acid'
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2.74 Protein Quantítøtion

protein was quantitated using a BCA protein assay reagent kit (Pierce,

USA) according to the manufacturer's instructions and that of Smith et al

(1985) using bovine serum albumin fraction V (BSA, Sigma, USA) to

determine a reference standard curve. Quadruplicate assays were

conducted in a total volume of 200p1 in 96 well trays. Protein concentration

was measured by absorbance at 560nm (blank corrected, Bio-Tek, USA)'

2.75 Prepørøtion of 6M Guønidíne'Hydrochloride (Gu-HCl)

Guanidine-hydrochloride (technical grade containing 20Vo insolubles) was

purchased from sigma (usA). 1.2kg were dissolved in 2l MQ water

(Millipore Waters). Insolubles rrr/eïe allowed to settle overnight at room

temperature. The remaining clear solution was then filtered through filter

paper (Whatman 54!, USA) and then through O.22¡tm membranes (GWVP,

Milipore Waters, USA) and stored in the dark at room temperature until

ready for use.

2.76 Isoløtion of Total Porcine setninølvesicle ^RNA

The method of total RNA isolation was essentially a slight modification of

that described by Chomczynski and. Sacchi (1987). Breifly, porcine seminal

vesicles were obtained from reproductive tracts of 90-110kg boars at

slaughter. under sterile cond,itions, the seminal vesicles \¡/ere dissected

apart from the bladder and Cowper's gland leaving the seminal vesicles and

prostrate intact and attached to the sigmoid flexure (3-5cm). The prostate

and membranes enveloping the seminal vesicles were subsequently
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removed. The remaining urethra was cut to expose the ducts of the seminal

vesicles. The seminal vesicles were squeezed gently by hand to removed the

seminal vesicle fluid. The seminal vesicles were cut into pieces of

approximately 1cm2 (approximately 1gm peices) and placed into 10mls of

solution D in 30ml glass Corex tubes (DuPont Instruments, USA) placed on

ice for 3gmins. Solution D was 4M guanidinium isothiocynate (Fluka,

Germany), 25mM sodium citrate pH 7.0, 0.5Vo sarcosyl, 0.1M 2-

mercaptoethanol (Sigma, USA). The tissue \Mas homogenized in an Ultra-

Turrax tissue homogeniser (Janke and Kunkel, Germany) for 3x30sec.

sequentially, 1ml of 2M sodium acetate pH 4.0, 10ml tris buffered phenol

pH7.5 (special molecular biology grade, wako (Japan), and 2ml of

chloroform-isoamyl alcohol mixture (49:1) were added to the homogenate

and thoroughly mixed by inversion for lOsecs. The frnal suspension was

cooled on ice for 15-20mins and rehomogenized for 5 seconds and

centrifuged at 10,000 rpm for 2Omins at 4oC (Sorval, SS34, USA)' After

centrifugation, the RNA containing upper aqueous phase was carefully

removed and placed into a fresh glass Corex tube (DuPont Instruments,

USA) and mixed with 10ml of -20oC isopropanol, mixed thoroughly by

inversion for 1Osecs and incubated at -20oC for 4hrs. The solution ïvas

centrifuged at 10,000 rpm for 2¡mins at 4oC (Sorval, SS34). The

supernatant was discard.ed and the pellet resuspended in 0.6m1 of solution

D containing 0.1M 2-mercaptoethanol. The solution was transferred to a

sterile 2ml eppendorf tube (Eppendorf, Germany) and 1.5m1 of -20oC

isopropanol added and centrifuged in an eppendorf centrifuge for 10min at

 oC at 18,000rpm. The supernatant was discarded and the pellet washed in

75Vo ethanol and the RNA allowed to precipitate at -80oC for 30mins. The

RNA was pelleted by centrifuging for 10min at 4oC at 13,000fPú, vacuum

dried (15mins) and dissolved in sterile RNAase free water. RNA was

quantified by measuring the 260nrnl280nm lfV absorbance ratio'
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2.77 Rad,íoløbelting of DNA Olígomer Probe

A single stranded DNA 50mer probe was synthesized, complementary to the

predicted mRNA for the N-terminal sequence of adhesion inducing factor-l

(AIF-1). 100ng of DNA oligomer was phosphorylated on the 5'-OH terminus

with 5.0pCi of y-32p-RtP (ethanolic, Bresa, Australia) with polynucleotide

kinase in a total volume of 25¡tl, using a 5' terminal kinasing kit (Bresatec,

Australia), according to manufacturer's instructions. The reaction volume

was increased to 50pl and 5pg of carrier tRNA, 25p,1 of 7.5M ammonium

acetate, and 150p1 of ethanol was added and left on ice for 10mins. The

solution was centrifuged for 2Omins at room temperature at 13,000rpm in

an eppendorf centrifuge (Eppendorf, Germany). The pellet was washed with

70Vo ethanol and dried breifly before resuspending in 30pl of sterile water.

An aliquot of 1pl of the reaction mix was used for determination of degree of

32P in.orporation by scintillation counting. A glass filter disks (Whatman)

was soaked in :r07o tnchloroacetic acid and the aliquot placed on the disk

and counted in a scintillation counter (Beckman, LS6000)' This was

repeated with a 1¡rl aliquot of frnal probe preparation. The specifrc activity

of the probe was approximately 107cpm/pg DNA probe'

2.78 Biotinytøtion of DNA Olígomer Probe

21tt¡of single stranded DNA oligomer was biotinylated with PhotobiotinTM

acetate using a photobiotinTM labelling kit (Bresatec, Australia), according

to the manufacturer's instructions. Briefly, equal volumes of PhotobiotinTM

acetateandDNA(lmg/ml)tobelabelledwerecombinedinanEppendorf

tube. The tube was placed on ice and irradiated for 2Omins at distance of

10cm beneath a 500w lamp. 50¡rl of 100mM Tris-HCl, 1'0mM EDTA, pH9.0
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was added to the reaction mix the volume made up to 100¡rl with water.

100¡.rl of butan-2-ol was added and centrifuged for lmin in an Eppendorf

centrifuge at 13,000rpm at room temperature. The top butan-2-ol phase

was discarded and a second butan-2-ol extraction performed. DNA was

precipitated by the addition of 5pl of 3M sodium acetate and thoroughly

mixed. 100¡rl of ethanol was added and mixed thoroughly. The solution was

incubated at -80oC for 30min and the DNA pelleted by centrifuging in an

Eppendorf centrifuge at 13,000rpm for 15min at 4oC. The pellet was

washed once with cold. 707o (v/v) ethanol, dried in uacuo (30min) and

dissolved in 0.1mM EDTA.

2.7g Northern AnøIysis of Porcine semínal vesicle R]VÁ.

25,12.5 and 6.25pg of total RNA was heated to 95.0oC in sample buffer and

rapidly cooled on ice. The RNA was electrophoresed through l. Vo a$arose

minigel gel (70x80x4mm) in lxMOPS, 6.7Vo formaldehyde at 100V for

45mins. The RNA was transferred to nitrocellulose paper (Schleiker and

Schull, 0.45¡rm) for 16hrs by capillary diffusion in 5xSSC. The filter was

baked at 80oC for 2hrs. The filter was transferred to heat-sealable bag and

pre-hybridized overnight at 42oC in 80pl prehybridization buffer/cm2 (5 *

SSC, SxDenhardt's solution, 50mM sodium phosphats (pH6'5), 0'25mg/ml

sonicated, denatured salmon sperm DNA, 5mM EDTA)'

The filter was hybridized for 24hrs at 42o with gentle agitation with 500p1

of hybridi zationbuffer which contained. 100ng/ml of labelled DNA probe in 5

x SSC, lxDenhardt's solution, 20mM sodium phosphats (pH 6'5), 0'05

mg/ml sonicated denatured. salmon sperm DNA, 5mM EDTA' The filters

were washed with agitation in 5xssc, O.lvo sDs at 42oc four times for

15mins. The frlter probed with the radiolabelled probe was gently blotted,
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allowed to air dry, exposed for 16hrs (X-ray frlm, RX, Fuji, Japan) and

developed.

The filter probed with the Photobiotin labelled DNA probe was developed

calorimetrically with a BioChrom Detection kit (Bresatec, Australia)

according to the manufacturer's instructions. Briefly, the filter was placed

in a heat sealable polythene bag and blocked with 4.0m1 37o (w/v) bovine

semm albumin for 60mins at 42oC. The blocking solution was removed

from the bag and replaced with 4.0m1 of 1pg/ml avidin-alkaline phosphatase

in 100mM Tris-HCl (pH 7.5), 1.0M NaCl, 2mM MgCl2, 0.05Vo (v/v) Triton X-

100, and incubated at room temperature for 15mins with occasional gentle

agitation. The filter was removed from the bag and washed three times at

room temperature for at least 2omins each time in 100mM Tris-HCl (pH

7.5), 1.0M NaCl, 2mM MgCl2, 0.O57o (v/v) Triton X-100. The frlter was

washed twice at room temperature for at least 1Omins each time in 100mM

Tris-HCl (pH g.5), 1.0M NaCl, 5mM MgCl2. The filter was transferred to a

new polythene bag and 4.0mls of freshly prepared substrate solution was

added (0.30mg/ml nitro blue tetrazolium (NBT), 0.20mg/ml 5-bromo-4-

chloro-3-indolyl phosphate GCIP), 100mM Tris-HCl (pH 9'5), 100mM NaCl,

5mM MgCl2). The colour reaction was allowed to proceed in the dark for

16hrs, after which the reaction was terminated with 10mM Tri-HCl (pH

7.5), 1.0mM EDTA.
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CHAPTER 3

INDUCTION OF CELL-CELL ADHESION
AI\TD MITOGENESIS BY PORCINE

SEMINAL PLASIVIA



3.1 INTNOOUCTION

The nature of the interactions between semen and the cellular components

of the uterus are of interest to the reproductive immunologist, particularly

in the pig where copious volumes of semen (200-500m1) are introduced

directly onto the uterus at mating.

Following mating in mice, the seminal plasma induces a uterine

inflammatory response that is associated with the production of cytokines.

As discussed in the previous chapter, cytokine mediators of inflammation

appear to play a role in the growth and development of the preimplantation

embryo and. in the cellular reorganization of the uterus during early

pregnancy. This chapter describes a study investigating the mechanisms by

which the post mating inflammatory response and concomitant cytokine

production may be occurring, and reports the ability of porcine seminal

plasma to induce cell-cell adhesion and mitogenesis amongst peripheral

blood lymphocytes.

3.2 Rnsur,ts

All porcine seminal plasmas collected (n-23), consistently stimulated

proliferation of lymphocybes with a maximal proliferative dose of 2.5-5Vo,

which peaked at 24-48hrs and reached control levels at doses below 0.625Vo

(Figure 8.1). PHA was observed to stimulate proliferation of lymphocytes

with a maximal proliferative dose of approximately 5pg/m1, which peaked at

72hrs and reached control levels at doses below 0.l¡.rglml. No suppression of

PHA induced (5pg/ml) lymphocyte proliferation of lymphocytes was

observed when cultured in the presence or absence of mitogenic doses of

seminal plasma (1.25-l0Zo) for 72 hours (Figure 3.2), indicating that seminal
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Figure 3.1

Porcine seminal plasma is mitogenic for peripheral blood lymphocytes.

Triplicate cultures of 2 x 105 lymphocytes were c.ulturgd fot 24,!9172
u",i gO hours with various concenirati-ons of seminal plasma in RP-MI-
1O¿O (l\Vo FCS) at 37oC, \Vo CO2. Proliferation was determined by
*.ro""-ent of tritiated thymidiríé incorporation (!uCi, 6 hour pulse)t
Vãr"t represent means for-seminal plasmas pooled from 5 boars. All
standard lleviations were within l07o of means.
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Figure 3.2

Porcíne seminal plasma does not suppress PHA induce proliferation of
Iyrnphocytes.

x 105 l¡rmphocybes with increasing
e cultured in the-presence (dotted line)
for 48 hrs in RPMI-1640, 107o FCS

determined by measurement of
(1uCi, 6 hour pulse). Values
reêent standard deviations where
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plasma was not immunosuppressive. Exclusion of trypan blue of adhered

cells following incubation with seminal plasma indicated that seminal

plasma was not cytotoxic under the assay conditions used. Cell viability

following incubation with seminal plasma was similar to that of cells

cultured without seminal plasma after 24hts culture (data not shown)'

The most obvious effect of all seminal plasmas collected (n=23) on

lymphocytes was the induction of cell-cell adhesion in a dose dependent

manner after 8-12hrs incubation (Figure 3.3a), which remained maximal for

up to 96hrs. The percentage of cell-cell adhesion increased linearly between

0.008-0.27o seminal plasma witln 50Vo cell-cell adhesion occurring at 0.03Vo.

Induction of mitogenesis occurred only at seminal plasma concentrations

above O.2Vo, suggesting that the dose dependent induction of cell-cell

adhesion was not d.ue to mitogenesis (Figure 3.3b). At concentrations below

0.008Vo, the percentage cell-cell adhesion was equivalent to that of the

negative control. Concentrations above 0.2Vo seminal plasma induced L007o

cell-cell adhesion and the assay culture media took on a white opaque

appearance after Thrs culture. This may have been due to the precipitation

proteins from the seminal plasma proteins during the culture period.

precipitation of proteins from seminal plasma was found to occur readily

when diluted with water or with most biological buffers or when allowed to

stand at room temPerature.

To determine which of the accessor:y gland secretions was responsible for

the induction of cell-cell adhesion, accessory gland secretions \ryere prepared

and assayed. for induction of cell-cell adhesion and mitogenesis. Epididymal

and prostatic fluid were negative in these assays (data not shown)' All

seminal vesicle fluids assayed (n=18), consistently induced cell-cell adhesion

and mitogenesis with similar kinetics to normal seminal plasma, but at

approximately 10-20 times lower concentration than seminal plasma
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Figure 3.3

Ind,uction of cell-celt ad,hesion of peripheral blood lyrnphocytes by
sen¿inal plasma is independent of mitogenesis-

Triplicate cultures of 2 x 105 lymphocytes were cultured for 16 hours (RPMI -

1640, 10% FCS, 3'7oC, 5% CO2) and assayed for induction of cell-cell adhesion

and mitogenesis in the presence of increasing amounts of seminal plasma (solid
line), seminal vesicle fluid (dashed line) and seminovesiculectomized semen (dotted

line). Values represent means of triplicate measures taken from three boars.

Standa¡d errors are within 5% of means in panel A and l07o in panel B.

A. Induction of cell-cell adhesion was determined by the formula (1-

[(no. free cells per well)/(total no. free cells per control well)].

B. Lymphocyte proliferation was determined by the measurement
of t¡hated tþmidine incorporation (lpCi, 6 hour pulse).
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Figure 3.4

Seminal plasma induces cell-cell adhesion of peripheral blood
lymphocytes.

Lymphocybe adhesion was induced in the presj4ge of O.03Vo seminal
pía"tiru aiter 16hrs culture in RPMI-1640, 1070 FCS, 37oC, \VoCO2 (2 x
10Ð cells per well) and then observed under an inverted microscope.

Panels A (10x) and C (40x) represent lymphocytes culture-s with
seminal plasma to induced approximately 65Vo cell-cell adhesion.

panels B (10x) and D (40x) represent control assays, where
lymphocytes were cultured without seminal plasma in identical
conditions.
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Figure 3.õ

Seminal plasma induces cell-cell adhesion
monocytes/macrophages but not B cells.

of T cells and
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(Figure 3.3b). The percentage of cell-cell adhesion increased linearly

between 0.0005-0.02Vo seminal vesicle fluid. Induction of I00Vo cell-cell

adhesion was observed at concentrations above 0.02Vo seminal vesicle fluid,

vmth 5O7o cell-cell adhesion occurring at 0.002Vo. At concentrations below

0.O005Vo, the percentage of cell-cell adhesion $/as equivalent to that of the

negative control. Mitogenesis was observed above seminal vesicle fluid

concentrations which induced l00Vo cell-cell adhesion (>0.027o). At seminal

vesicle fluid concentrations causing I00Vo cell-cell adhesion (>0.02Vo), t}re

assay culture media took on a white opaque appearance afber approximately

Thrs incubation, identical to assays containing >0.2Vo seminal plasma.

Difficulty in harvesting mitogenesis assays conducted at high

concentrations of seminal plasma and particularly seminal vesicle fluid was

consistently encountered, due to the viscosity of the assay solution.

Seminal plasma prepared from ejaculates (n=5) collected after surgical

removal of the seminal vesicles did not induce cell-cell adhesion nor

mitogenesis of lymphocytes (Figure 3.3). These seminal plasmas were

similar in consistency to water and did not display the viscosity, opacity of

normal or vasectomized seminal plasmas. Ultracentifugtng of these seminal

plasmas did not produce the gelatinous/mucinous pellet commonly observed

with normal seminal plasma or seminal vesicle fluid, except for a white

glanular pellet containing sperm and other debri. This observation

suggests that the viscosity and opacity of porcine semen is largely due to the

seminal vesicle fluid comPonent.

To d.etermine if any particular l¡rmphocyte population was responsible for

the cell-cell adhesion response, macrophage/monocytes, B and T cells \ryere

isolated and. assayed for cell-cell adhesion in the presence of seminal plasma

(0.0BVo). Monocytes and T cells responded to seminal plasma by induction of

cell-cell adhesion with similar intensities and kinetics to that of
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unfractionated peripheral blood lymphocytes, whereas B cells were negative

(Figure 3.4).

3.3 DrscussroN

The results presented in this chapter, demonstrate that the seminal vesicle

fluid component of porcine seminal plasma induces dose dependent

mitogenesis and cell-cell adhesion of peripheral blood lymphocytes. Seminal

plasma and seminal vesicle fluid were approximately 5 times less potent

than PHA in their ability to induce mitogenesis at their optimal doses. This

may be due to different mechanisms of stimulation or masking of any

mitogenic effect by seminal immunosuppressive factors. Mitogenesis

occurred only above concentrations of seminal plasma and seminal vesicle

ftuid which produced L007o cell-cell adhesion. This suggests that the

mitogenic response may be caused by some form of non specifrc cellular

activation occurring due to excessive cell-cell adhesion, leading to

proliferation.

The most obvious effect of seminal plasma on lymphocytes was the ability to

induce cell-cell adhesion at relatively low concentrations of seminal plasma

and seminal vesicle fluid, 0.008-0.2Vo and 0.0005-0.02Vo respectively.

Seminal vesicle fluid was routinely found to be 1-0-20 times more potent

than normal ejaculated semen in its ability to induce cell-cell adhesion and

mitogenesis. The dose response curves demonstrated that the mitogenic

response did not occur over the doses that correlated with the dose

depend.ent induction of cell-cell adhesion. The apparent independence of

mitogenesis and induction of cell-cell adhesion suggests that the substances

mediating these activities are distinct. Fractionation of lymphocyte

populations revealed that seminal plasma induced cell-cell adhesion of
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macrophage/monocytes and T cells, but not of B cells. It is possible that the

method. of preparation of the B cells may have influenced their ability to

respond to seminal plasma.

These activities have not been previously described for seminal plasma and

contrast with studies conducted by Stanek et al (!985), Bouvet et aI (1987)

and Cechova et dl (1989), who reported immunosuppressive activity' No

reference to induction of cell-cell adhesion was made in these studies. The

conflicting observations in these studies with those reported in the present

study, may be accounted for by the different methods of seminal plasma

preparation and. storage used. Stanek et aI (L985) prepared seminal plasma

by centrifuging at 10,0009, 30min, 4oC and reported that

immunosuppression of mitogen induced proliferation of lymphocytes

occurred at 0.2-0.5mg/ml seminal plasma. In the present study, it was

found that seminal plasma over this concentration range was mitogenic. It

was also observed that ultracentrifugation of seminal plasma or seminal

vesicle fluid consistently produced a large opaque gelatinous/mucinous

pellet which overlaid a white granular pellet. This pellet did not occur at

lower speed centrifugations, similar to those used by Stanek et al (1985).

This suggests that immunosuppressive activity may be removed by higher

speed centrifugations and may not be detected or otherwise, mask the

mitogenic effect observed in the present study. It was also observed that the

mitogenic activity of seminal plasmas collected from vasectomized boars was

more stable following storage at -20oC than those collected from intact

boars. The reason for this remains uncertain, but may be due to the

presence of acrosomal proteases in seminal plasma of intact boars, which

would digest and inactivate any mitogenic proteins'

Bouvet et aI (1982) reported the inhibition of numerous in uiúro murine

immune assays by a 100-110kDa protein isolated from boar seminal plasma,
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which displayed most of the reported immunosuppressive activities of

seminal plasmas from a variety of mammalian species. Cechova et al (1989)

reported suppression of PHA stimulated murine and porcine lymphocytes by

chromatographic fractions prepared from porcine seminal plasma. In the

study described in this chapter, very little or no mitogenesis or cell-cell

adhesion rvere observed with murine spleenocytes (data not shown). This

suggests that there may be some degree of species specificity in the

mitogenic and the pro-adhesive action of the seminal plasma substance(s)

responsible.
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CHAPTER 4

C }IARACTERTZATION OF THE
INDUCTION OF CELL-CELL ADHESION

BY PORCINE SEMII\AL PLASMA



4.7, IxrnopucrroN

The seminal vesicle component of porcine seminal plasma induces dose

dependent cell-cell adhesion of peripheral blood lymphocytes in uitro.

Cellular adhesive interactions have been shown to transduce a variety of

intracellular signals, which mediate the regulation of cell growth,

differentiation and activation state of the cell. It is now recognized that

cells of the immune system depend upon regulated cell adherence

interactions with each other, other cells, the ECM and with soluble adhesive

ligands to activate and effect their immune activities. (Hemler et aI L987,

Hemler 1990, Springer 1990, 1990a, Larson and Springer 1990, Shimizu

and shaw 1991, Zimmerman et al L992, shimizu et al \992, Arnout 1990).

Studies of the adhesive interactions between leukocytes and endothelial

cells have yielded a plethora of cell adhesion molecules which are related to

those on many other tissues, which participate in cell-cell and cell-ECM

interactions and cell migration. The activation of these cell surface

adhesion receptors cell surface receptors on leukocytes and endothelial cells

occurs during inflammatory responses and is an important mechanism by

which leukocytes leave the blood stream and preferentially migrate to sites

of inflammation (Shimizu et a|7990).

This chapter describes an investigation into the mechanism of cell-cell

adhesion induced by the seminal vesicle component of porcine seminal

plasma in uitro described in Chapter 3. Understanding of the mechanisms

mediating this phenomenon should provide a useful paradigm for the

mechanisms by which seminal plasma regulates uterine cell function during

the post-mating inflammatory response and early pregnancy.
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4.2 Rnsur,rs AND DrscussroN

To determine the nature of the induction of lymphocyte cell-cell adhesion

response induced. by the seminal vesicle component of seminal plasma,

various reagents \Mere cultured with tymphocytes for 16hrs at 37oC, íVo CO2

in RpMI-L640,107o FCS in the presence of these fluids. The results were

identical for seminal plasma and seminal vesicle fluid and are summarized

in Figure 4.1 for seminal vesicle fluid.

Significant inhibition of cell-cell adhesion was observed when seminal

vesicle fluid or seminal plasma was treated with proteinase K overnight

compared to untreated. No significant loss of activity was observed when

seminal vesicle or seminal vesicle fluid was incubated at 4oC overnight prior

to assaying. This strongly indicated that seminal plasma proteins play a

role in the mechanism of induction of cell-cell adhesion.

Minimal cell-cell adhesion was induced when protein kinase C activity

(PKC) was stimulated with the phorbol ester (PMA) compared to that

induced by seminal plasma. Activation of PKc is known to play a role in

the induction of homotypic cell-cell amongst T cells through LFA-1 (Dustin

and springer 1989). stimulation of lymphocytes by PMA, induced maximal

cell-cell adhesion at Z5-100ng/ml. The percentage of cell-cell adhesion at

this d.ose was approximately !51o, relative to that induced by seminal

vesicle fluid. This suggests that additional or alternative cellular signalling

processes may be induced by substances in seminal vesicle fluid leading to a

more intense or hightened form of cell-cell adhesion. Inhibition of cell-cell

adhesion induced by seminal plasma and seminal vesicle fluid was observed

when assays were conducted in the presence of PKC inhibitors (H-7 and

staurosporine) This provides strong evidence to suggest that seminal vesicle

proteins induced cell-cell adhesion of lymphocytes through a mechanism
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Figure 4.1

Effect of uørious reagents on the induction of cell-cell adhesion by
seminal plasma.

Triplicate cultures of 2 x 105 lymphor$S.t hours
(25'0ul volume in RPMI-1640,-70% FCS) .O03Vo

Àeminal vesicle fluid. Bar values are r for a
typical response by seminal vesicle fluid fro
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Reagent

Control

Seminal Vesicle Fluid (0.0037o)

Proteinase K (20pglml)

Phorbol Ester, PMA (100ng/ml)

Heparin (z1pglml)
EDTA (3.0mM)

Cyclohexamide (5pg/ml)

Cytochalasin B (5pg/ml)

Cytochalasin D (5pglml)

RGDS (ZmglmI)

RGDA (2mglml)
RcD (2mglmI)

H-7 (5pg/ml)

Staurosporíne (5pglml)

IBMX (2.0mM)

Anti LFA-1

Indomethacin (10.0mM)

NDGA (1.OpM)

Bromoconduritol (4.0mM)

Castanospermine (0. 1mM)

Deoxymannoj irimycin (4. OmM)

Deoxynojirimycin (5.0mM)

Swaínsonine (0.01mM)

Tunicamycin (0.012mM)

0 20 40 60

%o CeII-Cell Adhesion
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Figure 4.2

Induction of cell-cell adhesion by seminal uesicle fluid.

2 x 105 lymphocytes were cultured for 16hrs in-RPMI--1640, in-the
presence of O.OOSø seminal vesicle fluid in l1Vo FCS and observed for
õell-cell adhesion with an inverted microscope (10x).

Panel A. Lymphocytes cultured with seminal vesicle fluid (0.003Vo)
induéing approximately 65Vo celT-cell adhesion. Identical
responsé wãs observed with normal and vasectomized
seminal plasma.

Control well containing lymphocytes cultured without
seminal vesicle fluid.

Panel B.

Panel C Typical inhibition response observed with inhibitors of
eilher PKC, de nouo protein synthesis, actin
polymerisation, or by EDTA, heparin, RGDS tetrapeptide
or bromoconduritol.
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involving cellular activation involving PKC. This evidence does not suggest

the existence of soluble extracellular molecules in seminal vesicle fluid,

which crosslink cell surface molecules on lymphocytes in a multi-valent

fashion, such as an antibodY.

The induction of cell-cell adhesion by seminal vesicle fluid required the

pïesence of divalent metal ions and a capacity for actin polymerisation, due

to the ability of EDTA and cytochalasins respectively, to inhibit the

response. Inhibition of the response was also observed by exogenous

heparin, which may bind to and sequester the active proteins from the

seminal plasma. This suggests the existence of heparin binding domains on

the seminal adhesion inducing factors or on the cell surface ligands, which

may be involved in the adhesive interaction. It is interesting to note that

fibroblast growth factors (FGFs) have an affrnity for heparin, and that

heparin has been shown to enhance their biological activities (for reviews

see; Flaumenhaft and Rifkin 1991, Klagsbrun 1990). Furthermore, most

fibronectins and laminins have heparin binding domains (Yamada 1989'

Kleinman and Weeks 1989).

Additionally, the inability of the cell permeable cAMP analogue (dibutyryl

cAMp), or of the phosphodiesterase inhibitor (IBMX) to inhibit the response

indicates that ad.enylate cyclase and phosphodiesterase activity,

respectively is not required. These reagents wele used over ranges

previously used to inhibit T cell receptor signalling leading to LFA-I

mediated adhesion and were clearly non toxic (Dustin and Springer 1989).

Functional anti-porcine LFA-1 hybridoma supernatant did not inhibit the

response. These observations contrast with those made with LFA-1

mediated homotypic adhesion of T cells (Dustin and Springer 1989), and

suggest that seminal plasma induces cell-cell adhesion independent of LFA-

1. Furthermore, LFA-1 mediated adhesion usually peaks after ten minutes
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following activation of T cells with PMA. The cell-cell adhesion induced by

seminal vesicle fluid achieved maximal levels only after 16 hours

incubation and remained maximal for up to 96 hours. Induction of

comparable levels of cell-cell adhesion by seminal plasma and seminal

vesicle fluid was observed to occur in assays performed without FCS. This

indicated that the induction of cell-cell adhesion did not involve induction of

adhesion of cells to a multivalent extracellular adhesion molecule in the

FCS, but rather, through a mechanism involving specific cell-cell

interactions.

Furthermore, LFA-1 mediated adhesion to its cell surface ligand, (ICAM-l)'

is not RGDS sensitive (Albelda and Buck 1990, Arnout 1990), which

contrasts with that induced by seminal vesicle fluid. Inhibition of seminal

vesicle fluid induced cell-cell adhesion by exogenous RGDS indicates that

the adhesive interaction is analogous to RGDS dependent adhesive

interactions that occur between cell surface integrins and extracellular

ligands. small peptide sequences in integrin ligands which mediate cell

adhesive activity is a common feature of some integrin mediated adhesion to

extracellular matrix proteins (Humphries 1990). Peptides containing the

RGDS sequence exhibit anti-adhesive activity, while those containing minor

changes in the first residues are inactive'

The carboxy terminal serine residue of the RGDS tetrapeptide was shown to

be functionally important in the mechanism of inhibition of seminal vesicle

fluid induced cell-cell adhesion. Deletion or substitution of the serine with

alanine to prod.uce the peptides RGD and RGDA respectively, did not result

in inhibition. This is consistent with the current knowledge of the

functionality of the RGD cell adhesion motif, where several amino acid

residues can be substituted for the serine at the carboxy terminus with

retention of cell attachment activity, but with altered inhibition specificity
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(Humphries 1990, Ruoslahti and Pierschbacher 1986, Yamada 1991,

Pierschbacher and Ruoslahti !984, Ruoslahti and Pierschbacher 1987,1986,

Humphries 1990, D'Souza et aI., 1991)). RGDS dependent homotypic cell-

cell adhesion or the existence of any extracellular proteins which induce a

homotypic cell-cell adhesion response has not previously been described and

suggests that the adhesion induced by seminal plasma is novel.

Integrins are large ubiquitous cell surface heterodimers consisting of alpha

and beta subunits which mediate cell-cell and cell-ECM adhesion, which are

connected. to the cytoskeleton, and require divalent metal ions to mediate

adhesion to their ligands (Albelda and Buck 1990, Mosher 1991, Kirchhofer

et aI 1gg1). Cytoskeletal involvement in the mechanism of integrin

mediated adhesion to their ECM ligands is common feature of integrins and

occurs through transmembrane protein linkages between the integrin and

the cytoskeleton involving talin, vinculin and other such molecules (Mosher

1gg1). Structural reorganisation of the fibrillar elements of the cytoplasm of

the cell, namely, the actin frlaments and microtubules, is involved in

numerous cellular events such as cell division and differentiation (For

review see; Small 1991). Also, cytochalasins have been demonstrated to

inhibit a variety of ECM-cell interactions (Horwitz et aI 1986').

Furthermore, divalent metal ions, particularly Ca+ and Mg+f are potent

physiological regulators of integrin mediated adhesion. The ø subunits of

integrins heterodimers are believed to contain binding sites for Ca++ and

Mg++ in several short extracellular domains with involvement of the p

subunit (Kirchhofer et a|1991).

The dependence of seminal vesicle fluid induced cell-cell adhesion upon

divalent metal ions, actin polymerisation, RGDS sequence motif, de nouo

protein synthesis and activation of PKC for this activity is consistent with

other observations demonstrating the involvement of these processes in
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integrin expression and activity on cells and platelets (Zimmerman et aI.,

7gg2, Roth lgg2, Shimizu et aI., L992, Shattil and Brugge 1991). The

evidence presented suggests that porcine seminal plasma induces cell-cell

adhesion via a mechanism not involving LFA-1 but rather through a novel

and as yet, uncharactettzed integrin mediated mechanism.

Of the inhibitors of d.e nouo protein glycosylation, inhibition of the response

was observed, only with bromoconduritol. Bromoconduritol inhibits the

activity of mammalian a-glc2/glc1 Blucosidase II which cleaves the terminal

glucose residues from the polysaccharide unit after it is first transferred

form the dolichol oligosaccharide carrier to the protein in the lumen of the

end.oplasmic reticulum (Daterna et al., 1982, Schwarz and Datema 1984,

Lalegerie et a1.,1982). Inhibitors of subsequent polysaccharide trimming in

the pathway of glycoprotein processing did not inhibit the activity. This

suggests that de nouo protein glycosylation, particularly in early events of

the protein glycosylation pathway is required and possibly stimulated by

seminal vesicle fluid in the process of inducing cell-cell adhesion. The

glycoprotein products of this process may be integrins, which have been

characterized as cell surface glycoproteins (Hynes 1987). The role of

glycosylation processing in integrin regulation and function is still

uncertain.
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CHAPTER 5

PURIFICATION OF CELL ADHESION
INDUCING PROTEINIS FROM PORCINE

SEMINTALVESICLE FLUID



5.1 lNrnooucrroN

The study reported in this chapter describes the development of a

purification protocol for an adhesion inducing protein from porcine seminal

vesicle fluid. The N-terminal sequence derived from the purifred protein

rvas used to synthesize a DNA oligonucleotide complementary to its

predicted pRNA sequence. Colorimetric and autoradiographic detection

methods were used to d,etect an mRNA species in total seminal vesicle RNA

by Northern analYsis.

5.2 Rnsur,ts

porcine seminal vesicles were obtained from reproductive tracts of 90-110kg

boars at slaughter. Under sterile conditions, the seminal vesicles were

dissected apart from the bladder and Cowper's gland leaving the seminal

vesicles and prostrate intact and attached to the urethra (3-5cm). The

prostate and membranes enveloping the seminal vesicles were removed and

the remaining urethra was cut to expose the ducts of the seminal vesicles.

The seminal vesicles were squeezed gently by hand and the seminal vesicle

fluid collected. 40mls of seminal vesicle fluid were centrifuged at 100,0009

at 10oc for 3.5hrs (Beckman, L8-80, Ti45). tlltracentrifugation v/as

performed to reduce the viscosity of these fluids and remove debri to prevent

column damage during chromatography. This produced an opaque

gelatinous/mucinous pellet and a thin white layer at the top of the

supernatant. 20-30m1s of supernatant were taken, avoiding contamination

with the pellet or the white layer. The temperature of the preparation \Mas

maintained between 10- 15oc and chromatography performed immediately.
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Gel frltration chromatography of seminal vesicle fluid or seminal plasma,

conducted in PBS, PBS, l07o betaine hydrochloride or in 6M guanidine

hyd.rochloride on Superose 12, 6, (24mI column volume) or Sephacryl

S200HR, S400HR (500m1 column volume) failed to localized cell-cell

adhesion or mitogenic activity to any area of the chromatographic profiles.

Minor activity \Ä/as occasionally detected, appearing in all fractions across

the chromatographic profile. Separations performed at 4oC in the presence

of protease inhibitors produced similar results. Seminal plasma and

seminal vesicle fluid invariably resulted in increased back pressure when

applied to high resolution gel filtration and ion exchange columns resulting

in signiflrcantly diminished column performance. Sephadex and Sephacryl

based chromatographic media were regularly compressed and blocked by

these fluids. column performance was often only restored by back flushing

with 3 column volumes of 6M guanidine HCl.

proteins rwere found to precipitate from seminal plasma or seminal vesicle

fluid with ammonium sulphate and with various organic solvents (acetone,

methanol, ethanol, isopropanol). The precipitates produced wele insoluble

with very little biological activity being recovered, even after partial

solubilisation. Dye ligand affinity chromatography of seminal plasma or

seminal vesicle fluid on cibacron Blue F3GA, Procion Red HE-38, Orange

A, Green A or Blue B (Amicon, USA) showed very weak binding of activity

to the columns. storage of any active fractions at -20oc or -80oc of

recovered from these separations resulted in precipitation of protein and

loss of biological activitY.

The observation that heparin and EDTA inhibited the response suggested

that the factor(s) responsible may have an affrnity for heparin and divalent

metal ions. Application of seminal plasma or seminal vesicle fluid to

Heparin-Sepharose CL-68 or to Metal Chelating Affrnity Superose Fast
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Flow in PBS revealed that activity bound to the columns in both cases.

Activity was removed from the columns with PBS, 0.5M NaCl and PBS,

50mM EDTA respectively, with mitogenic and cell-cell adhesion activities

co-eluting in both cases (data not shown). Gradient elution of proteins from

these columns resulted in a single broad peak in each case with mitogenic

and cell-cell adhesion activities appearing in all fractions across the profrle.

It became obvious at this point that due to the viscosity and complex nature

of seminal plasma and seminal vesicle fluid, that initially, these fluids could

only be applied to very rigid chromatographic media with high exclusion

limits. Having observed that mitogenic and cell-cell adhesion activity had

an affrnity for a cation functionality fteparin), a variety of cation exchange

media were assessed for chromatographic reproducibility. S-Sepharose Fast

Flow was found to perform best with regard to flow rate and rigidity under

the chromatography conditions. 20mls of seminal vesicle fluid were applied

to a 20ml cation exchange column (1 x 25cm) of S-Sepharose Fast Flow at

lml/min, equilibrated with PBS pH7.5. The column was washed with 300m1

of PBS pH7.5, or until baseline absorbance was achieved, and 5ml fractions

collected as proteins were eluted with a linear gradient to PBS 0.5M NaCl

pH?.5 over 300m1. Fractions were desalted on sephadex G-25 Superfine

into pBS and assayed for induction of cell-cell adhesion. Active fractions

eluted between in a broad peak between 0.345-0.5M NaCl were collected

(110m1 pooled volume) (Figure 5.1).

Proteins were found to precipitate from this fraction with (NH4)2so4 at

concentrations above 1.4M (final), with preservation of biological activity

after solublisation in PBS. 40ml of 4.1M (NHa)2so4 was added to this

fraction to produce a fraction of total volume of 150m1 containing 1.2M

(NHa)2SO4. This fraction was divided into 3 x 50ml aliquots and stored at -

g0oc until required. These aliquots were found to retain adhesion inducing
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Figure 5.1

Cation exchønge chromøtography of porcine seminøI uesicle fluid.

20ml of seminal vesicle fluid was applied to an S-Sepharose Fast Flow
column (24 x lcm) at lmVmin in PBS. Proteins \Ã¡ere eluted with a
350m1 linear g¡adient to PBS 0.5M NaCl. IfV absorbance (280rlm) is
represented by a solid line and NaCl concentration is represented with
a ðashed line. Shaded area represents fractions that induced cell-cell
adhesion.
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activity for up to 6 months without any detectable loss of activity.

Chromatography of this preparation by C-18 reversed phase (pBondapak,

Millipore Waters, USA), revealed that biological activity could be recovered

following elution with acetonitrile. However, proteins resolved poorly and

indicated the presence of abundant hydrophobic proteins. Highly

hydrophobic substances were subsequently found to be removed following

application of the cation exchange preparation to a C-8 reversed phase

column (PRO-RPC, Pharmacia Biosystems, sweden). Active proteins \ryere

eluted from by 0.I7o TFA, with no activity detected in proteins eluted with

acetonitrile. This strategy was employed to remove inactive and

contaminating hydrophobic proteins on a larger scale using Octyl-Sepharose

CL-48 (Pharmacia Biosystems, Sweden).

A 50ml aliquot of the cation exchange preparation rwas thawed and applied

to a 20ml hydrophobic interaction column (1.6 X 10cm, HR16/10) of Octyl

superose cL-48 equilibrated with PBS, 1.2M (NH4)2so4, pH7.5 at

1ml/min. The column 'was washed with 100m1 of 1.2M (NHa)2SO 4, p}I7 '5'

The active fraction was eluted with 0.o5vo TFA in a volume of 130m1.

Inactive, and highly hydrophobic material remaining on the column was

removed with 1002o ACN 0.17o tfA (Figure 5.2). The active fraction was

concentrated in a Centricon pressurized cell (Amicon, USA) with

pressurized N2 (food grade, CIG, Australia) through a 30,000 MW cut off

membrane (PM 30, Amicon, usA) to 10m1. 1.5m1 of 6M guanidine-HCl was

added, and then the total volume divided into 1-1.5m1 aliquots and stored at

-g0oc. Activity in these fractions was signifrcantly diminished by storing

for periods greater than 2 weeks at -80oC. Aliquots of this preparation were

thawed and 500p1 applied to a Phenyl Superose HR5/5 equilibrated with

o.lVo TFA. The column was washed with Smls of mobile phase and 0.5m1

fractions collected as proteins were eluted with a linear gradient to 30Vo
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Figure 5.2

Hyd.rophobic interaction chromatography of the
pioduced by cation exchan, chromatography.

actiue fraction

tion produced by cation excþang-e
e fluid was applied to an OctYì-
10cm) at lmVriún in PBS, 1.2M
was eluted with 0.05Vo TFA (a).
eluted with 1007, ACN (b). I-ry

rresented by solid line and ACN
concentration is represented with dashed line. Shaded area represents
fractions that induõed cell-cell adhesion.
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ACN, 0.17oTFA at 0.5m1/min over 20mls

Two peaks of activity were detected which induced distinct forms of cell-cell

adhesion. The fi,rst eluted between 24-26.5Vo ACN, 0.wo TFA and the

second between 28-307o ACN, O.lVo TFA (Figure 5.3). The former consisted

of cells adhering together to form a meshwork of interconnecting strands

(peak i), the latter consisted of cells adhering together to form spherical

clumps (peak ii, Figure 5.5). Both forms of cell-cell adhesion were inhibited

by RGDS, EDTA and cytochalasins. The former fraction \ryas collected,

pooled and concentrated to 500p1 by centrifugal evaporation (Savant, USA)

and applied to a C-18 PEPRPC HR5/5 reversed phase column (Pharmacia

Biosystems, sweden) equilibrated in O.lvo TFA. The column was washed

with 5ml of g.lVo TFA after sample injection and 0.5m1 fractions collected as

proteins were eluted with a linear gradient from 327o ACN, 0.7Vo TFA to

33%ACN, 0.17oTFA over 10mls. The active fraction eluted as a single peak

between B2-BBZoACN, 0.loloTFA in a volume of 1ml (Figure 5.4). This factor

induced cells to ad.here together in diffuse strands forming amorphous

interconnecting patches (Figure 5.4) which was also inhibited by RGDS,

EDTA and cytochalasins. The fraction was concentrated to 200p1 in a

centrifugal evaporator (Savant, USA), Tween 80 (Sigma, USA) added to

0.\IVo and stored at -80oC. Activity of this fraction was rapidly lost after 7

days storage at -80oC. The purification protocol described routinely

generated 150-200¡19 of pure adhesion inducing factor (AIF-1). It was

impossible to determine a specific activity for this protein, due to the

inability to accurately quantitate the percentage of cell-cell adhesion

induced. Hence, the recoveries of active protein achieved during

purification could not be determined. From purifications conducted on 4

porcine seminal vesicle fluids, this protein was found to represent

approximately 0.6-L07o of the total seminal vesicle protein, determined .

However, this figure repïesents an underestimate of the amount present in
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Figure 5.3

Reuersed phase chromatography of tþe actiue fraction produced by
hydrophobic interactio , chrornatography on Ph, nyl Superose.

A 500p1 aliquot of the active fractio_n Pry_duced _by hydrophobic
interaction cliromatography was applied to Phenyl-Superose c-ol_umn
(0.5 x 5cm) at O.5mÍmin in o.Ivo-Tr'¿.. Proteins were eluted 20ml
gradient to 30Vo ACN. IfV absorbance (280nm) 

-is represen-te{ by a
õohd line and ACN concentration is represented with dashed line.
Shaded areas (i and ii) represents fraõtions that induced cell-cell
adhesion.
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phased separation of actiuity peah (i), produced by
chromatography on Phenyl Í. uperose.

Active fraction (i) produced by reversed ph_ase _chrornatog{aphy
performed on Phenyl sup_erose_wás ap-pligd to3 C-18 PEPRPC column
(O.S * 2cm) in a volüme df SOO¡rt at lml-/min. The active fraction eluted
as single peak between 32-33Vo. tIV is
represelted-by solid line and ACN concentr y a
dashed line. Shaded area represents cell-cell

C-18 Reuersed
reuersed phase

Figure 5.4
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Figure 5.5

Seminal uesicle fluid induces two forrns of cell-cell adhesion.

2 x 105 lymphocytes were cultured with the active
reversed phase step on Phenyl Superose for 16hrs
and then observed for cell-cell adhesion by an in
(10x)

Panel A. Nega-tiv_e control. Lymphocytes cultured without seminal
vesrcle fluid.

Panel B. Induction of cell-cell adhesion by seminal vesicle fluid
(0.003Vo).

Panel C.

Panel D.

Active fraction (ii) produced by
Superose. Induction of cell-cell
clumps of cells at25¡tg/ml.

Active fraction (i) produced by reversed phase on Phenyl
Superose. Induction of ce11-cell adhesion to form a
netrvork of interconnecting strands at S0pg/ml.

reversed phase on Phenyl
adhesion to form circular
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Figure 5.6

Induction of lyrnphocyte cell-cell adhesion by lílaDa protein from
porcine seminal uesícle fluid.

Panel A. Negative control. 2 x 1Q5 lymp-hocytes were cultured in
RPMI-1640,l}voFCS, 37oC, SvoCO2for 16 hours.

Panel B. and in the absence (B). Assays were conducted as for
panel A, in the presence 2Opglml of purified adhesion
inducing factor, AIF-I.

Assays were then observed for cell-cell adhesion through an inverted
microscope (10x).
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seminal plasma and seminal vesicle fluid, as all cell-cell adhesion inducing

activity was not recovered from these fluids during purifrcation. It was

ofben observed that chromatography on the S-Sepharose Fast Flow resulted

in activity tightly bound to column. The proteins associated with this

activity were recovered by elution with 6M guanidine-Hcl and other

chaotropic agents. Furthermore, significant activity was associated with

the opaque gelatinous/mucinous pellet and with the white upper phase of

the supernatant, produced following ultracentrifugation of either seminal

plasma or seminal vesicle fluid.

Resolution of proteins in seminal plasma, seminal vesicle fluid and

chromatographic fractions by SDS-PAGE consistently proved diffrcult, due

to the viscosity of these fluids. Protein bands routinely appeared diffuse

and resembled bands commonly seen in overloaded SDS-PAGE tracks,

despite low total protein loadings (5Lrg total protein per track)' This

appeared to be due to the high abundance of numerous proteins in the

molecular weight range l2-22kDa in these fluids and in chromatographic

fractions. Purified proteins also appeared as diffuse bands, possibly due to

heterogeneity of molecular weight incurred by variable glycosylation. SDS-

gel electrophoresis of the fi.nal active fraction revealed a single band of

15kDa (Figure 5.7). No modification of molecular weight was observed

under reducing or non-reducing conditions, indicating that it did not consist

of disulfide linked subunits '

100pg of pure protein in 10Vo ACN, 0.\7o TFA was submitted for N-terminal

sequencing by Edman degradation on an Applied Biosystems gas phase

475A protein sequenceï (usA). The N-terminal sequencing reaction

produced anilinothiazolinon e (ATZ) amino acids which were then converted

to phenylthiohydantoin (PTH) amino acids in 25Vo trichloroacetic acid

(TFA). These were resolved by c-18 reversed phase HPLC (Brownlee, usA)
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Figure 5.7

1DS-PAGE of actiue adhesion inducing proteins following
chromatography.

Proteins were separated 157o SDS-PAGE gel._ Proteins were visualized
by silver stainin-g. Migration of protein molecular u¡si-ght standards
ire as indicateä (kDã): phosph-orylase B B, 97.4; bovine serum
albumin, 66; ovalbumin, 45; caibonic anhydrase, 31; soybean trypsin
inhibitor, 22;lysozyme 21 (Biorad, USA)

Lane 1. 20þg of active fraction produced -by _cation exchange
chiõmatography of semihal vesicle fluid on on S-
Sepharose Fast Flow.

Lane 2. 15pS of active fraction prgdugeÇ by hydrophobic
inteîaction chromatography on Octyl Superose CL-48.

Lane 3. 15pg of first active fractio! (i) produced by reversed phase
chromatography on Phenyl Superose.

Lane 4. 10pg of the second active fraction (ii)^ produced by
reversed phase chrom¿ tography on Phenyl Superose.

Lane 5. 4¡tg of pure active fraction produced ÞV C^-1S reversed
phã-se. èhromatog¡aphy condlgted , on the first activity
peak (i) produceã from the Phenyl Superose separation
steP'
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shares homology with two proteins
(PDC-109 and BSP-Aa) which are
i,nding domain of tyie II bouirte
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and monitored for absorbance at 270nm by conventional HPLC methods

(Hunkapiller 1983). Purity was estimated at 97Vo after N-terminal

sequencing, which revealed a 32 amino acid sequence. Screening of the

S\ryISS-PROT DNA sequence database revealed regions of homolo9y with

two proteins previously isolated from bovine seminal plasma (PDC-109'

BSP-43), which share a high degree of homology with the collagen binding

domain of bovine type II fibronectin (Figure 5.8). AIF-1 does not share any

homology with the boar spermadhesins or zona pellucida-binding proteins

recently described and purified from boar seminal plasma (Jonakova et aI

lgg2,1gg1, Sanz et aI 1992). Also, AIF-1 does not resemble the erythrocyte

cell adhesion protein, clusterin (SP-40,40) present in human seminal plasma

(Murphy et aI1989).

Human codon usage was used to predict the mRNA and DNA sequence

coding for the N-terminal region of AIF-I (Figure 5.9). The probe was

synthesized in such a manner as to allow for isolation of the gene for the

protein by the use of the polymerase chain reaction (PCR). The

oligonucleotide was made homologous to an mRNA coding for amino acids

16-92. This would allow 3' extension of the probe to the 5' untranslated

region of the mRNA during the PCR polymerase step to produce a DNA

template homologous to that region. An oligo dT primer the PCR reaction

could be used to amplify a DNA sequence corresponding to the gene.

Biotinylated and phosphorylated probes were subjected to agarose gel

electrophoresis. In both cases a single species of approximately 50 bases

was detected colorimetrically and autoradiographically (data not shown)'

Biotinylation is not recommended for probes less than 200 bases long, as one

biotin molecule is usually coupled per 100-150 bases of nucleic acid

according to the protocol suggested by the manufacturer (Bresatec,

Australia). The biotinylated and phosphorylated DNA oligonucleotide
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Figure 5.9

Predicted N-terrninal mRNA sequence of AIF-I and of a synthetic
complernentary DNA oligorner (5 lmer).

CYS# represents theoretical cyteines, predicted from comparing AIF-1
N-terminal sequence with that of PDC-109 and BSP-A.q. -RNA*
represents p"edicted mRNA sequence determined from hum"an codon
usãge. The synthetic 51mer oligonucleotide is homologous for 84Vo of
the bases.
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Northern analysis of porcine seminal uesicle l?NA.

ed and detected colorimetrically.

Figure 5.10
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probes hybridized to an RNA species of molecular weight 0.9kb by Northern

analysis of total RNA from porcine seminal vesicles. The biotinylated probe

hybridized non-specifrcally to a lesser extent to the 28S and 18S ribosomal

RNA than did the phosphorylated probe. However, the biotinylated probe

was not as sensitive as the phosphorylated probe in detecting the 0.9kb

mRNA species. The biotinylated probe detected the 0.9kb mRNA species in

12.5 and 6.25¡tg of totat RNA loaded per track, but only when 25þe of total

RNA was loaded. The phosphorylated detected abundant levels of the 0.9kb

*RNA species was detected at all loadings (Figure 5.11)' This evidence

suggests that AIF-1 mRNA is an abundant species in the seminal vesicle

tissue.

5.3 DrscussroN

A novel 15kDa adhesion inducing protein (AIF-l) was purified to

homogeneity and shown to be one of potentially a number of such proteins

in the seminal vesicle fluid component of the ejaculate which induce cell-cell

adhesion. AIF-1 induced adhesion between cells to form a network of

interconnecting strands. seminal plasma also contained addtional protein

factors which induced adhesion of cells to form round circular clumps'

Presumably in seminal plasma, these two forms of cell-cell adhesion occur

simultaneously to produce irregular clumps of cells. AIF-1 shared homology

with two bovine seminal plasma proteins, BSP-43 (MW 13 403, 115 amino

acids, Manjunath and sairam lg87 , Seidah et aI 1987) and PDC-109 (MW

72 774,109 amino acids, Esch et aI 1983), both originating from the seminal

vesicles (Kemme and scheit 1988). They were initially purified on the basis

that they exhibited inhibin and activin like activity (Esch et øI 1983,

Manjunath and Sairem 1987). These proteins share a high degree of

homology with each other (72|r0g id,entical matches, Seidah et al 7987) and
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were subsequently shown to share a high degree of homology with the

collagen binding domain of bovine type II fibronectin (Baker 1985, Seidah et

al 1987). Consequently their physiological role has been speculated to

mediate the localisation of cells by guiding their migration. This appears

plausible in view of the in uitro activity of AIF -1 on lymphocytes and the

homology it shares with PDC-109 and BSP-AB. The region of homology

shared between porcine AIF-1 and the bovine proteins was VFPFfY (amino

acids 20-25), (VLPFIY in fibronectin) which appeared twice in PDC-109

(amino acids 25-30 and 70-75), BSP-43 (amino acids 30-35 and 75-80) and

fibronectin (amino acids 30-35 and 90-95) and may represent an important

domain common to these proteins that appears in these species. It also

suggests that these proteins may have originated from a common ancestral

gene.
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CHAPTER 6

GENTERAL DISCUSSION



6.1 RnCUT,RuON OF INIPCnTNS BY POnCrWn SnnnrNAr,

Pr,nsnnn

The seminal vesicle component of porcine seminal plasma has been shown

to induce cell-cell adhesion and mitogenesis in lymphocytes in uitro- The

mitogenic effect appears to be independent of cell-cell adhesion and may be

due to some non specific effect of excessive cell-cell adhesion. The cell-cell

adhesion is mediated through Adhesion Inducing Factor-1 (AIF-l) and other

related seminal vesicle proteins. These factors interact with lymphocytes

leading to an intracellular signal resulting in quantitative and./or

qualitative upregulation of a cell surface integrin that mediates RGDS

dependent binding to a cell surface ligand (counter receptor). Alternatively,

the signal transduced, may act to upregulate a cell surface ligand, which

binds to a constitutively expressed and avid integrin in a similar manner.

These interpretations are complicated by observations that some cell

adhesive extracellular matrix proteins do not contain RGD sequences and

that RGD peptides can compete for binding of non-RGD containing integrin

ligands (Hynes 1987, D'Souza et aI 1^99l).

6.2 POSSTSLE ROLE OF AOTTNSTON INDUCING FACTORS IN

SnvrrNar, Pr.nsnnn

It is unlikely that in uiuo the seminal plasma components will reach the

bloodstream and induce systemic mitogenesis, cell-cell adhesion or even

immunosuppression. However, it is possible that seminal components may

reach and act upon the lymph nodes draining the uterus as well as the

various cell types within the uterus. Preliminary studies have shown that

porcine uterine macrophages exhibit cell-cell adhesion afber incubation with

seminal plasma (Armstrong DT, lgg2, personal communication). "I})e in

97



uiuo role of adhesion inducing factors in seminal plasma remains uncertain,

but may be speculated to involve regulation of cell surface integrin affrnity

which is associated with some form of cellular activation in the uterus,

following mating.

Recently, the induction of GM-CSF and IL-6 secretion by uterine epithelial

cells by the seminal vesicle fluid component of murine seminal plasma has

been described (Robertson and seamark 1990, Robertson et al 1991).

Evidence for regulation of GM-CSF production in cells through adhesive

interactions comes from observations of the induction of GM-CSF mRNA

synthesis in macrophages following attachment to fibronectin (Thorens et al

1g8Z). Although the receptor involved in this response has not been

identified, it illustrates a mechanism by which GM-CSF may be induced in

utero by seminal vesicle fluid following mating. AIF-1 like molecules may

act on a variety cells types in the uterus, including epithelial cells in

addition to lymphocytes. This, in turn would induce integrin mediated

adhesion to cells, ECM proteins or soluble ligands which in turn transduce

signals resulting in cytokine production. Evidence for specific regulation of

cytokine production via signalling following engagement of integrins is

limited. However, the cellular consequences of integrin engagement is

usually associated with cellular proliferation, differentiation, actin

polymerization, granule exocytosis and increased binding to ECM proteins

(Pardi et aI lgg2, Shimizu and Shaw 1991, Levesque et al 1991)'

Furthermore, the recent discovery of type III fibronectin repeats and

immunoglobulin-like domains in adhesion molecules, cytokine receptors (for

IL-2,IL-S, IL-4,IL-6, IL-7, erythropoietin, GM-CSF, M-CSF, prolactin and

growth hormone) and of the immunoglobulin superfamily suggests a

common ancestral gene for these three superfamilies (De Sousa et aI I99l).

Another common feature of ECM proteins is the presence of common

plethora of EGF repeats in their primary structure (Davis 1990). This
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evidence suggests that conserved domains are likely to perform different

functions in different proteins. On the other hand, similarities in different

proteins indicate that there is probably considerable functional overlap.

Similarly, the homology between AIF-I, PDC-109, BSP-43 and bovine

fibronectin suggests a common ancestral gene for these proteins and

possibly a common functional domain for these proteins. In this regard,

AIF-1 and related substances may represent a novel class of bioactive

substances or a new interleukin, which have unique and novel biological

roles in regulating not only cell adhesion, but possibly a plethora of other

cellular functions.

Ce11 surface adhesion receptor molecules, particularly integrins, are signal

transducers and cell adhesion contributes directly cell activation, in a

variety of cell types including lymphocytes and PMNs (Shimizu et a\ 1992,

pardi et al 1992, Zimmermanet aI 1992). Consequently, adhesion inducing

factors in seminal plasma suggest a mechanism by which the post mating

uterine inflammatory response and concomitant cytokine production

mediated by seminal plasma following mating can occur. In light of

evidence indicating a role for cytokines in early pregnancy, this would

suggest that seminal plasma adhesion inducing factors may furnish an

appropriate uterine milieu for the embryo upon entering the uterus by

regulating cytokine Production'

Alternatively, AIF-1 like factors in seminal plasma may play a role in sperm

interactions with the human immunodeficiency virus (HfV-1). Recently

expression of CD4 molecules on human sperm membranes and their

presence in seminal plasma have been identified (Autiero et al 1991, Gobert

et al 1990). CD4 is an integral membrane glycoprotein found on T cells and

macrophages that binds to MHC class II antigens in conjunction with

peptide fragments of protein antigens. It is also a physical component of the
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T cell receptor complex and augments signalling through it (Janeway 1989).

Furthermore, it is the receptor on lymphocytes to which the HfV-1 envelope

protein, gp120, binds (Klatzmann et al 1984, Eiden and Lifson 1992).

Hence, if analogous AIF-1 like molecules exist in human seminal plasma,

they may bind to CD4 on sperm or on cells at the site of ejaculation

resulting in increased afiìnity for RGD containing proteins. The HIV

transactivating protein, tat, contains an RGD sequence and binds to cells in

an RGD dependent manner (Brake et al L990). Auttiero et al (1991) recently

identified a human seminal plasma glycoprotein, gp17, (MW 17 500D) that

binds to the Vl domain of CD4 which is involved in the high affinity binding

to the HIV-1 gp120 envelope protein. In view of the observations that

engagement of the T cell receptor transduces intracellular signals resulting

in qualitative upregulation of LFA-1 affinity for its ligands; WL7 and AIF-1

like molecules may be tlne in uiuo rcgt:Jators of integrin affinity on sperm,

and on leukocytes at the site of ejaculation. Although highly speculative,

this may be a mechanism by which the HIV virus may use to infect these

cells via the HIV-1 tat protein, and thus account for the superior HIV-1

infectivity of semen compared to other body fluids such as saliva (Gobert

1gg0). This would also result in a greater number of infected cells in the

form of sperm that would be exchanged during sexual intercourse than the

mere million CD4+ lymphocytes contained in one ejaculate (Witkin and

Goldstein 1988).

Investigations into the adhesive interactions involved in sperm egg fusions

in the mouse have identifred a sperm surface protein PH-30 that is involved

in sperm-egg fusion and shares biochemical characteristics with viral fusion

proteins. PH-30 is a type I integral membrane glycoprotein and consists of

cr and B subunits where the B subunit contains a domain related to a family

of soluble integrin ligands found in snake venom (Blobel et aI 1992).

Evidence suggests that PH-30b binds to egg plasma membrane integrins
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(Blobel et a|1992), due to the identifrcation of integrin like molecules on egg

surfaces (Boldt et aI 1989), and that exogenous RGD containing peptides

inhibit fusion between human or hamster sperm and hamster eggs lacking

zortapellucidae (Bronson and Fusi 1990) and that sperm-egg fusion requires

divalent metal ions (Miy azakí 1990). Furthermore, signalling events that

accompany sperm-egg fusion have been suggested to trigger early blastocyst

development (Miyazaki 1990, Blobel et al 1992). Hence, AIF-1 like

molecules may thus be a means by which sperm are primed for an integrin-

ligand interaction with the egg.

6.3 Furunn PnnsPncrrvns

Although very few observations have been made regarding the maternal

consequences of insemination at mating, future research will certainly

identifr additional maternal consequences mediated by this unique

biological fluid, and will no doubt shed light on the perplexing significance

of the male accessory sex glands and their secretions, which appear

throughout males of the eutherian mammal subfamily. It is uncertain if

this activity induced by seminal plasma will prove useful in enhancing

reproductive performance in pigs or other species. However, the presence of

adhesion inducing factors involving integrins in seminal plasma may prove

useful in other areas of cell biology'

Aside from the biological importance to fundamental cellular processes, the

medical importance of integrins is rapidly being realized. Integrins play a

role in platelet aggregation, immune functions, tissue repair, and tumour

invasion, and some diseases are already known to be caused by mutations in

integrin genes. It has been proposed that knowledge of the target amino

acid sequences in ligands for many integrins can be exploited to design
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compounds controlling cell adhesion for therapeutic purposes (Ruoslahti

1gg1). From observations that RGD peptides can inhibit migration of

tumour cells through tissue in invasion assays in uiuo and in uitro. It has

been postulated that peptide treatment results in loss of adhesion, denying

cells the anchorage and traction needed for growth and migration and also

by delivering growth inhibitory signals to the cell (Ruoslahti and Giancotti

1989, \Merb et al 1989, Ruoslahti 1991). This is hoped to yield analogues

that will allow modulation of invasiveness and provide a means by which

cancer therapy could target invasion and metastasis rather than the

symptomatic properties of cancer cells targeted by more traditional

therapies. The study presented in this thesis presents an additional

dimension to this strategy through the use of molecules such as AIF-I.

These factors offer a potential means by which metastasizing cancers can be

contained, by inducing metastasizing cells to "hyperadhere" to each other

and./or to the ECM.

Elucidation of the molecular mechanisms of integrin activation and the

cellular signals they transduce remains one of the most fundamentally

important and potentially rewarding aspects of cell biology.
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