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SUMMARY

The work presented in this thesis had as its primary aim

the investigation of protein secretion by bovine Sertoli ce11s in

culture. This work u¡as undertaken to extend the earlier studies

int.o the nature and control of the secretory function of Sertoli

cells in culture which had been almoòt exclusively performed using

Sertoli ce11s from the prepubertal rat.

Following only limited success of the isolation procedure

used to obtain Sertoli cel1s from prepubertal rat testes a proc-

edure for the isolation of bovine Sertoli cel1s was established.

Prlmary ce11 cultures of Sertoli ce1ls \^Iere obtained from bul1s

during postnatal development. Morphological studies were performed

both to follow the development of the bovine testis and to provide

criteria to identify ce11 types in culture. Cultures were readily

obtained from testes weighing 7 to 100 gm, corresponding to stages

of development up to the production of round spermatids. Cultures

\,\¡ere obtained from testes weighing greaLer than 100 gm; however

survival of these cultures was reduced. Cultures of bovine Sertoli

ce11s usually contained up to I07" contaminating ce11 types.

The profile of secretory proteins from bovine Sertoli ce1ls

obtained by two-dimensional elect.rophoresis, contained many

proteins including B major protein groups which show charge hetero-

geneity. The contribution bY .ontaminating ce11 types to the prof-

i1e of secretory proteins was minimal. The results obtained foll-

owing adminisÈration of a glycosylation inhibitor, tuni-camycin, to

ce11 cultures indicated that 7 of these major proteins may be gly-

cosylated. Two of Èhe major proteins were disulphide-linked sub-

units of a larger protein ' Few serum protei-ns ulere detected in the

profile of proteins secreted by bovine Sertoli cel1s although anti-

genic cross-reactivity of Sertoli ce11 and serum proteins was
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evident. In contrast to cultures of rat Sertoli ce11s, transferri-n

is not a major secretory protein of bovine Sertoli ce11s in cul-

ture.

Investigation of the effect of hormones on proteín secretion

by bovine Sertoli ce11s showed that the effect of fol1ic1e stim-

ulating hormone (FSH) was minimal. Dihydrotestosterone (DHT) a1one,

inhibited both protein synthesis and secretion. The lack of res-

ponse of Sertoli ce1ls to FSH is consistent with the observation

that in conÈrast to the case in the raL, there is no rise in serum

FSH 1eve1s at the onset of spermatogenesis. None of the hormonal

treatments caused any qualitative changes in the two-dimensional

profile of secretory proteins. This is also in contrast to observ-

ations made in raL Sertoli ce11 cultures.

LIith increasing age of the bu11 calves, changes ín the relat-

ive amounts of various secretory proteins present were observed

indicating that there are developmental effects on protein secret-

ion by Sertoli ce11s.

Immunoprecipitation of secretory proteins from Sertoli cel1s

with antiserum against fluids and spermatozoa from testis, epidid-

ymis and semen has indicated that these proteins are present in

these fluids and may also be associated with sperm.
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CHAPTER 1

REVIEW OF THE LITERATURE

I .1 Introduction

The seminiferous tubule is the site of spermatogenesis. hlithin

the seminiferous tubule there are t\nlo ce11 populations which

make up the seminiferous epithelium. They are the germ cells and

the Sertoli ce11s. The germ cells are continually dividing and

differentiating. They are released into the tubular lumen and

eventually pass out of the test.is. * fn contrast, the Sertoli cel1s

are a stable population of ce11s which do not divide in the adult

animal. As the only somatic ce11s wit.hin the tubule, the Sertoli

cells have an important role in the regulation and maintenance of

spermatogenesis and considerable progress has been rnade in defin-

ing the specific ways in which Sertoli ce1ls influence spermato-

genesis.

In general, the Sertoli ce11 pror'ì-des the environment in which

spermatogenesis takes place. 0ne component of this environmenL is

the structural support which the Sertoli ce11 provides. The germ

cells are enclosed between neighbouring Sertoli ce11s and are

embedded in the apical regions of the Sertoli cells during the

differentiation process and until their release into the tubular

lumen. Special ized areas of contact between Sertoli cel1s and germ

ce11s facilitate the movement of germ cel1s upward through the

seminiferous epithelium and also provide an avenue for the transfer

of substances between these ce11s.

AnoÈher component of the environment in which spermatogenesis

takes place is the fluid which is secreted by the Sertoli ce11 '

The secretion of seminiferous tubule fluid is an important function

of the Sertoli ce11 because the occluding junctions between Sertoli
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cells prevent the passage of molecules from interstitial f1uid,

including components derived from blood and 1ymph, into the semin-

iferous tubules. This means ,that the conponenLs of the tubular

f1uíd must have either passed selectively through, or be synthes-

1_zed by the Sertoli ce11. Proteins do not readily penetrate the

occluding junctions and so proteins in the tubular fluid rnust be

synrhesized and secreted by the Sertoli ce11. The Sertoli cell

provides the serum-1ike protei-ns needed by germ ce1ls during sperm-

atogenesis and for the further survival and maturation of sperm

during transport through the testis. Proteins of Sertoli ce11

origin may also be important in the excurrent duct system with

respect to the transport, maturation and storage of sperm mediated

either by interaction with the spermatozoa directly or índirectly

via an effect on the ce11s of the epithelium of the excurrent duct

system.

The occluding junctions between Sertoli ce11s also act as a

barrier to the passage of protein hormones into the seminiferous

tubule. Hence the Sertoli cell probably has a role in medi-ating

the hormonal regulation of the more advanced stages of spermato-

genesÍs. This is evident in the case of follicle stimulating horm-

one (FSH) from the pituitary gland which affects a variety of

Sertoli ce11 functions including regulation of the synthesis and

secretion of Sertoli ce11 secretory proteins. However, the exist-

ence of the spermatogenic cycle in which a coordinated progression

of ce11 types from spermatogonia to spermatids is seen indicates

that there is loca1 control of spermatogenesis mediated by intra-

testj-cu1ar factors. Sertoli ce11 secreted proteins could play a

paracrine role in this control.

Apart from its role in spermatogenesis in the mature animal,

the Sertoli ce11 is also important during fetal development. The
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Sertoli ce11 has been implicated in the initiation of testis

organi zatíon, inhibition of development of the female duct system

and regulation of the onset of meiosis. ft has been suggested that

secretory proteins are mediators of these processes.

Studies of the various roles of the Sertoli ce11 in the testis

at different stages of development have been facilitated by the abil-

ity to culture Sertoli ce11s in vitro in the absence of other ce11

types. I4lith this system it has been possible to examine the sec-

retory products of Sertoli ce11s and to study the homonal regul-

ation of Sertoli ce11 function directly. In addition, the interact-

ions of Sertoli cells with other testicular ce11 types have been

investigated, providing information on the specific interactions

of Sertoli cel1s with germ ce11s, Leydig ce11s and peritubular

ce11s.

1.2 Structure of the S eminiferous Tubule

I.2.I Boundary Tissue

The semj-niferous tubule is surrounded by boundary tissue. This

has a complex structure being made up of ce1lular and non-cel1ular

layers. The organization of the boundary tissue varies ç¡v-no"\3

species and three types have been identified (Burgos et a1. , I970) ,

Types a and b consist of three layers, a non-ce11u1ar inner comp-

onent (basement membrane) o.t which Sertoli ce11s rest, a single

layer of myoid ce11s and an outer non-ce11u1ar 1ayer. The differ-

ence between the two types is in the appearance of the inner non-

cel1u1ar layer. Type a and b boundary tissue has been observed in

rodents, particularly the rat, mouse, hamster and guinea pig. The

third type (type c), is more cornplex in that the inner non-ce11ular

component is thick and composed of several layers, giving it a

distinct lametlar appearance and has been observed in man ' cat 
'
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sheep, goat and bul1. Infoldings of the inner non-ce11u1ar comp-

onent are observed which give rise to knob-1ike projections r+hich

protrude into the basal portion of the Sertoli ce11 (cat, Burgos

et a1., I97O; bu11, Nicander et a1., 1961; filrobel et al., I979;

ram, Bustos-0bregon and Courot, I974). The cel1u1ar comPonent is

compr j-sed of cells rvhich have myoid characteristics. The third

component is large and consists of connective tissue and fibro-

blasts which are so arranged as to give it a multi-layered appear-

ance.

It is thought that the interstitial mesenchymal ce11s give

rise to Leydig ce1ls and fibroblasts and that the latter then diff-

erentiate into myoid ce11s (mouse, Bai11ie, L969; rat, Leeson and

Leeson, 1964; ram, Bustos-0bregon and Courot, I974; bu11, Hooker,

1954). The transformation of fibroblasts into myoid ce11s occurs

as they migrate closer to the seminiferous tubule. fn the ram, the

fibroblasts in the outer component already display some myoid char-

acteristics, buÈ these become more pronounced in ce11s closer to

the tubule (Bustos-Obregon and Courot, I974).

L.2.2 The Sertoli Ce11

The seminiferous epithelium consisting of Sertoli and germ

cells, lies withín the bo5emen{- nre¿Tìt)iqne The cytoplasm of each

Sertoli ce11 extends from the basement membrane to the tubular

lumen. The germ cel1s are found between the Sertoli ce1ls and

embedded in their aPical regions.

The ultrasLructure of Èhe Sertoli cel1 has been reviewed by

Fawcett (1975). The nucleus of the Sertoli ce11 is 1arge, basally

situated and has characteristic infoldings of the nuclear membrane.

The nucleolus is large and in rodents it has two associated hetero-

chromatin bodies. However, in the bu11 and the ram there is no

associated heterochromatin but the nucleolus contains membrane-
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bound vesicular structures (Nicander 9t 41., 1961; Fawcett, L975).

The mitochondria are numerous but while their i-nternal structure

is typical of mitochondria of other ce11 types, they are larger

and more slender than the mitochondria of germ ce11s. Numerous

separate Golgi elements are distributed throughout the basal cyto-

plasm of the Sertoli ce11, âs are many membrane-limited dense

bodies of varying size. Lipid droplets are often observed but there

is considerable variatíon in their size and number between species

(Fawcett, L975) and with the stage of the spermatogenic cycle in

the rat (Brokelman, I963; Niemi and Kormano, 1965; Kerr and

deKretser, I975). Both rough and smooth endoplasrnic reticulum (ER)

are presònt. The rough ER is mostly found in the basal area of the

ce11. Smooth ER is located in association with lipid droplets and

the developing acrosomes of spermatids.

Cytoskeletal components have been observed in Sertoli ce11s.

Actin-containing microfilaments (5-7 nm diameter) are found through-

out the cytoplasm but particularly in association with junctional

specializations between Sertoli cells (Fawcett, I975) and between

Sertoli cel1s and spermatids (Franke et a1., 1978). Microtubules

(22-26 nm diameter) in which tubulin is the major protein constit-

uent are also found in Sertoli cells (Fawcett, I975; Means et a1.,

I979) . The Èhird class of cytoskeletal components are the inter-

mediate filaments (7-11 nm di-ameter). The intermediate filaments

of Sertoli cells are concentrated in the basal portion of the ce11

but also extend to the apical processes (Franke et a1., I979).

The major protein constituents of intermediate filaments are gen-

era1ly characteristic of specific ce11 types (Lazarides, 1980). For

instance, keratin is the usual protein of intermediate fi-laments

in epì-thelial ce11s. However, the intermediate filaments of Sertoli

cells lack keratin but contain vimentin (Franke et a1. , L979 ) which
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is a protein characteristic of the intermediate filaments of cel1s

of mesenchymal origin such as fibroblasts and endothelial ce11s.

An important feature of the Sertoli ce11s are the junctional

specializations between Sertoli ce11s. These junctions act as a

barrier to the diffusion of substances into the tubular lumen and

are thought to be an important component of the blood-testis barr-

ier (Dy* and Fawcett, 1970).

L.2.3 The Germ Cells

There are four main classes of germ ce1ls in the seminiferous

epithelium. These are spermatogonía, primary sPermatocytes, sec-

ondary spermatocytes and spermatids. The process of spermatogenesis

has been extensively reviewed (Courot et a1. , 197O; Steinberger

and SteinberBêr, I975; Roosen-Runge, I977) .

Spermatogonia are díploid ce1ls which divide mitotically. They

are situated on the basement rnembrane between Sertoli cells but

are below the occluding junctions. This area is referred to as the

basal compartment. Spermatogonia can be divided into three sub-

classes termed type A, intermediate and type B. Type B spermato-

gonia give rise to ce11s entering the first meiotic Prophase at

which time the ce11s become prirnary spermatocytes. Germ ce11s more

advanced than the leptotene stage of prophase are found on the

lurninal side of the occluding junctions, in the so-ca11ed adluminal

compartment.

To move from the basal to the adluminal compartmenL the ce1ls

must pass through the tight junctions, while sti11 maintaining the

permeability barrier. Russell (I977) has proposed a mechanism by

which this is achieved. Redistribution of the Sertoli celI cyto-

plasm occurs such that processes move from both sides underneath

the leptotene spermatocyte. LIhen the processes meet a new tight

junction is forrned whilst the tight junction above the ce11
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subsequently dissolves thereby effectively moving the germ ce11

into the adluminal compartment. Further development of the germ

ce11 then takes place in the adlumj-na1 compart,ment.

The fj-rst meiotic division gives rise to diploid secondary

spermatocytes. Completion of the second meiotic division results

in the production of haploid spermatids. Throughout rnitotic and

meiotic divisions 3>pcercr\on of the ce11 cytoplasm is not complete

with the result that cytoplasmic bridges are maintained between

groups of germ ce11s. Immediately following the completion of

meì-osis, the spermatids are spherical in shape and must undergo

many changes to take on the morphology of spermatozoa. As the

spermatids elongate they proceed upward through the epithelium to

become embedded in the apical surface of the Sertoli ce11 from

where they are fínally released into the 1umen.

The different types of gern ce1ls do not occur aL random within

a cross-section of Èhe seminiferous tubule or along its length.

Certain ce11 types are always found together and such configurations

are ca11ed ce11ular associatíons. Each association persists along

a section of tubule. The cel1u1ar associations represent successive

stages of sperm development and so together represent the stages

of the spermatogenic cyc1e. Identífication of the ce11 types is

usually based on nuclear morphology and acrosome development. This

method of identification gives rise to fourteen successive stages

in the spermatogenic cycle in the rat (Perey et a1., 1961) and

twelve in the bu11 (Berndston and Desjardins, L974).

There are specialized contacts between Sertoli ce11s and germ

ce11s which vary depending on the stage of development of the germ

cells (reviewed by Russe11, 1980). Desmosome-1ike junctions are

present between spermatocytes and Sertoli cells and are character-

i-zed by subsurface densities of the cytoplasm adjacent to the
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plasma membrane of both ce11s. In addition, 8aP junctions are
Sç;ts:s:u,-Q;rc-e

present in which A densities are absent and the plasma membranes

converge to within 2-4 nm. Early and elongate spermatids are

associated with Sertoli cel1s by Sertoli ce11 ectoplasmic sPecial-

izalions. These are similar to the occluding junctions between

Sertoli ce11s. However, the specialized strucLures are only obser-

ved in the Sertoli cel1 cytoplasm and the plasma membrane of the

th/o cells are not f used.

Tubulobulbar complexes projecting from spermatids are seen just

prior to release of the spermatids into the lumen. These processes

of spermatid cytoplasm extend into bristle coated pits of the

Sertoli ce11.A bulb forms at the end of the process which is then

cleaved and phagocytozed by the Sertoli ce11. It has been sug-

gested that this mechanism is a major avenue for reduction of the

spermatid cytoplasm (Russell, l'979)-

I.2.4 The Funct ional Sisnificance of Interactions between Sertoli

and Germ Cel1s

The preceding description gives an outline of the structural

role played by Sertoli ce11s in their support of the germ ce11s

during spermatogenesis. This role has been reinforced by the

presentation of a Lhree-dimensional reconsÈruction of a rat

V Sertoli ce11 (Wong and Russe11, 1983; \'rleber 9l- al. , 1983;

et a1., 1983) which gives a more accurate picture of the way

which the structure of the Sertoli ce11 accomodates the germ

The r'econstruction has also provided the estimate that 83.72

the Sertoli ce11 surface area is in contact with germ ce11s.

remainder, 72.87" is in contact with other Sertoli ce11s and

is in contact wÍth the basal lamina (hleber et a1., 1983).

The structural support which the sertoli ce11s provide

only one aspect of the interaction between Sertolj- ce11s and

stage

Russell

in

ce11s.

of

0f the

2.87"

1S

germ
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cells.Thegapjunctionsbetweengermcellsandsertolicellsare

thought to provide an avenue for the transfer of substances bet-

ween Sertoli ce11s and germ cells for both nutritive support and

theregulationofspermatogenesisbySertolicells.Itisnecess_

arytoproposethattheSertolicellfulfillsthesefunctionsbe-

cause the occluding junctions between sertoli cel1s form a barrier

to the diffusion of substances from the interstitial fluid into

the adluminal compartment and the tubular lumen' Hence' nutritional

factors for germ cells, with the exception of spermatogonia ' must

eitherpassselectivelythroughtheSertolicellorbeSecreted

bytheSertolicellítself.Likewise,thehormonalregulationof

spermatogenesis is most 1ike1y to be mediated indirectly via the

Sertoli cell.

TheSertolicellsecretestheserniniferoustubularfluid

(Setche1l, Lg69) which provides the specific milieu in which Sperm-

atogenesistakesplace.Thecompositionoftubularfluidhasbeen

studied extensively using fluid collected from the reLe testis '

and is very different to serum in its ionic, metabolite and protein

composition (reviewed by setchell and irlaites, I975i Llaites and

G1adwe11, 1982). However, rete testis fluid is not representative

ofserniniferoustubulefluid,particularlyinrespecttoitsprot-

eincomposition(KoskimiesandKormano,IgT3),asaresultofruod_

ifications to the fluid during passage through the rete testis'

This has 1ed to some difficulties in identifying directly the

secretory products of Sertoli ce11s' One approach which has been

used to overcome this difficulty has been the development of tech-

niquesfortheisolationandcultureofsertolicells.Thishas

enabled extensive studies of sertoli ce11 function and hormonal

regulation to be undertaken'
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I .3 Sertoli Ce11 Function

1.3.i Me tho ds for the Studv of the Secretorv Function of Sertoli

Ce11s

Studies of the secreLory function of Sertoli ce1ls have been

hindered by the difficulties in obtaining primary secretions of

the Sertoli ce11s. The pri-mary secretion of Sertoli ceIls can only

be obtained directly by micropuncture of the seminiferous tubule

or by use of cultures of isolated seminiferous tubules and of

Sertoli cel1s.

Seminal plasma and reLe testis fluid have been used as an

indirect avenue to obtain information on Sertoli cell secretions.

However, this approach suffers from some serious drawbacks. Rete

testis fluid contains the secretory products derived not only from

the seminiferous tubule but also from the rete testis and from the

blood serum. Both testis-specific and serum proteins have been id-

entified in rete testis fluid. For instance, elecLrophoretic anal-

ysis of micropuncture samples of seminiferous tubule fluid and rete

testis fluid has shown that the protein composiÈion of the two

fluids are not identical (Koskirnies and Kormano, I973, 01son and

Hinton, 1985). Rete testis fluid is further modified during iLs

passage through the excurrent duct system by both the addition and

removal of various components, and upon ejaculation by admixture

with secretions from the accessory sex glands. The resultant sem-

inal plasma is thus vastly different from the original serninifer-

ous tubule fluid making it very unsuitable for use in studying

secreted products of Sertoli ce11s.

Two meÈhods for obtaining serniniferous tubule fluid by

micropuncture have been applied. fn the first, an oil fi11ed

micropÍpette is inserted into the tubule and fluid is drawn out

(Tuck et a1., I97O; Levine and Marsh, 1971). This fluid contains
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both newly secreted components and components already present in

the 1umen. In the second, oil is injected into the tubule and then

newly formed secretory droplets trapped in the oi1 are sampled.

This fluid is known as'the primary secretion of the seminiferous

tubuler (Tuck et a1., 1970). The micropuncture technique for the

collection of seminiferous tubule fluid has several disadvantages

for the study of protein secretion by Sertoli ce11s. For example,

only a smal1 amount of fluid can be collected and iniury to the

tubule caused by introduction of the pipette may result i-n leakage

of ce1lu1ar proteins into the f1uid. In addition, the fluid secr-

eted by the seminiferous tubule may contain products of the germ

cells in addition to those of the Sertoli ce11s. Furthermore, the

stage of the spermatogenic cycle at r,¡hich fluid is collected is

not known and consequently there may be variation between samples

which cannot be correlated with the stage of the cyc1e.

Cultures of seminiferous tubule segments are able to overcome

some of these difficulties. Using a transillurnination technique,

tubules at different stages of the spermatogenic cycle can be iden-

tified (Parvinen and Vanha-Perrtula, 1972) and so the secretory

products of each stage can be identified. However, it is time

consuming to dissect tubule segments, to identify the stage of the

spermatogenic cycle and to collect sufficient at each stage to be

able to study their secretory products. Moreover, the secretory

products are sti11 the result of the secretion by the mixture of

ce11-types comprising the tubule.

Ce11 cultures provide the best opportunity to study the

secretory products of the Sertoli ce11 directly. However, the cu1-

tures must be free of contaminating ce11-types and the correct

conditions for the support of ce11 functions needs to be provided.

Kodani and Kodani (I966) reported the cultivation in vitro
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of testicular ce11s and suggested that they r¡ere Sertoli ce11s.

However, it proved difficult to identify positively the ce11 types

in culture. The fibroblast-1ike appearance of.the ce11s in culture

and the f.act that ce11 division occurred, indicated that it \,/as

unlikely that the cultured ce11s were Sertoli ce1ls. Subsequently,

workers developed, independently, isolation procedures and culture

conditions that permitted the culture of prepubertal raL Sertoli

ce11s (Dorrington et a1., 1975; Idelsh and irliebe, I975). In these

methods, the seminiferous Lubules are separated from the inter-

stitial tissue by digestion with an enzyme followed by disruption

of the tubules by a second enzyme. The resultant ce11 suspension

contains Sertoli ce11 aggregates which can be separated from the

majority of germ cel1s by differential centrifu-gation.

This method for the isolation and culture of SerLoli ce11s

has been successful because there are relatively few germ cells

in the prepubertal rat testis. At this age (2O days) spermatogen-

esis has just commenced. Cultures of Sertolj- ce11s from the testis

of mature rats have not met with the same success, although their

establishment has been reported (Steinberger et a1., I975;

DeMartino et a1., I977; Cameron and Markwald, 198i). A major diff-

iculty is to obtain cultures relatively uncontaminated with germ

ce11s. This can be achieved by isolating Sertoli ce11s from testes

depleted of germ ce11s by prenatal irradiatj-on. I{hj-1e cultures of

Sertoli ce11s from prepubertal rats have been extensively studied

there are only a few reports of Sertoli ce11 cultures from other

speci-es. These include the immature pig (Yazeil1e and Chevalier,

I979; Perrard et a1., 1985), j-mmature bu11 (Francis et a1., 1981;

Price et a1., I979; Vigiers et a1., 1985), nonkey (Lee et a1.,

1983) and man (Lipshultz eE aL., I9B2). Cultures of monkey Sertoli

cells were obtained from anj-ma1s at all stages of sexual develop-
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ment, while the cultures of human Sertoli ce11s were obtained from

patients undergoing sexual reassignrnent surgery who had been prev-

iously treated with oestrogen. A clonal ce11 1ine, TM4, has been

established from prepubertal mouse Sertoli ce11s (Mather, 1980)

while a ce11 line derived from rat testicular tumour, TR-ST, also

shows characteristics of Sertoli ce11s (Mather É-4., 1982). The

advantage of a cell line is that it is more easily cultured but

on the other hand the ce11 line may not truly represent the ce11

type f rom which it \¡/as derived.

Cultures of Sertoli ce11s from the prepubertal rat have prov-

ided a systern in which the secretory products of Sertoli ce11s

have been identified, either by electrophoretic separation of prot-

eins (1,/i1son and Griswold, I979; Kissinger et a1. , l982; Wright

et a1., 1981) or by assaying the culture rnedium for a specific

product (for example: ABP, Fritz et al. ., 7976; plasminogen activ-

ator, Lacroix et a1., 197l ) or an effect on other cells (for

example: inhibin, LeGac and DeKretser, 1982; LHRH-1íke factor,

Sharpe et a1. , L9B2) . The culture system has also facilitated the

study of the hormonal regulation of Sertoli ce11 function in enab-

ling specific hormones to be added to cultures and their tndividual

and collective effects on aspects of cell function to be determined.

fnteractions between testicular ce11 types can be studied using

Sertoli ce11s co-cultured with other ce11 types. This has been

particularly successful in the case of peritubular ce11s (Tung and

Fr|1z, 1980; Hutson and Stocco, 1981) and germ ce1ls (Ziparo

et a1., 1980; Tres and Kierzenbaum, 1983). However, it must be

remembered that the culture system is artificial and the functions

of the Sertoli ce11 may not always reflect the situation in vivo.

This may perhaps be illustrated by the observation that cultures

of rat Sertoli ce11s exhibit a ß-adrenergic response that is not
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observed

19Bs ) .

I .3.2 The

in the intact seminiferous tubule (Kierzenbaum eta

S ecretorv Pr oteins of t he Sertoli Ce 11

The ultrastructure of the Sertoli ce11 shows features which

indicate that the Sertoli ce11 is active in protein synthesis and

secretion. Secretory proteins provide an avenue through which

sertoli ce11s can influence germ ce11 development.

fnvestigations of the activity of Sertoli ce11s during post-

natal development have primarily been concerned with hormonal reg-

ulation of SerLoli ce11 functions with a view to elucidating the

hormonal control of spermatogenesis (see Section 1.3.3). It was

the interest in the hormonal control of Sertoli ce11 function which

prompted the development of Sertoli ce11 cultures. The development

of successful culture conditions has in turn permitted the charact-

erization and identification of the secretory proteins of the post-

natal Sertoli ce11.

I{any proteins secreted into the culture medium by Sertoli

ce1ls have been identified by two-dimensional gel electrophoretic

analysis. KiSsinger et a1 (1982) identified seven major proteins

using this technique and noted the additional presence of many

minor components. I,rlright et al (1985) identif ied eighty f our prot-

eíns secreted by cultures of immature pig Sertoli ce11s ' From

these many proteins, only relatively few have been characterized

and even less have been assigned functions. The known secretory

proteins of Sertoli cells are listed in Table 1 ' 1 '

Secretory proteins from Sertoli ce11s have an important role

in testicular development in the fetus. Meiosis-ì-nducing and

meiosis-preventing substances which are presumed to be secreted by

fetal Sertoli ce1ls have been proposed and it has been proposed

that these regulate germ ce11 developmenÈ during fetal life (Byskov,
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Table I 1

Secretory Proteins of Sertoli Ce11s

Molecular WeightProtein

H-Y antigen

Meisosis regulating substances

Mullerian inhÍbiting substance

ABP

rat
dimer

rabbit
dimer

man

Form I
Form II

Transferrin
rat

Ceruloplasmin

rat
Dirneric acidic glYcoProtein

rat

dimer

Cyclic protein-2
rat

ClusterÍn
ram

dimer

rat
dirner

Plasminogen Activator
Seminiferous Growth Factor

lulitogen

ram

Testicular LIIRH

pI References

72,O00 6

1

2,3

4,5

45,000 & 41,000

85 - 91,000

47,000 & 43,000

94,000

55,000 & 52,000

53,000 & 48,000

75,000

130,000

41,000

& 29,000

7 1 ,000

32 - 38,000

37 - 40,000

80,000

34,000

70,000

15,700

45,000

4.6

7.2

6

3.7-4.s
4.8-5.4

4.2

4.9-6.3

3.7

6

7

B

8

9

9

10, 11

r0,72

7

13

13

13

T4

15

15

15

15

I6

77

18

19

4.8-5. B

References:- 1. Muller et al., 7978; 2. Byskov, 1979;3. Parvj-nen et a1., I9B2;

4. Picard et al., I97B; 5. Vigier et al., 1985; 6. Musto et al., 1980;

7. Hansson, lg72; 8. Cheng and Musto, 1982; 9. Cheng et al., 1985; 10. Kissi-nger

et aI., I9B2; 11. Skinner et al., 1984;12. Skinner and Griswold, 1983;

13. Sylvester et aI., l9B4a 14. ldright et a1., 1983¡ 15. Blaschuk and Fritz,
I9B4; 16. Lacroix et al., I977i 17. Fei-g et a1., 1983; 18. Brown et a1., I9B2;

19. Sharpe et a1. , 1981.
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IgTg) and may possibly reBulate spermatogenesis in the adult

(Parvinen et a1. , I9B2) -

H-Y antigen, which was proposed as the najor testis organiz-

ing factor is thought to be secreted by Sertoli ce11s (0hno,1979).

H-y antigen has been detected in the culture medium from testicular

cells and in epididymal fluid using ?n indirect cytotoxicity test

Mu1ler et a1. , 1978). However, Gore-Langton et a1. (1983) were

unable, using a variety of immunological and electrophoretic tech-

niques, to detect H-Y antigen in media from cultures of rat Sertoli

cel1s or a mouse presumptive Sertoli ce11 line' nor in ram rete

testis fluid.

Sertoli ce11s secrete a protein known as Mullerian inhibiting

substance (MIS) which inhibits development of the primitive female

duct system (Tran et a1., Ig77; Price, I979; Tran and Josso, 1982;

vigier gl__ê1., 1985). This proteín continues to be secreted fo11-

owing birth but levels decline rapidly thereafter (Vigier et a1',

1983).

The Sertoli ce11 undergoes many changes after birth and during

postnatal development, as spermatogenesis commences. These include

alterations in both structural and functional characteristics. The

Sertoli ce11s cease to divide at this time and their numbers become

constant (rat, steinberger and steinberger, I97I:' Clermont and

Perey , 1957; lamb, Hochereau-deReviers and courot, 1978; bu11,

Attal and Courot, 1963; Curtis and Amann, 19Bl). The occluding

junctions form between Sertoli cel1s (Gílula

et a1., Ig76) and secreÈion of fluid commences just prlor to the

onset of spermatogenesis.

Androgen binding protein (ABP) tuas the first secretory protein

of Sertoli ce11 origin to be identified (French and Ritzen, 1973ab;

Fritz et aI., Ig76). It was first identified in the epididymÍs of
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the rat but has subsequently been found in testes of the rabbit

(Ritzen and French, I974), man (Hsu and Troen, L978), ram (Jegou

er a1., l97g), bu11 (LeCacheux É_ê!., 1981) and monkey (Keeping

et a1., 1985). ABP has similar characteristics to the serum andro-

gen binding protein otherwise k,nown as testosterone-oestradiol

binding globulin (TeBG). ABP was useful as a marker of Sertolj- ce11

function for both in vivq and in vitro studies but its function

and importance in spermatogenesis is not known. It SeemS most

1ikely that ABP occupies the same niche in the tubule as TeBG in

blood serum in facilitating the transport and maintainÍng 1eve1s

of androgens within the seminiferous tubule and the epididymis

(Hansson et a1. , I975) .

Other proteins that are sirnilar to serum proteins have been

identified amongst the secretory proteins of Sertoli ce11s. These

include transferrin, ceruloplasmin and unidentified proteins

(\,rlright et a1. , 1981). An iron-binding protein which cross-reacts

with an antiserum against serum Èransferrin was identified in med-

ium from cultures of rat and human Sertoli ce1ls (Skínner and

Griswold, 1980 , 1982; Holmes et a1., 1983). Characterization of

the protein secreted by rat Sertoli cells has shown that it only

differs from serum transferrin in carbohydrate composj-tions (Skínner

et aI., 1984). fmnunolocaliza:-ion of transferrin and transferrin

receptors in testis sections (Sylvester and Griswold, 1984; Brown,

19BS) and binding studies with isolated ce11s (Holmes et a1., 1983)

have indicated that testicular transferrin acts as a carrier of

iron to dividing germ ce11s.

A protein which has a molecular weight corresponding to serum

ceruloplasmin has been immunoprecipitated from amongst proteins

secreted by rat Sertoli ce11s by antibodies to rat serum proteins

(Skinner and Griswold, 1980). Further investigation using a mono-
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specific antiserum against serum ceruloplasmin has confirmed that

Sertoli ce11s synthesize and secrete a ceruloplasmin-like protein
(Skinner and Griswo1d,19B3). The possíble functions of cerulo-

plasmin-1ike protein have not been investigated. However, by anal-

ogy with the case of transferrin, it ís likeIy that it fulfi1ls a

sinilar role to that in serum, most probably in the t.ransport of

copper to germ ce11s.

The synthesis and secretion of these various proteins by

Sertoli cel1s is an important feature because the blood-testis

barrier prevents serum proteins from entering the seminiferous

tubule. Hence, the Sertoli ce11 is able itself to provide these

metal transporting proLeins to meet the requirements of the devel-

oping germ ce11s.

0ther proteins which have been identified on electrophoretic

profiles of the secreted proteins derived from cultures of rat

Sertoli ce11s have subsequently been purified and characterized..

A particular example is dimeric acidic glycoprotein (DAG) (Kissinger

et a1., 1982; sylvester et a1., 1984). This protein is also syn-

thesized by the epidídymis and becomes associated with the sperm

plasma membrane (Sylvester et a1., I984). Another glycoprotein,

cyclic protein-2 (CP-2) detected on electrophoretic profiles shows

stage-dependent variations in synthesis and secretion. It is sec-

reted in maximal 1eve1s at stage Vf of the rat spermatogenic cycle
(l{right er a1., 1983) which suggesrs thar ir has a functíon in
association with the specific germ ce11 types at this stage. Cp-2

exhibits considerable variation in molecular weight and isoelectric
point which reflects variation in its carbohydrate composition

(I{right and Luzar raga, 1984 ) .

The remaining secretory proteins listed in Table 1 .1 were

first identified by examining either rete testis fluid or medium
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conditioned by cultures of Sertoli ce11s for the presence of

proteases, mitogens, and factors which may influence pituitary

and testicular ce11s. In some cases, the active comPonent has sub-

sequently been ísolated and characterÍzed.

For instance, culLure medium from rat Sertoli ce11s was found

to contai-n a protease similar to plasminogen activator (Lacroix

et al., I977). This enzyme is also secreted by granulosa cel1s and

is thought to facilítate ovulation by aiding the rupture of the

fol1ic1e wall (Beers, I975; Strickland and Beers, 7976). Maximum

1eve1s of secretion of plasminogen activator by Sertoli ceIls

occurs at the specific stage of the spermatogenic cycle when sperm-

atocytes are moving from the basal to the adluminal compartmenÈ

(Lacroix et a1.,1981). It has been suggested that this enzyme aids

in the dissolution of occluding junctions bethleen Sertoli ce11s

thus permitting the movement of spermatocytes past this barrier.

Mitogenic polypeptides have been identified in testes and in

rete testis fluíd. The mitogen found in testes is known as semin-

iferous growth factor (SGF). SGF has been identified in cultures

of Sertoli ce1ls from prepubertal and adult mice and the seminif-

erous epithelium of rats, guinea pigs and calves (Feig et a1.,

1980, 1983). A mitogen has also been identified in rete testis

fluid from the ram. However, this mitogen has characteristics which

are different from those of SGF indicaÈing that they are unlikely

to be the same protei-n (Feig et a1., 1983; Brown et al., 1982). It

has been suggested that SGF regulates Sertoli ce1l proliferation

in the developing testis and also the mitotic activity of spermat-

ogonia in the adult testis (Be11ve and Feig, 1984). The presence

of a mitogenic protein in rete testis fluid suggests that Sertoli

ce11s may regulate proliferation of ce11 types other than germ

ce11s. A particular target may be ce11s of the epididymis.
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Sertoli cel1s are usually considered to be the source of

inhibin, a presumptive polypeptide which is thought to suppress

FSH secretion by the pituitary (deJong, I979). Culture medium fron

Sertoli cel1s has been found to inhibit FSH by pituitary ce1ls in

culture (Steinberger and Steinberger, L976; LeGac and deKretser

1982; Verhoeven and Franchimont, 1983). Secretion of inhibin by

Sertoli ce11s is unlikely to be important in the regulation of FSH

secretion unless appreciable amounts are secreted through the basal

surface to reach the circulatory and lymphatic systems.

Clusterin was identified as a component of ram rete testis

fluid which caused testicular cells and erythrocytes to aggregate

in vitro (Fritz et a'l-., 1983). Purification and characterizatíon

of this protein showed that it is a major component of reLe testis

fluid comprising 78Z" of the protein content. Clusterin is secreted

by rat and ram Sertoli ce11s in culture, however the proteins dif-

fer (Blaschuk et a1., 1983; Blaschuk and Fritz, 1984). A role for

this protei-n in directing ce11u1ar interactions in the testis has

been proposed (Fritz et aL., 1983). However, immunolocalizaLion of

clusterin in the adult testis and excurrent duct system indicates

high 1eve1s of this protein are present in the rete testis and

excurrent ducts. This finding suggests that there are roles for

this protein outside the testis although they remain to be deter-

mined (Tung and Fritz, 1985).

A factor r"¡hich binds to LHRH receptors on Leydig ce11s has

been found in the Èestis and is thought to be secreted by Sertoli

ce11s (Sharpe et a1., 1981). It rnras initially observed that the

effect of testicular LHRH r¡/as to i-nhibit testosLerone secretion by

Leydig ce11s (Sharpe et a1., 1982) but exposure times of greater

than twenty four hours were needed to produce this effect and prior

to that time a stímulation of testosterone production was observed
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(Sharpe and Cooper,1982). As Yet, testicular LHRH has not been

purified and characterized. However, studies in several laborator-

ies have identified factors in interstitial fluid (Sharpe and

Cooper, lgB4), in conditioned medium from Sertoli ce11 cultures

(Janecki et a1. , 1985; Verhoeven' and Cai11eau, 1985; Benahmed

et a1., l9B5), and in co-culture experiments of seminiferous tubule

segments and Leydig ce1ls (Parvinen et a1., 1984) which increase

testosterone production by Leydig ce11s in vitro. In at least one

study the factor \^/as different from testicular LHRH (Verhoeven and

Cai11eau, 1985).

From this dj-scussion it can be seen that many roles have been

suggested for proteins secreted by Sertoli ce11s. However' the num-

ber of proteins mentioned above is only a smal1 proportion of the

proteins that Sertoli ce1ls secrete as evidenced by two-di-mensional

ge1s. The remaining proteins are sti11 to be investigated.

1.3. 3 Hormonal Resulation of Sertoli Ce11 Function

The importance of pituitary hormones in testicular function

l^,as established from studies using the hypophysectomized rat in

which regressi-on of the testis occurred and sPermatogenesis ceased.

It v/as discovered that tÍ¡o dÍfferent gonadotrophic substances !/ere

acting. They were lutenizíng hormone (LH) w.hich acted on interstit-

iaI tissue and FSH which acted on the seminiferous tubule (Greep

et â1., 1936, 1937). Evidence that FSH may have an effect on sperm-

atogenesis via the Sertoli ce11 was first obtained by observations

that Sertoli ce11s of hypophysectomized rats hypertrophied and

showed nuclear changes in response Lo injections of FSH (Murphy,

1965 ) . Studies in vivo with germ-ce11-depleted testes (j-.e., Sert-

o1i-ce11 enriched) in which FSH stimulated RNA and protein synth-

esis also suggested that Sertoli ce11s \^rere the target ce11 for FSH

in t.he testis (Means, I975). Confirmation of the actions of FSH
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on Sertoli cells was obtained by using cultures of Sertoli ce11s

f rom prepubertal rats. Lrlhen added to the culture medium, FSH inc-

reased the following parameters:- production of cAMP (Dorrington

et al., 7975), DNA synthesis and rnitotic rate (Griswold et a1.,

7977), production of lactate (JutLe et a1., 1983) conversion of

testosterone to oestradiol (Dorrington and Armstrong, I975), and

protein synthesis and secretion (Dorrington et a1., I975; Rommerts

et a1., 1978). fn all cases, the e{fect could be imitated by the

addition of dibutyryl cyclic AMP, indicating that FSH exerts its

effect via cAMP.

FSH treatment increased general 1eve1s of protein secretion

by Sertolj- ce11 cultures as measured by the incorporation of radio-

activity into ã-1+ secreted proteins (Rommerts et a1. , 1978; \'i ilson

and Griswold, I979 ) and specifically into ABP

(Fritz et a1., 7976; Rommerts 9l--êf., 1978

However, stj-mulation of the synthesis

and secretion of specific proteins has been observed in the elect-

rophoretic protein profiles from cultures of Sertoli ce11s. FSH

increased the synthesis of specific nuclear proteins and cytosolic

proteins (Perrard et a1., I984, 1985; dePhilip and Kierzenbaum,

IgB2) and increased the secretion of specific proteins (Perrard-

Sapori et a1., 1985; dePhilip and Kierzenbaum, 1982; Klssinger

et a1., 1982) in cultures of Sertoli ce11s from the rat and boar.

0ne of the FSH-responsive proteins in the rat profile has been

identified as transferrin (Skinner and Griswold, 1982).

FSH administration to cultures of Sertoli ce1ls from the pre-

pubertal rat and pig also induced alterations in ce11 morphology

(Tung et a1., I975; Hutson, 1978; Means et a1., L979; LIelsh et a1.,

1980; Spruill et a1. , 1981 ; Chevailier and Dufaure, 1981 ) . The

Sertoli ce11 cyÈoplasm contracted and the ce1ls became rounded.
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The shape changes were the resutrt of disruption of the actín-cont-

aining microfilaments (hlelsh et a1., 1980; Means et a1., I979;

Chevalier and Dufaure, 19Bl). Calcium can also regulate Sertoli

ce11 morphology. Addition of EGTA, a calcium chelating agent, to

Sertoli ce11 cultures produces shape changes similar to those

observed with FSH treaLment. Calciun acts through calmodulin which

is distributed through the Sertoli ce11 cytoplasm in association

with the microfilaments (Means et a1., 1979; hlelsh et a1.,1980).

The effecÈs of calcium and FSH on the microfilament network in

inducing changes in the morphology of Sertoli ce11s in culture

Índicates th'aL they may also regulate other contractile processes

in which the microfílaments are j-nvo1ved, including secretion and

endocytosis. Effects of calcium and FSH on another component of

the cytoskeleton, the intermediate filaments have also been observ-

ed. The major protein of the intermediate filaments in Sertoli

ce11s, vimentin, is phosphorylated in an FSH-dependent (Sprui1l

et a1., 1983a) and calcium/calmodulin-dependent manner (Sprui11

et a1., 1983b). The effect of these changes in the intermediate

filaments on the functions of the Sertoli ce11 have not been

determined.

Studies with Sertoli ce11 cultures have indicated that

FSH is irnportart in the regulation of function in the pre-.

pubertal rat Sertoli ce11 but, FSH-responsiveness is age dependent

and declines from 25 days of age.After this age, FSH-stinulated

cAMP production f a1ls (Steinberger É4., I978) as does other FSH-

dependent functions including protein synthesis (Fakunding et al.,

I976), ABP secretion (Ritzen 9L4., 1977; Rich et al., 1983) and

oestradiol production (I,rle1sh and hliebe, 1978) . A similar age relat-

ed decline in FSH-responsiveness has been observed in cultures of

monkey Sertoli cel1s (Lee et a1., 1983). However, mature human
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Sertoli ce11s in culture maintained the ability to respond Èo FSH

with increased transferrin secretion and ]-gIutamyl transpeptidase

activity (Lipshultz et a1., 1982; Holmes et a1', 1984) '

Studies j-n culture have identified other factors which regul-

ate Sertoli ce11 function. It is these factors that are 1ike1y to

become more important as the responsiveness of the Sertoli ce11 to

FSH declines. Androgens, insulin and retinoids affect ABP secretion

in vitro. Andro gen administration to cultures of Sertoli cel1s

increased the secretion of ABP but not to the same 1eve1 observed

with FSH. However, androgen and FSH act synergistically to stim-

ulate ABP secretíon to 1eve1s greater than obtained with either

FSH or androgens alone (Rommerts et a1., I978; Louis and Fríl¡z,

Ig77, IgTg). Insulin and retinoids combine with FSH and androgens

to prevent the decline in secretion of ABP and transferrin which

is normally associated with increased periods of culture (Gianetto

and Griswold, IgTg; Karl and Griswold, 1980; Skinner and Griswold,

1982).

From studies 1nv avo it has been established that FSH is

important in the establishment of spermatogenesis whilst androgens

are important in íts maintenance. Thus in hypophysectomized adult

rats, androgens alone can maintain spermatogenesis (Steinberger'

1g77) presumably by supporting Sertoli ce11 function. However, this

is not the case for all species. For instance, studies,.with hypo-

physectomized rams have shown that both FSH and testosterone are

needed for maintenance of spermatogenesis (Hochereau-deReviers

and Courot, 1978; Courot et a1., I979).

I.4 Interactio ns Between Testic 1ar Cells

1.4.1 S 1i CeIl Germ Ce11 Interactions

l4lhi 1e i t

Sertoli cel1s

is generally accepted that proteins secreted by

have a role in the regulation of germ ce11 develop-
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ment, a convincing dernonstration of this role has so far not

been forthcorning. However, it has been observed that germ ce11s

can survive in Sertoli ce11-enriched cultures for several weeks

(Palombj- et a1., I979) in contrast to their poor suvival when

cultured a1one. Germ cel1s adhere specifically to Sertoli cells

in culture and the adhesion varies with the stage of development

of the germ ce11s. Pachytene spermatocytes show the highesÈ degree

of adhesion and form junctional complexes r+ith Sertoli ce11s

(Zíparo p!_ ,a!. , 1980; Grootegoed et a1. , l9B2) . The association

of germ cells and Sertoli ce1ls in culture permits the transfer

of molecules between Sertoli and germ ce1ls (Zi-paro et a1., 1982),

and a11ows the proliferation of premeiotic germ ce11s (Tres and

Kierzenbaum, 1983) and the completÍon of meiosis and early sperm-

atogenesis (Parvinen et a1., 1983).

By using a co-culture system one of the factors that affects

germ ceIl survival has been identified as lactate (Jutte et a1.,

1982, 1983; Boitani et a1., 1983). It is known that the testis

is dependent on glucose for Lhe maintenance of spermatogenesis

in vivo (Mancini et a1., 1980; Zysk et a1., I975). The Sertoli

cells uti|ize glucose and produce lactate (Robinson and Fritz,

1981) which is the preferred energy substrate for round spermatids

(Mita and Ha11 , L982). \tlhen lactate is supplied exogenously it can

support the metabolic activities of isolated spermatids and sperm-

atocytes in culture (Jutte et a1.,1981) while glucose cannot.

Studies using co-cultures of germ ce11s and seminiferous tubule

fragments, co-cultures of Serm ce1ls and Sertoli ce11s and the

addition of culture mediun conditioned by Sertoli ce11s to germ

ce11 cultures (Jutte et a1., 1982, 1983; Boitani et a1., 1983)

have shown that the production of lactate by Sertoli ce1ls can

support the metabolic activity of germ ce1ls in culture. These
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results suggest that in vivo the Sertoli ce11 provides lactate

for the developing germ ce11s.

If the Sertoli ce11 regulates germ ce11 development, changes

in Sertoli ce11 function with different stages of the spermato-

genic cycle would be expected. The development of the transillum-

ination technique which can identify tubules at different stages

of the spermatogenic cycle (Parvinen and Vanha-Perttula, 7972)

has allowed Sertoli ce11 functj-on to be correlated with specific

stages of the spermatogenic cycle. For instance, it has been found

that secretion of total proteins is noL constant through the sperm-

atogenj-c cyc1e. Two peaks of protein secretion occur at stages VI

and XII (\tlright et a1., 1983). Secretion of specific protej-ns also

varies during the cycle. ABP is secreted at maximal levels at

stages VIII-XI (Ritzen eL a1. , 19BZ) while secretion of plasminogen
ll

activator is maximal at stages VI-VII' (Lacroix et a1. , 1981; Frit z ''-
N,\

and Karma11y, 1983). Electrophoretic profiles of proteins secreted

by seminiferous tubules from different stages of the spermatogenic

cycle shows that the secretion of many proteins is stage-dependent

(hiright er a1., 1983). The major stage-dependent protein is CP-2

which is secreted at maximal levels at stages VI and VII.

There is also evidence of preferential actions of retinoids

and hormones at defined stages of the spermatogenic cyc1e. The

ceIlular binding protein for retinol (CRBP) which is the form

required for the maintenance of spermatogenesis, is most intensely

locaLized in Sertoli ce1ls in tubules at stages III and IV of the

spermatogenic cycle (Porter et a1., 1985). It has been suggested

that the Sertoli ce11 uses CRBP to transport retinol from the

basal- to the adluminal compartment where retinol is converted to

retinoic acid to be utilized by the germ ce11s.

Binding of FSH to receptors and FSH-stirnulated cAMP productj-on
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vary during the cycle (Parvinen et a1., 1980). FSH binding is max-

imal at stages II and III. Differences in the response to FSH in

individual Sertoli ce11s are also observed in a si-ng1e monolayer,

wiLh shape changes being observed in only some of the Sertoli ce11s,

after FSH treatment of a culture (Spruil1 et a1., 1981).

Evidence for a preferential requirement by Sertoli cells for

androgens at specific stages of the spermatogenic cycle has been

obtained from studies in which specific degeneration of germ ce11s

characteristic of stages VII and VIII is observed after hypophy-

sectomy and the administration in vivo of agents which block

androgen production (Russel1 and Clermont, 1977i Russell et a1.,

1981). It is at these stages that endogenous 1evels of testosterone

are highest (Parvinen and Ruokonen, l9B2)-

All Sertoli ce11s are exposed to the same hormonal environment

and so, these changes in function and hormone-responsiveness during

the spermatogeníc cycle must either be due to an endogenous cycli-

city of function of the Sertoli ce11s or are the result of 1oca1

factors which modulate Sertoli ce11 function. The possibility

exists that these factors originate from the germ ce11s. Evidence

in support of this hypothesis has been obtained following the

developrnent of a method to completely remove germ ce11s from

Sertoli ce11-enriched cultures, without affecting the Sertoli

ce11s, which a11ows comparisons to be made between Sertoli ce11-

only and Sertoli-germ ce11 co-cultures (Galdieri et a1., 1981).

The glycoprotein composition of Sertoli cells cultured in the

absence of germ ce11s is different to that observed in co-cultures

(Go'l dieri et a1., 1983). An additional glycoprotein is present in

these ce11s and is also present in Sertoli ce11s obtained from

testes which have been depleted in germ cells by prenatal irrad-

iation. ABP secretion is also influenced by germ ce11s.
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FSH-responsive ABP secretion is increased in Sertoli-germ ce11

co-cultures and is greatest in co-cultures between Sertoli cel1s

and pachytene spermatocytes. This response hlas specific to gern

ceIls and contact between Sertoli ce11s and germ ce11s was

necessary (Galdieri et a1., 1984). Hence, there is evidence Èo

suggest that not only do SerLoIi cel1s influence germ ce11 funct-

ions but germ cel1s can influence Sertoli ce11 functions.

I.4.2 Sertoli Ce11 - Peritubular Ce11 fnteractions

The peritubular ce11s are the only other testi-cu1ar

with whích Sertoli ce11s are

have indicated that there are

closely associated. In vitro

interactions between these

ce11 type

studies

ce11

types. In co-culture experiments, Sertoli cel1s which are plated

onto peritubular ce11 monolayers rniliq\\.1 form a flattened monolayer

but eventually form nodules which are bound

by structures resembling lirniting membranes (Tung and Fritz, 1980).

In co-culture with perÍtubular cel1s the attachment and survival

of Sertoli ce11s is increased with Sertoli ceIls remaining viable

for up to 90 days (Tung and Fritz,1980; Cameron and Markwald,

1981). Peritubular ce11s secrete components of the connective

tissue of the basement rnembrane including fibronectin, collagen IV

and collagen f in culture (Tung et a1., 1984; Skinner et a1., 1985).

Sertoli ce1ls also contribute by secreting laninin and collagen IV

(Skinner et a1.,1985). It is the secretion of these components in

culture, to form an extracellular matrix, that may provide a surf-

ace which enhances Lhe survival of Sertoli ce11s in culture. Extra-

ce11u1ar matrices derived from testicular tissue and from Sertoli-

peritubular cell co-cultures, and reconstituted basement membrane

from a tumour (Tung and Frítz, 1984; Hadley et a1., 1985) also

i-ncrease the attachment and survival of Sertoll ce11s in culture

and these surfaces can maintain in culture the specialized shape
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of the Sertolí ce11 which is observed in vivo.

Peritubular ce11s also affect Èhe secretory function of Sertoli

ce11s in culture. In co-cultures of Sertoli and peritubular ce11s

from the rat. , ABP secretion is increased (Tung and FriLz,1980) and

in co-cultures of human ce11s transferrin secretion is increased

above the leve1s produced by cultures of Sertoli cel1s alone (Holrnes

et a1., 1984). Extracellular matrix and reconstituted basement

membrane as culture surfaces can also increase ABP, transferrin and

collagen I secretion above levels observed when Sertoli ce11s are

cultured on plastic surfaces (Hadley et a1., 1985). Peritubular

cel1s can also affect the secretory function of Sertoli cel1s by

enhancing the Sertoli ce11 response to androgens. Androgen treatment

of Sertoli ce11 cultures increases the secretion of ABP and trans-

ferrin but in co-culLures the effect is enhanced (Skinner and Fritz,

1985a). The effect can be mimicked by the addition of medium cond-

ítj-oned by peritubular ce11s. This medium contains a factor named

P-Mod S secreted by peritubular ce11s under the influence of and-

rogens which modulates SerLoli ce11 function (Skinner and Fríï-z,

1985b, 1986).

It has also been reported that in vítro metabolic co-operation

takes place between Sertoli and perì-tubular cel1s (Hutson,

However, this phenomenon requires contact between the ceI1

and so is not likely to be important in vivo.

I.4.2 Sertoli Ce11 Leydig Ce11 Interactions

1983).

types

ft is well established that Leydig ce11s secrete androgens

whích have an effect on spermatogenesis that is mediated by the

Sertoli cel1s. Some of the effects of androgens on Sertoli ce11s

have been discussed earlier in this review. However, there is also

evidence that information may pass in the reverse direction and

thus Sertoli cel1s can influence Leydig ce11 function.

In vivo studies have suggested that there is 1oca1 control
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of Leydig ce11s by seminiferous tubules. Bergh (I982, 1983) noted

that Leydig ce11s close to the seminÍferous tubules varied in size

according to the stage of the spermatogenic cyc1e. The size of the

Leydig ce11 is a good indicator of the level of androgen production.

The largest ce11s were associated with tubules at stages VII and

VIII which is when there appears to be a preferent'ia1 requirement

for androgen. As previously discussed (Section I.3.2), there is

evidence that Sertoli cells in culture secrete factors which infl-

uence Leydig ce11 steroidogenesis. These factors include testicular

LHRH. Secretion of some of these factors is increased by FSH treat-

ment (Verhoeven and Cailleau, 1985; Benhamed et a1., 1983; Janecki

et al., 1985). There has also been a report that FSH induces

morphological maturation of Leydig cel1s in hypophysectomized rats

(Kerr and Sharpe, l9B5) rnd it is likely that FSH exerts Lhis

effect via the Sertoli cell.

Leydig cells have been co-cultured with seminiferous tubules

at different stages of the spermatogenic cyc1e. Tubules at stages

VII and VIII induce maximal 1eve1s of testosterone production

(Parvinen et a1., 1984) which supports the hypothesis of a prefer-

ential requirement for androgens at these stages and also indicates

that the semi-niferous tubule can direct the fulfillment of this

requirement.

The in vitro ex periments with Sertoli cel1s and germ ce11s,

and Leydig ce11s have indicated that there are interactions between

these ce11 types which can influence Sertoli ce11 function and

presumably spermaLogenesis. However, the results also Serve aS a

reminder of the artificiality of the culturing system and this

must be borne in mind when extrapolating results obtained in viÈro

to the situaÈion r_n v l-vo
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i .5 Future Directions and t h e Aims of this Studv

0ne of the excÍting findings has been the discovery of the

effect of the culture substrate on the structure and function of

Sertoli ce11s in culture. Greater emphasis needs to be placed on

the study of Sertoli ce11s in culture while the complex architect-

ure of the ce11s is maintained. In addition, the effects of other

testícu1ar ce11 types on Sertoli ce11 function in culture already

observed, indicates that further studies need to be carried out to

investigate the interactions between testicular ce11s.

A deficì-ency of the work on Sertoli ce11 function is that

studies have been performed principally on tesLes of the laboratory

rat and Sertoli ce11 cultures are usually established from the

prepubertal rat testis. In order to investigate the roles of the

Sertoli ce11 ín spermatogenesis there j-s a need to study the func-

tion of the Sertoli cells of the mature animal. It is also desir-

able to study Sertoli ce11 function in other species. The limited

studies on Sertoli ce11s from man and boar have shown both similar-

ities and differences in aspects of Sertoli ce11 function and its

regulation when compared to the studies on rat Sertoli ce1Is.

The primary aim of this study was to extend the investigation

of Sertoli ce11 function to the bu11 to test whether or not concl-

usions drawn from the prepubertal rat vrere generally applicable to

other speci-es. The main focus of interest in Sertoli cel1 function

r{as protein secretion and the possible association of secretory

proteins with sperm. Although iÈ \{as most appropriate to study

these functions using cultures of Sertoli ce11s derived from mature

bul1s, an investigation \^ras also made of Sertoli ce11 f unction

during the esLablishment of spermatogenesis.

The specific aims of Èhe study were:- i) to establish cultures

of Sertoli ce11s from bovine testes at all stages of postnaLal
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developrnent; ii) to characterize the profile of secretory proteins

from bovine Sertoli ce11s by two-dimensional polyacrylamide ge1

electrophoresis; iii) to i-nvestigate developmenÈa1 effects on

protein secretion by Sertoli ce11s, specifically to study the

hormonal regulaÈion of protein secretion and the profile of proteins

secreted during testicular development; and it) to investigate the

presence of secretory proteins of Sertoli ce11 origin in the

epididymis and semen.

The method for preparing Sertoli ceIl cultures from prepuber-

tal rat testes was well established and provided a starting point

for the establishment of cultures from bu11 testes. Identification

of ce11 types i-n culture was to be carried out by electron micro-

scopy which necessitated the study of testicular tissue to define

criteria for the identification of ce11 types.

The idenLification of the secretory proteins from bovine

Sertoli ce11 cultures l{as to be carried out by two-dimensional gel

electrophoresis because of its superior resolving pourer over the

one-dimensional system. The opportunity also existed for the pre-

lini-nary characterization of proteins in terms of the subunit

structure of proteins, degree of glycosylation and identity rvith

serum proteins.

Two aspects of the effects of prepubertal developmenÈ on

protein secretion \^¡ere to be studied. These \^rere changes in the

regulation of protein secretion by hormones and the alterations

in the rate of secret.ion of specific proteins during development.

The effects of hormones added to serum-free cultures rnlere to be

measured by the incorporation of 35S-r"thionine into secretory and

cytosolic proteins and by examining the secretory Protein profiles

on two-dimensional gels. Developmental effects on protein secretion

were to be assessed by the comparison of secretory protein profiles
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from Sertoli ce1ls derived from testes at different stages of

development, through to the establishrnent of spermatogenesis.

The possibility that proteins of Sertoli ce11 origi-n may be

present in the epididymal and seminal fluids in association with

sperm r,/as to be investigated by the inmunoprecipitation of secret-

ory proteins from Sertoli ce1ls with antisera raised against fluids

and sperm from the testis, epididymis and semen and subsequent

analysis on two-dímensional gels.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Animals

Testes used in this study were either obtained from the

sAMCOR abbatoir at Gepps Cross, Adelaide or were obtained by cast-

ration of bull calves.

In the developmental studies, the bu11 calves used ure1.e the

offspring of two seasons of a crossbreeding experiment at the South

Australian DepartmenÈ of Agriculturets Turretfield Research Centre.

crossbred Hereford/simmental and Hereford/Jersey cows ulere mated

to charolais bu11s. calves were born in March 1984 and 1985. Birth-

dates were recorded and calves remained with their mothers under

field conditions. Calves were castrated surgically at defined ages

as set out in Table 2.I.

Testes were put on ice for transportation to the laboratory.

The testis and epididymis were dissected free of other tissues and

weighed separately. Samples were taken for histological examinatlon

and testes urere processed to obtain Sertoli and peritubular ce11

cultures.

2.2 Li ht acrosco

2.2.1 Testis Tissue

Blocks of testis tissue were fixed in Bouints fixaii-ve and

embedded in paraffin krax. Sections,6 Ur, were stained with haema-

toxylin and eosin. Slides were examined using a Leitz microscope'

Tubule and lumen diameters hrere measured using a digiLizet

with major and minor diameters being measured in 20 tubules from

each animal. No corrections v¡ere made for shrinkage of tissue



-35-

Tabl e 2.I

Ages of Calves

mon ths

5

6

6.5

7.5

B

8.5

9

9.s

10

11

weeks

4

8

12

I6

2I

23

25

27

29

31

33

35

37

38

40

4s

Numb er

of calves

4

4

4

4

4

1

4

1

4

1

4

1

4

1

1

I

Birth

date

4/4/Bs

30/3/Bs

29/3/8s

2e/3/84

28/3/84

27 /3/84

26/3/84

27 /3/84

2s/3/84

24/3/84

20/3/84

20/3/84

t6/3/84

r6/3/84

r6/3/84

ts/3/84

Ag"

1

2

J

4

5

5
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during fíxation.

The distribution of ce11 types in tubule cross sections was

obtained by examining aL least 8 tubules from each animal ' Ident-

ification of celt types was carried out using criteria established

by Abdel-Raouf (1960) ..d Berndston and Desjardins (1974) ' Ce11

types identified were i) gonocytes, ií) prespermatogonia' iii) type

A spermatogonia, iv) type B sPermatogonia: including intermediate

and B-type spermatogonia, v) leptotene-zygotene spermatocytes:

spermatocytes in the first stages of meiotic prophase I, vi) pachy-

tene spermatocytes, vii) secondary spermatocytes, vÍii) round

spermatids: spermatids at stage I-7, ix) elongated spermatids,

stage B-I4 spermatids and spermaLozoa in the tubular lumen,

x) central and basal indifferenL supporting cel1s and xi) Sertoli

cells.
))) Iso lated Ce11s

ce11 smears were prepared as f o11o\¡/s: - 3-4 u1 of the ce11

suspensions \¡/ere smeared on clean glass microscope slides, aít

dried and f ixed in buf f ered neutral f ormalin. The smears \^/ere

stained by the Feulgen method and counter stained with Light Green '

Assessment was then made of the number of peritubular cel1s Present

in the Sertoli ce11 suspension (Tung and Fritz, l9B4). Sertoli and

peritubular ce11s could be readily identified by their nuclear

rnorphology. Sertoli ce11 nuclei have a distinctive shape and peri-

tubularcellnucleicontainmanysmallnucleolj-.

2.3 EIectr Microsc

2.3.r Testis Tissue

Testes were perfused by cannulation of the testicular artery

first with O.97" saline and then with fixative, 2.57" gluteraldehyde

in 0.1M cacodylate buffer, pH 7.4, for at least t hour. cubes of
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fj-xed tissue (1 r*3) were dissected out and immersed in fixative

for 3 hours at room temperature. The tissue pieces were washed

tvice in 0.1M cacodylate buffer for 15 minutes and post fixed in

77" osmium tetroxide in 0.IM cacodylate buffer for I hour, 1% thio-

carbohydrazide for 30 minutes and 17" osmium tetroxide for 30

minutes (hlfllingham and Rutherford, 1984). After washing in cacod-

ylate buffer the tissue was dehydrated with ethanol. Tj-ssue was

infiltrated with resin, firstly 1:1 Spurr's resin: absolute ethanol,

then Spurrts resin alone. The specimens were placed ín silicone

flat ernbedding moulds, covered with Spurr's and cured at 60"C for

48 hours. Thick sections, l Um, were cut using glass knives on an

LKB Ultratome IV. Sections v/ere stained with toluidine blue and

the area containing seminiferous tubules was selected. Thin sect-

ions, 9O-100 flD, silver or gold interf erence colour, \4Iere cut and

put on 2OO mesh copper grids. Sections were stained with 17" uranyl

acetate for 10 minutes, counter stained with 0.27" lead citrate and

examined with a Jeol JEM CX electron microscope.

2.3.2 Ce11 Cultures

Sertoli and peritubular ce1ls were plated onto precured resin

in petri dishes. After establishment of the culture, which took

4-5 days, the culture medium \Á/as removed and the ce11 layer rinsed

with 0.iM cacodylate buffer, pH 7.4. Fixation utas carried out in

2.57. gluteraldehyde in 0.1M cacodylate buffer for 15 minutes. After

rinsing with cacodylate buffer, ce11s v/ere post fixed in 17" osmium

tetroxide in cacodylate buffer for 30 minutes, 17. thiocarbohydrazide

for 5 minutes and 7% osmium tetroxide for 5 minutes. Ce11 layers

\rrere dehydrated with ethanol, covered r+ith 1 :1 , Spurrts: ethanol

(v/v) for B to 12 hours followed by spurr's for I hours. Fresh

Spurr's was added and cured at 60"C for 48 hours. This resulted in
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the ce11 layer being embedded between two layers of Spurr's resin.

The petri dish \,{as removed f rom the resin b1ock. The resin hras

cut into sma11 blocks, which were mounted on gelatin capsules,

trimmed and sectioned for electron microscopy as outlined for

tissue blocks.

2.4 Ce11 Isolation and Cu1 re

2.4.r Gene r a1 Techniques

All steps of the procedure r{rere carried out so as to ensure

the sterility of the resultant primary cultures. Glassv/are was

siliconized and sterilized before use. Centrifuge tubes and filters

\,/ere sterí1e. Solutions rnlere sterilized by f iltration through a

l'li11ipore apparatus (culture mediurn O.22 Um; isolation rnedium

0.45 Um). Culture medium and isolation medium contained the fo11ow-

ing antibiotics: penicillin, streptomycin, garamycin, and an anti-

fungal agent, Fungizone (E.R. Squibb and Co.). All steps after

washing the tissue, with the exception of the enzyme incubations'

were carried out under sterile conditions in a Gelman lamina flow

cabinet.

2.4.2 Serto 1i and Peritubular Cell Isolation

The initial method used for bovine testes was that developed

for the isolaÈion of raÈ Sertoli ce11s by Dorr:ington and Frítz

(1975) and modified by Tung and Fritz (I977) '

Testis tissue, 1'6 8m, was washed in prehlarmed' 32"c' Hanks

Balanced Salt Solution (HBSS) (Flow Laboratories). \^lashed tissue

\4ras minced into 0.1 mm slices wiÈh a Mickle tissue slicer ' Minced

tissue was added to 50 mI prewarmed HBSS containing O.257" trypsin

(sigma, Type II) in a I25 ml flask and incubated at 32"C with

shaking for 30 minutes. The solution was placed in a 50 ml test

tube and allowed to settle f or 5 minutes. The top 25 m1 \¡¡as discar-
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ded. The remaj-ning 25 m1 was filtered through a 1 mm stainless

steel mesh. The f iltrate containing tubule f ragcnernts was washed

with HBSS by sedimentation f or 5 minutes . Tubule f ragment s \^/ere

suspended in 20 m1 HBSS by sedimentation for 5 minutes. Tubule

fragments vüere suspended in 20 m1 HBSS containing I mg/m1 col1ag-

enase (Sigma, Type I) and incubated in a I25 m1 flask for 30

minutes at 32"C with shaking. The solution r,i¡as centrif uged at 20 C

for 2 minutes and the supernatant Lras retained for the isolation

of peritubular ce11s. The pe11et containing celI aggregates lvas

washed by resuspension in HBSS and recentrifugation. The aggregates

h/ere dispersed by gentle agitation with a Pasteur pipette in Ca-

and Mg-free HBSS (Commonwealth Serum Laboratories) containing

0.1 mM EGTA. Ce11s vüere centrif uged at 60 C f or 2 mi-nutes, washed

twice and finally resuspended in Modified Essential Medium contain-

ing 4 rnM glutamine and non-essential amino acids (MEM) (F1ow

Laboratories). An aliquot was used to determine ce11 numbers by

counting in a haemocytometer. The suspension vas diluted Lo 5 x 105

ce11s/m1 and aliquots were plated in 24-weLI trays.

The supernatant from the collagenase digestion was centrifuged

at 60 C for 4 minutes to remove any rernaining Sertoli ce11 aggreg-

ates. The supernatant containing peritubular cel1s \4/as centrif uged

at 360 g f or 5 minutes. The pel1et \¡¿as washed trvice in HBSS and

finally resuspended in MEM containing IO7" fetal calf serum

(Commonwealth Serum Laboratories) and plated aÈ 5 x 105 cel1s/m1

in 24-weIl trays.

This method underr,'lent modifications to optimize Sertoli ce11

yields from bovine testes. The final method is given below and

outlined in Figure 2.I.

Testis pieces, 8 Bm, were washed in HBSS. The tissue \,/as
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Figur e 2.1

Flow Chart for the Isolation of Sertoli- and Peritubular

Cells from Bovine Testis
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minced roughly with scissors. Minced tissue \4ras added to 40 m1

1 mg/ml collagenase in HBSS in a 25O m1 flask and incubated for

15 minutes at 32"C with shaking ( 100 c. p. m. ) . The collagenase

solution was filtered through 2 mm stainless steel mesh. The filt-

rate \.\ras transf erred to a 50 m1 test tube and lef t f or 5 rninutes.

The supernatant was removed and the tubule fragments were washed

twice with HBSS. I^lashed tubule f ragments r{ere resuspended in 40 m1

of HBSS containing 1 mg/m1 collagenase and I mg/m1 hyaluronidase

(Sigma, Type 1-S) and incubated for 15 minutes at 32"C with shaking

The solution was centrifuged at 60 g for 2 minutes and the super-

natant was retained. The pe11et was washed with HBSS. Ce11 aggreg-

dispersed by gentle agitation with a Pasteur pipette.ates

The

I,ùe f e

solution \.vas filtered through 200 pm and then 100 Um nylon

meshes. The filtrate was centrifuged at 60 C for 5 minutes. In

some preparations the pe11et was resuspended in 20 m1 I mg/m1

hyaluronidase and incubated at 32"C for 15 minutes. The ce11 agg-

regates u¡ere recovered by centrifugation and waslled 3 times in

HBSS. The ce11 pe1let \^Ias f ina11y resuspended in MEM containing

5-I07. fetal cal-f serum, counted and plated at 7 x 105 ce11 s/nI in

24-weII trays. Peritubular ce11s were recovered from the collagen-

ase/hyaluronidase supernatant as outlined previously.

The cultures were kept in a 32"C incubator in a hurnidified

atmosphere of 957" air, 57. carbon dioxide. After p1ati.g, cel1s

rdere left undisturbed for 24 hours, the medium was changed and

changed every 48 hours thereafter.

Ce11 cultures hlere routinely monitored uslng an 0lympus

inverted microscope wj-th phase contrast optics.
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2.4.3 rstitial and Germ Ce11 fsolatiInt e on

Interstitial ce11s were isolated from the supernatant of the

first collagenase digestion of the Sertoli ce11 isolation proced-

ure. After sedimentation of tubule fragments, the supernatant was

removed, transferred to centrifuge tubes and the ce11s v/ere co11-

ected by centrif ugation at 100 g f or 10 minutes. The ce11s \4/ere

resuspended in HBSS and the suspensi-on was filtered through 50 um

nylon to remove connective tissue. The ce11 SusPension was centri-

fuged again and the pe1let was resuspended in methionine-free MEM.

The concentration of cells \,/as determined, the cell suspension was

diluted to 4 x 106 ce11s/rl and aliquots were plated in 24 well

tray s .

A germ ce11-enriched preparation vlas prepared by a modificat-

ion of the method of Romrell et a1. (1976). The procedure was the

same as that used to prepare Sertoli cells with the following modi-

fications. The isolation medium, HBSS, contained 6 nM lactate

(Jutte et a1., 1981). After the centrifugation step, which followed

filtration through 2OO and 100 um ny1on, the "rrp"tttatant 
was ret-

ained and the pellet containlng Se¡'Io1i ce11s was discarded. The

supernatant was filtered through 50 um nylon and the ce11s in the

f iltrate \^ras collected by centrif ugation aL 100 g f or 10 minutes.

The ce11 pe11et was washed twice and finally resuspended in meth-

ionine-free MEM containing 6 mM lactate. The ce11 concentration

ì^/as determined, the suspension diluted to a f inal concentration of

4 x I06 ce1ls/ml and aliquots were plated in 24 well trays.

Due to the limited survival of both interstitial and germ ce11s

in culture, 35S-*"thionine (75 UCi/wel1) was added after Plating

hours. Samples were Processed asand ce11s were incubated

outlined in Section 2.5.

for 16
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S-Methionine Labelled Proteins35
2

2 5.1 Ce11 Cultures

After the int.ial 24 hours in serum-containing medium, Sertoli

cell cultures u¡ere given serum-f ree media, which \./as supplemented

depending on the experiment being perforrned. The final concentrat-

ion of additives i-n the ce11 culture medium are outlined in Table

2.2. Peritubular culLures v/ere usually rnaintained in media supplem-

eted with fetal calf serum (IO7").

Tabl e 2 -2

Additives used in Culture Medium for Sertoli Ce11s

Additive

5o-Dihydrotestosterone (DHT)

Fo11ic1e stimulating hormone (FSH), ovine

Insulin, bovine

Transferrin, bovine

Retinol

Epidermal growth factor (EGF), mouse

Final Concentration

0.7 pM

25 ng/nI

5 p g/m1

5 p g/ml

0.35 pM

10 nglm1

At either day 4 or 5 of culture, MEM was replaced by methion-

ine-free MEM. The methioníne-free MEM contained additives that

cultures had previously received and was serum-free for peritubular

ce11 s .

After 6 hours, 35S-r"thionine was added Lo the cultures at
2q

50 UCi/we11. "S-Methionine l¿as prepared in the Department of

Animal Sciences by acid hydrolysis of bacterj-a1 cultures which had
(see Pg' 4€o)

been groh/n in media containing radioactive sulphate. Sertoli and

peritubular ce11 cultures were incubated with 35S-r"thioníne for
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20 hours.

?5 2 Secreted Proteins

At the end of the incubation the medium was removed, and

phenylmethylsulphonyl fluoride (PMSF) r{as added Èo a final concen-

tration of 1mM. Sanples \¡Iere centrifuged for 15 minutes at

12,000 g at 4oC. Aliquots were taken to measure the incorporation

of 35S-r"thj-onine into protein. Carrier protein, 50 Ug bu11 testis
t

homogentàte, hlas added to media samples. Secreted proteins v¡ere

precipitated by the addition of trichloroacetic acid (TCA) to a

final concentration of I07" and left overnight at 4"C. Samples \^¡ere

centrifuged at 10,000 g in a Beckman microfuge. The precipitate

was washed and then extracted twice with ethanol:ether (1:1) to

remove lipids. After/drying under vacuum the pellets were resuspend-

ed in 20 Þ1 1O mM Tris , !7" SDS pH 7 .4 and proteins were solubilized

by boiling f or 2 minutes. Aliquots \4¡ere taken to determine the

amount of radioactivity to be loaded onto gels'

2.5.3 Cvtos olic Protei-n S

After removal of medium from ce11 cultures, ce11s were scraped

into 10 mM Tr1s, L% SDS pH 7 .4 and proteins \^Iere solubilized by

boiling f or 2 minutes. Aliquots \^rere taken to determine the incorp-

oratj-on of radioactivity int.o proteins and for total protein estim-

ation by the method of Lowry et a1., (I951).

2 .5 .4 Cvtosk e1eta1 Pro teins

cytoskeletons were prepared either from cultures 1abe11ed

wj-th 35S-*"thionine as described previously or from unlabelled

cultures grown in Falcon flasks (25 m1). Two different methods

were employed for the isolation of cytoskeletal proteins.

The first was a method described for cultures of rat epididy-

mal ce1ls (01son et a1., I9B3). Media was removed from ce11
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cultures and the ce1ls were rinsed with HBSS'

r+ith O.57" Triton X-100 in HBSS for 10 minutes'

rinsed trvice with cold HBSS. Residual proteins

Ce11 s

The

wer e

r,/ere extracted

residue was

solubil-ized

pH 3-10, IO%

room temper-
in9M

Nonidet

ature.

urea , I.6% Ampholines pH 5-7 , O.47. Ampholines

P-40, 57" 2-mercaptoethanol for 30 rninutes at

Solubilized proteins were frozen at -20oC.

The second method v/as based on a procedure used by Franke

et a1., (I981). After rinsing, ce11 nonolayers were extracted in

140 mM NaCl, 1O mM Tris-HCl pH 7.6, 0.57" Triton X-100 for 5 minut-

es. The residue was rinsed and extracted i-n 140 mM NaC1, 10 mM

Tris-HCl pH 7.6, 1.5 M KCl, O.57. Triton X-100 for 30 minutes. The

residue \{as scraped into HBSS and centrifuged at 7,000 g for 5

minutes. The resultant pe1let ulas washed 3 times with HBSS and

finally resuspended in 1O mM TrÍs-HC1 pH 7 -6, 17" SDS and boiled

for 5 minutes.

In both methods aliquots were taken to measure the incorpor-

ation of radioactivity, or the protei-n concentration (Lowry et a1.,

195I). Samples were stored at -2O"C prior Lo two-dimensional elect-

rophoresis.

2.5.5 Incorp oration of RadioactivitY into Proteins

Aliquots of media and solubilized cytosolic and cytoskeletal

proteins \\'ere added to siliconized test tubes containing carrier

protein, bovine serum albumin (50 Ug) and methionine (0.1 UM) and

precipitated with TCA. The precipitate \das collected on membrane

filters (po.e size 0.45 Um) using a Millipore 12 port filtering

apparatus. Dried f ilters \4/ere immersed in toluene scintillation

fluid ILoIuene containing O.4 e/t I,4-di(2-(5-phenyloxazoyl)-.

benzene and 3 g/I 2,5-dipheny!oxazole] and counted in a Packard

Tri-carb liquid scintillation spectrometer'
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2.5 .6 Immuno recl- itatio

Sertoli ce11 secreted proteins were immunoprecipitated

with antibodies against either bovine blood serum, reproductive

tract fluids or spermatozoa. Antibodies were raised in rabbits by

Dr. Michael Ho11and. (st:* P'" +g o')

Immune sera \¡/ere processed by precipi-tation with 4O7" satur-

ated ammonium sulphate to obtain IgG fractions. Normal rabbit serum

similarly treated was used as a control.

Immunoprecípitations were carried out by the method of

Ivarie and Jones (1979) using a commercial Preparation of heat-

kil1ed and formalin fixed Staphvloccus aureus (Pansorbin; Calbio-

chem Co;) as an absorbent for immune complexes. Protein A, a conp-

onent of the ce11 wa11, binds to the F. region of IgG molecules.

Media samples containing radiolabelled protei-ns and added

BSA (5 mg/m1) were frozen and btored at -20"C until immunoprecip-

itations were performed. After thawing, Nonidet P-40 and EDTA r"/ere

added to final concentrations of O.257" and I mM, respectively.

Pansorbin, which r¿as freshly washed in PBSE/NP40 (25 mM KH'POO,

pH 7 .6, i00 nM NaCl, 1 mM EDTA , O.257" NP40), r^Ias added to rnedia

samples as a pretreatment and incubated for 10 minutes on ice.

Samples urere centrifuged at I0,000 g for 2 ni-nutes and the super-

natant transferred to a fresh tube. Antibody was added and incubated

f or I6 hours at 4" C. Freshly v/ashed Pansorbin \^/as added and samples

r^/ere incubated f or 15 minutes on ice. Precipitates v/ere collected

by centrifugati-on at 10,000 g for 1 minute and then resuspended

in PBSE/NP40. Precipitates were washed twice with centrifugation

and \,{ere f ina1ly resuspended in 10 mM Tris, 17. SDS, pH 7 .4. Proteins

were solubilized by boiling for 5 minutes, samples were centrifuged

and the supernatant used for two-dimensional ge1 electrophoresj-s.
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2 .6 "Iw o-Dimensional Electro n hores as

2.6.I fsoelectric Focu sinp, and SDS Slab Ge1 Electroohoresis

Proteins were separated by two-dimensional polyacrylamide

ge1 electrophoresis by the method of 0'Farre1l (1975). Isoelectric

focusing was carríed out in tube gels of composition: 9.2 M Urea,

47" Acrylamide, 27, Nonidet P-40 and 57." Ampholines pH 3.5-I0 (LKB).

The gels were formed in siliconized glass tubes, 3 rnm in diameter

and 10 cm in length. Tube gels \¡/ere pre-electrophoresed ax 2OO V

for 15 minutes,300 V for 30 minutes and 400 V for 30 minutes.

Samples were prepared for electrophoresis as follows:- in general,

10 U1 sofubilized protein with 10 mg Urea and 10 Ul of Solution a

(9 M Urea, I.67" Ampholines pH 5-7, O.4% Ampholines pH 3-10 , I07"

Nonidet P-40 and 57" 2-mercaptoethanol). Samples \^rere loaded onto

tube gels and electrophoresed at 400 V for 16 hours and 600 V for

t hour to a total of 6,500 to 7,000 Volthours. The pH gradient

r¡as measured usÍng slices of a control tube gel.

Proteins r^rere occasionally separated by non-equilibriurn pH

gradienL gel elecrrophoresis (NEpHGE) (0rFarrell et a1. , 1977) .

This procedure differs from isoelectric focusing in the tube gels

are not pre-electrophoresed. Samples prepared j-n the same manner

as above \{ere loaded directly onto tube gels of the same composit-

ion as described above. Electrophoresis \^/as perf ormed with the

polarity reversed and at 400 V for 4 hour. The pH gradient was not

measured because using NEpHGE separation of proteins does not occur

strictly according to isoelectric point.

After electrophoresis, tube gels \{ere equilibrated by shaking

in 62.5 mM Tris-HCl, pH 6.8, 2.37" SDS, IO7" (*/'*') glycerol and 57"

2-mercaptoethanol- for 2 hours and then frozen and stored at -80'C

until run on the second dimension.
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Tube gels were loaded onto acrylamide gradient (8-132) slab

gels j-n a Bio-Rad apparatus, and electrophoresed at 30 rnA/ge1 until

the trackinB dye, bromophenol blue, reached the bottom of the slab

ge1. A mixture of proteins of known molecular weight was run on

each slab ge1 ( ß-galactosidase , 1 30 ,000 ; phosphorylase , 94 ,000 ;

bovine serum albumj-n, 68,000; catalase, 60,000; aldo1ase, 40,000;

chymotrpsinogen A, 28,000; o-1actog1obulin, I8,400; c,vtochrome c 
'

I2,500). Slab gels were stained and fixed overnight in O.17. Coom-

assie blue R250 in methanol:acetic acid:\,/ater (5:1:4, v/v), and

desLained in methanol:acetic acid:water (3:1:6 v/v).

2.6.2 Fluorographv

Gels were impregnated with 2,5-diphenyloxazole (PPO) by

soaking in acetic acíd for 5 minutes and 2O7. PPO in acetic acid

for 90 minutes. PPO \{as precipitated in the gels by immersing them

in water f or 30 minutes ( Skinner and Griswold, I983 ) . Gels 'hrere

dried under vacuum on a heated Bio-Rad ge1 drying aPparaLus. Radio-

labelled proteins u¡ere detected by fluorography using pre-flashed

Fuji Rx X-ray film (Bonner and Laskey, L974; Laskey and Mil1s,

r97s).
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endum Me ds
35aratio n of Crude S -Methionine2 7 .I Pre

E.coliB487(0.15mI)"aSgrownin5mlofliquidmedium

containing 1O mM sodium sulphace for 24 hours at 37"C' E'co1i

(0.5 n1) hras then innoculated into 9 m1 of liquid medium containing

0.1 mli sodium sutptrate and incubated for 16 hours (oDso0 = 0'5)

at 37"C. Ce1ls htere pelleted by centrifugation and resuspended in

2 nl of liquid medium. of the ce11 suspension, 0.5 m1 was added to

1O m1 of liquid medium containing 0.1 mM sodÍum sulphate and 10 mci

N.23ttoo (Amersham, specific activity 25 CL/ng) and incubated for

8 hours e t 37 oC.

ce1ls were pelleted by centrifugation and resuspended in 1 m1

of 5N hydrochloric acid, containing 15 nM dithiothreitol (DTT) ;

transferred to a glass ampoule which was sealed under nitrogen '

Cel1sI{¡erehydrolysedfor20hoursatl05.c.Thehydrolysateu¡aS

dried under vacuum and the residue I^¡as washed twice with O 'I% DTT

and transferred to a 1.5 ml Eppendorf tube'

AnaliquoËl,ilaSremovedforcountinginaliquidscintillation

spectrometer. purity was assessed by Ehin layer chromatography (trc)

eluÈing with butanol:acetic acid:vtater (I22325, v/v), followed

by autoradiography. Non-radioactive' methionine was used as a tlc

standard.

Crude 35S-t"thionine h'as stored aE -70"C'

2.7 .2 Pre Lon Ant i dies ainst Bovine erm Re rod

Fluids

Bovine semen h¡as collected by elecÈroejaculation of mature

bu11s. Testicular samples were collected by micropuncÈure of the

Lve
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the antiserum used h¡as RABLH#5, the standard USDA-bLH-B-5 and the

iodination hormone usDA-bLH-I-1. All 0f these $/ere obtained from

Dr. Douglas Bo1t, with the exception of RABLH#5 which was suPPl-ied

by Dr. Jerry Reeves. The second antibody used in both assays was

raised in sheeP against rabbiE gamma globulin'

I

2

3

Bolt , D. J

Golter, T

D'0cchio,

and Ro11ins, R., (1983), J-Anim.Sci', Í, I46-154'

D. et al., (1973), J. An in. Sci . , 37, L23-127.

M.J. et al., (1986)' J. Endo crinol. , (in press).
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CHAPTER 3

TESTICULAR DEVELOPMENT AND

SPERMATOGENES I S

THE ESTABLISHMENT OF

IN THE BULL

3.1 Introduction

Several studies have investigated the postnatal development

of the bovine testis and the timing of the onset of spermatogen-

esis (Macmillan and Hafs, I968ab, 1969; Abdel-Raouf, 1960; Attal

and Courot, 1963; Curtis and Amann, 1981 ) .

In the present study the histology and ultrastructure of the

bovine testis was, examined for two purposes. First, to character-

ize the morphology of the various ce11 types in the testis so that

they could be identified in culture. Second, to establish the stage

of development of Lestes from calves of known age so that the stage

of development could then be correlated with the success of estab-

lishment of cultures. This ís information that would also be re1-

evant to the studies on the protein secretory funcLion of Sertoli

ce11s and its hormonal regulation.

3.2 Testicular \rleipht

Testis weight increased from 7 g* at 4 weeks to 234 gn at 45

r+eeks (Tab1e 3.1, Figure 3.1). The period of rapíd gro¡'¡th of the

testis commenced at 27 weeks. It \.{as at thís time that body weight

also showed a rapid increase, At 45 weeks, adult testis size, whích

is in excess of 3OO gm (Amann, 1962; Attal and CouroL, 1963)' had

not been reached . \\lhile there was an overall pattern of growth,

individual animals did not necessarily conform to this pattern'

The notable excePtions in this study were the 31 week o1d ca1f,

which had shor+n f aster than average growth, and the 40 r+eek o1d

ca1f, which was slower growing. There was no signíficant differ-

ences in testicular and body weight between the three genotypes of
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Table 3.1. Body \.¡eights, testis weights and seminif erous tubule

parameters during postnatal developrnent of bu11

ment.s are shown as means with standard errors.

and 2.2.1 for details of animals and methods.

calves. Measure-

See Section 2.I
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the bu11 calves; Charolais/Jersey /Hereford, Charolais/Simmental_l

Hereford and Charolais/Hereford.

3.3 Dimens ns of the Sern iniferous Tubuleso

The tubule diameter was 54 Um at 4 weeks and increased to

greater than 2OO Um at 45 weeks (Table 3.1, Figure 3.2). hlhen the

tubule diameter is expressed as a funcLion of the testis weight

there is a clear relationship which accomodates the two calves

whích did not conform to the general growth trend. The relationship

is tog-linear which can be described by the least squares regress-

ion equation: -

Y = 174.917ogx - 57.63 t;

where x is the testis weight (grarns) and y is the tubule diameter

(ur¡ (Figure 3.2).

A tubular lumen did not develop untiT 25 weeks of age. At that

âgê, the lumens observed were sma11 with an average diameter of

45 Um. By 33 weeks, all tubules contained a lumen and were approx-

imately the same si-ze as observed in older animals. The mature

animal included for comparj-son in Table 3.1, had a smaller lumen

than the 45 week old calf while the tubule diameters were comPar-

able. The smaller lumen can be explained by the increased number

of germ ce11s in the older animal.

3.4 Cel1 Tvoes in the Develo nins Seminiferous Tubule

The changes in the ce11 types within the seminiferous tubule

as a function of age are set out in Table 3.2. Between 4 and 16

weeks the tubules were sma1l solid sex cords containing only gono-

cytes and supporting ce11s. Based on observations using the light

microscope, the supporting ce1ls have been described as indiffer-

ent supporting cel1s (Abde1-Raouf,1960). There are two types

referred to as basal indifferent supporting (BIS) ce11s and central

indifferent supporting (CIS) ce11s, depending on their position
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within the tubule. From I6 to 23 weeks gonocytes \¡/ere replaced by

spermatogonia and CIS and BIS ce1ls became recognizable as Sertoli

cells under the light microscope. At 25 to 27 weeks, the first

meiotic divisions had commenced and primary Spermatocytes \^rere

observed. By this time, the blood-testis barrier, including tight

junctions between Sertoli ce11s, had presumably been formed. At

29 weeks, spermatids first appeared but had noL been released into

the tubular 1umen. Spermatozoa in the lumen were observed at 33

weeks (147 gm testis r./eight). There was a pronounced increase in

the number of germ cells per tubule section from 29 to 33 weeks.

The number of germ cells continued to increase with age (Figure

3.3). The 45 week o1d calf had a greatly i-ncreased number of germ

cells compared with younger calves although less than \.ras observed

for the mature animal.

The calf aged 31 weeks which had shown faster than average

growth showed a stage of development which corresponded to the

stage of development of testes of a similar r+eight from older

calves. The 40 week o1d calf , which was s1o\,/er growing, shorn'ed a

stage of development corresponding to testes of similar weight

from younger calves. These observations suggesÈ that testis weight

is a better indicator of the stage of development than is age in

these bu11 calves.

3.5 UltrastrucLu re of the Devel ooins Seminiferou s Tubule

The 76 week o1d animal \4ras used as an example of the immature

testis for ultrastructural studies (Figure 3.4). The BIS and CIS

cells possessed the features seen in mature Sertoli ce11s (Figure

3.5 and 3.6). Infoldings of the nuclear membrane were observed as

!,'ere vesicles within the nucleolus.

Junctional complexes between Sertoli cells r^/ere present at



FIGURE 3.4

Electron micrograph of the testis of a bull calf aged 16

weeks, shor*'ing gonocytes (G) and supporting ce11s (S) rvithin

the seminiferous tubule, the thick basement membrane (BM)

and peritubular ce11s (P) rnd Leydig ce11s (L) ln the

interstitial tissue. Magnification x4800.
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FIGURE 3.5

a) Electron micrograph of part of the seminiferous tubule

in the testis of a bu11 calf aged 16 weeks, showing the

t\do types of supporting ce11s, a central indifferent supp-

orting cell (CIS) and a basal indifferent supporting ce11

(BIS) which is situated on the basement membrane (BM).

Magnification x15,000.

b) Electron micrograph of a Sertoli ce11 in the testis of

a mature bul1, showing the infoldings of the nuclear

membrane and the vesicular structures in the nucleolus.

The basement membrane (BM) is shown and contains the knob-

like projections. Magnification x10,000.
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a) Electron micrograph

of a bul1 calf aged 16

ures of the nucleolus.

Magnification x15,000

FIGURB 3.6

of supporting cel1s in the tesÈis

weeks showing the vesicular strucÈ-

The area outlined is enlarged belor¿.

b) Electron micrograph of Lhe areqbetween the supporting

ce11s with arrows denoting a junctional complex. Magnific-

ation x48,000.
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FIGURE 3.7

a) Electron micrograph of part of the seminiferous

in the testis of a bu1l calf aged 16 weeks showing

basally situated supporËing ce11s (S) and the more

gonocyte (G) . Magnification x10,000.

tubul e

the

cen tral

b ) Electron

situated on

a bu11 calf

micrograph of a spermatogonium (Sp) which is

the basement membrane (BM) in the tesLis of

aged 2L weeks. Magnification x10,000.
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FIGURE 3. B

a) Electron micrograph of testis from a bu1l calf aged

2l r+eeks showing a spermatogonium (Sp) and Sertoli ce1ls

(S ) r',ithin the tubule and the basement mernbrane (BM) with

associated peritubular ce11s (P) . Magnification x6,000.

b) Blectron micrograph of the basement membrane (BM) of

the seminiferous tubule in a mature Èestis whi_ch shows

knob-1ike projections (arrows). A peritubular cel1 (P)

is closely associated with the basement membrane.

MagnificaÈion x15,000.
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I6 weeks (Figure 3.6). Gonocytes were observed at this age. These

are large ce1ls situated towards the ceutre of the tubule (Figure

3.7). Spermatogonia urere first seen at 21 weeks of age. Spermato-

gonia have an ovoid nucleus which is distinct from both gonocytes

and inrmature Sertoli cells (Figure 3.7).

A type c (Burgos et a1., l97O) limiting membrane is observed

with a wide inner component and an outer conponent containing

connective tissue and peritubular ce11s (Figure 3.8). Peritubular

cells are distinguished by an elongated nucleus contai-ning dense

deposits of chromatin around the periphery of the nuclear membrane

(Figure 3.8).At 16 weeks the interstitial tissue is differentiated

with peritubular ce11s and Leydig ce11s both being observed (Figure

3.4).

3.6 Discussion

Extensive studies of the postnatal development of the bovine

testis have been carried out on Holstein (Macmillan and Hafs,

196Bab, i969; Curtis and Amann, 19Bl ), Normandy (Atta1 and Courot,

Ig63) "nd swedish Red-and-\^lhite (Abdel-Raouf , 1960) catLle. Figure

3.g shows Lhe comparisons of groivth and testicular development

between Hofstein a¡rd Swedish Red-and-hlhite bu11s and the crossbred

bu11 calves of the Present studY.

The crossbred bu11 calves showed a greater increase in body

weight and testicular weight in comparison with the other breeds

after 2l weelcs of age. The limited information on Hereford bu11s

indicate that they have a slorver growth rate than crossbred bu11s

(Swanson et a1., IgTl; Lunstra et âf., 1978). 0ne report on Charo-

lais bulls gave an average bodyweight of 396 kg at 4I weeks (Barker

and Almquist, 1975). This is comparable with the bodyweight observ-

ed in the crossbred calves at this age and indicates that the
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Charolais input in their genotype has influenced their body growth.

The growth of the testis can be divided into a period of

relatively slow growth from 4 to 2I weeks and a period of more

rapid growth from 2I to 45 weeks. It is during this latter period

that the testis weights of the crossbred calves are larger than

those of other breeds of equivalent age (F:-gure 3.9).

In crossbred bu1ls the serainiferous tubule diameter achieved

adul.t size at 3B to 40 weçks of age. This v/as also the case f or

Holstein bu11s (Macmillan and Hafs, 1969), despite their lower

testis weight. Lumen formaLion commenced earfier (2O weeks) in

Holstein bul1s than in either the crossbred or Swedish Red-and-

I4lhite bu11s.

The onset of spermatogenesis in the crossbred bu1ls in the

present study occurred at the same age as in the bu11s in the other

studies (Curtis and Amann, 1981; Abdel-Raouf, 1960) . The more

advanced stages of spernatogenesis appeared at the same age in

the crossbred bul1s as in these other studies

Charolais and Hereford cattle are bred for meat production

and are generally considered late maturing breeds when compared to

the dairy breeds. Many of the calves in this study 1{ere one quarter

Jersey. The influence of this dairy breed may explain the observ-

ation thaÈ the onset of spermatogenesis in the crossbred bu11s

occurred at the same age as in the dairy breeds.

In the crossbred bul1s an interval of 91 days was observed

from the appearance of spermatogonia to the release of spermat ozoa

into the tubular lumen. This compares favourably with B4 days

reported for Holstein and Swedish Red-and-hlhite bu11s. The time

taken in the mature bu11 for the dffferentiation of germ ce11s

from spermatogonia until release of spermatozoa into the tubular
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lumen is 40 to 60 days (0rgebin, 1961; Amann, 1962). ft has been

suggested that this greater time interval in bu11s just commen-

cing spermatogenesis could be accounted for by the degeneration of

germ ce1ls so that spermatozoa are not produced from these first

meiotic divisi-ons. Support for this proposal comes from the frequ-

ent observations of degenerating nuclei in developing tubules

(Atta1 and Courot,1963; Courot et a1.,1970; Curtis and Amann,

1981).

Spermatogenesis is qualitatively complete at 33 weeks. Ce11s

at all stages of differentiation from spermatogonia to spermatozoa

are present at this age. However, there is a further increase in

growth of the testis, in terms of testis weight and tubule diameter

and a greatly increased number of germ ce1ls which leads to adult

1eve1s of sperm production.

Observations made using the electron microscope have confirmed

that the so-ca11ed 'indifferent suPPorting ce11s' are Sertoli

ce11s, albeit morphologíca11y immature. At 16 weeks, when Sertoli

ce11s cannot be identified using light microscopy, the'characteris-

tic features of Sertoli ce11s can be observed. The nucleus possess-

es infoldings of the nuclear membrane and vesicles are present in

the nucleolus. These features become more pronounced in Sertoli

ce11s from older animals.

Junctional complexes hrere present betr,¿een Sertoli cells at

I6 weeks of age suggesting that formation of the blood-testis

barrier had commenced. This is earlier than would be expected

because formation of the blood-testis barrier is usually considered

to have occurred when tubule lumens are observed. This did not

occur unÈiI 25 weeks in this studY.

The bovine testis possesses a type c limiting membrane around

the seminiferous tubule (Burgos et a1., 1-97O) consisting of complex
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ce11u1ar and non-ce11u1ar Iayers which was differentiated aE 16

r¿eeks. At 16 weeks, the mesenchymal ce1ls of the interstitial

spaces have differentiated into recogni-zable fibroblast-1ike

ce11s and Leydig ce11s. This is in agreement with the observations

of Hooker (1944) who was able to distinguish Leydig ce1ls using

the light microscope at this age in Eestes from dairy bul-1s.

I

I

I
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CHAPTER 4

ISOLATION AND CULTURE OF BOVINE SERTOLI AND PERITUBULAR CELLS

4.1 Introduction

Several methods have been established for the isolation of

Sertoli cel1s from the rat testis (Dorrington and Ftítz, I975;

Idelsh and Lliebe, I975; Steinberger et a1., 1975). The most widely

used method uses a seguential enzyme digestion of trypsin and

collagenase to produce Sertoli ce11-ênriche-d cultures from 
.,

prepubertal rat testes (Dorrington and FriLz, I975). This nethod

was used as a starting point to establish bovine Sertoli cel1 cu1-

tures from bu11s at all stages o.f development'

4.2 Isolati n Procedure

sertoli cel1s \4rere initially isolated by the method of

Dorrington and Fritz (L975) as modified by Tung and Fri-tz (1917)

using testes f rom the abbatoir. Recovery of ce11s I4Ias unsatisf act-

ory with the average yield of ce1ls being 5 x 105 Sertoli cel1s/gt

testis (B x I05 cells/isolaLion) while in some isolations ce11

yields were negligible. The presence of peritubular ce11s in the

Sertoli cell fraction was assessed by ce11 counts on Feulgen stain-

ed smears (Tung et a1., 1984). In this isolation procedure average

peritubular contamination \^ras 277". Some success !üas achieved using

testes from immature animals when 2 x 106 Sertoli cel1s/grn tissue

r,ras obtained.

Modifications to the isolation procedure vrere carried out to

optimize yields of Sertoli ce11s and reduce contamination by peri-

tubular ceIls. The modifications and the resultant ce11 yields are

shorvn in TabIe 4.I.
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sEÌlOLr Cn r q

A\ERTC8NE-D Á\8..?ERIIIE.IIR
(crjl[s/8m ¡r.qE¡ rqt. GNIA¡IIilÄI.IIN

Itì

PERITUBUtrR
rFlr.UÐ.D

(ce!./8r! ¡sE)

l. fron DorrinSton and Frlrz (1975)

and Tung and Frftz (1977)

1.6 gn ÈesÈia

a) 50 o1 2.5 ng/ol trypsln, 30 nln
b) 20 ¡¡1 I ¡p/ol collacenase. 30 oln

Castratlon

Âbbatolr

<100

100-200

>200

2.0 : 106

6.3 r 105

3.7 x 105

(2)

(4)
(6)

ó.O ¡ l05

5.2 ¡ lo5

5.2 r 105

27

2. 4 ga testls
a) 50 ol 2.5 ng/nl trypsln, 15 ¡ln
b) 20 nI I ug/nl collagenase, 15 nln

Caslrat.lon <lOO

r00-200

Abbatol r I00-200

>200

1.9 x lo7 (9)

5.0 ¡ ro6 (2)
l.l ¡ I
1.0¡I

o7

o6

20

3.7 ¡
l.l x

t06

ro6

(12 )
(4)

t06

l06

3.1 x

4.5 r

3. 4 go tesÈls

a) 50 nl 2.5 ng/nt pronase, 15 nLn

b) 20 nl I og/ol collagenaie
and I rrg/ol hyaluronldase, 15 uln

Cssira Èlon

Âbbatolr

r00-200

>200

100-200

>200

1.4 ¡ 107

6.2 ¡ lo5

(l)
(2)

r06

l0J

(2)

(t )

8.( ¡

2.1 ¡ 106

8.6 x 105

l-5 x 106

l05

l¿
2.3 t
3.4 x

4. I gm tesÈla C,asÈratlon

a) 40 o1 I ug/nl collagenase' 15 oln
b) 40 ul I ng/ol collagenase

and I ng/ol hyaluronldese, 15 oln

c) ú0 ol I ng/ul hyaluronidase. 15 nln ,¡\bbarotr

<100

100-200

>200

t00-2æ

>200

1.0 ¡ 107

6.5 x 106

7.0 ¡ 106

4.3'¡ l0ó

1.4 ¡ 107

(12)

(6)

(2)

(6)

(4)

10

1.8 ¡ 106

8.5 r I05

4.0 x t05

9.6 r 105

2.7 x 105

Table 4.1. Yields of Sertoli ce11s and peritubular cel1s under

different isolation procedures. Numbers in parentheses represent

the number of isolations. See Sections 2.4.2 anð 4.2 for details

of methods.
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i) The tissue:enzyme ratio was increased to 4 g* tissue/50 m1

trypsin. It was found that bovine testis was much more sensitive

to trypsin than rat testis. Digestion times were decreased to 15

minutes for both enzymes. This resulted in an increase in ce11

yield and a decrease in peritubular ce11 contamination to 20%.

ii) In an efforL to improve the initial breakdown of the

testis into tubule fragments a different enzyme, pronase, was used

in the first digestion. Hyaluronidase h¡as included in the second

digestion to improve the separation of peritubular ce11s from

Sertoli ce11 aggregates. Ce11 yields did not markedly increase

while contaminat j-on by peritubular cells v¡as lowered to 747".

ii-i ) \^lhi1e attempting to isolate germ ce11s by the method of

Romrell et a1. (1976), it was observed that the initial digestion

in collagenase separated tubules fron the interstitial tissue far

better than did trypsin. This 1ed to the final isolation procedure

(Figure 2.I) replacing trypsin with collagenase and using hyalur-

onidase with collagenase in the second digestion. Ce11 yields

averaged 8.4 x 106 Sertoli ce11s/gm tissue. Peritubular ce11 cont-

amination v/as decreased to LO7". The use of hyaluronidase to reduce

peritubular ce11 contamination has been reported by Tung et a1.

(1984). Followj-ng that report, on occasion a third digestion with

hyaluronidase uras used, but no significant decrease in the level

of contamination \4ras observed.

l^lhi1e it has been reported that rat Sertoli ce11 cultures can

be established in serum-f ree conditions, it 1,üas observed t.hat bov-

ine Sertoli ce11 cultures required fetal calf serum for esÈablish-

ment. The requirement rvas more important for Sertoli ce11s isolated

from larger testes and hence older animals. In general, 17" lüas used

for ce1ls from testes srnaller than 50 8m, 5% for 50 to 150 gm and
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I07" for testis greater than 150 gm.

The success of isolation and culture of Sertoli ce11s was

dependent on the size of the testis and hence the age of the

animal. Ce11 yields decreased with increasing testis weighÈ

(>100 gm) and survival in culture hras reduced. vJhen testis weight

\\¡as greater than 100 grn only 4O7" of cultures survived f or 5 days.

Sertoli ce1ls from smaller testes could surVive for up to 4 weeks

i-n cultures with

4.3 Morpholosy of

added serum.

Cultured Ce11s

Identity of the cultured ce11s as Sertoli ce11s has been con-

firmed using electron microscopy. After experiencing difficulty in

separating the polystyrene culture dishes from t.he resin-embedded

cultures, cel1s were plated onto precured resin. The ce11s attach-

ed to this surface and no difference in the morphology of the cult-

ures plated o¡ resin to those plated on culture dishes was observed

The cultured Sertoli ce1ls possessed the characteristic large

indented nucleus conLaining the prominent vacuolated nucleolus

(Favcett, 1975) r*'hich \rras observed in tissue sections (Figures 4.7

and 3.5). Processes on the apical regions of Sertoli ce11s were

seen (Figure 4.2). Tight junctions between neighbouring Sertoli

cells persisted in culture (Figure 4.2) atd Sertoli cells remained

in aggregates in culture, often with underlying peritubular ce11s

(Figure 4.3).

Peritubular ce1ls in monoculture did not maintain their elong-

ated shape but became rounded (Figure 4.3). They \rere easily dist-

inguishable from Sertoli ce1ls by the elongated nucleus containing

dense chromatin deposits around the periphery of the nucleus

(Figure 3. B). Peritubular cel1s in monoculture \4¡ere not f ound dir-

ectl-J' at the cultr.rre dish surf ace. A non-ce11uIar layer, Probably

the result of secretion of proteins of the extracellular matrix is



FIGURE 4.I

Electron micrographs of Sertoli ce1ls which were isolat.ed

from the testis of a bu11 calf aged 2I weeks, and cultured

on precured resin (R). The nucleoli of the Sertoli ce11s

contain the characteristic vesicular structures. Magnific-

atj-on:- a) x15,000, b) x10,000.
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FIGURE 4.2

Electron micrographs of cultured Sertoli ce11s isolated

from the testis of a bu11 calf aged 35 weeks, showi-ng

processes on the apical surface of the ce11 (open arrows)

and junctional cornplexes between ce11s (so1id arrows).

Magnification x28,000.
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F]GURE 4.3

a) Electron micrograph of cultured cells isolated from

the testis of a bu11 calf aged 30 weeks showing an

aggregate of Sertoli ce11s (S) wiLh an underlying
peritubular ce11 ( P) . Magnificarion x9,000 .

b ) Electron

peritubular

micrograph of an aggregate of cultured

ce11s. Magnification x9,000.
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found between the culture dish and the cultured ce11s.

Líon of Cvtoskeletaf Proteins in Sertoli and P era-4.4 Identif ica

tubular Ce11 Cultur ES

Components of the cytoskeleton have Previously been used as

markers to assess the purity of ce11 cultures (01son et a1 ' , 1982) '

The success of this method depends on a specific distribution of

the marker within a ce11 type. A study of the cytoskeletal proteins

of Sertoli and peritubular ce11s \^ras undertaken in an attempt to

identify markers for these ce11 types for use in the assessment of

the purity of Sertoli ce11 cultures.

Cytoskeletalproteins\^/ereisolatedfromsertoliandperitub-

ular cel-1 cultures by one of two methods after 1abe1ling of ce11

cultures with 35S-*"thionine. Labelled cytoskeletal proteins were

then separated by two-dimensional electrophoresis (see Chapter 2)'

Cytoskeletal proteins of Sertoli and peritubular ce1ls obtain-

ed by a single extraction with Triton x-100 are shown in Figure

4.4. The identification of actin in Figure 4.4 is based on its

molecular weight and isoelectrj-c point but the presence of the

multitude of cytosolic proteins makes it difficult to identify

other cytoskefetal Proteins.

Extraction of ce11s with Triton and high salt provided prep-

arations which \,üere highly enriched in cytoskeletal proteins ' The

pattern of cytoskeletal proteins from bovine Sertoli ce1ls is shown

in Figure 4.5. There are t\4to ma jor proteins at molecular weights

42,OOO and 58,000. These correspond to the molecular weights and

isoelectric points of mammalian actin and vimentin. From the pos-

ition of vimentin a diagonal line of proteins with decreasing

molecular weights, and isoelectric poinÈs can be seen. This line of

proteÍns may correspond to degradation products of vimentin (Gard



FIGURE 4 .4

Two-dimensional electrophoretic analysis of radioactive

cytoskeletal proteins prepared by a single Triton extract-
ion from cultures of a) bovine sertoli ce11s and b) bovine

peritubular ce11s. The scale on the reft hand side repres-
ents molecul-ar r{eight lxro-3). see chapter 2 f or details
of methods. A, octicr
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FIGURE 4.5

Two-dimensional electrophoretic analysis of radioactive

cytoskeletal proteins prepared by high salt and Triton

extractions from cultures of a) bovine Sertoli ce11s,

b) bovj-ne peritubular ce11s and c) rat SerEoli ce11s.

V, Viment.in; A, actin. The scale on Èhe left hand side

represents molecular weighL (xfO-3). See Chapter 2 Lor

details of methods.
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et a1., I979). The cytoskeletal proteins of rat Sertoli ce11 cul-

tures are very similar to those of the bovine, i+ith major proteins

corresponding to the molecular weight of actin and vímentin

(Figure 4.5). Peritubular ce11s show a pattern of cytoskeletal

proteins which is very sirnilar to that of Sertoli ce11s (Figure

4.5) with two major proteins of molecular v/eights of 42,O0O and

58,000. Desmin, the intermediate filament protein of muscle could

not be identified amongst the pattern of peritubular cytoskeletal

proteins.

4.5 Discussion

0ther workers have reported the isolation and culture of

bovine Sertoli ce1ts. Francis et a1. (1981) used the rnethod of

Dorrington and Fritz (I975) and were able Èo obtain cultures from

testes of calves 7 to 14 days and 2 months old but not from older

animals . Price ( 1 979) established cultures from neonatal testes

following digestion of testis tissue with a mixture of enzymes

consisting of hyaluronidase, collagenase and DNAase, and isolation

of Sertoli cells by unit gravity sedimentation.

In the present study, ther method developed for the isolation

of Sertoli cells from immature rat testes (Dorrington and FriLz,

I975; Tung and Fritz, I977; Dorrington et al., I974) tas found to

be unsuitable f or bovine testes. \^/ith the exception of immature

testes adequate yields of Sertoli ce1ls were not often obtained

and the Sertoli ce11 fractions were contaminated with other ce11

types to an unsatisfactory degree.

Modification of the isolation procedure as outl-ined in Chapter

2 has allowed the successful isolation of Sertoli ce11s from

bovine testes weighing 6 g* to 25O gm, representing calves aged

1 month to 11 months. In Èhis method, collagenase was used to
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remove peritubular ce1ls and allow tubul-e fragments to be broken

up to give Sertoli ce11 enriched preparations of 9O7" purity.

However, cultures of the purity reported by Tung et aI. (1984),

997" f or immature rat Sertoli cells, could not be obtained. I,lash-

Íng steps after the first digestion and of the final ce11 susp-

ension removed most of the germ cells but efforts to remove the

residual germ ce11s by hypotonic treatment (Galdieri et a1., 1981)

resulted in damage to Sertoli ce1ls and cultures so-treated did

not survive. Sertoli ce11s could be obtained at 997" purity by

cenLrifugal elutriation. However, Èhis procedure yielded single

cefls which failed to attach to culture dishes.

Sertoli ce11s remained in aggregates in culture. Any single

cells did not attach to the culture dish. Peritubular ce11s could

be observed underneath the Sertoli ce11 aggregates and could be

respo¡rsiì¡1e for the attachment of Sertoli cel1s to the culture

dish. \dhi1e Sertoli ce11s from prepubertal animals migrated from

aggregates to form a monolayer, those from older animals remained

in the original aggregates. It is likely that the peritubular cel1s

are particularly important in attachment and survival of Sertoli

cel1s when preparations are made fron older animals. Further supp-

ort for this suggestion comes from sÈudies on the interactions of

peritubular and Sertoli ce1ls in culture, reviewed in Chapter 1.

These studies have shown that peritubular ce11s enhance the surv-

ival and secretory function of Sertolj- ce11s. Moreover, Sertoli

and peritubular ce11s co-operate to produce and deposit components

of the extracellular matrix in vitro (Skinner et a1., 1985) which

must provide the Sertoli ce11 with an environment more closely

resembling that in vivo.

Survival of cultures in vi-tro hras reduced as the age of the

calf f rom which Sertoli ce1ls \¡/ere derived u¡as increased. The
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point at which survival began to decrease corresponded to a testis

weight of 100 gm at which stage spermatogenesis had progressed to

the production of round spermatids (see Chapter 3). The use of

larger testes from older animals resulted in a progressive decrease

in the yield of Sertoli ce11s (Tab1e 4.1) and the survival of the

resultant ce11s in cultures r¡/as also reduced. This is not surpris-

ing when one considers the increased complexity in the seninifer-

ous epithelium as the seminiferous tubule matures. For instance,

with the advent of spermatids there is a more intimate relation-

ship betrveen germ ce1ls and Sertoli ce11s, characterized by the

presence of an increased number of ce11s between neighbouring

Sertoli cell-s and embedded in the apical processes of the Sertoli

ce11s. Hence there is a much greater chance of injury to Sertoli

cel1s during the isolation procedure and adaptation to culture

requires profound changes to the highly specialized shape whích

Sertoli cel1s have in vivo.

Efforts to identify cytoskeletal marker proteins to assess

the purity of Sertoli ce11 cultures urere not successful due to the

fact that apparently identical cytoskeletal profiles L¡ere obtained

from cultured Sertoli and peritubular ce11s. The only proteins

amongst the proteins of the cytoskeletal profiles which have been

identified are actin and vimentin. The presence of degradation

products is a particular characteristic of vimentin (Gard et a1.,

I979; 0chs et a1., I981; Traub et a1., 1983). Vimentin i-s suscep-

tible to proteolysis by an intermediate filament-associated calciurn-

dependent proteinase (Nelson and Traub, 1981, 1982; Traub and

NeIson, 1981). Vimentin has previously been identified as the

principle intermediate filament protein in rat Sertoli cel1s

(Franke eL a1., I979a; Spruill et a1., 1983ab). The present study

indicated that this was the case for bovine Sertoli ce11s and
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supports the contentj-on that virnentin is conserved between spec-

ies (Franke et a1., I979b: Traub et a1., 1983; Virtanen et a1.,

1981 ) .

It has been extensively shown that cultured ce11s, primary

cultures and permanent ce11 lines express vimentin (Franke et al.,

I979b; Virtanen et al., 1981; Traub gt a1., 1983). This has sugg-

ested that the expression of vimentin is the result of adaptation

to culture. It has been demonstrated that the conditions of cult-

ure can affect the expression of intermediate filament proteins

(Ben-Ze'ev, 1984, 1985). The expression of vimentin is unlikely

to be a resuft of the culturing process in Sertoli and peritubular

cells because vinlentin is the only intermediate filament protein

expressed in culture, and the presence of vimentin has already

been dernonstrated in tissue sections (Franke et a1., I979a).

The identity of the other cytoskeletal components observed in

the protein profile is unkown and it woul-d require further charact-

erization to posiLively identify them" Other cytoskeletal proteins

that have been shorsn to be present in Sertoli ce11s are o-actj-nin

(Franke eÈ a1., 1978) and tubulin (Means et a1., I979). The íso1-

ation procedure used in this study is one that selectively enriches

for intermediate filamenÈs rather than microfilaments or microtub-

ules. This is because the former conponents are the more resistant

to detergent and high salL extraction. Hence, the proteins of

microfilaments and microtubules would not be expected to be as

well represented in the resultant cytoskeletal protein profiles.

It \{as expected that differences between the profiles of

cytoskeletal proteins from Sertoli cel1s and peritubular cel1s

would be observed because of the tissue specific disÈríbution of

the intermediate f ilament proteins. It is suprising that none r^rere

detected parÈicu1arly in view of a recent report of differences
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in the cytoskeletal- proteins from rat Sertoli and peritubular cel1s

(Kierzenbaum et a1. , i9B5) . A1so, peri-tubular ce11s have myoid

characteristics and as such could be expected to have desmin as

the intermediate filament protein. Desmin is found in both skel-

etal and smooth muscle. However, both desmin and vimentin have

been demonstrated in vascular smooth muscle (Gabbiani et a1.,

i981; Schmid et a . , 1982; Travo et a1. , 1982 ) and in non-muscle

cel1s (Gard et a1.., I979). It is possible that peritubular ce11s

could contain both intermediate filamenÈ proteins but only vimentín

was observed in cytoskeletal profiles in the present study. The

expression of vimentin by peritubular cells may be a consequence

of the origin of Lhese cells as they are thought to arise from

interstitial fibroblasts (mouse, BaillÍe, 1969; rat, Leeson and

Leeson, 1964; sheep, Bustos-0bregon and Courot, 7974) itt which the

interrnediate filament protein is vimentin. A1so, it has been shown

in tubule explants that the fu11y differentiated peritubular myoid

ceIIs did not form monolayer cultures (Bressler and Ross, L973).

Rather, these \{ere derived from fibroblasts associated with the

seminife::ous tubule and therefore it may be these ce11s, which

would not contain desmin as the intermediate filament protein

that are present in peritubular ce11 culÈures.
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CHAPTER 5

IDENTIFICATION AND CHARACTERIZATION OF SECRETED PROTEINS

5.1 Introduction

An examination of rete testis fluid has provided some inform-

ation on Èhe types of secretory proteins produced by Sertoli ce11s.

However, the advent of micropuncture techniques has shown that

rete testis fluid is not truly representative of the primary secr-

etion of seminiferous tubules (Kormano et a1., I97I; Koskimies and

Kormano, L973) drre to modification'of the primary secretion by

the secretory and absorptive activiÈy of the rete testis epithel-

ium. Therefore the establishment of primary cultures of Sertoli

ce11s may provide the best opportunity for studying the secretory

products of the Sertoli cell directly. However, the use of this

technique for identifying the secretory protein profile has been

essentially restricted to the laboratory rat. fnformation derived

from the study of just one species on the roles of Sertoli ce11s

in seminiferous tubule function may not provide a representative

picture of the siLuation Ín all species. The successful establish-

ment of Sertoli ce11 cultures from the bu11 (Chapter 4) has enabl-

ed studies of the secretory function of these ce1ls Lo be expanded

into another species. The aim of this section of the study \'ras to

identify the secretory protein profile of the bovine Sertoli cell.

5.2 Proteins Secreted bv Bovine sertoli cel1s in culture
35Sertoli ce11 cultures were incubated with S-methionine and

radío1abe11ed proteins which had been secreÈed into the mediun

\^¡ere separated by two-dimensional gel electrophoresis. The prof i1e

of secreted proteins from bovine Sertoli ce11s is shown in Fj-gure

5.1. There are B major protein groups ranging in molecular weight



FIGURE 5.1

Two-dimensional electrophoretic analysis of radioacÈive

protei-ns in media from cul-tures of a) bovine Sertoli

ce11s and b) rat Sertoli cells. Numbers 1-8 denote

secretory proteins listed in Table 5.1 and discussed

in text. Cp, ceruloplasmin; Tf, transferrín; DAG,

dimeric acidic glycoprotein. The scales on the left

hand side represent molecular weight (xfO-3). See

Chapter 2 for details of methods.
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80,000 and isoelectric point from 4 to 7 . The details

in Table 5.1

Table

Proteins Secreted by

5.1

Bovine Sertoli Cells

Protein Molecular Ideight Approxidrate Isoelectric

Point

5 .5-4

6.2-7

6.2-7

7 .2-6 .5

4-5.s

4.2-5.3

6.5-6.7

6.6-7

5.5-6.2

6.s-6.7

1

2a

2b

3

4a

4b

5

6

7

B

80,000

60,000

55,000

45,000

40-4 1 ,000

45-50,000

30-33,000

28,000

28-33,000

22,0OO

Components

Many

6

6

6

Many

Many

4

3

6

7

Four major proteins (1, 4a, 4b and 7) exhibit considerable

heterogeneity of both molecular weight and isoelectric point. The

remaining proteins are charge trains showing variation only in iso-

electric point. The proteins shown j-n Figure 5.1 all focus below

pH 7 in the first dimension of the two-dimensional separations.

Proteins with an isoelectric point greater than J are normally lost

from the ge1 in this procedure. Protei-ns with both basic and acidic

isoelectric poinÈs can be separated by non-equilibrium pH gradient

electrophoresis (NEpHGE) (0'Farrel1 et a1, I977) . However, applic-

ation of this variation of the two-dimensional ge1 technique did

not reveal any additional proteins not observed on the standard
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gels.

An examination of cytosolic proteins extracted from Sertoli

ce1ls (Figure 5.2) sho\,,IS a cornplex pattern of many proteíns. The

profile of putative secretory proteins (Figure 5.1) is, by contrasL,

much less complex and therefore unlikely to have arisen by release

of cytosolic proteins resulting from.the death of Sertoli ce11s.

The radioactivity in secretory proteins rePresents only 5 to 107"

of the total incorporation of 35S-*.thionine into proteins synth-

esized by Sertoli ce11 cultures and therefore it is difficult to

detect secretory proteins amongst the many others present in the

prof i1e of cytosolic Protei-ns.

'l',he profile of proteins secreted by sertoli ce11s did not

change durÍng the time the ce11s were maintained in culture. The

secreted proteins were examined from the day of isolation of the

cel1s (day O) to day 9 of culture (Figure 5.3). On day 0 the secr-

etion of some proteins, pârticularly proLeins 2 and 3, \'\¡aS less

than observed at day I . However, from day 1 the pattern of the

secretory proteins remained unchanged until day 9. In a separate

experirnent in which cultures were maintained for 3 weeks, the

Sertoli ce11 secretory proteins were essentially the same as those

obtained after shorter periods of culture. These observations ind-

icate that the secretory protein profiles obtained at days 4 and

5 of culture are representative of the secretory products of Sertoli

ce11s in culture.

The Sertoli ce11s contain up to 7O7. of other ce11 types which

include germ ce11s, interstitial cel1s and peritubular ce11s. IÈ

is possible that secretory proteins recovered from Sertoli ce11

cultures would contain products from these other ce11 types. How-

ever, it appears that germ cel1s secrete only a fev¡ proteins since



FIGURE 5.2

Two-dimensional electrophoretic analysis of radioactive

cytosolic proteins prepared from cultures of a) bovine

Sertoli cel1s and b) bovine peritubular ce11s. The

scales on the left hand side represent molecular weight
I

(x10 "). See Chapter 2 for details of methods.
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FIGURE 5.3

Two-dimensional electrophoretic analysis of radioactive

proteins in media from cultures of bovine Sertoli ce11s

a) on the day of isolation of ceIls, and after b) 1 day

c) 9 days and d) 3 weeks of culture. The scales on each

side represent molecular weight (xtO-3). See Chapter 2

for details of methods.
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FIGURE 5.4

Two-dirnensional electrophoretic anal-ysis of radioactive

proteins in media from culËures of a) a crude preparation

of bovine germ cel1s and b) interstitial ce11s. The

arrows show the charge train discussed in the text. The

scales on the left hand side represenÈ molecular weight
_?(x10 "). See Chapter 2 for details of merhods.
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the secretory products recovered from cultures of an enriched

germ cell preparation contained many proteins which were also evid-

ent in cultures of Sertoli ce11s and peritubular cells (Figure 5.4)

and most 1ike1y derived from these ce11 tyPes rather than being

true Berm ce11 secretory products. The contribution of secretory

proteins from contaminating interstitial ce11s would also appear

small since a charge train with a molecular weight of 45,000 and

an isoelectric point of 6 to 6.6 which is prominent in the secret-

ory proteins of cultures of interstitial ce11s was not detected in

the proteins from Sertoli ce11 cultures.

Similarly, cultures of an enriched peritubular ce11 preparat-

ion secrete several distinctive proteins (Section 5.3) which are

not usually evident in proteins secreted by Sertoli cell cultures.

Thus it seems that the various contaminating ce11 types in Sertoli

ce11 cultures do not make a significant contribution to the profile

of secretory proteins.

5.3 Proteins Secreted by Peritubular Cel1s Ín Culture

The secretory proteins obtained from peritubular ce11 cultures

are shown in Figure 5.5. There are 8 major groups of secretory

proteins ranging in molecular weight from 23,000 to 68,000 with

isoelectric points between 4.5 and 7 (Tab1e 5.2) in addition to

many high molecular weight components.

The proteÍns secreted by peritubular ce11s in culture differ

from those secreted by Sertoli ce11s, with the exception of protein

VIII which migrates at the sane position as Sertoli ce11 protein B.

Protein IV also migrates at the same position as Sertoli ce11

protein 4 but does not exhibit the charge heterogenity that the

Sertoli ce11 protein does. The remaining proteins r{ere only seen

in secretory products of Sertoli ce11 cultures when contamination



FIGURE 5 .5

Two-dimensional electrophoretic analysis of radioactive

proteins in medium from a culture of bovine peritubular

ce11s. Roman numerals denote protei-ns listed in Table

5.2 and di-scussed in:n. text. The scale on the left

hand side represents molecular weight (xfO-3¡. See

Chapter 2 f.or details of methods.
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Proteins Secreted

ProEeins Molecular 1{eight

1È
- I )-

Tabl e 5 .2

By PeriEubular Ce11 Cultures

Approximate Isoelectric
Point

6 .0-6 .4
6 .6-6 .9
5.9-6.4
5.2-5.6
5.7-6.3
4 .0-4 .5
6.9-7 .2
5 .9-6 .4
5.0-5.6

ï
II
III
IV.
Va
Vb
Vc
VIa
VÏb
VII
VIII

IX
X

XI
XII
XIII
XIV
x\¡
XVI
XV IÏ

68,000
60,000
43,000
42,OOO
3 2 ,000
32.000
33 ,000
30,000
29 ,000
28,000
23,000

over 70 ,000

3-4
4-5

5.2-6.0
6 .2-6.7

6.1
4.5-5.0

6.8
6.6
6.4
6.0
5.6

6.7-7.r
6.5-7 .0

Components

3
6, double line

3
1

1

1

1

1

3

il

il

il

It

ll

il

ll

il

by

ing

5.4

s.4

peritubular cells, measured in the ce11 suspension before plat-

1{a s >I57" .

Char a c rízatio f Sert 1i Prote

1 Protein s Comoos ed of Sub units

2-Mercaptoethanol, which is usually included in both dimens-

ions of t\^/o-dimenéiona1 electrophoresis, breaks disulphide bonds

rvhich link polypeptides. \{hen separation of proteins secreted by

Sertoli ce11s \{as carried out in the absence of 2-metcaptoethanol'

changes hrere seen in the protein profile (Figure 5.6)- A reduction

in the intensity of the complex consisting of proteins 4a and 4b

hras particularly obvious whilst an additional protein hlas observed

with the same isoelectric point as protein I but with a slightly

higher molecular weight. This behaviour indicates that the proteins



FIGURE 5.6

Two-dimensional electrophoretic analysis of radioacÈive

proteins in media from cultures of bovine Sertoli ce11s

separated in the a) presence and b) absence of 2-mercapto-

ethanol. Numbers refer to proËeins identified in Figure

5.1 . The arroÍr denotes additional protein detected in

the absence of 2-mer captoethanol. See Section 5.4.L for

interpretation. The scales on the left hand side repres-

ent molecular weight (xfO-3). See Chapter 2 for details

of methods.
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4a and 4b (molecular

are subunits of this

ent molecular weight

protein approximates

4a and 4b.
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weights of 40 ,000 and 45 ,000, respectively )

larger protein which mÍgrates with an appar-

of 94,000. The molecular weight of the 94,000

the sum of the molecular weights of proteins

No change was seen

ce11s when separated in

5 .4 .2 GLVcosylation

in the proteins secreted by peritubular

the absence of 2-mer captoethanol.

Tunicamycin, an inhibitor of N-glycosylation of proteins, was

added to cultures in order to investigate the effect of glycosyl-

ation on protein secretion by Sertoli and peritubular ce11s.

Itlhen Sertoli cells \ìrere incubated with 35S-t"thionine i-n the

presence of tunicamycin (0.5 ug/m1 culLure medium) the j-ncorporat-

ion of radioactivity into secreted proteins was reduced r^¡hile the

incorporation of radioactivity into cytosoli-c proteins was not

affected (Tab1e 5.3).Both secretion and synLhesis of peritubular

proteins r^/ere reduced.

Tunicamycin affected the pattern of secreted proteins of

Sertoli ce11s (Figure 5.7). Proteins 1, 2, 5 and 7 were no longer

present. For protein 3 and 6, only the variants in the charge train

with the higher isoelectric points were detected. A single protein

was present at the position of the proteins 4a and 4b. Additional

proteins hrere detected including a charge train at molecul-ar weighÈ

52,000 and isoelectric point 6-6.5 and two single proteins of

molecular weights 35,000 and 60,000 with isoelectric points of 5.5

and 5.8, respectively. Protein B remained unchanged.

Inhibition of glycosylation could prevent or reduce the secr-

etion of proteins. Thus, the reduction in the incorporation of

radioactivity into secreted proteins, which Lras not observed for



FIGURE 5.7

Two-dimensional analysis of radioactive proteins ín media

from culLures of bovine Sertoli ce11s a) without treat-

ment with a glycosylation inhibitor and b) after treat-

ment with tunicamycin, a glycosylatíon inhibitor. Numb-

ers refer to proteins identified in Figure 5.1 . Arrows

denote proteins detected only after tunicamycin treat-

ment of cultures. See Section 5.4.2 for interpretation.

The scales on the left hand side represent molecular
_?weight (x10 "). See Chapter 2 f.or details of methods.
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Table 5 .3

'EEffect of Tunicamycin on Incorporation of "S-M.thionine

into Protein in Cell Cultures

-77 -

49

67

66

66t64

5Ba

Experiment

Sertoli Ce1ls

I

2

3

Mean + s. e

Peritubular Cel1s

usignificantly different (P

parentheses represent the

experiment.

fncorporation of 35S-ruthionine

in the presence of tunicamycin.

Secreted Protein Cytosolic Protein

int o

Zof

156

69

88

98t16

5ga

proteins

control.

(2)

(3)

(3)

(8)

(3)

(2)

(3)

(3)

(B)

(3)

< 0.05) from control. Numbers in

number of replicates within each

cytosolic proteins, j-ndicates that many of the proteins secreted

by Sertoli ce1ls may be glycosylated, and further Èhat glycosylat-

i-on is imporLant for normal secretion. The lack of sugar residues

could also cause proteins to migrate to different positions on the

two-dimensional gels and so the addtional proteins observed may

represent unglycosylated forms of those proteins which were no

longer represented in the profile. These results suggest that seven

of the eight major proLeins secreted by Sertoli cel1s may be

N-glycosylated.



FIGURE 5 .8

Two-dimensional electrophoretic analysis of a) radioact-

ive proteins in medium from cultures of bovine Sertoli

ce1ls b) proteins in bovine blood serum detected by

Coomassie staining and c) radioactive proteins in rnedia

from cultures of bovine Sertoli ce11s which ü¡ere immuno-

precipitated by an antiserum against bovine blood serum.

Numbers denote proteins identified in Figure 5.1. Tf,

transferrin; A, albumin. See Section 5.4.3 for inter-

pretation. The scales on the left hand side represent

molecular weight (xfO-3). See ChapËer 2 f.or details of

meLhods.



7

pH

6 54

*

ir

+r*

68-

94-

60-

40-

2A-

18-

68-

60-

thþ.
t

*

.,fÈ

4

t
I

|lh rìrrl-*"
a

r
68- ù
60-ü

-ÞJ 
..

Ç
-.,#tp'

þ
/fO-

2A-

't8-

çt I .lÕ'

3 tt

b

1

Ü

f
c

8

40-

2t

18-

H

a



-78-

5.4.3 Identification of Serum Proteins

Comparlson of the migration positions of proteins secreted

by Sertoli ce11s with those of blood-serum proteíns (Figure 5.8)

showed that there were no strong homologies, although there was

a faintly-staining band in blood serum that may correspond to

protein 1 in the secretíons of Sertoli ce11s. It is notable that

transferrin is not a major secretory protein in bovine Sertoli

ce11s in culture since a protein corresponding to the position of

transferrin is only a minor component of the overall pattern.

fmmunoprecipitation of proteins secreted by Sertoli cel1s

using an antiserum raised against bu11 blood serum showed few

proteíns (Figure 5.8). Nevertheless, those proteins precipitated

with the immune serum were specifically recognized sj-nce they were

not precipitated by the preirnmune serum control. The most obvious

Sertoli ce11 secreted proteins immunopreci-pi-tated by the anti-b1ood

serum \^rere proteins 1, 3, 4a and 4ab, although with overexposure of

the ge1, protein B was also evident. However, none of these prot-

eins, wíth the possible excepÈion of protein I could be detected

by Coomassie staining of the serum proteins separated on an equiv-

alent two-dimensional ge1.

5.5 Discussion

Analysis of proteins secreted by bovj-ne Sertoli ce11s by tv/o-

dimensional ge1 electrophoresis has shown that these ce1ls secrete

eight major and many minor proteins. The reduction in the incorp-

oration of 35S-r"thionine into secretory protej-ns in the presence

of tunicamycin and Lhe resultant changes in the proÈein profile

has indicated that many of the proÈeins secreted by Sertoli ce11s

are N-glycosylated.

Similarly, many of the proteins

secreted by rat Sertoli ce11s are glycoproteins (hlilson and
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Griswold, I979; Kissi-nger et a1., f982). Separation of proteins

in the absence of 2-mercaptoethanol has indicated that one of the

major secretory proteins is composed of subunits which are linked

by disulphide bonds.

The profile of secretory proteins of bovine Sertoli ce11s is
\ 

' 
ii ,t''

dif ferent_ tE rhar of the rat (Figure.5.1; dePhì-1ip and Kierzenbaum,

1981; Kissinger et a1., 7982) and the boar (Perrard-Sapori et a1.,

l9B5). fn profiles from all three species there are major proteins

at a molecular weight of 40,000. In the rat and the bu1l these

proteins are subunits of larger proteins. Thus, there are some

general similarities in the proteins secreted by Sertoli ce11s

f rorn dif f erent sPecies.

Many proteins secreted by Sertoli cel1s have been identifíed

as reviewed in Chapter 1 . It is difficult to identify proteins

detected on two-dimensional gels with the known secretory proteins

of Sertoli cell-s as rnost comparisons can be made only on the basis

of molecular weight and isoelectric point. These tv/o parameters

may vary with the method of determination and in some cases prot-

eins have not been isolated and characterized. It is necessary to

obtain other information on the proteíns to be able to positively

identify them.

A major protein secreted by bovine Sertoli cells (protein 4)

is a dimer and is 1ikely to be a glycoprotein. A major secretory

product of rat Sertoli cel1s is a dimerj-c glycoprotein which is

associated with sperm (DAG) (Sylvester et a1., 1984). However, its

molecular weight, 70,o00, is much less than protein 4 (94 
' 
000) .

Another dimeric protein known as androgen binding protein (ABP) l"

secreted by bovine Sertoli cel1s (LeCacheux et a1., 1981) and has

been detected in bovine seminal plasma (Jegou and LeGac-Jegou,

1978). ABP ísolated from rabbit, rat and human testis are all
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acidic dimeric glycoproteins with a molecular weight of 90,000 to

100, O0O (Bardin et a1. , 19Bi ) , characteristics that are similar

to those of Sertoli ce11 protein 4. However, ABP is secreted j-n

relatively 1ow amounts by rat Sertoli ce11 cultures and is not

readily detected on two-dimensional gels (Kissinger 9!- e!. , I9B2) .

Measurement of ABP in testis cytosols has shown that the leve1 of

ABP in bovine testis is approximately 57" of that in rat testis

(LeCacheux et a1., 1981) while bovine rete testis fluid contains

only IO7" of the ABP concentration in rat rete testis fluid (Hansson

et a1., I975). Therefore, it is unlikely t.hat ABP could be detected

on two-dimensional profiles of proteins secreted by bovine Sertoli

ce11s.

Few serum proteins were detected j-n secretory proteins from

bovine Sertoli ce11s. This contrasts with the situation for rat

Sertoli ce11s where seven serum proteins have been detected (\{right

et a1., 1981). To date, only two of these proteins have been iden-

tified. They are ceruloplasmin and transferrin. A protein corres-

ponding to the molecular weíght of Èransferrin is only a minor

component of the secreted protein profile of bovine Sertoli ce11s.

By contrast, in rat Sertoli ce11 cultures, transferrin is a major

secretory component and has been estimated to comprj-se 25-3O% of

secreted proteins by the relative incorporation of 35S-*.thionine

(Skinner and Griswold, I978) and 8.57" of secreted proteins when

assessed by radioimmunoassay (Skinner et a1., 1984). However,

transferrin comprises only l-57" of secreted proteins from cultures

human Sertoli ce11s as measured by radioimmunoassay (Holmes et al. 
'

1983). Thus, Lhere would appear to be considerable variaÈion bet-

ween species with respect to the relative quantity of transferrin

secreted by Sertoli ce11s.

Several Sertoli ce11 proteins which were not observed in the



-81 -

serum protein profile were immunopreci-pitated by the anti-bu11

blood serum. It is possible that these Proteins are present in

blood serum but in 1ou' concentrations compared with other proteins

so that the Coomassie stain does not detect them. It is also poss-

ible that these Sertoli ce11 proteins possess antigenic determin-

ants which are common to serum proteins thus resulting in their

immunoprecipitation whilst their migratory positions on the Lwo-

dimensional gels are different. Several precedents exist for the

latter possibility. TesLicular transferrin secreted by rat Sertoli

ce11s is recognized by serum transferrin antibodies (Skinner et a1.,

1984 ) . Hor.+ever, while the polypeptide backbones of the two f orms

of transferrin are identical, the carbohydrate compositlon of

testicular transferrin differs from serum transferrin. Another

protein secreted by Sertoli ce11s, ABP, is closely related to a

serum protein known as sex steroid binding globulin (SBG) or

testosterone-oestradiol binding globulin (TeBG). ABP and TeBG

share common immunodeterminants ín the rabbit (Mather et a1., 1983)

and man (Cheng et a1., 1984). In both species two forms of ABP

have been found, one of which is similar to TeBG whilst the other

differs in both peptide and carbohydrate composition (Cheng et a1.,

1985; Musto et al., 1982). Therefore, transferrin and ABP are

examples of proteins which share immunodeterminants with serum

proteins but may show different migratory positi-ons on gels because

of differences in molecular weight and glycosylation when compared

to the serum proteins.

Peritubular ce11s secrete many high molecul-ar weight proteins,

but i-n contrasÈ to Sertoli ce11s, only a few proteins are secreted

which have a molecular weight less than 68,000. The secretion of

high molecular weight proteins is consistent with the role of peri-

tubular ce1ls in the basement membrane as a source of connective



-82-

tissue components includíng collagen and fibronectin (Tung et a1.,

IgB4; Skinner et a1., 1985). The role of other proteins secreted

by peritubular ce11s has received litt1e attention. Most studies

have been concerned with the structural response and maintenance

of secretory function of Sertoli ce11s in co-cultures with peri-

tubular ce11s (see Chapter 1), although recent reports have des-

cribed the secretion by peritubular cells of protein that cnclatîect

the response of Sertoli cel1s to androgens (Skinner and Fritz,

19B5ab, 1986).

The present study has used two-dimensional ge1 profiles of

secretory proteins to provide information on the characterizatl. on

of the secretory proteins from cultured bovine Sertoli ce11s. 0ne

important limitation in the use of this technique to study primary

secretions of seminiferous tubules is that testícular ce11 types

are separated to establish Sertoli ce11 enriched cultures. There

is increasing evidence of sophisticated communication between ce11

types in the testís and of changes to Sertoli ce11 function with

the stage of spermatogenesis (Parvinen, I9B2). Studies with Sertoli

ce11s in co-culture with other ce11 types have shown that, not

only do peritubular ce1ls influence the function of Sertoli ce11s

(see Chapter 1), but germ ce11s can modify al]" secretory behaviour
â.

of Sertoti cells (Galdieri et a1. , 1984 , lgq'). Theref ore secretory

proteins obtained from Sertoli ce11 enriched cultures may not

represent the fu11 complement of Sertoli ce11 secretory products

in vivo.

f
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CHAPTER 6

PROTEIN SYNTHES]S AND SECRETION BY CULTURED BOVINE

SERTOLI CELLS DURING DEVELOPMENT OF THE BOVINE

TESTI S

6.I Introduction

During development of the testis, the seminiferous tubules

differentiate from sma11 cords containing two ce11 types (support-

ing cel1s and gonocytes) to large tubules containing Sertoli ce11s

and germ ce11s at all stages of spermatogenesis. It is anticipated

that many factors are involved in bringing about this different-

iation. The gonadotrophins, FSH and LH, and androgens are known to

be important in the initiation and regulation of spermatogenesis.

The Sertoli ceIls provide the intratubular environment in which

spermatogenesis takes place and are the main target ce11 for FSH

in the testis (see Chapter 1). Thus Sertoli ce11 function is part-

icularly important during the development of the testis.

In this secLion, aspects of bovine Sertoli ce11 function

during development were investigated. The aims r{ere i) to invest-

igate the hormonal regulatj-on by FSH and DHT of protein synthesis

and secretion in Sertolj- ce11s during testicular development, and

ii) to investigate whether there is a change in the composi-tion of

secretory proteins synthesized by Sertoli ce11s during testicular

development as an aid to the identification of developmental chan-

ges in Sertoli cell function

6.2 Hormonal Regulation of Protein Synthesis and Secretion during

Te S tic u 1ar Development

Sertoli ce11 cultures from calves of different ages were

gro\{n in serum-f ree medium supplemented rvith either FSH a1one,

DHT a1one, or a combj-nation of FSH, DHT, transferrin, epidermal
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Table 6.1

35 into Secreted Proteins

Treatment s

Relative Incorporation of S-Methionine

under Different Hormonal

35Age Testis Lleight fncorporation of S-Methionine into Secreted

Protei-ns (% of Control)
ä

BC(weeks )

4

8

L2

16

2L

23

25

27

4s

Mean

(e*)

7

10

r6

25

35

52

60

76

234

69

67

79

99

59

139

r32

105

90

;3
A

+ 16

+7

+6

r 13

r 10

r42
+q

18

69+

67+

66+
oo+

73 I

69+
gg+

146 t

g3+

83t

i59 +

62+

70 +

714 t

37

7

10

20

45

16

I2

+ 8 (1e)

5

T2

5 88+

L 127 +

27 151 +

B 165 +

za(rg) 111 +

9

6

15

L7

e (24)

rra (2r)Iban of incorpor-
ation irto cyLo-
soLirc proteils

82 1 12 (16) 74 t r2a17) tz} +

Results are shown as means with standard errors
asignificantly different from control (P < 0.05, Students
+t"4, FSH, 25 ng/ml; B, DHT, O.7 uM; C, FSH, 25 ng/m1, DHT,

insulin, 5 ug/ml-, transferrin, 5 ug/m1 , epidermal growth

10 ng/mI, retinol, 0.35 uM

t-test )

o -7 uM,

factor,
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grohrth factor and retinol. This latter combination of hormones

and gror+th factors has been shown to provide optimum support for

ABP and transferrin secretion by cultures of rat Sertoli ce11s

(Karl and Griswold, 19BO; l',Jright et a1. , 198I; Skinner and Griswold,

Ig82) . Protei-n secretion under the different hormonal treatments

\4/as measured by the relative incorporation of 35S-ln"thionine into

proteins secreted into the culture medj-um. The results are summ-

arised in Table 6.1.

Considerable variation was found amongst replicates for which

no obvious explanation can be offered. As a consequence of the

large standard errors it is difficult to establish statistical

significance amongst the results at any particular age. However,

some trends can be observed. FSH treatment appears to cause a

depression in protein secretion from 4 to 12 weeks and mai-ntains

or íncreases protein secretion from 16 to 27 weeks' DHT treatrnent

appears to cause a decrease in protein secretion at at1 ages' The

combination of hormones and growth factors appears to cause a more

consistent increase in protein secretion at ages greater than 25

weeks than at earlier ages. hlhen results are pooled over al1 ages

a decrease in protein secretion with DHT treatment is demonstrated '

This decrease is a result of a decrease in protein synthesis' An

increase in protein synthesis as a result of treatment with the

combination of hormones and growth factors is also demonstrated '

None of the hormone treatments caused any observable change

in the profile of secretory proteins '

o.J Chan ES Profil of Sec tor Pro eins du an Testi 1ar

Devel o T) m ent

The secreted protein

calves

profiles obtained from Sertoli cell cult-

ures derived from of different ages are shown in Figures



FIGURE 6.1

Two-dimensional electrophoretic analysis of radioactive

proÈeins in media of cultures of Sertoli ce1ls which

were isolated from the testes of bu11 calves aged a) 4

weeks b) 8 weeks and c) 12 weeks. Numbers denote proteins

identified in Figure 5.1 . Arrow denotes proteíns promi-n-

enL in cells from calves aged 4 weeks. See Section 6.3

for interpretation. The. scales on the left hand side

represent molecular weight (xtO-3¡. See Chapter 2 f.or

details of methods.
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FIGURE 6.2

Two-dimensional electrophoretic analysis of radioactive

proteins in media from cultures of Sertoli cells which

r,\rere isolated from the testes of bu11 calves aged a) 2I

weeks b) 25 weeks and c) 45 weeks. See Section 6.3 for

interpretation. The scales on the left hand side repres-

ent molecular weight lxfO-3). See Chapter 2 for details

of methods.
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6.1 and 6.2. All of the rnajor secretory proteins described in

Chapter 5 were observed at 4, 8, 12, 2I, 25 and 45 weeks. The

changes observed in the secreted protein profile with age were

predominantly changes in the relative intensities of the protein

spots on fluorographs. These changes indicate differences in the

relative amounts of the major proteins secreted at different ages.

Prot.ein 5 was prominent at 4 weeks, j-ts secretion appeared to

decrease at 8 and 12 weeks and was then increased at 25 and 45

weeks. Protein 7 became more prominent with increasing age. Changes

were observed in the distribution of isomers within the protein

charge trains. At 45 weeks acidic isomers which had not been

observed earlier Ì{ere prominent in protein 3. Protein

trend toward

also numerous

more basic isomers with increasing age

changes amongst the minor components of

5 .5 to

other

B showed a

There were

the secreted

protein of

6 which \,,¡as

ages.

protein profile. The most noticeable of these was a

molecular weight 35,000 and isoefectric point

prominent at 4 weeks, but less obvious at all

6.4 Discussion

This study has shown that FSH does not induce a consi-stent

increase in protein secretion in bovine Sertoli ce11s.0n the other

hand , DHT treatment decreased protein synthesis and secretion.

There is some evidence that the combination of hormones and grorvth

factors increased ptoLein synthesis above control 1eve1s although

a significant effect on protein secretion was not demonstrated.

These results are in contrast to those obtained using cultures of

SertolÍ ce11s from prepubertal rats, where increases in protein

synthesis and secretion with FSH a1one, testosterone alone or a

combination of hormones have been reported (Dorrington eL a1.,

1975; Rommerts et a1. , L97B; I^lilson and Gri-swo1d, I979) .
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No effect of FSH or any hormone treatment on the secretion

of specific proteins was observed in the profile of protej-ns

secreted by bovine Sertoli- ce11s, results that are consistent wíth

the reported lack of influence of FSH on the synthesis and secr-

etion of anti-Mullerian hormone in cultures of immature bovine

Sertoli cells (Vigier et a1., 1985). Nevertheless, conparative

data in the rat and pig suggest that considerable variation exists

between species with respect to the effect of FSH on secretion of

proteins by Sertoli ce11s. Thus two-dimensional profiles of prot-

eins from cultures of Sertoli ce1ls from prepubertal rats have

shown increases in secretion of specific proteins with FSH treat-

ment (dePhilip et a1., I9B2; Kissinger et a1.,.1982), while

another study on proteins secreted by Sertoli cel1s from immature

boar has only reported changes to the profile of secretory proteins

with high 1eve1s of FSH treatment (2 Ug/m1) (Perrard-Sapori et a1.,

198s ) .

To date the understanding of the role of FSH in the regulation

of Sertoli ce11 function in the testis has been carried out using

the rat as a node1. Iluch of this informatíon has been obtained

using c¡rltures of Sertol-i cell-s form the 2I day o1d rat. Many

functions of Sertoli ce1ls of the rat at this stage are responsive

to FSH including the secretion of the proteins ABP, Lransferrin

and plasminogen activator (see Chapter 1). At 2I days spermatogen-
\.us

esis commence in vivo and there is a rise in serum FSH

(Ketelslegers et a1., 1978). In the bu11 there is no rise in serum

FSH that corresponds to the onset of spermatogenesis. Instead

there is a transitory rise in the serum LH level as a result of

an increase in the magnitude and frequency of LH pulses (Lacroix

and Pelletier, L979; McCarthy et a1., L979; Schanbacher, 1979;

Amann and hlalker, 1983). Similar observations have also been made
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1eve1s

6 .2)

serum hormone

in bul1s aged

-BB-

the bulls of

have not Yet

this studY, although

been measured (Table
levels in

4-I2 weeks

Table 6

Serum Hormone Levels During

2

Development in Bu11s

x-

Serun llornnne Concmtration

(nelm1 )

LH

FSH

16

o.92

20.7

2l

o .49

18.5

33

0.37

22.0

37

0.38

20.3

Age

(weeks )

2s 29

o.52 0.37

19.6 24 .s

-"-S.trrt 
hormone levels were measured by

Dr. Michael D'Occhio. Pooled standard

radíoimmunoassaY

err or s vrere 0 . 18

4e u)

by

and 2 7

for LH and FSH assays '
respectively. (see Ptf,

IthasbeenSuggestedt'hatthischangeinLHsecretionisa

signal for differenLiation of Leydig ce11s and the consequent rise

in androgen 1eve1s is important in the onset of spermatogenesis

and the regulation of Sertoli ce11 function at this age in the

bu11(Arnann,1983).Therefore,itisnotsuprisingthattheFSH

responsiveness observed in prepubertal rat sertoli ce1ls has not

been evident in this study of bovine sertoli ce11s' Nevertheless'

FSH is sti11 1ikeIy to be important in sertoli cell function and

the regulation of spermatogenesis in the bul1. hlhile experiments

have not been carried out in bu11s, studies with hyPophysectornized

rams have shown the importance of FSH for the proliferation of

Sertoli cerls and the onset of spermatogenesis in prepubertal rams

and the naintenance of'spermatogenesis in mature rams (courot

et a1. , I979; Hochereau-deReviers and Courot, 1978). By contraSt'
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in adult rats FSH is not needed for the maintenance of spermat-

ogenesis, androgens can fu1fi11 this function (Ahmad et a1., 1975;

Chemes et â1., I976; Chowdhury and Tcholakian, I979).

The profile of proteins secreted by cultures of bovine Sertoli

ce11s, whí1e not affected by hormone treatment, showed changes

with the increasing age of the bu11 calves. In other words, the

relative inÈensities of the secreted radioactive proteins altered

in cultures prepared from animals of different ages.

The time of commencement of fluid secretion in vivo which is

usually considered to coincide with the appearance of a tubular

lumen (25 weeks in the present study) had 1itt1e effect on the

profí1e of secretory proteins in vitro. Secretion of proteins by

Sertoli ce1ls before the onset of fluid secretion has been observed

previously. Certain proteins are secreLed during fetal development.

These include anti-Mullerian hormoner and meiosis-

regulating substances (see Chapter 1). Secretion of proteins by

Sertoli ce1ls has also been observed in early postnatal develop-

ment. For instance, the secretory protein ABP has been detected in

both lamb and rat testis at this age (Carreau et a1., 1981; Hansonn

et a1., I973). In culture, Sertoli cel1s from neonatal calves

secrete anti-Mullerian hormone (Price, I979; Vigier et a1., 1985)

whilst Sertoli ce11s from 7 day old rats secrete ABP (Rich et a1.,

1983).

Kissinger et a1. (1982) determined the two-dimensional prof-

j-1es of secreted proteíns frora cultures of Sertoli ce11s from 10,

20 and 60 day o1d rats, which corresponds to neonatal, prepubertal

and mature stages of development, respectively. While the profile

of proteins secreted at 20 and 60 days shor+ed some differences j-n

the relative amounts of the secretory proteins, at 10 days many

additional proteins were observed. By contrast, the Profiles of
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proteins secreted by cultures of bovine Sertoli ce1ls did not

show the marked change in protein profiles during development

that v/as evident in Èhe protein profiles from 10 and 20 day o1d

rats. This is another example of the differences in protein secr-

etion by Sertoli ce11s form the bu11 and the rat.

The changes in the profile of secretory proteins nay indicate

that the relative importance of various proteins alters at diff-'

erent stages of development. on the other hand, the lack of major

changes to Ehe profile of secreted proLeins during development and

the absence of proteins secreted i-n response to hormones may ind-

icate that important interactions between cell types in the regul-

ation of Sertoli ce11 function during development of the bovine

testis \,,¡as not reProduced in the culture systems '
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CHAPTER 7

PROTEINS SECRETED BY SERTOLI CELLS ]N THE MALE

EXCURRENT DUCT SYSTEM AND SEMEN

7 .I Introduction

Fluid secreted by the seminiferous epithelium passes along

the seminiferous tubule to collect in the rete testis from whence

it passes into the epidÍdymis finally leaving the body in the

ejaculate and in the urine. Changes take place in the composition

of the fluid as it makes this journey along the reproductive tract.

Spermatozoa also undergo modification, particularly in the epidid-

ymis where they become functionally mature. Various Sertoli ce11

secretory products have been found in the epididymis. These include

ABP, transferrín (Sylvester and Griswold, 1984), clusterin (Tung

and Fritz, 1985) and dimeríc acidic glycoprotein (DAG) (SVlvester

et a1., 1984). Sertoli ce11 products have also been found in

seminal plasma, for insLance ABP in bu1ls and rams (Jegou and

LeGac-JeBou, I978) and transferrin in men (Holmes et 41., 7982).

AÈ Ieast one Sertoli ce11 secretory product (DAG) has been found

associated wiLh spermatozoa (Sylvester É_êf . , I9e4) . Thus the

Sertoli ce11s not only províde and maintain a specific environment

enabling spermatogenesis to take place in the testis but their

secretory products may also have a role in the maturation and

storage of sperm outsÍde the testis.

The aim of this section of the study of Sertoli ce11 proteins

was to examine epididymal and ejaculated fluids for the presence

of Sertoli ce11 secretory proteins and to assess the possible

association of Sertoli ce11 secretory proteins with spermatozoa.
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7.2 Sertoli Ce11 Secreted Proteins in Reproductive F luids

Sertoli ce11 secreted proteins which were immunoprecipitated

with antibodies against testicular f1uid, cauda epididymal fluid

and seminal plasma are shown in Figure 7 'l and summarised in Table

7.I The proteins \\rere specifically recognized by the antisera

because none of the proteins were immunoprecipitated by the pre-

immune control serum (results not shown).

Table 7 .I

Sertoli Cell

Reproductive

Secreted Proteins

Fluids. The Table

by Antisera Against

data shown in Figure 7 -I

Reco gnized

summarÍzes

Antiserum

Anti-testicular fluid

Anti-cauda ePididYmal fluid

Anti-seminal Plasma

Immunoprecipitated Sertoli Cel1 Proteins

1, 3, 4ab

l, 3, 4ab, 7, 72,OOO daltons

I, 3, 4ab, 7, B, 72,Ol0O and 20,000 daltons

The results contained in Table 7.1 suggest that certain

Sertoli ce11 secretory proteins are selectively retained as comp-

onents of cauda epídidymal fluid and seminal plasma. The major

secretory proteins 1 and 4 were recognized by all three antisera '

A greater number of Sertoli cell proteins were recognized by the

antiserum against seminal plasma than antiserum against either

testicular fluid or cauda epididymal fluid '

7 .3 Sertoli Ce11 Secretorv Proteins Ass ociated with SDermatozoa

Sertoli ce11 secretory proteins which were immunoprecipitated

by antisera against testicular, epididymal and ejaculated sperm-

aLozoa are shown in Figure 7 .2. None of these proteÍns were immuno-

precipitated by the preimmune control serum' The results are summ-

arízed in Table 7.2.



FIGURE 7 .I

Two-dimensional electrophoretic analysis of radioactive

proteins in media from cultures of bovine Sertoli ce11s

(a), and after immunoprecipitation with b) anti-bovine

testicular fluid c) antj--bovine epididynal fluid and d)

anti-bovine seminal plasma. Arrows denote a protein at

a nigratory position similar to that of transferrin.

The scales on the l-eft hand side represent molecular
_qweight (x10 "). See Chapter 2 f.or details of methods.
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FIGURE 7 .2

Two-dimensional electrophoretic analysis o.f radioactive

proteins from cultures of bovine Sertoli ce11s (a) and

after immunoprecipitation r¡ith b ) anti-bovine tesLicular

sperm c) anti-bovine epididymal sperm andd)qnti-bovine

ejaculated sperm. The scales on the left hand side

represent molecular weight (xfO-3¡. See Chapter 2 for

details of nethods.
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Tabl e 7 .2

Sertoli Ce11 Secretory Proteins Recognized by Antisera Against

Sperma tozoa

Antiserum

Testj-cu1ar sPerm

Cauda epididymal sPerm

Ejaculated sPerm
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Sertoli Ce11 SecretorY Proteins

1, 3, 4ab, 7, 8, 20,000 daltons

1, 4ab,7

1, 2,3, 4ab

These results indicate that some Sertoli cell secretory

proteins may associate with sperm within the testis and renain

cornponents of the sperm during subsequent passage through the

reproductive tract. Proteins 1 and îab v/ere recognized by all

antisera. The antiserum against testicular sperm recognized more

proteins than the other antisera. Therefore some proteins initially

bound may be subsequently lost or their antigenic determinants

nay be modified or masked.

7. 4 Discussion

In this study it has been found Èhat some proteins secreted

by Sertolí ce11s have been retained in various fluids distal to

the testi-s and also occur in association with sperm. This is in

agreement with previous studies in which proteins of bovine test-

icular origin have been detected in epididymal fluid and seminal

plasma (Killian and Amann, L973; Amann et a1., I973; Stanek and

Dostal, Ig74) and associated with ejaculated sperm (Klflian and

Amann , lg73). Proteins in seminal plasma derived from the secretion

of other accessory glands have also been found associated !"ith

ejaculated sperm (Vierula and Rajaniemi, 1980; Young and Goodman,

r9B2) .

Antisera to seminal plasma recognized more of the proteins
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secreted by Sertoli ce1ls than did the other antisera. This may

be due to the different concentrations of specific antibodies in

the various antisera. Another explanation is that Sertoli ceIl

products are synthesized elsewhere in the reproductive tract. A

protein which is secreted by rat Sertoli ce11s and becomes assoc-

iated with sperm, DAG, is also synthesized and secreted by'the

epidídymis (Sylvester et a1., 1984). There is evidence that bovine

seminal vesicles may secrete proteins common to testicular secr-

etions (Kil-1ian'and Amann, I973). Transferrin is present in semin-

a1 vesicle fluid in the bu11 (Stanek and Dostal, I972). Although

this protein has not been identified positively in secretions

from bovine Sertoli ce11s and was not detected by immunoprecipit-

ation by an antisera against bovine blood serum (see Chapter 5) a

Sertoli ce11 protein of the approximate nolecular weight of trans-

ferrin (72,OO0) r''as immunoprecipitated by antisera against epidid-

ymal fluid and seminaL Plasma.

The major proteins secreted by Sertoli ceIls designated 1 and

4ab have been detected in testicular, epÍdidymal and ejaculated

fluids and in association with sperm. A cautionary note to this

finding is that the sperm samples used to raise antibodies may be

contaminated by fluid proteins. Therefore an examination of the

sperm surface is needed to confirm the association of Sertoli cell

proteins wi-th sperm.

Identification of those proteins secreted by Sertoli cells

which persist in reproductive fluids beyond the testis and which

associate with sperm represents just the first step in analysing

the functions of these proteins. The specificity of the associat-

ion of these proteins r*'ith sperm and the specific role of each

protein in post-testicular sperm development remains to be esÈab-

lished.
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CHAPTER B

GENERAL DISCUSSION

The work presented in this thesis has achieved its original

aim which was to extend the study of sertoli ce11 function to the

bull. Previous studies on the nature and control of the secretory

function of Sertoli cel1s had been almost exclusively confined

to the prepubertal rat. In the present study many differences

were found between the t\{o species with respect to both the ease

of isolation and culture of Sertoli cel1s and to their protein

synthetic activitY in culture '

The method used for the isolation of sertoli ce11s from the

testes of prepubertal rats proved unsuccessful and a ner¡I procedure

\^ras established to obtain Sertoli ce1ls f rom bovj-ne testes '

Cultures \^rere obtained from bu11s at all stages of postnatal

developnent and from sexually mature animals although cultures

from the fatter source survived for a shorter period.

The profile of secretory proteins obtained from bovine Sertoli

ceIls differed from that obtained from rat Sertoli cel1s' Fewer

serum proteins were detected and transferrin, in particular, rep-

resented only a minor component of Èhe proteins secreted by bovine

Sertoli cells. However, a dimeric protein, which comprised a

large proportion of the total secretory proteins, was found in

both species.

Prepubertal development \"/as characterized by changes in the

relative amounts of particular secreted proteins at different

ages rather than the more complete switching on and off of the

synthesis and secretion of specific proteins. However, the horm-

onal regul4tion of protein secretion remained unchanged during
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development. In contrast, the rat Sertoli ce11 has a period of

responsiveness to FSH during prepubertal development in which both

general 1e.ve1s of protein secretion and the secretion of specific

proteins is increased.

The possible physiological rofes of proteins secreted by

bovine Sertoli ce11s have not been investigated. Serum-like prot-

eins of Sertoli ce11 origin are considered important for sperm-

atogenesis because serum proteins synthesízed in the liver cannot

penetrate through the occluding junctions between Sertoli ce11s

to reach the int.raluminal compartment. Hence, proteins secreted

by the Sertoli ce11 must fu1fi11 within the luminal compartment

the functions otherwise carried out by serum proteins. Several

roles have been proposed for Sertoli ce11 protei-ns j-n the regul-

ation of spermatogenesj-s (see Chapter 1). Moreover the presence

of proteins of Sertoli ce11 ori-gin in epididymal and seminal

fluid and in association with sperm suggests that these proteins

may have additional functions in the excurrent duct system. A

major proLein associated with sperm coincided with a major secret-

ory protein of bovine Sertol-i ce11s. A similar situation exists

in the rat in which a sperm-associated protein, DAG, has been

identified in the secretory proteins of rat Sertoli ce11s. This

suggests that although there is a difference i-n the protein prof-

iles betwee¡r species, related secretory proteins may fu1fi11 sim-

ilar functions. The precise role of Sertoli ce11 proteins once

c¡=>Socicrìec\ \^Jith the sperm membrane remaíns to be determined but

it is conceivable that the proteins may contríbute to the maturat-

ion process of sperm as they pass through the excurrent duct sys-

tem.

Tliis study has not investigated the interaction of bovine

Sertoli cel-Is with other ce11 Lypes in culture, which has been
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the object of several recent studies with rat testicular ce11s

(see Chapter 1). Information gained from such studies in the rat

have indicated that interactions can profoundly influence the

function of Sertoli ce11s in culture. The results presented in

this thesis therefore need to be interpreted with the proviso in

mind that the observed responses of bovine Sertoli ce1ls might be

modified in the presence of other testicular ce11 types.

Future studies using the cultured bovine Sert.oli ce1ls should

aim to investigate the effects of basement membrane substrates

and co-culLure with germ cel1s in order to provide information on

Sertoli ce11 functions in an environment which would resemble more

closely the situation in vivo.
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