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"We must note, however, that when a small principle changes,
usually many of the things which depend upon it undergo an
accompanying change. This is clear with castrated animals,
where, although the generative part alone is destroyed,
almost the whole form of the animal thereupon changes so
much that it appears to be female or very nearly so, which
suggests that it is not merely in respect of some casual
part or some casual faculty that an animzl is male or
female. It is clear, then, that "the male" and "the female"

are a principle".

Aristotle:
Generation of animals I
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INTRODUCTION AND SCOPE OF THE THESIS
1.1 Lutropin regulatory mechanism of steroidogenesis

In the testis steroidogenesis takes place in the Leydig
cells (Hooker, 1970) and is under the control of lutropin,

a glycecprotein hormone with a mol. wt. of about 30,000 con-
sisting of 2 nonidentical subunits, which is secreted by

the anterjor pituitary {(Hall, :970). The main steroid secre-
ted by the testis of the adult rat is testosterone (Eik-Nes,
1%70). Cholestercl is the precursor for the synthesis of
steroid hormones and its conversion into pregnenclone is
stimulated by lutropin (Hall, 1970). The further conversion
of pregnenclone into testostercone is not under the control
of lutropin.

The present evidence indicates that the lutropin or
choriogonadotropin controlled steroidogenic regulatory
mechanisms (human choriogonadotropin is a glycoprotein hor-
mone with a mol. wt. of about 40,000, consisting of 2 non-
identical subunits, which is produced by the placenta) con-
sist of the following cascade of events. The first is the
binding of lutropin to specific receptors, located in the
plasma membrane of the cell (Catt et al., 1974). Full stimu-
lation of steroidogenesis is already obktained when less than
1% of these receptors are occupied with lutropin (Catt and
Dufau, 1973a). Next activation of adenvlate cyclase occurs,
resulting in elevation of the cellular level of cyclic AMP
(Murad et al., 1969; Kuehl, 197C; Hollinger, 1970; Rommerts
et al., 1972; Cooke et al., 1972b; Catt et al., 1972b). Acti-
vation of protein kinase is the primary function by which
cyclic AMP controls metabolic functicns in eukaryotic cells
and it has been demonstrated that in Leydig cells activation
of protein kinase occurs with the same doses of lutropin,
needed for stimulation of stercidogenesis (Cocke et al.,
1976b) .

Inhibition of protein or RNA synthesis results in an in-
hibition of the lutropin stimulation of sterocidogenesis,

suggesting that both these processes are necessary (Hall and
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Eik-Nes, 1962; Shin, 1967; Sakamoto et al., 1973; Cooke

et al., 1975a,b; Mendelson et al., 1973). After maximal sti-
mulation of steroidogenesis by lutropin addition of protein
synthesis inhibitors such as cyclioheximide decrease steroid-
ogenesis to basal values, the reaction following first order
kinetics (half life 13 min} {(Cocke et al., 1975a). These
results indicate that the continuous synthesis cof a pro-
tein(s) with a short half life equal to cr less than 13 min
is needed for the stimulation cof stercidogenesis by lutropin.

A scheme summarizing these events is given in figure 1l.1.
1.2 Scope of this thesis

In this thesis the role of protein synthesis in the Iu-
tropin regulatory mechanism cf stercidogenesis in rat testis
Leydig cells has been investigated, It was decided to study
this by investigating specific proteins newly synthesized in
the presence of lutropin. Before gpecific protein synthesis
in Leydig ¢ells cculd be investigated, however, it was
necessary to modify the Leydig cell preparation which was
then available. Previcous work had been carried out on inter-
stitial tissue obtained by wet dissection of rat testis
(Rommerts et al., 1973b). Although this preparation was
enriched in Leydig cells with respect to total testis, it
was inhomogensous and it also gave a variable response to
trophic hormone stimulation. This problem was sclved by the
preparation of single cell suspensions from total testis
tissue. However these suspensions only contained 6% Leydig
cells., In order to increase the chance of finding lutropin
controlled specific proteins synthesized in Leydig cells it
was decided to purify the Leydig cells. This part of the
work is described in chapter 3, section 3,4 and appendix
paper I. To investigate the incubation conditions, best
suited for maximal lutropin stimulation of steroidogenesis
the effect of some additions to the incubation medium were
more closely investigated. This is described in chapter 3,

section 6 and with respect to Ca++ in appendix paper II.
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The effect of lutropin and cycloheximide on specific protein
synthesis is described in chapter 4, gection 2 and appendix
papers IIT and IV. It was found that lutropin stimulates the
synthesis of a protein with an apparent mol. wt. of 21,000
{LH-IP) in Leydig cells from mature rats. In chapter 4,
section 3 and appendix paper V investigations into the regu-
lation of the synthesis of this protein by lutropin are
described in more detail. Tc investigate the biological role
of LH-IP it is necessary first to isolate and purify the
protein. Because the amount of Leydig cells obtained from
intact rat testis is too low for such an isclation and puri-
fication procedure, the presence of LH-IP was investigated
in a rat Leydig cell tumour which can be cobtained in much
greater guantities. However, with this preparation it was
found that lutropin had no detectable effect on the synthesis
of LH-IP, but stimulated the synthesis of 2 other proteins
with apparent mol. wt.'s of 27,000 and 29,000.

Finally the effect of lutropin on specific protein syn-
thesis in Leydig cells from immature rats and in tumour
Leydig cells were compared. This part of the work is

described in chapter 4.4 and appendix paper VI.
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SUMMARY OF THE LITERATURE ON TEE LUTROPIN REGULATION OF
STEROIDOGENESIS

2.1 Introduction

The relationship between the testes and sexual function
was recognized by Aristotle ('Generation of animals',

+ 300 B.C.). In 1849 Berthold directly demonstrated the
androgenic potency of testicular transplants in preventing
the atrophy of the comb in castrated cockerals. 78 Years
later the first androgenically potent lipid extract from
bull testicules was described by McGee (1927).

In the adult male androgens can maintain spermatogenesis
and the structural integrity of the secondary sex organs.

In crder that a compound may qualify as an androgen it must
stimulate the growth of 3 test organs: a) the capon comb,
b} the prostate and c¢) the seminal vesicle and it must be
effective in restoring sexual activity in castrated male
animals (Eik-Nes, 1970). The main androgen secreted by the
mature rat testis is testosterone (Eik-Nes, 1970).

The testis is an ovoid organ surrounded by the tunica
albuginea (a thick connective tissue capsule), and is com~
posed of seminiferous tubules and interstitial tissue
{figure 2.1). The seminiferous tubules contain myoid, endo-
thelial, Sertoli and germinal cells and their function is to
produce spermatozca which are transported to the epididymis
for further maturation. The interstitial tissue consists of a
framework of locse fibrous connective tissue that supports
blood and lymph vessels and nerves. It contains fibroblasts,
macrophages, plasma cells, lymphocytes and the interstitial
cells of Leydig (referred to as Leydig cells named after their
discoverer Von Leydig, 1857). Bouin and Ancel (1903} were
one of the first investigators to recognize that the Leydig
cells are the site of androgen production and since then an
overwhelming amount of supporting evidence has been obtained,
a.g. destruction of tubular cell types does not result in
markedly diminished andrcgen levels, animals bearing Leydig

cell tumours have elevated levels of androgens, the locali-
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Figure 2.1 Photomicrograph of rat testis tissue, stained

with Periodic Acid Schiff and hematoxylin. This section
(750%x magnification) shows part of circular shaped
seminiferous tubules which contain Sertoli cells and germ
cells and in between the seminiferous tubules blood and

lymph vessels and Leydig cells

zation in the Leydig cells of certain enzymes involved in
stercidogenesis has been demconstrated histochemically and
biochemically and the preoduction of testosterone by isolated
Leydig cells has been demcnstrated in vitro (see for review:
Hooker, 1970; and further Christensen and Mason, 1965; Cooke
et al., 1972a; Cooke et al., 1974; Catt et al., 1973b; Moyle
and Ramachandran, 1973; van Damme et al., 1974; van der
Mclen et al., 1975).

It cannot be excluded that some androgen production takes
place in the seminiferous tubules {(Christensen and Mason,
1965; Hooker, 1970; Bell et al., 1975). However the evidence
for this is not convincing especially with regard to de novo
steroid synthesis (Hall et al., 1969). The low androge-
nic capacity of seminiferous tubules demonstrated by some
workers can be explained by contamination with Leydig cells

which are difficult to remove from the tubules even after
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extensive washing (Hovatta et al., 1574).

Smith {1927) and later Greep (1936-37) established the
role of pituitary secretions in the regulation of both the
endocrine and exccrine function (production of spermatozoa)
of the testis. It is now well accepted that the two trophic
hormones feollitreopin and lutropin secreted by the pituitary
have separate sites of action in the testis; follitropin
acts on the seminiferous tubules while lutropin controls
Leydig cell function (Hall, 13%70; Dorrington et al., 1972;
Cooke et al., 1974).

In the following sections of this chapter the current
state of knowledge about the lutropin regulaticn of steroid-

ogenesis in testis Leydig cells will be reviewed.

2.2 Biosynthesis of the steroid hormones and the regulation

of their synthesis
2.2.1 Cholesterol: the precursor for testosterone biosynthesis

Taestosterone is synthesized from cholesterol (Eik-Nes,
1970). Most of the cholesterol is synthesized within the tes-
tis (Eik=-Nes, 1975) which is in contrast to the situation ob-
served in the adrenal gland, where excgenocus cholesterol
accounts for B80% of that used for the more active steroidoge-
nesigs. The cellular uptake of cholesterol by the adrenal
gland is stimulated by corticotropin {Dexter et al., 1970;
Gwynne et al., 1%276}. Regulation of the intracellular choles-
tercl level may be ¢f importance for testosterone production.
Control of testicular cholesterol synthesis is still poorly
understood although there is some evidence that testosterone
regulates cholesterol synthesis through feedback inhibition
(BEik-Nes, 1970; Neaves, 1975). Within the Leydig cell, choles-
terol is present in the free and esterified form. In the mouse
Leydig cell the bulk of free cholesterol is present in the
nmicrosomal fraction while esterified cholestercl is mainly
stored in lipid droplets {Acki and Massa, 1975). Hydrolysis of
fatty acid esterified cholestercl is reguired before it can
be converted into pregnenclcone (Moyle et al., 1973). Injec=-

tion of lutropin into the mcuse results in a decrease
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in the esterified chelestercl pool in the testis,

but no marked change in the concentration of

free cholestercl cccurs (Bartke, 1971; Pokel et al,, 1972;
Aoki and Massa, 1975)., Moyle et al. (1973a) demonstrated that
in mouse tumour Leydig cells lutropin stimulates the hydro-
lysis of esterified cholestercl into free cholesterol. Acti-
vation of adrenal c¢hclegtercl esterase has been shown to
occur by phosphorylation, which is one of the possible
mechanisms of action of trophic hormone stimulation
{(Naghshineh et al., 1974: Wallat et al., 1976; Beckett and
Boyd, 1977). In rat testis interstitial cells most of the
cholesterol is present in the free form (van der Molen

et al., 1972; Hafiez and Bartke, 1972) and in contrast to
the mouse testis, administration of choricgonadotropin does
not have a detectable effect on the free or esterified choles-
terol pools in rat testis (van der Molen et al., 1972). One
explanaticon for these results may be that the amount of
cholesterol converted into androgens iz small compared to
the total cholesterol pool (van der Vusse, 1973). Until now
precise knowledge isg lacking about the localization and size
of the cholesterol pool used as substrate for conversiocn
into androgens in the rat testis Leydig cell.

2.2.2 The conversion of cholesterol into pregnenolone

It is generally accepted that the conversion of cheles-
terol into pregnenclone, which takes place in the mitochon-
drion, is the rate~limiting step in the overall preoduction
of andrcgens and that this conversion is under the control
of lutropin (Hall, 1%66; Hall and Young, 1968; Hall, 1970).
Several authors have suggested that corticotropin or lutro-
pin stimulate steroidogenesis in their respective target
organs by regulating the mitochondrial precurscr pocl of
cholesterol available for the side chain cleavage enzyme
(Kahnt et al., 1974; Boyd et al., 1975).

However the results of Farese and Prudente (1977a) indi-
cate a more direct effect of trophic hormone on the choles-

terol side chain cleavage enzyme complex. They found that
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the degree of stimalation of pregnenclone production by
corticotropin in solukilized cholestercl side c¢hain cleavage
enzyme preparations and in intact mitochondrial preparations
were comparable.

Caron et al. (1975) demonstrated that a partially puri-
fied cyclic BMP dependent protein kinase caused a 20-74%
stimulation of the activity of the cholestercl side chain
cleavage enzyme activity reconstituted from corpus luteum

cytochrom P and purified adrencdoxin reductase.

Administjiiaon of cycloheximide in vivo prevents the
trophic hormone stimulation of pregnenolone production in
mitochondrial preparations from the adrenal, corpus luteum
and testis (Koritz and Kumar, 1970; Jefcoate et al., 1974;
van der Vusse et al., 1975a). Farese and Prudente (1977a)
showed that this effect of cyclcheximide on stimulated
pregnenclone production is abolished by sclubilization of
the cholesterol side chain cleavage enzyme and they there-
fore suggested that a cycloheximide sensitive protein is
required to overcome a barrier which exists in the intact
mitochondria and restrains cholesterol side chain cleavage.
This is in agreement with earlier suggestions for a role of
a cycloheximide sensitive protein in the translocation or
the transportation of cholesterel within the mitochondrion
(Simpson et al., 1972; Boyd et al., 1975). This conclusion,
however, does not agree with the findings repocrted by
Mahaffee et al. (1974} namely that cyclcheximide 'doces not
prevent the mitochondrial accumulation of cholesterol brought
about by corticotropin in the rat adrenal. Further these
authors concluded that cycloheximide blocks the sterocidogenic
process at a site that is not the principle site of regulation.
A similar conclusion is reported by Bell et al. (1973) who
suggested that cyclcheximide acts primarily upon the choles-
terol hydroxylases rather than upon events mediating the
transport of cholestercl.

18



2.2.3 Conversion of pregnenolone into testosterone

The conversion of pregnenolone into testosterone takes
place outside the mitochondria in the endoplasmic reticulum
and is not under the control of lutropin (Hall, 1968; wvan der
Molen and Eik-Nes, 1971). No effect of cyclocheximide on
the conversion of pregnenolone into corticosterone has been

observed in the adrenal gland (Davis and Garren, 1968).

2.3 Mechanism of action of trophic hormones

2.3.1 Role of membrane receptors

It is generally accepted that the coupling of a trophic
hormone to its receptor is the first event in the stimulation
of steroidogenesis. Using autoradiographic and immunohistolo-
gical methods a receptor for lutropin and choriogonadotropin
has been demonstrated to be located in the Leydig cell
(De Kretser et al., 1971a; De Kretser et al., 19%71b; Castro
et al., 1972; Dal Lago et al., 1975; Dal Lago et al., 1976).
Sucrose density gradient centrifugation has revealed
the localization of this receptor in the plasma membrane
{Catt et al., 1974), Other arguments that the lutropin
receptor is localized in the plasma membrane are: the sti-
mulation of steroidogenesis in vitro by incubation with lu-
tropin coupled to Sepharose, which excludes intracellular
effects of the trophic hormone (Dufau et al., 1971) and the
fact that incubation of Leydig cells with trypsin resulted
in a loss of lutropin binding sites (Steinberger, 1973).
Binding studies with Leydig cell homogenates and sclubilized
receptors have shown that one type of receptor with high
affinity and limited capacity is present (Catt et al., 1972a;
Dufau and Catt, 1975). However, these studies do not exclude
the presence of another type of receptor with a very low
capacity or receptors having similar physical characteristics
but different biclogical functions as indicated by the
results of Moyle and Ramachandran (1973). These authors de-
monstrated that dilution of Leydig cells after preincubation
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with lutropin was sufficient to terminate the stimulatory
action of lutropin on c¢yclic AMP production, whereas the same
procedure failed to affect the stercidogenic response to
lutropin. Remcval of lutrepin from tumour Leydig cells with
lutropin antiserum resulted in an almost immediate cessation
of stercidogenesis (Moyle et al., 1971) indicating that the
continuous occupation of receptors by lutropin is necessary
for stimulation of steroidogenesis. They postulated therefore
the presence of 2 functionally different types of receptors.
Moyle (1975) found this postulation strengthened by the
results, which he obtained with choriogonadotropin derivatives
lacking various sugar residues. Whereas sequential removal

of the sialic acid, galactose, N-acetyl glucosamine and
mannose residues led to a progressive increase in the effec-
tive dose of the hormone required tc stimulate steroidogene-
sis, it resulted in a leoss in the ability ¢f the hormone to
stimulate cyclic AMP accumulation.

The presence of different types of receptors can explain
the fact that a maximum response in steroidogenesis is ob-
tained at concentrations of lutropin resulting in less than
1% occupancy of the receptors (Catt and Dufau, 1973a). How-
ever, assuming the presence of only one single type of recep=
tor has led to the concept 0of spare receptors (Catt and
Dufau, 1973a). It has been proposed that these receptors
function as storage for lutropin (Catt and Dufau, 1973a)
or means by which the probability will be increased that
circulating hormone will be concentrated by the target cell
to reach an adequate level of receptor occupancy to initiate
steroidogenesis {Catt and Dufau, 1973a). The concept of spare
receptors has been gquesticned by Ryan and Lee (1976) bhecause
the optimal conditions for a biological response are different
from the optimal conditions for the binding assays and this
may have led to misinterpretaticon of the obtained data. With
mouse tumour Leydig cells different results were obtained,
lutropin binding was found to be proporticnal te the lutropin
provcked steroidogenic response {Moudgal et al., 1971)}. Dif-

ferences in the assay for lutropin binding may explain the
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ocbserved differences between dose of lutropin - lutropin
binding relatiocnship and dose of lutropin - steroidogenic
response relationship in rat testis Leydig cells {(Catt and
Dufau, 1973a) and in mouse tumour Leydig cells (Moudgal

et al., 1971). The first authors determined specific binding
by incubation of tissue with 125I—hCG in presence or absence
of excess unlabelled choriocgonadotropin, whereas Moudgal

et al. (1971) determined specific binding by incubation of
the tissue with lutropin followed by washing the tissue

5 times at 0°C. The lutropin retained in the pellet was
determined with a radicimmunoassay and was referred to as
specifically bound lutropin.

Gonadotropin receptors of rat testis have been solubilized
and purified 15000 fold to 50% thecoretical purity (Charreau
et al., 1974; Dufau and Catt, 1%75a; Dufau et al., 1975b).
The isolated receptor exhibited the properties of a
molecule with a mol. wt. of approximately 200,000
(Dufau et al., 1973a; Dufau et al., 1974a). The number of
lutropin receptors in mature rat testis is under the control
of the pituitary, because 3 days after hypophysectomy a 50%
decrease in receptor concepntration occurred (Thanki
and Steinberger, 1976). Replacement therapy with lutropin,
follitropin or testosterone propionate failed to maintain
lutropin kbinding at the pre-hypophysectomy level {Thanki
and Steinberger, 1976). According to the regults of Hsueh
et al. (1976a) this loss of receptors does not occur in
every Leydig cell; these authors found that a 50% reduction
in cells containing immunofluocrescence labelling of gconado=
tropin receptors occurred 3 days after hypophysectomy.

Regulation of gonadotropin receptors in mature and imma-
ture rat testis by circulating homologous hormone has been
reported (Hsueh et al., 1976b; Chen and Payne, 1977a; Haour
et al., 1977; Sharpe, 1977; Hsueh et al., 1977). A single
injection of chericgonadotropin or lutropin results in a

decrease in available and absolute number of receptor sites.
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& rapid (after 3 hours) and prolonged (approximately

4-5 days) loss of receptors was observed after high doses

of gonadotropins and a delayed but equally prolonged loss

of receptors to 30% of the control value occurred after low
doses. In the latter case only 8% of the available receptors
were occupied by the administered hormone (Hsueh et al.,
1976b; Chen and Payne, 1977a; Haour and Saez, 1977; Sharpe,
1977; Hsueh et al., 1977). Ascoli and Puett {1977) reported
an intracellular uptake of 3H~labelled lutropin by testis
cells 60 min after injecticn of the heormeone and they suggest
that the whole hormone receptor complex is internalized pre-
sumably via endocytosis and that the endocytic vesicles fuse
with primary lysosomes where catabolism then cecurs. By this
mechanism the hormone action on the target cell is termina-
ted and this may explain the loss of receptors described
above some hours after injection c¢f the trophic hormone. The
results described by Asccli and Puett (15%77) may explain the
clder histological cbservaticons of a cytoplasmic localization
of lutropin (Castro et al., 1970; De Kretser et al., 1971a;
De Kretser et al., 1271b}. In these studies Leydig cells

were incubated in the presence of labelled lutropin for
30 min to several hours during which time uptake cf the hor-
mone could have taken place.

, +
2.3.2 Role of cyclic AMP, cyelic GMP and Ca *

Sandler and Hall (19266} were the first to demonstrate the
stimulation of testosterone production in rat testis by the
addition of cyclic AMP., Since then this observation has been
confirmed by other investigators (Connell and Eik-Nes, 1968;
van der Molen and Eik-Nes, 1971; Catt et al., 1972b). Catt
et al. (1972b) demonstrated that db-cyclic AMP, an analogue
of cyclic AMP, stimulates testosterone production in rat
testis about 50 times more effectively than cyclic AMP.
Sandler and Hall (1966) reported that the effect of cyclic

AMP on steroidogenesis was located beyond the synthesis of
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cholestercl. Van der Molen and Eik-Nes (1971) demonstrated
that it acted at steps prior to the formation of pregneno-
lone, sugdesting an effect on the conversion of cholesterol
into pregnencolone. As stated in secticn 2.2 this conversion
is the rate-limiting step in the overall production of
androgens and is under the control of lutropin (Hall, 1970).
In 1968 Connell and Eik-Nes reported that the addition of theo-
phylline, a competitive phosphodiesterase inhibitor, to
rabbit testis slices increased the production of testoste-
rone, suggesting that cyclic AMP ig involved in this stimu-
lation. Addition of lutropin to rat testis stimu-

lates the adenylate c¢yclase activity {(Murad et al., 1969;
Kuehl et al., 1970; Hollinger, 1%70). Hollinger (1970) and
Eik-Nes (1971) reported the localization of adenylate cyclase
in the nuclear and mitochondrial fraction of the testis,
however no marker enzymes for the different subcellular
fractions were included in these studies. Pulsinelli (1972)
using marker enzymes for plasma membranes and mitochondria,
found the adenylate c¢yclase primarily associated with the
plasma membranes. Testis mitochondria, which were free of
plasma membrane contamination have been reported to contain
a lutropin sensitive adenylate cyclase (Sulimovici et al.,
1973, 1974, 1975). However,gonadotropins did not augment

the production of pregnenclone in testicular mitochondria,
containing adenylate cyclase activity (Pulsinelli and
Eik=-Neg, 1970). Addition of lutropin to testis preparations
results in increased levels of cyclic AMP in the tissue and
in the medium (Rommerts et al., 1972; Cooke et al., 1972b;
Catt et al., 1872b; Dufau et al., 1973k; Moyle and
Ramachandran, 1%73; Dorrington and Fritz, 1974). This in-
crease in cyclic AMP level occurs within 1-3 min after the
addition of lutropin and precedes the increase in testoste-
rone production {(Rommerts et al., 1272; Dufau et al., 1%73b:
Moyle and Ramachandran, 1973}. Additicn of phosphodiesterase
inhikiters like theophylline or 3-isobutyl-l-methylxanthine,
potentiates the effect of lutropin or choriogonadotropin on

cyclic AMP levels and on testosterone production (Dufau
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et al,, 1973b; Catt and Dufau, 1%73a; Dufau et al., 1974b;
Cooke et al., 1976b). All these results suggest a role for
cyelic AMP as second messenger in the lutropin regulatory
mechanism of steroidogenesis.

Another way to test whether cyclic AMP is involved in the
stimulation of steroidogenesis has been by the use of chole-
ratoxin, which has been shown to mimic the acticon of hormones
at their target c¢ells through stimulation of cyeclic AMP pro-
duction (Sahours and Cuatrecasas, 1975; Haksar and Peron,
1975; Palfreyman and Schulster, 1975). Cocke et al. (1977a)
demonstrated that in rat testis Leydig cells incubated with
increasing doses of choleratoxin, testostercne and cyclic
AMP production were increased in a parallel fashion, indica-
ting that cyclic AMP is involved here in the stimulaticn of
steroidogenesis. However the lowest dose of lutropin needed
for stimulation of cyclic AMP production is one order of
magnitude higher than needed for stimulation cf testosterone
production (Catt and Dufau, 1973a; Rommerts et al., 1973a;
Moyle and Ramachandran, 1973). Because of this discrepancy
in the amount of lutropin needed for an increase in cyclic AMP
levels and stimulation of testosterone production, the cbliga-
tory reqguirement of cyclic AMP in the acticn of lutropin in
stercidogenesis in the testis has been questioned. It has
been suggested that at low concentrations of lutropin other
substances may act as seccnd messengers e.d. cyclic GMP or
Ca++.

No increase in c¢yclic GMP levels have been detected after
addition of lutropin to Leydig cells (Williams et al.,
1976a; M. Pueta Cuva, unpublished results) and addition of
cyclic GMP to Leydig cells did not stimulate stercidogenesis
(Williams et al., 1976a). These resgults indicate that cyclic
GMP is not a mediator of lutropin stimulated steroidogenesis
in rat testis Leydig cells. Rasmussen (1970) has drawn at=-
tention to the possible role of Ca++ as second messenger in
hormone contrelled processes. Van der Vusse et al. (1976)
have shown that Ca++ can nmimic the effect of lutropin on
pregnenolene production in isclated rat testis mitochondria.

In the adrenal gland it has been demconstrated that the pre-
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sence of Ca++ in the incubation medium is required for full
stimulation of steroidoegenesis {Birmingham et al., 1953;
Sayers et al., 1972; Rubin et al., 1972). All these results
may imply a direct role of Ca++ in the trophic hormone regu-
latory mechanism of steroidogenesis, although a permissive
rcle for Ca++ cannot be excluded. Concerning the cortico-
tropin stimulation of steroidogenesis in adrenal cells Ca++
has been shown to be involved in the transmission of the
signal arising from corticotropin-receptor interaction to
the adenylate cyclase (Lefkowitz et al,, 1970; Rubin et al.,
1972; Sayers et al., 1572; Haksar and Peron, 1973; Kowal

et al., 1974}, in protein synthesis (Parese, 197la; Farese
and Prudente, 1977b), in conversion of cholesterol into
pregnenolone {Simpson et al., 1972; Arthur et al., 1976) and
in the release of stercids (Rubin et al., 1972}).

Before more can be said about the role of Ca++ in the
trophic hormone regulatory mechanism of steroidogenesis it
is necessary to know more about the amount of free and bound
Ca++ in the different cellular compartments under different
stimulatory conditions. At this moment this knowledge is
completely lacking.

Another explanation for the observed discrepancy between
lutropin dose-cyclic AMP response relationship and lutropin
dose-testosterone response relationship may be that only a
small amount of cyclic AMP is involved in the stimulation
of steroidogenesis and/or that at low concentrations of lu-
tropin a translocation of cyclic AMP from one compartment
to another compartment is inveolved. That this may bhe true
is indicated by the recent results of Dufau et al. (1977)
who demonstrated that there was an increase in the number of
occupied cyclic AMP binding sites in Leydig cells at all

lutropin concentrations that gave a stercidogenic response.
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2.3.3 Role of protein kinase

Since activaticn of protein kinase is the primary function
by which cyclic AMP controls metabolic functions in eukaryo-
tic cells, several authors have measured activaticon of cyclic
AMP dependent protein kinase in testis cells as a function of
lutropin concentrations and have compared this relaticnship
with the lutropin dose-testosterone relationship. Podesta
et al. (1976} reported that activation of protein kinase
activity in rat testis Leydig cells by lutropin parallelled
the increase in cyc¢li¢ AMP levels in these incubations and
at low doses of lutropin, which evoked a response in testos-
terone production, no activation of protein kinase could be
observed. In contrast Cooke et al. (1976b) ckserved an acti-
vation of cyclic AMP dependent protein kinase with all doses
of lutropin which alsco gave a respcnse in testosterone pro-
duction, whereas a rise in cyclic AMP levels was detected
only at higher doses of lutropin. In these determinations
histone has been used as substrate for protein kinase and
the possibility exists that this histone is a relatively
pocr substrate for the specific protein kinase involved
in the regulation of steroidogenesis. Therefore it seems
more appropriate to determine phogphorylation of endoge-
nous substrates in intact cells in the presence of diffe-
rent doses of lutropin. This type of experiments has
been performed by Cocke et al, (1977b}. These authors re-
ported that in rat testis Leydig cells lutropin stimulates
the phosphorylaticn of 3 proteins with apparent mol. wt.'s
of 14,000, 58,000 and 76,000, Phosphorylation of these pro-
teins with different doses of lutropin parallelled the sti=-
mulaticn of testosterone production and reached a maximum

approximately 20 min after the addition of the hormone to
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the cells. These observations favour a role for cyclic AMP
as a second messenger in the mechanism of action of lutropin,
although it is also possible that activation of protein
kinase has been caused by factors other than cyclic AMP.

The relation of the phospheorylated endogenous proteins
to the stimulation of steroidogenesis is still cbscure. The
lutropin stimulated phosphorylation of more than one protein
can point to a pleiotropic regulaticn of stercoidogenesis. In
other stercidogenic tissues more data have been obtained
about the possible role of protein phosphorylation. In the
adrenal phosphorylation of ribosomal proteins has been repor-
ted after addition of corticotrepin (Murakami and Ichii,
1973; Roos, 1973). In addition it has been shown that phos-
phorylation activates adrenal cholesterol esterase
(Naghshinah et al., 1974; Wallat and Kunan, 1976:; Becket
and Boyd, 1976) and activates a reconstituted cholesterol
side chain cleavage enzyme complex in the bovine corpus
luteum (Carcon et al., 1975).

2.3.4 Role of protein and RNA synthesis

Hall and Eik-Nes (1962) were the first to show the inhi-
bitory effects of protein synthesis inhibitors such as puro-
mycin on the lutropin stimulated steroidogenesis in rabbit
testis preparations. Since then their observations have been
confirmed by other authors (Shin, 1967; Sakamoto et al.,
1973; Cooke et al., 1975a: Mendelson et al., 1375), The
effect of protein synthesis inhibitors on lutropin stimula-
tion of stercoidogensesis is due to their effect on protein
synthesis and not due to other toxic effects as supported by
the parallelism of inhibition of protein synthesis and tes-
tostercone producticon with different dogses of the inhibitors
puromycin and cycloheximide (Cooke et al., 1975a). These
last authors could not find an effect of chloramphenicol,
an inhibiteor of mitochondrial protein synthesis, on steroid-

ocgenesis, which may indicate that only cytoplasmic protein

27



synthesis is invelved. This is in contrast with the finding
¢f Hall and Eik-Nes (1962) namely that chloramphenicol has
an inhibitory effect on steroidogenesis in rabbit testis.
However,these last authors measured the amount of lQC--acetate
incorporated into testosterone while Cooke et al. (1975a)
measured mass of testosterocone produced with a radicimmunco-
assay method and it is possible that chleramphenicel
influences the conversicn of 14C—acetate into cholesterocl,

a precurscr cf testostercne. Addition of cyclcheximide to
Leydig cell preparations, after full stimulation with lutro-
pin, decreased the stimulated testosterone production to
basal levels (Cocke et al., 1%75a; Mendelson et al., 1975).
This decrease followed first order kinetics with a half life
cf 13 min (Cooke et al., 1975a) indicating that for the
stimulation of steroidogenesis the continuous synthesis of

a protein with a short half life is necessary. The involve-
ment of such a protein in the stimulation of steroidogenesis
by trophic hormone has also been reported for the adrenal
gland (Garren et al., 1965; Schulster et al., 1974, 1970;
Lowry and McMartin, 1974), corpus luteum (Hermier et al.,
1971}, and the Graafian fcollicle (Lieberman et al., 1975).
The action of this protein may be located in the mitochon=-
drion as has already been digcussed in section 2 of this
chapter. Garren et al. (1965} have proposed a model in which
the regqulation cf steroidogenesis by trophic hormones is
mediated by the synthesis of a regulatory protein with a
short half life (figure 2.2A). It has been suggested that
the time period between the addition of corticotropin to

the adrenal cells and the increase in steroid secretion is
too short (<24s) for new protein synthesis and therefore
that the synthesis of the protein with short half life is
not under the control of trophic hormone but that a protein
is continuously synthesized and is then activated in the
presence of the hormone (figure 2.2B) (Schulster et al.,
1974; Lowry and McMartin, 1974). The available evidence
however ,does not exclude a third possibility namely that

the protein(s) with a short half life plays a permissive
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- = inhibition, + = stimulation.

Model A.

cycioheximide degradation
Amino . synthesTs . specific —__ _p steroidogenesis
Acids + protein +

trophic hermone

Model B.
degradation degradation
Amino —— synthesis ——_p inactive —_ modification —.p active —__p steroidogenesis
Acids - precursor + protein +
protein
cycloheximide trophic hormene
Medel C.
degradction
AMinNG — synthesis «p specific —p stercidogenesis
Acids T - protein + +
cycloheximide trophic hormone

Figure 2.2 Hypothetical medels for the role of preotein

synthesis in the regulation of stercidogenesis
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role in the trophic hormone stimulation of steroidogenesis
(figure 2.2C}.

In adrenal cells steroidogenesis iz not inhibited by RNA
synthesis inhibitors, indicating that new mRNA synthesgis is
not inhibited necessary for stimulation of steroidogenesis.
This is in contrast to the testis bercause several authors
have described inhibition of lutropin stimulated steroidcge=-
nesis by RNA synthesis inhibitors such as actinomycin D and
cordycepin (Shin and Sato, 1971; Mendelson et al., 18975;
Cocke et al., 1975k). In the study of Mendelscn the inhibi-
tion of the stimulation of stercidogenesis by actinomycin D
was highest when added at the start of the incubation, and
became progressively less when added at later times during
the incubation period (Mendelson et al., 1975), indicating
that new mMRNA synthesis is involved in the lutropin stimula-
tion of testosterone production. The RNA synthesis involved
in the lutropin stimulation of steroidogenesis in rat testis
Leydig cells, may be necessary for tranglation of the pro-
tein{s) with a short half 1life or for translation of other
proteins, which are not involved in the corticotropin stimu-
lation of steroidogenesis in adrenal c¢ells. At thisg moment
however ,not enough data are avallable to make definite
conclusions.
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ISOLATION AND PURIFICATION OF LEYDIG CELLS

3.1 Introducticn

In order to study the possible role of specific protein

synthesis in lutropin regulatory mechanism{s) of steroidoge-

nesis in the rat testis several restrictions apply to the

type of testis preparations that could be used, e.g.:

1.

It must contain a lutropin sensitive steroidogenic
system.

It must be homogeneous, so that specific protein synthesis
under different stimulatory conditions can be compared
with each other.

The protein synthesis system must be as specific as
pessible for the Leydig cells. This means that the number
of other cells containing active protein synthesizing
systems must be kept ag low as possible.

The number of Leydig cells must be sufficiently high for
the detection of specific protein synthesisg.

The procedure for cell preparation must be carried out

in a reasonable time pericd and must be reproducible, so

that it is suitable toc use as a routine procedure.

Investigaticns into the lutropin regulation of sterocidoge-

nesis have been carried out in many different wavs, e.g.:

1.

In incubation systems of short duration {Hall and
Eik-Nes, 1962; Christensen and Mason, 1965; Dufau et al.,
1971; Cocke et al., 1972; Moudgal et al., 1972;

Van Damme et al., 1974).

In tissue or cell cultures (Steinberger et al., 19%67;
Shin, 1967; De Kretser et al., 1971; Inanc et al., 1972).
Superfusion of whole testis (Satyaaswarcop and Gurpide,
1974) or of isclated parts of it (Cocke et al., 1975).
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4. In situ perfusion of intact testis (Eik-Nes, 1970).
5. In vive (Chen and Payne, 1977; Hsueh et al., 1977;
Sharpe, 1977).

In the studies described in this thesis an incubation
system ¢f short duration was chosen and not long term tis-
sue or ¢ell cultures because ocur main interest was the
short term regulation of stercidogenesis by lutropin.

The purpose of the following sections is to review the
different testis cell preparations which are available for
studying effects of lutropin on specific protein synthesis.

First of all methods which are available for identifying
Leydig cells are discussed (section 3.2}. Then the various
Leydig cell preparations are evaluated with respect to the
criteria discussed above (section 3,3-3.,5). In section 3.4
methods are described to obtain enriched Leydig cell sus-
pensions, which were found to fulfil all 5 criteria. In
section 3.5 the pros and cons of a Leydig cell tumour as
an experimental model are summarized. Next some regulrements
of the incubation medium are discussed. Finally the steroid-
cgenic capacity and sensitivity towards lutropin of the dif-

ferent Leydig cell preparaticons are compared with each other.

3.2 Identification of Levdig cells

The Leydig cell in mammals is a relatively large, poly-
hedral cell. The nucleus is spherical or ovoid and contains
one or more nucleoli, The chromatin, present in granules, is
predominantly distributed towards the periphery of the nu-
cleus. The Leydig cell can be identified on the basis of its
morphology or on the basis of specific proteins present in
the Leydig cell and not in other testicular cell types. These
marker proteins can be detected under the light microsccpe by

histochemical, immunoflucrescent or autoradiographic tech-
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nigues.

Identification of Leydig cells on basis of their morpho-
logy can be done by phase contrast, light or electron micros-
copy after fixation and suitable staining. According to
Meistrich et al. (1973) identification of Leydig cells in
suspension by phase contrast microscopy on a quantitative
basis is not possible. Determination of the number of Leydig
cells in suspension by light microscopy has been reported
but this is not easily carried out (Meistrich et al., 1973;
Davies and Schuetz, 1975). The most freguently used method for
the identification of Leydig cells is 3B-hydroxysteroid dehy-
drogenase histochemistry (Steinberger et al., 1966; 1967;
Hovatta et al., 1974; Dufau and Catt, 1975b; Wiebe, 1976).
Steinberger et al. (1967) pointed ocut that once the Leydig
cells are removed from the interstitial areas of the testis
that this is the only way of detecting them. Histochemical
studies have shown that the 3g-hydroxysteroid dehydrogenase
is almost exclusively located in the Leydig cells (Wattenbe;g,
1958; Levy et al., 1959; Niemi et al,, 1962, 1963). However
some activity is also present in the peritubular myocid cells
(Wiebe, 1976; De Kretser et al., 1271}. Hovatta et al. (19274}
detected some cells showing a positive histochemical reaction
for 3g-hydroxysteroid dehydrogenase in the peritubular cells
cf teased tubules. They found that these cells were different
from myoid cells, which showed a weaker activity. The predo-
minantly interstitial localization of 3Jg-hydroxysteroid de-
hydrogenase, as demonstrated histochemically has been con-
firmed biochemically, using interstitial tissue and semini-
ferous tubules separated from each other by wet dissection
of rat testis (see section 3.3) (van der Vusse et al.,

1974,

Another way of identifying Leydig cells is by means of
their specific lutropin receptors (Hsueh et al., 1976).

These receptors are specifically localized in the Leydig

cells {see section 2.3.1) although lutropin receptors have
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also been detected on peritubular cells (Castrc et al.,
1972). Hsueh et al. (1976) reported a good agreement in the
number of Leydig cells in cell suspensions, when estimated
by immunofluorescence labelling of lutropin receptors and
3B-hydroxysterold dehydrogenase histochemistry.

There are various other histochemical or histological
methods that have been used for the identification of Leydig
cells e.g., Nieminen et al. (1975) reported the specific his-
tochemical localization of amincopeptidase in guinea pig
Leydig cells using N-L-arginyl-2-naphtylamine and N-L-valyl-
2-~naphtanylamine as substrates and Darzynkievicz and Gledhill
(1973) described the specific uptake of 3H—ATP by fixed
Leydig cells from rat testis. A marker used to identify dif-
ferent cell types in the testis is the nonspecific esterase
(Niemi and Ikonen, 1963; Niemi et al., 1966). Two functional-
ly different nonspecific¢ esterases have been demonstrated in
the testis: one type, detected using naphtyl acetate as sub-
strate, is located in the Leydig cells whereas the other type,
with indoxyl acetate as substrate, is located in the Sertoli
cells and in some Leydig cells (Niemi et al., 1966). Ester-
aseés in the Leydig cells can be measured biochemically with
p-nitrophenylpropionate as substrate (Niemi et al., 1966).
These results were confirmed by Rommerts et al. (1%73b) on
testis tissues isclated by wet dissection, who found 50 times
more p-nitrophenyl esterase activity in the interstitium than
in the seminiferocus tubules using p-nitrophenyl acetate as a
substrate.

Because it is difficult to guarantee absolute specificity
for Leydig cells with any of these markers, it was decided
to use 4 different methods for identification, i.e. 38-
hydroxysteroid dehydrogenase histochemistry, Periodic Acid
Schiff-staining (Roosen-Runge, 1959%; Baillie, 1961),
p-nitrophenyl esterase activity and testosterone production
{section 2,1). Of these 4 markers Periodic Acid Schiff-
staining appears to be the least specific for Leydig
cells because cother testicular cells are also stained by
this reagent (Hooker, 1970)}. This lack of specificity was
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also indicated in our experiments because in the different
Leydig cell preparations tested, there were more Periodic
Acid Schiff positive cells than cells containing 38-
hydroxysteroid dehydrogenage. The Periodic Acid Schiff-
staining was therefore omitted as a marker in later experi-

ments.

3.3 Testis preparations containing Leydig cells

3.3.1 Whole testis

Various preparations of whole testeg have been used to
investigate lutropin regulation of sterpidogenesis e.g.
decapsulated intact testis (Catt and Dufau, 1973a; Dufau
et al., 1973b}, small pieces of whole testes (Rommerts
et al., 1972), testis slices {(Hall and Eik-Nes, 1962;
Connell and Eik-Nes, 1968} and teased testes (Dufau et al.,
1971; Rommerts et al., 1973a). The last 3 experimental pre-
parations guarantee a better contact between the medium and
testis cells than the first one. Dufau et al. (1971) repor-
ted that teasing of the rat. testis resulted in a substantial
loss of the steroidogenic response to trophic hormones as
compared with the intact testis. However.,Rommerts et al,
(1973a) did not find much difference between lutropin sti-
mulated testosterone production in teased and unteased
testes. These contradictory findings could be explained by
two opposite effects of teasing: i.e. damage to the Leydig
cells, resulting in loss of stercideogenic response to
lutropin and better stimulation due to improved contact
between the medium containing the lutropin and the Leydig
cells. Differences in the degree of teasing may have resul-
ted in a preponderance of one of these effects.

These whole testis preparations did not appear to be a
good experimental model, because they contain only a small
number of Leydig cells and therefore do not fulfil to cri-
terum number 3 in section 3.1, namely that the preparation
must contain as few as possible other cell types with an

active protein synthesizing system.
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3.3.2 Interstitial tissue

A method of preparing cells enriched in Leydig cells was
originally reported by Christensen and Mason (1965). These
authors described a mechanical method for the separation of
the tubular and interstitial compartments, by microdissection
of rat testis. Microscopic examination of the interstitial
tissue revealed only slight contamination with tubular mate-
rial. By microdissection of X-irradiated rats Yokoe et al.
(1971) obtained interstitial tissue containing more than
95% Leydig cells as was judged by histological examination.
The number of Leydig cells in the interstitial tissue
obtained by wet dissection of rat testis was found by
Rommerts et al. (1973b} to be 4-8 times higher than in total
testis tissue, using p-nitrophenyl esterase as a marker.
However, when compared with total testis tissue, the amount
of testosterone produced by this interstitial tissue was
lower than could be expected on the basis of this increased
number of Leydig cells (Rommerts et al., 1973a; Cocke et al.,
1974} . It was concluded that the lower production of testos—
tercone may have been due to damage of Leydig cells., A second
disadvantage of this preparation became apparent during pre-
liminary experiments on specific protein synthesisg, namely
that different parts of the dissected interstitial tissue
contained different amounts of contaminating tubular cells.
This type of Leydig cell preparation did not therefore
fulfil criteria 2 as stated in section 3.1 namely that it

must be homogeneous.

3,.3.3 Testis cell suspensions

The use of cell suspensions guarantee a homegenecus dis-—
tribution of Leydig cells in different incubaticns. Two
different procedures have been described to obktain such a
suspensicn: .

1. a mechanical method, described by Van Damme et al. (1974)
in which mouse testes are cut into small pieces and incuba-
ted in Eagles medium containing 2% calf serum, for 10 min at

rocm temperature with continuous stirring with a magnetic
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stirrer. The medium is then filtered and contains lutropin
sensitive Levdig cells. However,it was found that if rat
testes were used instead of mouse testes, Leydig cells were
obtained which were insensitive to lutropin.

2. The second method is baged on enzymic treatment of the
testes. For this purpose the use of 2 different enzymes have
been reported: trypsin and collagenase. Incubation of rat
testis with collagenase has been found to result in Leydig
cell suspensions responsive to lutrepin and choriogonado-
tropin (Catt et al., 1973b; Moyle and Ramachandran, 1273;
Dufau et al., 1374b).The use of trypsin however resulted in
cells which did not show specific lutropin binding, indica-
ting that destructicn of the receptor sites had taken place.
Only after incubation of the cells for some time the bin-
ding capacity improved (Steinberger et al., 1373). We there-
fore adopted the method using cocllagenase for the preparation
of Leydig cell suspensicons essentially as described by Moyle
and Ramachandran (1973) (appendix paper I). However this
method resulted in Leydig cell suspensions containing only

6% Leydig cells as determined by the use of 3B~-hydroxysteroid
dehydrogenase as marker for the Leydig cells. This was much
lower than the percentage of Leydig cellg in cell prepara-
tions obtained by collagenase treatment of rat testis as
reperted by the group of Dufau and Catt, i.e. about 40%.

This group also determined the number of Leydig cells by
3g-hydroxysteroid dehydrogenase histochemistry and by immuno-
fluorescence labelling of the choriogonadotropic receptors
(pPufau and Catt, 1975b; Hsueh et al., 1976a). The amount of
testostercone produced by their Leydig cell preparaticons in
the presence of maximum amounts of trophic hormone is about
4-21 ng testosterone/lo6 cells/3 hours (Williams et al.,
1976a; Williams et al., 1976b), which is comparable with the
amount of testosterone produced by our cell preparation con-
taining only 6% Leydig cells, namely 10.6 ng testosterone/
106 cells/3 hours {see table 3.2). Because of the low amounts
of Leydig cells in our cell preparations, they did not fulfil
the third criterium in 3.1, namely that the Leydig c¢ell pre-
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paration must contain as few as possible other cell types,
with an active protein gynthesis. It was therefore decided
to investigate methods to purify the Leydig cells.

3.4 Methods for enrichment of Leydig cell suspensions

The interstitial tissue obtained by wet dissection as
mentioned in section 3.3 is enriched in Leydig cells and
could be ugsed as a gource for the preparation of Leydig cell
suspensions. However the dissected interstitial tissue has
the disadvantage that the steroidogenic response of the
Leydig cells to lutropin is partially impaired, probably due
to damage to the cells and it was therefore decided to aban-
don this method as a method for the purification of Leydig
cells, In this section several other methods are described
which could potentially be used to obtain enriched Leydig
cell preparations.

3.4.1 Selective destructicn of testicular cells

The main contaminating cell types in the Leydig cell sus-
pensions obtained by incubation of rat testis with colla-—
genas< are various germinal cells and therefcore it can be
expected that the use of testis in which the germinal cells
have been destroyed will result in cell preparations con-
taining a higher proportion of Leydig cells. Selective des-
truction of germinal cells has been obtained with the use
of chemical agentia (Panatelli, 1975) by experimental cryp~
torchidy (VandeMark and Free, 1970), by X-irradiation
(Ellis, 1970; Oakberg, 1975) or by feeding the rats with a
diet deficient in.essential fatty acids (Ahluwalia et al.,
1968; wvan der Mclen et al. 1271}, Testis ¢ell suspensions
from rats with defective spermatogenesis resulted in higher
steroidogenic activities compared with testis cell suspen-—
sions from intact rat testes (appendix paper I). However,

a drawback of these procedures may be that some damage
to the Leydig cells may have occurred by this treatment.
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Because good methods for enrichment of Leydig cells in tes-
tis cell preparation were déveloped during our study, which
were less laborious and lacked this disadvantage, selective
destruction of testicular cells was not chosen for further
experimentation. -

3.4.2 Purification of Leydig c¢ells from testis cell

suspensions
a. Theoretical background

The separation of different classes of particles or cells
from each other is based on differences in their physical
and/or chemical characteristics e.g. mass, density, charge
and properties of the plasma membrane. An important group
of separation methods is based on differences in distance
covered in a certain period by particles or cells separated
by a gravitaticnal, centrifugal or electrical force. When
a centrifugal force is exerted on an ideal particle
{spherical, rigid, smeccth, uncharged, unhydrated and constant
in size and density} its velocity will be expressed by the
feollowing equation:

_ a2(DE-Dm)m2r
v—

18n
where a = diameter of the particle {cm)
Dp = density of the particle (g.cm-3)
Dm = density of the surrounding fluid (g-Cm’3)
n = vigcosity of the fiuid (poises)
w = angular velocity (radians.sec"l)
r = radial distance from axis of rotation (cm)

Boone et al. (1968) demonstrated that mammalian cells
tend to obey this sedimentation equation when centrifuged in

a Ficoll solution. This means that mammalian cells tend to

39



behave as ideal particles under such conditions. Considera-
tion of the equation described above reveals the two basic

principles by which cells can be separated by centrifugation.

b. Separation of testis cells on the basis of their density

When cells are centrifuged through a solution with increa-
sing density their velocities will decrease until they are
zero when the density of the surrounding fluid is equal to
the density of the cells. By centrifugation of testis celis
through a discontinucus density gradient of Ficoll-Metrizoate
it was demcnstrated that lutrcopin responsive Leydig cells had
a higher buoyant density than most of the contaminating
testis cells (appendix paper I). This is in agreement with
the results of Meisgtrich and Trostle (1975) using mouse
testis cells. They found that only spermatogonia, late sper-
matids and spermatozoa had higher buoyant densities than
Leydig cells. However ,because of the hypertonicity of the
Renografin gradient used by these authors, true cell buoyant
densities were not determined.When we centrifuged the testis
cells (containing 6% Levdig cells) through a Ficoll-Metri-
zoate discontinucus gradient a 13 times purification of
Leydig cells was obtained (approximately 78% of the cells
were Leydig cells as was determined by 38-hydroxysteroid
dehydrogenase histochemistry). Although by this procedure
cell suspensions were obtained containing a high proportion
of Leydig c¢ells a variant of this procedure for purification
of Leydig cells, based con the same principle (see section
below} was preferred for routine experiments. This gave less
purified Leydig cell suspensions (60%) but it was less time-
consumi . nd gave a higher total number of Leydig cells.

When testis cells were centrifuged thrcugh a Ficoll solu-
tion with a density inbetween the density of the Leydig
cells and the large amount of contaminating testicular cells
the Leydig cells were sadimented to the bottom of the tube
whereas most of the other cell types floated to the top of
the Ficoll solution. By this procedure the proportion of
Leydig cells in the cell suspensions increased from €% to
35% as determined by 3g-hydroxystercid dehydrogenase histo-
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chemistry. No adverse effects of this procedure was obsgserved
on the steroidcgenic capacity of the Ficell purified Leydig
cells. These cells were further purified to 60% for routine
experiments (see section c).

Erythrocytes are the most abundant contaminating cells
after centrifugation through Ficoll. Several methods have
been described in literature for removal of erythrocytes
e.g. agglutination of erythrocytes followed by centrifugation
or sedimentation, specific Jysis of the erythrocytes and den-
sity gradient centrifugation. We have tried several of these
methods. When testis cells were centrifuged through a 13%
Ficoll sclution (with a density of 1.053 g/ml) under which
had been introduced a 20% Ficoll golution, the Leydig cells
were found at the interface of the 13% and 20% Ficoll solu-
tionsg whereas most of the erythrocytes gedimented to the
bottom of the tubé. However total removal of erythrocytes
was not possible by this method. Removal of erythrocytes by
specific lysis was performed as described by Roos and Loos
{1970), which consisted of incubating the cell suspensions
in a solution of NH4C1 (155 mM), KHCO3 {10 mM} and EDTA
0.1 mM pH 7.4 for 10 min at 0°C. This method resulted in
total removal of erythrocytes from the cell suspensions, but
the testosterone production of the Leydig c¢ells was decreased
by 25% indicating that the Leydig cells were also damaged.
Erythrocytes can also be removed by perfusion of the testis
as described by Frederik et al. (19%73). Using this procedure
nc erythrocytes were found in the Leydig cell sugpensions
and no adverse effects on the Leydig cells were observed,
however,this method is time-consuming and therefore unsui-
table for routine experimentation. Because it was demonstra-
ted that protein synthesis was very low in rat blood cells
{appendix paper III) it was decided not to remove the ery-

throcyte contamination from the Leydig cell suspension.

¢. Separation of testis cells on the basis of their diameter

After centrifugation through Ficoll solutions ({(density
(1.053 g/ml) all sedimented cells have a density higher than
1.053 g/ml. When these sedimented cells are centrifuged
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through a medium with a density much lower than 1.053 g/ml,
the sediméﬁtation rate will become more dependent on diffe-
rences in cell diameter.

It was found that Leydig cells were one of the fastest
sedimenting testis cells in media with lower densities. This
was shown by separation of testis cells by velogity sedimen-
tation at 1 g(Meistrich et al., 1973; Davis and Schuetz,
1975). We have made use of this characteristic of the Leydig
cells for their further purification. The testis cells were
first sedimented by centrifugation through the Ficoll sclu-
tion, followed by centrifugation for a very short time
{2 min) through a 6% Dextran sclution (density of 1.023 g/ml).
It was found that the Leydig cells were among the first cells
to sediment {appendix paper I). By this procedure it was
possible to purify the Ficell purified Leydig cells further
from 35% to about 60%, as determined by 3g-hydroxysteroid
dehydrogenase histochemistry. The purified Leydig cells ob-
tained in this way were responsivée to lutropin and could be
obtained in sufficient guantities which made analytical stu-
dias of specific protein synthesis possible. In addition the
whole procedure of purification only teok 75-90 min. This
Leydig cell preparation fulfilled all the criteria stated in
section 3,1 and it was therefore decided to use it for further

experimentation.

d. Other methods for the purification of Leydig cells

Ancther possible way of purifying Leydig cells is to make
use of the sgpecific lutropin receptors which are present in
the plasma membrane. This could be achieved by affinity chro-
matography in which the Leydig cells are specifically retained
on a column containing lutropin coupled to sepharcse. This
type of separation methoed has been reviewed by Robbins and
Scheerscon (1974), Precautions must be taken to prevent stimu-
lation of the cells by this method and separation of the
coupled hormone and the Levdig cells must be carried out
under conditions, which do not damage the cells, this would
exclude the use of low pH (Dufau et al., 1972) or high salt
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concentrations (Chen and Payne, 1277), conditions which have
been used previously to: dissociate lutropin-Leydig cell re-
Ceptor complexes. Immunofluorescence labelling ¢f the lutro-
Pin receptors (Hsueh et al., 1%976a) followed by separation
of the labelled and unlabelled cells with a cell sorter
could alsc be used to purify Leydig cells. Ancther possibi-
lity would be to make use of the fact that Leydig cells are
the only testis cells which form rosettes with lLymphocytes
(Rivenscon et al., 1974). These cell rosettes could then be
easily separated from £H¢ other cells by velocity sedimen-
taticn or centrifugation.

3.5 Leydig cell tumours

Several investigators have used Leydig cell tumours as a
source of Leydig cells {(Moyle et al., 1971; Shin and Sato,
1971; Inano et al., 1972; Yang et al., 1974; Jull et al.,
1974; Wolff and Cooke, 1977). Recently we obtained a trans-
plantable rat Leydig cell tumour which has lutropin rebeptors
and produces androgens. Histological and histochemical exami-
nation revealed the presence of only one cell type in addi-
tion to blood and connective tissue cells. Several differen=~
ces between these tumour Leydig cells and Leydig cells from
mature rat testis became apparent during cur study.

The amount of testosterone was only a small fraction of
all the steroié&!produced and in addition lutropin stimulated
the synthesis ofiproteins in the tumcur Leydig cells which
wers different'from those in Levdig cells from-adult rats
(appendix paper VI). Other investigators have also reported
abnormalities in tumour Leydig cells: e.g. loss of lutropin
receptors (Shin et al., 1968; Wolff and Cooke, 1977) and
changes in the stercids secreted {Shin et al., 1968; Jull
et al., 1973;7Wolff.and Cook, 1977). The Leydig cell tumour
we obtained met all the reguirements stated in section 3.1:
namely it possessed a lutropin sensitive stercidogenesis, a

high purity of Leydig cells and the cells c¢ould be obtained
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in large guantities.
3.6 Incubation conditions

Krebs Ringer bicarbonate buffer (Umbreit et al., 1964)
is the most widely used medium for short term incubations
with Leydig cell preparations. In the present study when
Eagles medium (Eagle, 1959) was used instead of Krebs Ringer
bicarbonate buffer it was found that similar results were
obtained with respect to lutropin stimulated testosterone
production. Van Damme et al. (1974) reported that addition
of calfs' serum to Eagles medium resulted in a 3-fold in-
crease in lutropin sensitivity of steroidogenesis in mouse
testis cells compared with 1.5 times increase in the case
of addition of calfs' serum to Krebs Ringer bicarbonate buf-
fer. In contrast to their findings we could not observe a
change in lutropin sensitivity of stercoidcgenesis in rat
testis Leydig cells by addition of calfs' serum to any of
these media and even a decrease in total testosterone pro=-

duction was found. .
As described in section 2.3.2 the presence of Ca in the

incubation medium is a prerequisite for maximum corticotropin
stimulation of steroidogenesis on adrenal cells. For Leydig
cells it has been reported that omissiocon of Ca++ from the
medium resulted in only a slight decrease in trophic hormone
stimulation of testostercne production (Mendelson et al.,
1975). However we observed a 60% decrease in lutropin stimu=-
lated steroidegenesis in rat testis Leydig cells in the ab-
sence of Ca++. Under these same conditions basal testostercne
production was unchanged. Addition of Ca++ to the medium
restored the testosterone response to lutropin within 30 min,
indicating that the effect of Ca++ wasg not due to irrever-
sible damage of the Leydig cells. Activation of c¢yclic AMP
dependent protein kinase by lutropin was not decreased by

omission of ca’t from the incubation medium, suggesting that

44



Ca++ may be invelved in steroidcogenesis at a stage beyond

the lutropin receptor-adenylate cyclase-protein kinase

system (appendix paper IX). Also in adrenal cells it has

been postulated that ca™¥ is involvead in processes beyond

the formation of cyclic AMP, although in these cell types a
role of Ca++ has also been suggested for the transmission

of the signal arising from corticotropin receptor interac-
ticn to the adenyl cyclase (see section 2,3.2). In all further
experiments reported in this thesis a Ca++ concentration of

2,5 mM was used in the incubation medium.
3.7 Testosterone production in Leydig cell preparations

Leydig cell preparations can be characterized by their
testostercne production and its sensitivity to lutropin.

Table 3.1 summarizes the testosterone production in different

Table 3.1 Comparison of testosterone production in different
Leydig cell preparaticns (ny testosterone/mg protein/
+ .
hour} in the presence or absence of added lutropin.

testosterone production (ng/mg protein/hour)

control added lutropin+ reference
total testis tissue 0.5 3.0 1
interstitial tissue
(obtained by wet 2.4 6.7 2
dissection)
Dextran purified 10.2 295.97* 3

Leydig cells

ref.: 1. Rommerts et al., 1973a
2. Cooke et al., 1975

3. Janszen et al., 1976a

* Leydig cell preparations were incubated during 2-4 hours. For
comparison purposes linear production rate during this periocd
is assumed and the total producticn is divided by the incuba-
tion time.

++ 6

10

0.028 ng pretein {(mean + g.d., n=6).

cells in these preparations correspond with 0.196 +
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Takle 3.2 Comparison of testosterone production and amount of Leydig cells in
Leydig cell suspensions used by different groups of investigators.
Humber between parentheses refers to the reference.
group testosterone production ¢ of Leydig cells
(ng T/lO6 cells/hour)+
control +trophic hormone
Catt and Dufau 0.2-1.1 1.3-7 (1) + 40(2)
Moyle and Ramachandran  0.1-3 5-24(3)
Cooke and Janszen:
crude preparation 0.5 3.5 (1) + 6 (6}
+ 59(6)

purified preparation 2.0 58 (5)

+ ; s :
Testis cells were incubated during a 2-3 hours period. For comparison purposes

linear production rate during this period has been assumed and the total pro-

duction is divided by the incubation time.

1.
2.

[T B S WV

Williams and Catt, 1976a; Williams et al., 1976b.

Determined by 3g-hydroxysteroid dehydrogenase histochemistry
Catt, 1975b) and by immunoflucrescence labelling of lutropin
{Hsueh et al., 1976a).

Moyle and Ramachandran, 1973; Ramachandran anéd Sairam, 1975.
Janszen et al., 1976a.

Janszen et al., 1976b.

Determined by 3g-hydroxysteroid dehydrogenase histochemistry

(Janszen et al., 1976a).

(bufau and
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Leydig cell preparations. Dextran purified Leydig cell sus-
pensions gave the highest production rates. This was most
probably due to the presence of higher amounts of Leydig
cells per mg protein, a good contact between the Leydig cells
and the medium containing the lutropin and a better integrity
of the Leydig cells. In table 3.2 the results from various
groups of investigators are compared. The highest and lowest
values quoted in the literature of the respective groups are
given. The values repocrted by the group of Catt and Dufau

are comparable with the values reported by us, whereas the
estimated number of Leydig cells in their preparations is

6-7 times higher than in our crude preparations. The reason
for this discrepancy is not known. It is possible that their
preparations contain more lutropin unresponsive Leydig cells.
Purificaticn of our crude Leydig cell suspension by the 2
centrifugation steps described in section 3.4 resulted in a
higher number of Leydig cells in the cell suspensions and
cencomitantly 1in a higher steroidogenic activity. In

table 3.3 the testosterone production in Dextran purified
Leydig cell suspensions is compared with the testosterone

production in vive and in vitro of total testis homogenates

Table 3.3 Comparison of testosterone production in Leydig cell suspensions,
total testis homogenate and by testis in vive. All production rates
are standardized per total testis.

testosterone production reference
{nmol/testis eguivalent/hour)
control lutropin treated
in vivo 5.4 1
in vitro:
total testis homogenate 4.8 19.8 2
Dextran purifjed Leydig cells 1.0 11.1 3

+
These cell preparations contain 59% Leydig cells as determined with 38-
hydroxysteroid dehydrogenase histochemigtry and it is assumed that a rat

testis contains 32.4-106 Leydig cells (Christensen, Testis Workshop, Toronto,

1977) .
1. De Jong et al., 1873,
2, Van der vusse, 19275.
3. Janszen et al., 1976b.
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under control conditions and when stimulated before isola-
tion. The control production of the cell suspension is lower
than the control production in vivo and from the total

testis homogenates. This may be due to the fact that in wvivo
some lutropin is present while it is probably better to com-
pare the production of testocsterone in hypophysectomized
animals with the control producticn of the cell suspension.
Stimulation with lutropin resulted in comparable testosterone
production rates in testis homogenates and in the Leydig cell
suspensions, which is an indication that the isolation

and purification procedure does not markedly impair the lu-
tropin regulatory mechanism in the Leydig cells.

The minimal dose of lutropin needed for stimulation of
steroidogenesis in vitro is approximately 1 ng/ml and maximal
stimulation is obtained with 10-:100 ng/ml {(Janszen et al.,
1376a) . These concentrations of lutropin are in the same
range as the physiclogical plasma concentrations determined
in the male Wistar rat i.e. 10-50 ng/ml (van Beurden,

1977).

One of the discrepancies between the lutropin stimulation
of steroidogenesis in vive and in vitre is the longer time
needed in vitro to observe stimulation of steroidogenesis
after addition of trophic hormone. Eik-Nes observed an in-
crease in secreted steroids 3-6 min after the addition of
choriogonadotropin to perfused dog testis, whereas lutropin
stimulation of steroidogenesis in different Leydig cell
preparations in vitro takes at least 20 min (table 3.4).
However,preincubation of Leydig cell suspensions for 1 hour
results in a decrease of this lag phase to less than 5 min
(Cooke et al., 1977a). The reason for this observation may
be due to repair of some damage to Leydig cells which
occurred during the isolation procedure or alternatively to
loss of some essential factor which is resynthesized during
the preincubation period.

It may be concluded that Dextran purified Leydig cells
after stimulatien with physiological amounts of lutropin in

vitro produce amounts cf testosterone comparable with those
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Table 3.4 Time needed for trophic hormone stimulation of steroidogenesis
different testis preparations.

time needed for first detectable reference

increase in steroidogenesis

perfusicn of dog testis <3-6 min 1
in vitro:
total testis tissue 60 min 2
interstitial tissue 30-640 min 3
Leydig cell suspension
without preincubation 20-30 min 4,5
with 1 h preincubation <5 min 5

1. Eik-Nes, 1275.

2. Rommerts et al.,, 1972.

3. Rommerts et al., 1973a.
4. Janszen et al., 1976a.

5. Cooke et al., 1%77a.

preduced in vivo and therefore provide a good model for

studying lutropin regulatcry mechanisms.

in
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PROTEIN SYNTHESIS AND LUTROPIN REGULATICN OF STEROIDOGENESIS

4.1 Introduction

On the basis of experiments with protein synthesis inhi-
bitors it has been proposed that the continuous synthesis of
a preotein with a short half life is necessary for the lutro-
pin stimulation of testostercone production in rat testis
Leydig cells (Cocke et al., 1975a; Mendelson et al., 1975).
In section 2.3.4 three possible models (figure 2.2) which have
been proposed to explain the possible role of this protein
in the regulation of steroidogenesis in the testis and other
organs have been discussed. These possikilities concerned:
A) regulation of steroidogenesis by trophic hormones media-
ted by de novo synthesis of a protein with a short half life.
B) in the presence of the trophic hormeree an inactive protein
with a short half life is converted intc an active form with
short half life.

C) a protein with a short half lifé rlays a permissive role
in the stimulation of steroidogenesis by trophic hormones.

One way to discriminate between medels A versus B and C
is to identify the specific protein(s} invcolved. This can
be carried ocut for example by investigation of the effect of
different protein fractions from the stercidogenic tissue on
various enzymatic reactions involved in stercidcgenesis
(Farese, 1971b; Kan and Ungar, 1973) followed by investiga-
tion of the half life of the active protein(s) and its requ-
lation by trophic hormone. A second way is to investigate
the synthesis of specific proteins with a short half life
in steroidogenic cells using labelled amino acid precursors
(Grower and Branseme, 19%70}. After the existence of such a
protein has been demcnstrated, it has to be isolated and
its role in the regulation of stercidogenesis has to be
determined.

Using the first method Farese (1971) demonstrated increa-
sed steroidegenic activity in contrel adrenal mitochondrial

preparations after addition of the 60,000 g supernatant from
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corticotropin treated adrenal glands. The formation of the
corticotropin induced factor in the supernatant was blocked
with puromycin and possessed the properties of a protein(s).
However in this study a contrcl experiment to determine the
steroidogenic activity of the 60,000 g supernatant was not
carried out. In a later publication the same authors demcon-
strated that homogenization of adrenal glands can result in
solubilization of the cholesterol side chain cleavage enzyme
complex (Farese and Prudente, 1977a), which may explain the
earlier found activity of this protein fraction. Kan and
Ungar (1973) have alsc described an adrenal protein factor,
which stimulates cholestercl side chain cleavage, but which
is not under the control of corticotrepin.

The second approach was followed by Grower and Bransome
{1970) who incubated corticotropin stimulated and control
mouse adrenocortical cells with 3H—leucine and separated the

3H~labelled proteins of the cytosol by polyacrylamide gel

electrophoresis followed by counting the amount of 3I-I in the
different fractions of the polyacrylamide gel. These authors
observed a transient increase in radioactivity in one protein
fraction and at the same time a transient decrease in another
protein fraction. No further informaticon has been published
about the nature of these proteins and their eventual rela-
tionship to stercidogenesis. Using a similar approach Rubin
et al. (1974) and Laychock and Rubin (1974} have described
the corticotropin induction of 4 gpecific proteins in the
perfusate of cat adrenal with apparent mol. wt.'s of respec-
tively 12,500, 48,000, 58,000 and 70,000. No further infor-
mation about the role of these proteins has been published.
In our study it was decided to follow the seccnd approach.
This was carried out by incubation of dextran purified
Leydig cells with lutropin for various periods of time fol-
lowed by addition of radicactive amino acfas to the medium
to label newly synthesized proteins., After incubation of
the cells, total protein was extracted and separated by SDS-
polyvacrylamide gel electrophoresis. Radiocactivity in the se-

parated proteins was determined by counting slices of the



polvacrylamide gel in a ligquid scintillation counter or by

autoradiography (appendix papers III and IV).

, ] LH-IP — trypsin inhibitor

(mol.wt. = 21,000)

cytochrome C

T T

1 1.5 2.0 Ve,
Q

Figure 4.1 Calibration curve for the estimation of the
mol. wt. of lutropin induced protein (LE-IP). Data were
obtained from gel filtration experiments on Sephadex G-100
and transposed to a single calibration curve. As eluant
was used 0,15 M (NHA)HCO3 pE 7.4. The presence of LH-IP
was demonstrated by 8DS-polvacrylamide gel electrophoresis
of the various fractions followed by autoradicgraphy as
described in the materials and methods section in appendix

papers III and IV.
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4.2 Effect of lutropin and cyclcoheximide on specific protein

synthesis
4,2.]1 Lutropin induced protein in rat Leydig cells

The results of experiments carried out to investigate the
effect of lutropin and cyclcheximide on gpecific protein
synthesis in rat testis Leydig cells are presented in appen-
dix papers III and IV. Using 3SS-methionine increased syn-
thesis of a protein with an apparent mol. wt. of 21,000 was
observed 2 hours after the addition of lutropin to the
Leydig cells and the synthesis was at a maximal rate 2-3
hours later. The synthesis of this protein (referred tc as
LH-IP}) was only stimulated by lutropin and was not due to
increased levels cof testostercne or to contaminating amounts
of follitropin in the lutropin preparation. This protein was
only detected in the enriched Leydig cell preparation (60%
Leydig cells} and not in zeminiferous tubules or in rat
blcod cells and it could hardly be detected in a crude
Leydig cell preparation (6% Leydig cells). It was therefore
cencluded that in the rat testis LH-IP ig synthesized only
in the Leydig cells. Subcellular fractionation of the Leydig
cells indicated that the protein is present in the cytosol
fraction. Determination of the mol. wt. of LH-IF by SDS~PAGE
and Sephadex~G100 chromatography (figure 4.1) gave identical
values, indicating that under the conditions used for
Sephadex chromatography LH-~IP is present as a monomer. Incu-
bation of the cells for 30 min in the presence of cyclo-

heximide after labelling cf the proteins with 335

S-methionine,
did not result in a decrease in radicactivity in LH-IP indi-
cating that the half life of LH-IP is longer than 30 min. It
can be concluded therefore that LH~IP is not identical to
the postulated protein with a short half life (t!E = + 13 min)
that is involved in the lutropin stimulation of stercidoge-
nesis.

At this moment one can only speculate akout the role of

LH-IP in rat testis Leydig cells. LH-IP may be involved in
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the regulation of steroidogenesis, in the trephic effects

of lutropin or possibly in other lutropin regulated processes
in Leydig cells. If LH-IP is involved in Jutropin stimulation
of stercidcgenesis it is difficult to explain why sti-
mulation of the synthesis of LH~IP can be detected only

2 hours after addition of lutropin t¢ the cells whereas
steroidogenesis is already stimulated within 5-30 min

{(figure 4.2). It is possible that at the start of the incu-
bation enough LH-IP is present for the lutropin stimulation
of stercidecgenesis and that new synthesis is only required
sometime later when the amount of LH~-IP becomes rate-
limiting. This hypothesis implies that other factors regu-
lated by lutropin are also necessary for the stimulation of
steroidogenesis.

It is also possible that LH-IP is a negative regulator of
lutropin stimulation of steroidogenesis. Decreases in tes-
tosterone production after prolonged stimulation with lutro-
pin have been found, e.g. injection of choriogonadotropin
or lutropin into mature and immature rats results in a ini-
tial rise in plasma testostercne level followed by a decrease
some hours later (Hsueh et al,, 1976b, Sharpe, 127%5; Haour
and Sasz, 1977). During in vitro incubation of Leydig cells
with lutropin the testosterone production also increases and
then after 2-3 hours decreages. In the adrenal gland inhibi-
tory factors of steroidogenesis in cell-free fractions have
been described (Farese, 127la; Ungar et al., 1973). Recently
Honn and Chavin {(1977) found that actinomycin D increased
corticotropin stimulated steroidogenesis in the human adrenal
gland and these authors suggested that actinomycin D prevents
the accumulation of a mRNA species which may direct the synthe-
sis of a steroidogenic inhibitory protein. The found decrease
in testostercne producticon may also be due to a lack of
steroid precursor. However ,administration of choriogonadotro-
pin to rats did not have a detectable effect on total amount
of cholestercl in the testis (van der Molen et al., 1272)
although precise knowledge is lacking about the cholestercl

pocl used for sEéroidogenesis; this pocl may be small and
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Figure 4.2 Time course of lutropin stimulation of testos-—
terone and LH-IP production in rat Leydig cells. For tes-~
tosterone production the Dextran purified Leydig cells were
incubated as described in the materials and methods section
of appendix paper III, in the presence or absence of added
lutropin (100 ng/ml) and at the given times testosterone
level was determined and the zerc time level was subtracted.
In the case of LH~TP synthesis Dextran purified Leydig cells
were incubated for different time periods with added lutropin,
then 355—mathionine was added to the c¢cells and the incubation
was continued for | hour. The amount of newly synthesized

LH~IP was estimated as described in appendix paper V.
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could be exhausted soon after stimulation. A third possibi-
lity to explain the decrease in production rate cof testoste-
rone is a decrease in the signal arising from the hormeone
receptor interaction. Several investigators have reported a
decrease in the number of lutropin receptor sites in the
testis several hours after administration of the hormone in
vivo (section 2.3; sharpe, 1976,1977; Hsueh et al., 197¢h,
1977; Chen and Paine, 1977; Haour and Saez, 1977}). Sharpe
{1977} demonstrated that administration of cyclcheximide
blocked these processes, suggesting that protein synthesis
may play a role in this decresase. Again it is possible that
LE-IP is involved in such a process.

LH-IP may also be related to the trophic effects of lu-
tropin on Leydig cells. Long term treatment (5 days) of rats
with human choriogonadotropin has been demonstrated to
result in an increase in steroid production in testis homo-
genates and mitcchondrial preparations {van der Vusse et al.,
1975a) . Purvis et al (1%73) reported an increase in acti-
vity of the microsomal cytochrome P450 dependent enzymes
17e~hydroxylase and steroid Cl17,20-lyase after long term
treatment with human choriogonadotropin and van der Vusse
et al. (1975a) demonstrated an increase in 3g-~hydroxy-
steroid dehydrogenase activity after such a treatment.

The lack of effect of lutropin on specific protein synthesis
within 2 hours after its addition to the cells as observed
in this study, may suggest that model 2 in figure 2.2 (regu-
lation of steroidogenesis by trophic hormones is mediated by
de novo synthesis of a protein with a short half life) does
not apply to the lutropin regulation of stercidogenesis in
rat Leydig cells. However, it is possible that we have missed
such a protein and therefore more research is needed using a
protein separation system with a higher resclving power than
the SDS-polyacrylamide gel electrophoresis system used in
this study e.g. 2~dimensional polyacrylamide gel electropho-
resis system (O'Parrell,1975) and/or using other radioactive

amino acids.
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4.2.2 A protein with a short half life present in rat
Teydig cells

The presence of a protein with a short half 1ife in
Levdig cells was investigated by incubation of the Leydig
cells in the presence of cycloheximide, after labelling of

the proteins with 35

S-methionine, for different time periods
(appendix paper III). It was found that a rapid decrease
occurred in the amount of radicactivity in a protein with
apparent mol. wt. of 33,000. The half life of this protein
(referred to as P33) was calculated tc be approXimately

11 min. This corresponds to the value of 13 min calculated
from the decrease in lutropin stimulated testosterone pro-
duction after addition of cycloheximide toc Leydig cells
(Cocke et al., 1975a). This protein was not detected in se-
miniferous tubules and rat blood cells and was hardly de-
tectable in crude Leydig cell preparations {containing 6%
Leydig cells). It was concluded therefore that it was speci-
fically present in the Leydig cells. Subcellular fractiona-
tion revealed that this protein was present in the particu-
late fraction of the cell. A more precise localization was
not possible because of the lability of the protein, which
made prolonged fractlonation studies difficult. No effect of
lutropin on the syntheszsis, half life or mol. wt. of P33 was
observed. After hypophysectomy of the rats for 16 days, P33
could still be detected.

According to model 2.2B the inactive regulator protein
with a short half life is converted intc an active form in
the presence of trophic hormene. This modification may be
achieved by splitting off part of the molecule, by phospho-
rylation etc. However, as already shown above, no effect of
lutrepin on the mol. wt. of P33 was observed and after in-
cubation of the cells with lutropin no incorporation of 32P
into this protein could be detected (Cooke et al., 1%77b).
Therefore, if the disappearance of P33 i1s responsible for
the effect of protein synthesis inhikitors on lutropin sti-
mulated testosterone production, model 2.2C would seem to be

the most appropriate, namely that a protein with a short half
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life plays only a permissive role in the trophic hormone sti-
mulated steroidogenesis.

A protein with a short half life {12 min) is ornithine de-
carboxylase, which catalyses the rate-limiting step in the
synthesis of polyamines (Russell and Snyder, 1969). However,
it iz not identical with P33 because the mol. wt. of crni-
thine decarboxylase is approximately 75,000 (Jdnne and
Williams—-Ashman, 1971). Recently it has been shown that
choriogonadotropin increases ornithine decarboxylase activity
in mouse testis cells after a lag period of 2-3 hours (Mckius
et al., 1977). It is alsc interesting to note that in other
tissues proteins with a short half life may be inveclved in
the stimulation of prostaglandin production in transformed
mouse fibroblasts (Pong et al., 1977) and in protein degra-
dation (Epstein et al., 1975).

4.3 Lutropin regulation of LH-IP synthesis

The mechanisms invelved in the lutrepin regulation of
LH-IP synthesis were investigated in mcre detail and the
results obtained are reported in appendix paper V. A clcse
correlation was found between the dose of lutropin needed
for the stimulation of steroidogenesis and for the stimula-
tion of LH-IP syntheszis. Incubation of Leydig cells with
db-cyclic AMP and cholerateoxin with amounts which stimulated
testosterone productiocn also stimulated LH-IP synthesis, and
addition of MIX (a phosphodiesterase inhibitor) to Leydig
cells pctentiated the effect of submaximal doses of lutropin
on stercidogenesis and on LH-IP synthesis. From these results
it was concluded that steroidogenesis and LH-IP synthesis are
stimulated by lutropin at least partly by a common pathway,
both involving cyclic AMP {see section 2.3.2). In eukaryotic
cells regulation of the metabolic processes by cyclic AMP
involves protein kinase activation. Lutropin stimulates the
rhosphorylation of 3 different proteins with apparent mol.
wt.'s of 76,000, 58,000 and 14,000 {Cooke et al., 1977b).

The phosphorylation of one or more of these proteins may be
invelved in the lutropin regqulatory mechanism of LH-IP syn-

thesis. At this moment ,however,the subcellular localization
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and biclogical function of these phosphoproteins are unknown.
Stimulated phosphorylation of ribosomal protein by trophic
hormone and cyclic AMP has been reported for other steroido-
genic tissue such as the adrenal gland {Roos, 1973; Murakami
and Ichii, 1973; Ichii et al., 1974) and the corpus luteum
{Azhar et al., 1%75b). This phosphorylation may result in
altered ribosomal function and may be an indication of
trophic hormcne control of the synthesis of specific pro=-
teins.

Iin order to investigate whether LH~-IP synthesis is regu-
lated by lutropin at the level of translaticn or at the
level of transcription Leydig cells were incubated with a
dose of actinomycin D which inhibited 89-93% of RNA synthe-
sis. When actinomycin D was added directly *to the cells or
1 hour after the addition of lutropin, the stimulation of
LH-IP was prevented. Addition of actinomycin D to the cells
4-5 hours after the start of the incubation no longer had an
effect on the lutropin stimulation of LH-IP synthesis. These
results could be interpreted as evidence that mRNA syn-
thesis is necessary for the lutropin stimulation of LH-IP
synthesis. However several aspecific effects of actinomycin D
on cellular metabolism such as direct inhibition of protein
synthesis have been described (Scott and Tomkins, 1975). In
the present study a correction was made for the aspecific
direct inhibitory effect of actinomycin D on protein synthesis
because the synthesis of LH-IP was measured relative to the
synthesis of another protein not affected by lutropin and it
is assumed that actinomycin D affects at the same degree the
synthesis cof LH-IP and this protein. This is illustrated by
the lack of effect of actinomycin D when it was added to
the cells after full stimulation of LH-IP synthesis. However,
in the experiments where actinocmycin D was added at the start
of the incubation other aspecific effects of actincmycin D
may have caused the prevention of lutropin stimulation of
LH-IP synthesis. For that reason these experiments must be
repeated with different RNA synthesis inhibiters having dif-
ferent sitegs of action or even better the mRNA formed for
LH-IP should be measured directly e.g. by using a mRNA trans-
lational system. 52



Incubation of the Leydig cells for 3 hours in the presence
of actinomycin D after stimulation of LH-~IP synthesis, d4did
not result in a decrease in LH-IP synthesis, indicating that
under these conditions the mRNA coding for LH-IP is stable
and has a half life longer than 4 hours. Therefore synthesis
of LH-IP may occur long after stimulation of the Leydig cells
by lutropin. This may be the cause of the active synthesis of
LH-IP which cccurred in the contrcls of some experiments.
Evidence that this reflected synthesis of LEH-IP and not of
some other protein with the same mol. wt. was obtained in
experiments in which choriogcnadeotropin was administered to
hypophysectomized rats. Leydig cells from these rats showed
maximal LH-IP synthesis which could not be stimulated further
by incubation of the cells with lutropin. Synthesis of a
protein with the same apparent mol. wt. as LH-IP was always
observed, even in rats hypophysectomized for 16 days. How-
ever ,other methods will have to be used, e.g. other separa-
tion technigques or immunological methods, to confirm that
there is only one single protein with a mol. wt. of 21,000
which is affected by these varicus conditions.

Hormenal induction c¢f specific proteins has been studied
in great detail for model systems which are under steroid
hormone control (see review Tata, 1976; O'Malley, 1976). Less
work has been deone on cyclic AMP induced specific protein
synthesis in eukaryotic cells (Wicks, 1974). The involvement
of cyclic AMP may be by stimulation of the mRNA synthesis via
phosphorylation of nuclear proteins. In the ovary cyclic AMP
dependent translocation of cytoplasmic protein kinase to nu-
clear acceptor sites has been reported {(Jungman et al., 1974,
1877; Spielvogel et al., 1977). However,in testis interstitial
tissue Cooke and van der Kemp (1976) could not detect lutro-
pin induced translocation of soluble protein kinase to another
subcellular compartment. It is possible that only a small part
of total kinase activity is translocated or that the cyclic
AMP dependent protein kinase 1s already present in the nucleus.

Chiu et al. (1976) have observed an increase in testicular

RNA-polymerase activity and chromatin template activity
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after administration of choricgonadotropin to hypophysecto-
mized rats. Reddy and Villee (1975} detected an increase in
uridine incorporation inte pecly A containing mRNA in inter-
stitial tissue 2 hours after the administration of chorio-
gonadotropin teo immature rats. However,these authors did not
investigate these effects in interstitial cells from mature
rat testis.

In conclusion the data described in this section indicate
that the lutreopin stimulation of LH-IP synthesis is mediated
by cyclic AMP and may invelve new mRNA synthesis. In
figure 4.2 a hypothetical model is given for this lutropin

regulatory mechanism.
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Figure 4.3 Hypothetical model for regulatory mechanism of

lutropin on LH~-IP synthesis

RC : protein kinase holoenzyme
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4.4 Comparison of lutropin stimulation of specific protein
synthesis in Leydig cells from immature rats, mature

rats and in tumour Leydig cells

The effect of lutropin on specific protein synthesis was
investigated in Leydig cells from immature rats and in tumour
Leydig cells and this was compared with the lutropin effect
on specific protein synthesis in Leydig cells from mature
rats. The results of this work are presented in appendix
paper VI. Two hours after addition of lutropin to Leydig
cells from immature rats the synthesis of proteins with ap=-
parent mol. wt.'s of 22,000, 27,000, 21,000 and 11,000 was
stimulated and with high amcunts of lutropin the synthesis
of a protein with apparent mol. wt. of 13,000 decreased. In
tumour Leydig cells lutreopin stimulated the synthesis of two
proteins with apparent meol. wt.’'s of 29,000 and 27,000 (paper
VI, table 4).All these proteins have half lives longer than
30 minutes and are therefore not identical with the postula=-
ted protein with a short half 1life. It is possible that the
proteins present in the 3 different types of Leydig cells
with the same apparent mol. wt.'s are similar. However, con-
clusive evidence can only be obtained when cther properties
of these proteins have been measured. In addition absence of
an effect of lutropin on the synthesis 0f certain proteins
in certain Leydig cell preparations does not necessarily re-
flect that these proteins are not synthesized in these cells.
If all the detected lutrepin sensitive proteins are involved
in the lutrepin regulation of steroidogenesis in these cells
then the lutropin regulatory mechanism of steroidogenesis
could be different in these different Leydig cell types. Dif-
ferences in testostercne metabolism have besen reported
(van Beurden et al., 19%76; appendix paper VI) and it has been
suggested that the lutropin regulatory mechanism in Leydig
cells of immature rats is different from that in Leydig cells
of mature rats (van Beurden, 1977}, Wone of the lutropin sen-
sitive proteins detected in the Leydig cells from mature rats,

immature rats and in tumour Leydig c¢ells are identical to
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trophic hormone sensitive proteins detected in other sterocid-
ogenic systems. The proteins secreted by the cat adrenal
after stimulation with corticotropin for example have quite
different mol. wt.'s (Rubin et al., 1974; Laychock and Rubin,
1974). Nothing is known about the nature of the corticotrcpin
sensitive proteins in the adrenal, reported by Grower and
Branssome (1970) and therefore it is not possible to compare
them with the lutropin sensitive proteins in the rat Leydig
cells.

In conclusion in Leydig cells from immature rat testis
several lutropin sensitive proteins have been found with ap-
parent mol. wt.'s of 11,000, 13,000, 21,000, 27,000 and
29,000. In Leydig cellsg frem mature rat testis one protein
with an apparent mol. wt. of 21,000 (LE-IP) is controlled by
lutropin whereas in tumour Leydig cells lutropin regulates
the synthesis of 2 proteins with apparent mol. wt.'s of
27,000 and 29,000.

&3



SUMMARY

Testosterone production in the male rat testis takes
place in the Leydig cells and is under the control of lutro-
pin, which is secreted by the anterior pituitary. The sti=-
mulation of testosterone production by lutropin is inhibited
by protein synthesis inhibitors such as cycloheximide and
puromycin. According to literature after maximal stimulation
by lutropin of testosterone synthesis in rat testis Leydig
cells addition ¢f cycloheximide decreases testostercne pro-
duction to control values, the reaction following first
order kinetics (half life 13 min).

These data indicate that the continuous synthesis of a
protein(s) with a short half life equal cr less than 13 min
is involved in the stimulation of Leydig cell stercid synthe-
sis by lutropin. The purpose of this study was to investigate
the rcle and properties of the protein(s) involved in the
lutropin regulation of testostercne production,

In order to carry this out it was necessary to develop a
method for obtaining a lutropin sensitive, enriched Leydig
cell preparation. This is described in chapter 3. Dissocia-
tion of the testis cells with collagenase resulted in a
testis cell suspension containing 6% Leydig cells as was
determined with 3f-hvdroxysteroid dehydrogenase histochemistry.
It was found that most of the contaminating cell types in this
suspension had bucyant densities much below that of Leydig
cells and these cell tyﬁes could therefore be removed by cen-
trifugation through a Ficecll sclution with a density in be-
tween the density of these contaminating cells and that of
the Leydig cells. The sedimented cells contained 35% Leydig
cells. Centrifugation of these cells for a very short time
(2 min) at 100xg through a 6% Dextran solution (density of
1.023 g/ml) resulted in a preferential sedimentation of the
Leydig cells. The testis cells obtained by this procedure
consisted of approximately 60% Leydig cells. The testosterone
production rate by these cells after stimulation with physio-

logical amounts of lutropin was comparable with the in vivo
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production rate from the testis. It was also established
that ca’t is necesgsary to ohtain full stimulation of
steroidogenesis by lutropin.

It was declided first to investigate whether lutropin sen-
sitive specific protsin synthesis could be detected in the
Leydig cells (chapter 4, section 2). Leydig cells were incu-
bated with lutropin for various periods of time, then 358—
methionine was added and the incubation was continued
for some time in order to label the newly synthesized pro-
teins. Aftér incubation the proteins were extracted and sepa-
rated by S5D5 polyacrylamide gel electrophoresis followed by
autoradiography of the dried gel tc detect the radiocactivity
incorporated into the proteins. Incubation of the Leydig
cells from mature rat testis for 2 hours in the presence of
lutropin resulted in increased synthesis of a protein with
an apparent mol., wt. of 21,000 (referred to as LH-IP).

Five hours after the addition of lutropin to the cells
the synthesis of LH-IP was maximally stimulated. This protein
has a half life longer than 30 min and is present in the cy-
tosol of the Leydig cells, probably as a monomer. A close
correlation was observed between the doses of lutropin needed
for stimulation of testosterone production and for the stimu-
lation of LE-IP synthesis. The synthesis of LH-IP was alszo
stimulated by the addition of db-cyclic AMP and choleratoxin
to ‘he Leydig cells in concentrations that stimulated testos-
tercne production. Addition of MIX, a phosphodiesterase inhi-
biteor, to the Leydig cells potentiated the effect of submaxi-
mal doses of lutropin on steroidogenesis and on LH-IP synthe-
8is. These results indicate that the stimulatory effect of
lutrepin on LH-IP synthesis is mediated by cyclic AMP. Addi-
tion of actinemycin D, an RNA synthesis inhibitor, to the
Leydig'cells at the start of the incubation prevented the sti-
mulatibn of LH-TP synthesis by lutropin, whereas addition of
actinomycin D at later times after the start of the incuba-
tion resulted in a progressively smaller inhibitery effect.

No effect could be observed when actinomycin D was added
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after 5-6 hours. These results may be an indication that mRNA
synthesis is involved in the lutropin stimulation cof LE-IP
synthesis. Administration of choriogonadotropin to hypophy-

sectomized rats also resulted in increased synthesis of LH-IP.
Incubation of Leydig cells from immature rat testis for

1-2 hours with lutropin resulted in increased synthesis of

4 different proteins with apparent mel. wt.'s of 11,000,
2}k,000, 27,000 and 29,000 and at higher concentraticons of
lutropin (100 ng/ml} a decrease in the synthesis of a protein
with an apparent mol. wt. of 13,000 was found. Incubation of
tumour Leydig cells for 2 hours in the presence of lutropin
resulted in increased synthesis of 2 different proteins with
apparent mel. wt.'s of 27,000 and 29,000. sStimulation of
specific protein synthesis occurred with the same concentra-
tions of lutropin that stimulated steroidogenesis. Addition
of actinomycin D to the cells at the start of the incubation
prevented the lutropin stimulation of specific protein syn-
thesis in both Leydig cell types, which may suggest that mRNA
synthesis is necessary for their stimulation. All these pro-
teins have half lives longer than 30 min and are therefore
not identical tc the postulated protein with a short half
l1ife, which is involved in the lutropin stimulation of
stercidogenesis in rat testis Leydig cells., However a protein
whose synthesis is not influenced by lutropin but has a short
half life (11 min) was detected in Leydig cells from adult
rats. This protein has an apparent mol. wt. of 33,000 and is
located in the particulate fraction of the Leydig cells. No
effect of lutropin on its synthesis, half life or mol. wt.
could ke deteacted.

Cur results suggest, that the regulation of stercidogene-
sis by lutropin is not mediated by the induction or activa-—
tion of & protein with a short half life (medel 2.2 A and B),
but that such a protein may only play a permissive role
(model 2.2 C). However, a protein with a shert half life
which is under the control of lutropin may have been missed
with the separation and detection methods used in this study.
More research is needed using better separation methods to
confirm this conclusion.
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At this moment the bioclogical functions of the lutropin
and cycloheximide sensitive proteins present in the Leydig
cells are unknown and further research is required to deter=
mine whether these proteins are involved in the lutropin

regulatory mechanism of steroidogenesis.
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SAMENVATTING

Testosteronproduktie in de testis van de mannelijke rat
vindt plaats in de Leydig cellen. Deze produktie wordt ge-
reguleerd dccr lutropin, dat uitgescheiden wordt deor de hy-
pefyse voorkwab. De stimulering van de testosteronproduktie
door lutropin wordt geremd door eiwitsyntheseremmers zoals
cycloheximide en puromycine. Wanneer na maximale stimulatie
van de testosteronproduktie door lutropin cycloheximide aan
de cellen toegediend wordt dan vermindert de testosteronpro-
duktie tot het basale niveau. Deze afname volgt een le orde
kinetiek (halfwaarde tijd: 13 min.}. Deze gegevens tonen aan
dat de voortdurende synthese van een of meer eiwitten met
een korte halfwaarde tijd nodig is voor de stimulering van
de steroidsynthese in Leydig cellen door lutropin. Het doel
van deze studie was de rol en eigenschappen van de eiwitten,
welke betrokken ziin bij de regulatie van de steroidsynthese
door lutropin te onderzoeken.

Om dit onderzoek uit te voeren was het noodzakelijk om
een methode te ontwikkelen voor het verkrijgen van een lutro-
pin gevoelig preparaat verrijkt aan Leydig cellen. Dit ge-
deelte van het werk is beschreven in hoofdstuk 3. Het van el-
kaar lecsmaken van de testiscellen met behulp van ccllagenase
resulteerde in een suspensie van testiscellen welke 6% Leydig
cellen bevatte. Dit werd bepaald met behulp van 3g~hydroxy-
stercid dehydrogenase histochemie. Het bleek dat de meeste
cellen in deze suspensie dichtheden bezaten, welke veel lager
waren dan die van de Leydig cellen. Daarom was het mogeliijk
deze cellen te verwijderen docr de testiscellen te centrifu-
geren in een Ficoll coplessing met een dichtheid tussen die van
de Leydig cellen en de rest in. Van de neergedraaide cellen
waren 35% Leydig cellen. Bij zeer kort centrifugeren (2 min.)
van deze cellen bij 100 g. in een 6% Dextran oplossing (dicht-
heid: 1,023 g./ml.} werden voornamelijk de Leydig cellen
neergedraaid. Door deze werkwijze werd een celpreparaat ver-
kregen dat voor 60% uit Leydig cellen bestond. De testoste-

ronproduktie van deze cellen na stimulatie met fysiologische
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hoeveelheden lutropin was vergelijkbaar met de testosteron-

prcduktie van de testis in vive. Bovendien werd vastgesteld

dat voor een volledige stimulatie van de testosteronproduk-

tie door lutropin de aanwezigheid wvan Ca++ in het inkubatie-
medium nocdzakelijk was.

Het onderzoek naar de aanwezigheid van lutropin geregu-
leerde specifieke elwitsynthese in Leydig cellen van volwas-
sen ratten is beschreven in hoofdstuk 4. Hiertoe werd lutro-
pin aan een Leydig celsuspensie toegediend en na verschil-
lende tijden werden de nieuw gesynthetiseerde eiwitten ge-
merkt met 355-gemerkt methionine. Wa de inkubatie werden
de eiwitten geisocleerd en gescheiden door middel wvan SDS-
polyacrylamide gel elektroforese, gevoigd door autoradio-
grafie van de gedroogde gel om de radicaktiviteit in de ei-
witten te meten. Wanneer deze Leydig cellen gedurende 2 uur
geinkubeerd werden in aanwezigheid wvan lutropin dan werd de
synthese van een eiwit met een schijnbaar melekuulgewicht
van 21000 (verder genoemd LH-IP) verhoogd. De synthese was
5 uur na toediening van lutropin aan de cellen maximaal ge-
stimuleerd. Dit eiwit heeft een langere halfwaarde tijd dan
30 min. en is in het cytosol van de cel aanwezlg, waarschijn-
lijk als mconomeer. De LH-IP-produktie werd gestimuleerd met
dezelfde hoeveelheden lutropin, welke nodig zijn voor de
stimuzlatie van de testosteronproduktie. Hetzelfde gold ook
voor de stimulatie met db-cAMP en choleratoxin. Toevoegen
van MIX, een remmer van de fosfodiesterase, aan de Leydig
cellen versterkte het effekt van submaximale hoeveelheden
lutrepin op zowel de testosteronsynthese als op de LH-IP-
synthese. Deze resultaten wijzen ercp dat het stimulerend
effekt van lutropin op de LH-IP-synthese tot stand komt via
het cyclisch AMP., Toediening van actinomycin D, een RNA-
syntheseremmer, aan de Leydig cellen aan het begin van de
inkubatie voorkwam de stimulering van de LH-IP-synthese door
lutropin. Echter naarmate het actinomycin D later toegevoegd
werd, werd het remmend effekt kleiner. Geen effekt van
actinomycin D werd gezien wanneer het 5-6 uur na het begin

van de inkubatie toegevoegd werd. Deze resultaten kunnen
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erop duiden dat voor de stimulatie van de LH-IP-synthese
door lutropin synthese van mRNA nodig is. Toediening van
choriogonadotropin, aan gehypofysektomeerde ratten had een
verhoogde LH-IP-synthese tot gevolg.

Inkubatie van Leydig cellen van Jjonge ratten gedurende
1-2 uwur in aanwezigheid wvan lutropin had een verhoogde syn-
these van 4 verschillende eiwitten tot gevolg met schijn-
bare molekuulgewichten van 11000, 21000, 27000 en 2900C en
bij hogere lutropinkoncentraties werd een verlaging van de
synthege van een ejiwit met een schijnbaar molekuulgewicht
van 13000 gevonden. Wanneer tumor Leydig cellen geinkubeerd
werden gedurende 2 uur in aanwezigheid van lutropin dan werd
een verhoogde synthese van 2 eiwitten met schijnbare mole-
kuulgewichten van 27000 en 29000 geveonden, Stimulering van
de specifiéke eiwitsynthese vond plaats met dezelfde hoeveel-
heden lutropin, welke ook de stercidsynthese stimuleerden.
Wanneer bij het begin van de inkubatie actinomycin D aan de
cellen toegediend werd, dan werd de lutropin gestimuleerde
specifieke eiwitsynthese in beide Leydig celtypen voorkcmen.

. Dit zou erop kunnen duiden dat voor deze stimulatie mMRNA-
synthese noodzakeliijk is. Al deze eiwitten hebben een half-
waarde tijd welke langer is dan 30 min. en daarom zijn geen
van deze ejwitten identiek aan het gepostuleerde eiwit met
een korte halfwaarde tijd (g 13 min.)}, welke betrokken is
bij de lutropin gestimuleerde steroidsynthese in ratte
Leydig cellen. Er werd echter jin de Leydig cellen wvan vol-
wassen ratten een ejiwit ontdekt met een halfwaarde tijd van
ongeveer 1l min. De synthese van dit eiwit stond echter niet
onder invloed van lutropin. Dit eiwit heeft een schijnbaar
molekuulgewicht van 33000 en is aanwezig in de deeltjes-
fraktie van de Leydig cel. Er kon geen effekt van lutropin
gevonden worden op de halfwaarde tijd of molekuulgewicht van
dit eiwit.
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Onze resultaten suggereren, dat de regulatie docor lutropin
van de steroidsynthese niet verloeopt via de induktie of akti-
vering van een eiwlt met een korte halfwaarde tijd (model 2.2
A en B), maar dat een dergelijk eiwilt wel aanwezig moet zijn
wil stimulatie door lutropin plaats kunnen vinden (model 2.2C)
Met de scheidings- en bepalingstechnieken, gebruikt in dit
onderzoek kan echter een eiwit met een korte halfwaarde tijd,
dat onder de kontrcle van lutropin staat, gemakkelijk gemist
zijn en daarom is verder onderzoek nodig, waarbij betere
scheidingsmethoden gebruikt worden, om deze konklusie te be-
vestigen.

Op dit moment zijn de funkties van de lutropin en cyclo-
heximide gevcelige eiwitten in de Leydig cellen onbekend,
en meer onderzoek is vereist om te bepalen of deze eiwitten
betrokken zijn in het lutropin regulatiemechanisme wvan de
steroidproduktie.
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NON STANDARD ABBREVIATIONS

ACTH - adrenocorticotropin

cyclic AMP - adenosine 3':5'-monophosphate

cyclic GMP - guanosine 23':5'-monophosphate

db~cyclic AMP - N6—2'wo-dibutYryl-adenosine—B':5'—
monophosphate

FSH -~ follitropin

g - relative centrifugal force

HCG -~ human chbriogonadotropin

LH - luteinizing hormone/lutropin

LH-IP - lutropin-induced protein

Metrizoate ~ 3=acetamido-2,4,6~triiodo-5~-

{(N-methylacetamido)-benzoate

min - minute

MIX — 3-~isobutyl-l-methylxanthine
mol. wt. ~ molecular weight

MRNA - messenger ribonucleic acid
n - number of determinations

B33 " - protein with mol. wt. 33,000
S - second -

s.d. - standard deviation

SDS - sodium dodecyl sulphate

B



TRIVIAL AND SYSTEMATIC
cholesterol
corticostercne
pregnenclone
testostercne

adenylate cyclase
aminopeptidase

cholesterol esterase

cholesterol side chain

cleavage enzyme complex

collagenase

17e-hydroxylase

3g-hydroxysteroid
dehydrogenase

Cl7,20-1yase

nonspecific esterase

ornithine decarboxylase

protein kinase

trypsin

NAMES USED IN THIS WORK

S-cholesten-3f~ol
4-pregnen-118,21-diol-3,20-dione
S-pregnen-3g~-oli-20-one
4-androsten-178-o0l-3-one

ATP pyrophosphase-lyase (cyclizing)
(EC 4.6.1.1)

amineo=-acyl dipeptide hydrolase

(EC 3.4.1.3) '
sterol-ester hydrolase

(EC 3.1.1,13)

cytochrome P containing enzyme

complex cataisging the conversion
of cholestercl intoc pregnenclone
and isocaprecic acid (NADPH
dependent)

clostridiopeptidase A (EC 3.4.4.19)
steroid, reduced-NADP: oxyden
oxidoreductase (170 hydroxylating)
(EC 1.14.1.7)
3B—hydroxysteroid:NAD(P+) oxido-
reductase {(EC 1.1.1.51)

cytochrome P containing enzyme

complex cataigging the conversion
of l7u-hydroxyprogestercne intec
androstenedione and acetate
(NADPH dependent)
carboxylic-ester hydrclase

{EC 3.1.1.1)

L-0Ornithine carboxy-lyase

(EC 4.1.1.17)

ATP: protein phosphotransferase
(EC 2.7.1.37)

(EC 3.4.4.4)
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SUMMARY

An LH-responsive Leydig cell preparation (containing 6 +2 % Leydig cells) was obtained by
collagenase treatment of rat testis. Centrifugation of this cell preparation through a 13 %
Ficoll solution for 10 min at 1500 g resulted in a four times purification of the Leydig cells,
with a concomitant increase in steroidogenic activity. Addition of 0-2 % albumin to the 13 %,
Ficoll solution, adjusted to 280 mosmol/l, resulted in a further twofold purification of the
Leydig cells paralleled by a twofold increase in steroidogenic activity. Centrifugation of
these Ficoll-albumin-purified Leydig celis through a 6 ¢ dextran solution for 2 min at 100 g
resulted in a further 1-7 times purification of the Leydig cells. A combination of the two
centrifugation steps resulted in a 12-5 times purification of Leydig cells compared with the
eriginal crude cell suspension, while an increase in steroidogenic activity of 22-5 times was
obtained. This final cell preparation contained 59 +17 % Levdig cells (mean £5.n., 1 = 6).
The recovery of Leydig cells was 29 %,

Collagenase treatment of testes deficient in spermatogenesis resulted in a cell preparation

with the same stereidogenic activity as Ficoll-purified cells from normal testes. Centrifuga-

. tion of these cells through a 13 9/ Ficoll solution gave only a limited increase in the steroido-
genic activity, Isopycnic centrifugation of the crude cell preparation on a discontinuous
Ficoll metrizoate gradient resulted in two discrete peaks of Leydig cells, one peak at a
density of 1-039-1-055 g/m! and one at a density of 1-068-1-088 g/ml. Both types of cells
produced testosterone, In the presence of LH, cyclic AMP production in both types of
Leydig cells increased, but testosterone production was only increased by LH in the ‘denser’
Leydig cells and not in the “light’ Leydig cells,

No difference in sensitivity to LH could be observed between the Leydig cell preparations
of different purity. Using a 60 min pre-incubation period the highest testosterone response
was obtained with 100-1000 ng LH/m}. The same maximum testosterone response was
obtained with 10-100 ng LH/m! when the pre-incubation period was omitted.

INTRODUCTION

The available evidence indicates that follicle-stimulating hormone (FSH) and luteinizing
hormone (LLH) have separate sites of action in the testis, and these hormones can activate
adenyl cyclase and protein kinases in the tubular and interstitial compartment respectively
(Castro, Alonso & Mancini, 1972; Cooke, van Beurden, Rommerts & van der Molen, 1972;
Dorrington & Frilz, 1974; Means, 1974; Cooke & van der Xemp, 1976). Furthermore, it
has been shown that cytoplasmic protein synthesis is necessary for LH stimulation of testo-
sterone production {Hall & FEik-Nes, 1962; Shin & Sato, 1971; Sakamoto, Matsukura,
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Tada, Watanabe & Imura, 1973; Cooke, Janszen, Clotscher & van der Molen, 1975 van
der Vusse, Kalkman, van Winsen & van der Molen, 1975). Several studies on the localiza-
tion of these testicular processes have used isolated interstitial tissue and seminiferous
tubules which were separated from each other by wet dissection (Christensen & Mason,
1965; Rommerts, van Doorn, Galjaard, Cooke & van der Molen, 1973 5), Although with this
procedure seminiferous tubules can be obtained relatively free of interstitial tissue, the
dissected interstitial tissue contains small but variable amounts of contaminating cells from
the seminiferous tubules. This was demonstrated by electrophoresis of the proteins from
dissected interstitial tissue after incubation with labelled amino acids; extra peaks of radio-
activity were found due to protein synthesis in contaminating seminiferous tubular cells,
furthermore the degree of contamination varied from one sample of dissected interstitial
tissue to another {F. H. A. Janszen, B. A. Cooke & H.J. van der Molen, unpublished
chservations}. Hence isolated interstitial tissue obtained in this way is unsuijtable for study-
ing certain aspects of LH action if replicate uniform aliquots of interstitial tissue are
required (e.g. for incorporation of labelled amino acids into specific proteins using the
double-labelling technique (Barnea & Gorski, 1970)).

A suspension of dissociated rat testicular Leydig cells should provide a more uniform
preparation than the interstitium obtained after dissection of the testis.

Recently it has been reported that after collagenase treatment of decapsulated testes,
Leydig cell preparations can be obtained, which respond to LH (Moyle & Ramachandran,
1973; Dufau, Mendelsen & Catt, 1974; Van Damme, Robertson & Diczfalusy, 1974).
However, using essentially the method of Moyle & Ramachandran (1973}, we have obtained
Leydig cell preparations which were highly contaminated with spermatogenic cells. Al-
though this preparation is uniform, it is most probably unsuitable for studying specific LH-
induced processes in Leydig cells. The purpose of the present study was to investigate
methods for the further purification of these cell suspensions, obtained after collagenase
treatment of the testes.

MATERIALS AND METHODS
Materigis

Ovine LH (ovine, NIH-S18) was a gift from the NIAMDD, Bethesda, Maryland, U.S.A.
The ceollagenase type 1 was purchased from Sigma Chemical Company, St Louis, Missouri,
U.5.A., the Ficoll 400 from Pharmacia Fine Chemicals A.B., Uppsala, Sweden, the lima bean
trypsin inhibitor from Boehringer Mannheim GmbH, the sodium metrizoate (i.e. the
sodium salt of 3-acetamido-2,4,6-triiodo-5-(N-methylacetamido)-benzoic acid) from Ney-
gaard & Co AS, Oslo, Norway, and the bovine alburnin fraction V from Fluka A .G., Buchs,
Switzerland. ’
Animals

The intact adult male rats were from the Wistar strain, sub-strain R-Amsterdam, and were
between 3 and 5 months old, Testes with defective spermatogenesis were obtained from rats
deficient in essentlal fatty acids (EFA) {van der Molen & Bijleveld, 1971; Rommerts et al.
1973 b), from prenatally irradiated rats (Ellis, 1970) and from cryptorchid rats (VanDemark
& Free, 1970).

The EFA-deficient rats (obtained from Unilever Lid, Vlaardigen, The Netherlands) were
fed during weaning on a diet lacking in essential fatty acids and were 12 months old. Preg-
nant rats (18-20 days after conception) were irradiated with 130 rad. The rats were about 80
days old when used. Rats (3-3 months old) were made bilaterally cryptorchid by surgical
fixation of the testes in the abdomen 3-5 weeks before use. After treatment, the weight of
the testes was reduced by 30-40 % in the case of EFA-deficient rats and more than 50 % in
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the case of the irradiated and cryptorchid rats. Histological investigations showed that most
tubules were devoid of spermatogenic cells.

Isolation of cells

Rats were killed by decapitation and the testes were immediately removed and decapsulated.
Two testes were then incubated in 7 ml Krebs-Ringer bicarbonate buffer containing 0-2 %
glucose (KRBG) at pH 7-4 and 1 mg collagenase/mi under an atmosphere of O,:CO,
(95:5, viv) at 37 °C for 18 min, Plastic incubation tubes of 40 ml capacity with tight-fitting
caps were used. They were placed longitudinally in the water bath and were shaken with a
frequency of 75 cycles/min. After incubation, 15 ml $-9 % NaCl were added to each tube.
The tubes were inverted several times and then left for 10 min at room temperature. The
supernatant was carefully syphoned off with the aid of Tygon tubing and was filtered through
60 pm nylon gauze. The cell suspension was then centrifuged according to Fable 1. Cell
densities were determined by counting the nucleated cells in a haemocytometer.

Table 1. Procedure for the centrifugation of rat testicular Leydig cells

Cell suspension

!

Mixed with an Mixed with an Mixed with an equal
equal volurme of equal volume of volume of 26 % Ficoll-(+4 %;
KREG, 26 % Ficoll-KRBG, albumin Y-KRBG,
pH 74 pH 65 pH 65
Centrifuged for Centrifuged for Centrifuged for
10 min at 100 g 10 min at 1500 g 10 min at 1500 g
at room temperature at 5-10 °C at 5-10°C

Sediment resuspended
iné %
dextran-0-9 5 NaCl;
centrifuged for
2 min at 100 g at
T00Mm temperature
]

G

!

The supernatants weve discarded and the sediments were resuspended in KRBG (pH 7:4)
containing 1 34 bovine serum albumin V and 0-1 mg lima bean trypsin inhibitor/ml.

KRBG, Krebs—Ringer bicarbonate buffer, containing 0-2 % glucose.

Preparation of density gradients
Discontinuous density gradients were prepared from high- and low-density stock solutions.
For the compoesition of these stock solutions see Table 2.

The different densities of the gradient were obtained by mixing different volumes of the
two selutions, The discontinuous density gradient was prepared in 50 ml polycarbonate
tubes by successive layering of 7 layers of 5 ml of the solutions with decreasing densities:
c.g. 1-088, 1-075. 1-068, 1-055, 1-049, 1-039 and 1-020 g/ml on each other. The cells (8 x 107)
obtained by centrifugation for 10 min at 100 g in KRBG pH 74 {(see above) were suspended
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in 8 ml KRBG (pH 7-4), 0-2 % aibumin and Ficoll-sodium metrizoate solution of low density
(1:1, vjv) and layered on top of the gradient. The gradients were centrifuged for 40 min at
1500 g at 0 °C in a Sorvall centrifuge. After centrifugation, a 1 ml sample was removed with
an Eppendorf pipette from the different cell layers at the interface of the successive densities.
These samples were mixed with 5 vols KRBG pH 7-4 and centrifuged for 10 min at 100 g at
room temperature. By this method 25 % of the total number of cells applied to the gradient
couid be collected. The recovery of phenyl esterase activity in these cells was 76 + 8 % (mean
+35.D., n = 3). The sediments were resuspended in KRBG (pH 7-4), containing 1 % bovine
serum albumin and 0-1 mg lima bean trypsin inhibitor/ml.

Table 2. Composition of high- and low-density Ficoll-metrizoate stock solurions (essentially
according to Loos & Roos, 1974)

High density  Low density

Ficoll 400 1693 g 243 g
Sodium metrizoate solution {32:8 %) 17:5 ml 120 ml
0-175 M-Tris-HC1 (pH 7-4 at 0 °C) 123 m? 11-6 ml
Krebs-Ringer solution* — 175 ml
Albumin V 200 mg 200 mg
D-Glucese 200 mg 200 mg
Distilled water was added to give a final volume of 100 ml

Refractive index (at room emperature) 1-3673 13442

The osmolarity was measured with a Knauer osmometer and was adjusted to 270-300 mosmol/l by
adding solid NaCl

* Composition: 125 mm-NaCl, 5 mm-KC1, 1-2 mm-Mg80,, 35 mm-Tris and | mm-NaH,PO, (pH 74 at
0°C).

Incubation of the cell suspension
The cells were either pre-incubated for 1 h at 32° C under an atmosphere of 0,:CO, (95:5,
viv) or were directly incubated. The incubations were carried out in plastic tubes in volumes
of 0-2-0-3 ml with a cell density of about 3x 108 celisimi at 32 °C under O,: CO, (95:5, v/v)
either in the absence or presence of added LH, with continuous shaking at 100 cycles/min.

Leydig cell markers
The following markers for Leydig cells were used: testosierone production; phenyl esterase
activity (Niemi, Harkdnen & Tkonen, 1966; Rommerts ef a/. 19735); 34-hydroxysteroid
dehydrogenase histochemistry (Levy, Deane & Rubin, 1959; Niem} & Tkonen, 1963} and the
periodic acid-Schiff’s (PAS) reaction (Roosen-Runge & Anderson, 1959; Baillie, 1961;
Niemi & Ikonen, 1963). They were determined as foliows.

Testosterone production

After incubation, testosterone was extracted from the cells plus medium and determined by
radioimmunoassay as described by Verjans, Cooke, de Jong, de Jong & van der Molen
(1973},

Phenyl esterase activity

Phenyl esterase activity was determined as decribed by van der Vusse, Kalkman & van der
Molen (1975).

Periodic acid-Schiff's staining

A drop of the cell suspension was dried on a glass slide in the presznce of Bouin's fluid.
The dried cell suspensions were fixed in Bouin's fluid for several days. Staining with periodic
acid-Schifl's reagent was done according to Hotehkiss {1948).
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Histochemical demonstration of 3-hydroxysteroid dehydrogenase activity

A drop of the cell suspension was frozen on a glass slide either directly or after mixing with
a drop of 6 % dextran in 0-9 % NaCl solution to obtain better preservation of cell mor-
phology. The cell suspension was stored at —20 °C for several days, but never for longer
than 2 weeks. Just before use it was dried in air, and 34-hydroxysteroid dehydrogenase
activity was demonstrated according to the method described by Levy, Deane & Rubin
(1959). Instead of dehydroepiandrosterone dissolved in propylene glycol, epiandrosterone

(34-hydroxy-5a-androstan-17-one} dissolved in dimethylformamide was used as substrate
(Wicbe, 1974).

RESULTS
FPurification of Leydig cells by centrifugation through Ficoll solutions

After centrifugation of the cell preparation obtained by collagenase treatment of rat testes
through different concentrations of Ficoll, the steroidogenic activity with and without
added LH was increased several times (Fig. 1). The highest steroidogenic activity was ob-
tained with Ficoll concentrations of 12-6-13-7 %, The same pattern was obtained when in
similar experiments pheny! esterase activity was used as a marker for Leydig cells. A Ficoll
concentration of 13 % was therefore chosen for subsequent experiments. Using this Ficoll
concentration, 11 % of the cells in the original suspension were recovered, whereas 30 % of
the steroidogenic activity and phenyl esterase activity in the original cell suspension was still
present. The recovery of the steroidogenic and phenyl esterase activity decreased in the cell

20 4 - —
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Fig. 1. Steroidogenic activity of sedimented testicular cells of rats, centrifuged for 10 min at 1500 g
through various concentratiens of Ficoll. The cells were first pre-incubated for 60 min.
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preparations obtained after centrifugation through the higher Ficoll concentrations. Centri-
fugation for periods longer than [0 min {up to 40 min) did not increase the recovery of
Leydig cells. In Tables 3 and 4 mean values of several experiments are given for the steroido-
genic activity, phenyl esterase activity, proportion of cells stained with periodic acid-
Schiff’s reagent and proportion of celis showing 3/-hydroxysteroid dehydrogenase activity.

Table 3. Basal and LH-stimulated testosterone production in isolated, unpurified and Ficoll-
purified Leydig cells of rats (means +S$.EM.)

Testosterone (ng/10% cells/3 h)

p-

Control +1 pg LH/ml
Unpurified cells 15201 (5) 1006 £1-9 (5
Ficoll-purified cells 4608 (5) 426141 (5

MNumber of observations in parentheses,

Table 4. Characteristics of unpurified and Ficoll-purified Leydig cells of rais
(means +s.EM.)

Unpurified cells Ficoll-purified cells
{“_"'—_A_“"—“'_"‘“\ (—'_“"_“L‘""'""‘""\
3A-Hydroxysteroid 64 LI:5(8) 276 +4-8(8)
dehydrogenase-containing
cells (27)
Periodic acid-Schiff 76 +27(8) 360 £51(D
positive cells (%)
Phenyl esterase activity 0150+ 0-33 (9) 0-549+0-130 (9)
(ol nitrephenol/min/
10% cells)

Number of observations in parentheses.

The results from all four markers indicate that the proportion of Leydig cells was increased
approximately four times after centrifugation through a 13 % Ficell solution as compared
with centrifugation through KRBG alone.

Effect of osmolarity and albumin conceniration

The osmolarity of the 13 % Ficoll solution in KRBG (pH 6-5) was found to be 320 mosmol/l,
which was higher than the osmolarity of 283 +2 (5.E.M.) mosmol/l {n = 6) reported for rat
serum (Williams, Kraft & Shortman, [972). Lowering the osmolarity of the Ficell solution to

Table 5. Effect of adding 0-2 %, albumin to 13 %, Ficoll solution on the characteristics of the
sedimented rat testicular cells (means +5.D,)

35-Hydroxysteroid

Testosterone {ng/10° ¢ells/3 h) dehydrogenase-
’ containing
Control + lpag LHml cells (94)
13 % Ficoll (320 mosmol/T} 35426 (4) 1834 79% (4) 20510 (3)
" 13 % Ficoll, 0-2 % albumin 54420 (4) 386+ 13:3% (4) 364 8% (3)

V (280 mosmol/fi)

Number of observations in parentheses.

The increase (mean +s.0.) of the stergidogenic activity in the four experiments was 206+ 39 %,
* P < 0005: compared with control value,
** P < 0-005: compared with the value from 13 % Ficoll only.
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280 mosmol/l did not influence the steroidogenic activity of the sedimented cells. Addition
of 0-2 % albumin to the Ficoll solution at this osmolarity resulted in a twofold increase of
the steroidogenic activity of the sedimented cells. This increase was accompanied by a
concomitant increase in the number of cells containing 34-hydroxysteroid dehydrogenase
activity (Table 5). Higher albumin concentrations (0-5 and 10 %) in the Ficoll solution
abolished the purification effects, and the steroid production rates were the same for cell
preparations purified by centrifugation through a Ficoll solution alone or through Ficoll
containing -0 % albumin. The addition of 0-2 % albumin to the 13 %, Ficoll sclution with
an osmolarity of 320 mosmol|l did not have any effect on the steroidogenic activity of the
sedimented cells (data not shown).

Effect of Ficoll on steroidogenic activity

To investigate possible adverse effects of the Ficoll on the steroidogenic activity, the cell
suspension obtained by centrifugation for 10 min at 100 g in KRBG was pre-incubated for
30 min at 32 “Cin a 13 % Ficoll solution. In the control experiment the cell suspension was
pre-incubated for 30 min in KRBG. The Ficoll was removed by centrifugation {10 min at
100 g} of the cells after addition of excess KRBG. The cells were then incubated with and
without added LH (! pgg/ml). In the control experiment the LH-stimulated testosterone
production was 9-6 £0-1 ng/10® cells/3 h, and in the cell suspension pre-incubated with
Ficoli was 81 +0-3 ng/10% cells{3 h.

Incubations in the presence of 0, 1-8 and 3-6 % Ficoll gave LH-stimulated testosterone
productions of 70+ 14, 95+ 0-4 and 7-51:0-2 ng/10® cells/3 h respectively (the results are
the mean +range of duplicate incubations), thus indicating that Ficoll does not inhibit
steroidogenesis.

Table 6. Effect of centrifugation of a Ficoll-albumin purified rat testicular cell suspension
through 6 % dextran-0-8 %, NaCl solution for 2 min at 100 g (means £5.0.)

Purity ol Testosterone
Leydig production/10°
cell celisiZ h
preparation {+LH}
compared Recovery of compared
Leydigcell  with contrel Leydig cells™ with control
content™ () ) (7) (%)
Control, 36411 (6) 100 {6) 100 (8) (0-97 = 10° cells)t 100 (4)
sediment
(10 min,
100 g}
Sediment 59417 (8 168134 (6) 46+ 10 (6 (0-44 = 108 cells)T 267177 (4)
(2 min,
100 g}
Supernatant ER RN RN 83+ 14 {6) 50416 (6) (046 10° cells)f 33+ 9{4)
{2 min,
100 g3
Recaovery 94+ 17 (6) 94+ 17 (4}
{supernatant +
sediment
after 2 min at
100 &)

Number of ebservations in parentheses.

* Number of Leydig cells was determined with the use of 37-hydroxysteroid dehydrogenase histochem-
istry,

T Mean value of six observations.
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Effect of centrifugation through dextran solutions

An additional purification of the Leydig cells centrifuged through Ficoll-albumin selutions
was obtained by centrifugation through a 6 % dextran-0-9 % NaCl solution for 2 min at
100 g. In the control experiment cells were centrifuged for 10 min at 100 g in the 6 % dex-
tran—0-9 %/ Na(l solution. After centrifugation, 87 + 19 % (mean + s.D., n# = 6) of the cells
were recovered. The percentage of 34-hydroxysteroid dehydrogenase-containing cells in the
sediment was increased by 64 9 while the steroldogenic activity, as measured in the presence
of added LH, increased by 167 % (Table 6). In two experiments the phenyl esterase activity
was measured and it was found to parallel the proportion of cells containing 38-hydroxy-
steroid dehydrogenase activity in the control, sediment and supernatant; 0-9510-25,
1-8040-10 and 0-754 0-03 gmol/min/10° cells containing phenyl esterase activity and 41-5+
35%, 745+05% and 40:04+1-0Y% 35-hydroxysteroid dehydrogenase-containing cells
respectively (figures are the mean+range of two experiments). In a separate study the
influence of centrifugation time was investigated. The percentage of 3£-hydroxysteroid
dehydrogenase-containing cells and specific phenyl esterase activity was determined in the
sediment and supernatant after centrifugation of the cells for |, 2 or 4 min at 100 g through a

Fig. 2. Electron micrograph of dextran-purified Leydig cells. Purified cells were fixed in glutaral-
dehyde buffered with phosphate, post-fixed in buffered osmium tetroxide, dehydrated through
graded ethanol solutions and embedded in Epon. Sections were stained with uranyl acetate and lead
citrate. [Magnification > 2017.)
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6 % dextran solution. Both Levdig cell markers gave almost identical results, therefore the
mean purification factor and the recovery of the sedimented Leydig cells determined with
these markers are given. After | min of centrifugation, the purification of the sediment was
1-8 x and the recovery 22 %; after 2 min of centrifugation, 1-5x and 65 %, respectively and
after 4 min of centrifugation, 1-1 x and 90 % respectively.

An electron micrograph of dextran-purified cells is shown in Fig. 2.

Leydig cell preparations from rat testes with defective spermatogenesis

Testosterone production by crude unpurified cell preparations from testes with defective
spermatogenesis was in all cases higher than the production by crude cell preparations of
intact rat testes, and was in the same range as the testosterone production of Ficoli-purified
cell suspensions from intact rat testes. Cenirifuging the cell suspensions from these pre-
treated rats through a 13 % Ficoll-KRBG solution resulted in only a small increase in
steroidogenic activity (Table 7).

Table 7. Testosterone production in the absence and presence of added LH in unpurified and
13 % Ficoll-purified cells from rat testes, deficient in spermatogenesis (means t range of
duplicate incubations)

Testosterone {ng/10% cells/3 h)

.

—
Unpurified Ficoll-purified
— . e .
Centrol +1lgeg LH{mi Control +lpg LH/ml
Essential-fatty-acid- 1-8+£01 23-8+07 37 645459
deficient rats
Irradiated rats
Expt i 50+0:20 349+21 _ —
Expt 2 24x00 22:0£16 49112 30-9+0-7
Expt 3 10-54+0-3 1237 105404 179-5£67
Cryptorchid rats
Expt 1 554£07 413205 . —
Expt 2 37+02 360£2-5 56+03 49-0 £ 65

Density distribution of rar testicular Leydig cells

As described above, crude Leydig cell preparations can be purified by centrifugation
through a 13 %, Ficoll solution (density 1-053 g/ml). Leydig cells are therefore probably
among the cells with the highest buoyant density in the testicular cell preparation. In order
to determine the exact bucyant density of the Leydig cells, centrifugation was carried out
through a discontinuous density gradient of Ficoll in KRBG {pH 6-5} containing 0-2 %
albumin, with an osmolarity of 260-2%0 mosmol/l. Two discrete peaks of cells containing
3f-hydroxystercid dehydrogenase and phenyl esterase activity were found. One peak at a
low density was found in the fraction where 80 % of the nucleated cells were present, and the
second peak was observed at a considerably higher density. To exclude the possibility of
adherence of Levdig cells to other cell types in peak I by the Ficoll, density gradients of
Ficoll-metrizoate mixtures (Loos & Roos, 1974) without Ca®- were used. The discontinuous
density gradient was prepared as described in the Materials and Methods section. 34-
Hydroxysteroid dehydrogenase histochemisiry, phenyl esterase activity and testosterone
production were used as markers for the Leydig cells.

Fig. 3 shows the values of the measured parameters in the different fractions in one of the
four identical experiments carried out, The fraction with density 1-039-1-049 g/ml con-
tained 84 % of the nucleated cells, Two discrete peaks of celis containing 3-hydroxysteroid
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activity and phenyl esterase activity were again detected. Peak I in fractions 2-3 (density
1-049-1-055 gfml) and peak Il in fractions 5, 6 and 7 {density 1-068-1-088 g/ml). Basal
testosterone production in fraction 2 (peak I) was 0-21 +0-20 ng testosterone/10° cells/2 h
and in fraction 6 (peak 1T} 3-79 £ 1-47 ng testosterone/[0® cells/2 h (mean +5.D., n = 4).
However, in the presence of LH a stimulation of testosterone production was found only
in peak II. Fractions 2 and 6 contained most of the 3#-hydroxysteroid dehydrogenase-
containing ceils. In fraction 2 the percentage of 3/-hydroxysteroid dehydrogenase-contain-
ing cells was 5-2 £ 5-7 % and in fraction 6, 78-2+ 102 9 (n = 4). Peak I contained 56 +28 %
of the total Leydig cells and peak 1I 44 £28 9/ (n = 4). In 1wo experiments in which cyclic
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Fig. 3. Density distribution of rat testicular Leydig cells. The number of nucleated cells, pheny]
esterase activity. proportion of cells containing 34-hydroxysteroid dehydrogenase and LH-stim-
ulated testosterone production {1 p#g LH/ml) per 10% ceils, nat pre-incubated, are shown in the
various fractions of a discontinuous Ficoll-metrizoale gradient, centrifuged for 40 min ar 1500 g at
0°C. Fractions | to 7 had densities of 1-020, 1-039, 1-049, 1-055, 1-068, 1-075 and 1 088 g/ml res-
pectively,
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AMP was measured, cyclic AMP production increased in the presence of LH in peak I
(fraction 2) from (18 to 3-3 ng/10% cells/2 h in one experiment and in the other experiment
from 0-30 to 0-54 ng/108 cells/2 h, and in peak II from 0-10 to 10-94 ng/10° cells/2 h and from
0-74 to 35-17 ng/10% cells/2 h.

Dose-response and rime curves after LH stimulation

Figure 4 shows an LH dose-response curve for testosterone production in cells purified
by centrifugation through a 13 % Ficoll-KRBG solution. These cells were first pre-incu-
bated for 1 h. The minimal dose of LH which was required to give a detectable increase in
testosterone production was between 1 and 10 ng LH/ml. Maximal response was obtained
with 100-1000 ng LH/ml. No difference in sensitivity towards LH could be detected in the
crude unpurified Leydig cell preparation compared with the various purified preparations.
Omission of the 1 h pre-incubation time did not change the maximal testosterone responss
in the presence of excess LH. However, it did change the sensitivity of the cells to LH.
Without pre-incubation a maximum response was obtained with between 10 and 100 ng
LH|ml. With a maximal dose of LH an increase in testosterone production was detectable
20 min after the addition of the trophic hormone. Maximal response was not reached even
40 min after the addition of LH (Fig. 5).

DISCUSSION

The concomitant presence of basal testosterone production, phenyl esterase activity and
3f-hydroxysteroid dehydrogenase-containing ceils at two discrete density regions after
isopycnic centrifugation of the crude Leydig cell preparation indicates the presence of two
types of Leydig cells: “light’ Leydig cells with a density of 1-039-1-055 g/m!l and “dense’
Leydig cells with a density of 1-068-1-088 g/mi. The absence of an LH response in the *light”
Leydig cells shows that these two types of cells differ not only in physical characteristics but
also in function. As an explanation of these observations it may be considered that (1} the
‘light” Leydig cells are damaged celis of which the LH regulation mechanism is impaired by
the preparation and/or centrifugation procedure, or {2) the “light” and ‘dense’ celis are two
functionally different sub-populations of Leydig cells. Damage to cells can result in a higher
or lower buoyant density (Shortman, 1968}, However, it is difficult to explain how this can
result i such a clear-cut change in density as seen by the two distinct peaks of activity. The
existence of different sub-populations of Leydig cells in the mature rat testis has not pre-
viously been reported, although different generations of Leydig celis in immature and
mature rat testes have been described (Roosen-Runge & Anderson, 1959; Niemi & Ikonen,
1963). The existence of Leydig cells with LH receptors and an adenyl cyclase system but
unresponsive to the trophic hormone in immature rat testis has been reported (Frowein &
Engel, 1973). In this respect the ‘light’ Leydig cells could perhaps resemble immature rat
testicular Levdig cells, which have survived in the mature testis.

The results from the centrifugation procedures used in this study for the purification of
Leydig cells may be explained on the basis of the bucyant density of the Leydig cells. Centri-
fugation of the crude cell preparation through a 13 % Ficoll solution, with a density of
1053 g/ml, separated approximately 90 97 of the cells with a lower density (mostly sperma-
tocytes and spermatids) from the sedimented denser cells, which included the Leydig cells.
However, the correlation between the four Leydig cell markers in the control and Ficoll-
purified cell preparations indicated that *light’ and *dense’ Leydig cefls were not separated
from each other by this centrifugation step. This might have resulted from the formation of
cell aggregates and adherence of the ‘light’ and *dense’ Leydig cells to each other. Lowering
the pH of the Ficoll solution from 7-4 to 6-5 decreased cell aggregation, but it was not absant
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as seen by phase contrast microscopy. The further purification obtained (approximately 2
times) by addition 6f 0-2 % albumin to the 13 % Ficoll solution was partly due to a decrease
in total number of cells that sedimented (75 %) and partly due to sedimentation of more Ley-~
dig cells (30 %). Loos & Roos (1974) have also reported higher cell recoveries from con-
tinuous Ficoll-Tsopague gradients by the addition of albumin and they suggested this was
probably due to a lowering of the non-selective cell loss.

The next purification step, centrifugation for 2 min at 100 g through a 6 % dextran solu-
tion, was obtained probably more on a basis of the size of the cells than on their buoyant
densities. The proportion of Leydig cells, as determined by phenyl esterase activity and
3f-hydroxysteroid dehydrogenase histochemistry, increased 1-7 times in the sediment, while
the steroidogenic activity (measured in the presence of LH} increased 2+7 times in the sedi-
ment. It is possible that this separation between a larger proportion of LH-responsive cells
in the sediment and less LH-responsive cells in the supernatant corresponds to a separation
between the so-called *dense” and “light’ Leydig cells respectively.

A testosterone response to LH was detectable onty 20 min after the addition of LH, and it
took more than 40 min to obtain a maximum response. Similar results have also been re-
ported for the time course of the testosterone response of total testicular tissue jn vitro
(Rommerts, Cooke, van der Kemp & van der Molen, 1972), dissected interstitial tissue in
static incubations {Rommerts, Cooke, van der Kemp & van der Molen, 19734) and in a
superfusion system (Cooke er af. 1975), and for Leydig cell preparations (Moyle & Rama-
chandran, 1973; Catt & Dufau, 1975). However, the testosterone response in vivo is much
faster {Eik-Nes, 1970; van der Vusse, Kalkman, van Winsen & van der Molen, 1975). The
cause of this time difference between stimulation in vivo and in vitro is still unclear and
obviously requires further investigation with respect to the mechanism of LH action on
steroidogenesis. For the adrenal, this situation is discussed by Schulster & Jenner (1975). A
maximurm response of testosterone was obtained with about 100 ng LH/ml. By omission of
the | h pre-incubation peried the same maximum amount of testosterone was produced
with about 10 ng LH/ml, which is comparable with the results of Moyle & Ramachandran
(1973). The decrease in sensitivity of the Leydig ceils during pre-incubation might have been
caused by loss of LH receptor sites due to the action of proteolytic enzymes still present.

In conciusion the present study has demonstrated that by a simple two-step centrifugation
procedure it is possible to increase the number of Leydig cells 12-5 times and steroidogenic
activity 22-5 times in the preparation obtained by collagenase treatment of rat testes. The
resulting preparation, which contains approximately 60 % Leydig cells, is functionally re-
sponsive to physiological amounts of LH and can be used to investigate many aspects of the
intracellular mechanisms of testicular steroidogenesis,

The authors would like to thank Dr P. M. Frederik for the preparation of electron micro-
graphs of Leydig cells and are also grateful to the National Institutes of Health, Endocri-
nology Study Secticn, Bethesda, Maryland, U.S.A., for gifts of sheep LH. This work was
financially supported in part by the Dutch Foundation for Medical Research (FUNGO).
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Leydig-cell suspensions, prepared from rat testes, were incubated with different amounts
of Ca?* with and without added luteinizing hormoene. The basal testostercne production
in the absence of luteinizing hornmone was unaffected by the Ca*t concentration in the
incubation medium, The luteinizing hormone-stimulated testosterone production,
however, was progressively decreased in the absence of Ca?* to one-third of that with
2.50mm-Ca®*. This decrease in luteinizing hormone-stimulated testostercne production
was independent of the different concentrations of luteinizing hormone {0-10zg/ml}
used and could be restored by the addition of Ca®*" te the incubation medium. The
restoration of the stinuilation was achieved within 30min after the addition of Ca?* to
the medium. Activation of cyclic AMP-dependent protein kinase by luteinizing hormone
was not decreased by omission of Ca** from the incubation medium, suggesting that
Ca** may be involved in steroidogenesis at a stage beyond the luteinizing horimene
receptor-adenylate cyclase-protein kinase system.

The regulation of steroidogenesis by trophic
hormones such as adrenocorticotropin  {(cortico-
tropin, ACTH) and luteinizing hormene (lutrepin,
LH) most probably involves stimulation of cyclic
AMP production and protein kinase activation in
their respective target organs {Schulster, [974; Cooke
& van der Kemp, 1976). The continuous synthesis of
a protein {or proteinsy is also necessary for this
regulation (Garren e ¢f., 1965; Cooke er al., 1975},
However, the involvement of other processes
cannot be excluded. For example, it has been estab-
lished that the presence of extracellular Ca?t
is a prerequisite for full stimulation of cortico-
steroid synthesis by adrenocorticotropin in the
adrenal gland (Birmingham e of., 1953; Sayers
et af, 1972; Rubin er al, 1972). Much less
work has been carried out on the effect of
extracellular Ca®* in other steroidegenic tissues,
Mendelson ef of (1975) reported that omission of
Ca*t from the incubation medium resulted in
only a small decrease in the stimulation by human
choricgonadotrapin of testosterone production in
rat testis Leydig cells. However, Van der Vusse
ei al. (1976) have reported that the stimulation of
pregnenotone preduction by rat testis mitochondria
after administration ol luteinizing hormone in sivo
could be completely mimicked by the addition of
Ca®* 1o the incubation medium of mitochondria.
This apparent discrepancy between the effect of
Ca?* an steroid production by testis Eeydig cells
and by isolated mitochondria made us decide to
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investigate further the role of Ca** in the
stimulation of testosterone production by luteinizing
hormone in the rat testis by using a purified Leydig-
cell preparation,

Materials and Methods

Sheep luteinizing hormone (NIH SI8) was a gift
from the NIAM, Bethesda, MD, U.S.A.

Crude collagenase was purchased from Worthing-
ton Biochemical Corp., Freehold, NJ, U.5.A.

EGTA  [ethanedioxybis(ethylamine)tetra - acetic
acid] and bovine serum albumin {fraction V) were
obtained from Fluka A.G., Buchs, Switzerland, and
the Ficoll 40¢ was from Pharmacia Fine Chemicals
A.B., Uppsala, Sweden.

Adult male Wistar rats substrain R-Amsterdam
(3-3months old) were used in this study.

Isalation and incubation of Leydig cells

The Leydig-cell suspensions were prepared and
purified as described by Janszen er af, (1976}, Briefly
this method includes incubation of the testes
with collagenase and centrifugation of the cell
suspension through 13% Ficoll/0.2% bovine serum
albumin  in  Krebs-Ringer bicarbenate  buffer
(Umbreit e «l., 1964) containing 0.2% glucose,
pHE.5, for 10min at 1300g followed by centrifugation
of the sedimented cells through 6%, Dextran T 250 in
0.9, NaCl solution for 2min at 100g.
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After purification, the sedimented cells containing
about 60% Leydig cells were resuspended in Krebs—
Ringer bicarbonate buffer, pH7.4, from which the
Ca** was omitted, but which contained 0.1 %; bovine
serum albumin and 2nm-EGTA, and then pre-
incubated for 30min at 32°C under an atmosphere of
0,+C0; (95:5) to remove all the bound Ca®*F.
After preincubation the cells were sedimented
by centrifugation for Smin at 100g and resuspended
in Krebs-Ringer glucose buffer containing different
concentrations of Ca?* in 0.1mM-EGTA and 0.1%
bovine serum albumin. The cells were then incubated
as described in the Results section at 32°C under an
atmosphere of O, CO: (95:5), Cell densities were
about 1x10%cells/ml and were determined by
counting the nucleated cells in a haemocytometer,

Testosterone production

After incubation, the testosterone was extracted
from the cells plus medium with ethyl acetate {2 x 2ml}
and determined by radioimmunoassay as described
by Verjans er al. (1973).

Protein kinase assay

Protein kinase activity was determined as described
by Cooke & van der Kemp (1976) in the presence and
absence of 0.6 um-cyclic AMP and the protein kinase
activity ratio (ratio of protein kinase activity
without added cyclic AMP/activity with added cyclic
AMP) was calculated.

Results

Effect of extracellelar Ca®* on the iestosierone
production af isolated Leydig cells

Preincubated Leydig cells were incubated in
Krebs-Ringer bicarbonate buffer, pH 7.4, containing
either 0, 1.25 or 2.5mm-Ca?t with or without
added luteinizing hormone, at a dose that gave
maximum stimulation of testosterone production
(100ng/ml).

The basal testosterone production without added
luteinizing hormone was not significantly changed
in the absence of Ca®**t (Table 1). However, in the
absence of extracellular Ca** the stimulation of
the testosterone production by luteinizing hormone
was only one-third of the control values,

Influence of dose of added luteinizing hormone on the
testosterone production in the absence or presence
(2.5mm) of extraceliular Co**

Preincubated Leydig cells were incubated in the
absence or presence of Ca** with different doses of
luteinizing hormoene. The absence of Ca?* lowered the
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Table 1. Influence of the concentration of Ca** in the medium

on the tesfosterone production in isolated Levdig cells in

the absence or presence of 100ng of added luteinizing
frormonemi

Values are means +3.0. for the numbers of experiments in
parentheses and are percentage syntheses compared with
the control incubation containing 2.5 mm-Ca?*,

Ca?** in Testosterone synthesis (%4)
incubation
medium ~Luteinizing +Luteinizing
{mm) hormone hormong
0 125 £ 565, (10) 36+ 1454 (11)*
1.25 12944154 (3 794159, (4
2.50 100 (10} 100 (L1)

* Significantly different from centrol,
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Fig. 1. Liteinizing hormone dose-response curve of testo-
sterone synthesis by isolared Leydig cells In the absence or
presence of Ca**

Leydig cells were incubated for 2h in the absence (&) or
presence (@) of Ca®* (2.5mwm) in the presence of different
doses of luteinizing hormone (0-10ug/mi). Means of
duplicate incubations are given.

testosterone respense in the presence of the different
doses of luteinizing hormone tested (Fig. 1).

Time-course of testosterone synthesis in isolated
Leydig cells in the absence or presence of extracellular
Cg2+

Preincubated Leydig ¢ells were incubated in the
absence or presence of Ca?t and in the absence or
presence of added {uteinizing hormone (100ng/mli)
for different time-periods. No difference was detected
in amounts ef testosterone in all four types of incu-
bation after 151min {Fig. 2}. After 30 min a stimulation
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Fig. 2. Time-cowrse of testosteroite production by Leydig
cells incubared with or withour Ca** with or without added
lureinizing hormone

Leydig cells were incubated for different time-periods
up to 120min without Ca?* (A), with and without
luteinizing hormone {100ng/ml) and with Ca?* (2.5mm)
{®) with and without luteinizing hormone. Means of
duplicate incubations are given.

of the testosterone production was found in the
presence of luteinizing hormone. The stimulation was
less in the absence of Ca?*. This decrease in the
stimulation of the testosterone production remained
during the rest of the incubation period.

Influence of re-addition of Ca*t on the lureinizing
hormone-stimulated restosterone synthesis in isolated
Levdig celis after incubation without Ca?*

Preincubated Leydig cells were incubated for 2h
with ot without Ca* in the absence of luteinizing
hormone, After this incubation period, Ca®**
was added to the incubation medium without Ca?*
to give a final concentration of 2.5mm. The cells
were then incubated with or without luteinizing
hormone (100 ng/ml) for 211. FTestosterone production
was virtually the same afrer adjustment of the Ca?*
concentration to the control value (Fig. 3). This
cffect was already scenat 30 min (the {irst time-interval
studied) after the addition of the Ca*'t and
luteinizing  hormone. However, stimulated  testo-
sterone production did not reach the control value
in ali experiments after the addition of Ca**
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Fig. 3. Time-cowrse of restosterone production by

Leydig cells in the presence of Ca*t with or without
lufeinizing hormone, preincubated without or with Ca®*

Preincubated Leydig cells were incubated for 2h without
(a) or with Ca?* (2.5mm) (®). After this incubation
period Ca?* was added (final concentration 2.5mm) to
the cells incubated without Ca** and the Leydig cells were
incubated for a further 2h without or with luteinizing
hormone (100ng/ml). The amount of testesterone in cells
pius medium was determined at different times after the
addition of Ca®** and iuteinizing hormone. Means of
duplicate incubations are given.

to the incubation medium. In six experiments the
percentage of stimulated testosterone production
during the first 2h incubation period in the absence
of Ca?* was 39 (s.EM.+7)% of the control value,
and after the addition of Ca?* this value became 71
(5.E.M.+12) % of the control value during the second
2h incubation period. These values were significantly
(P <0.005) different from each other.

Influence of extraceliular Ca®* on the activation of
protein kirase activity in isolated Leydig cells

Levdig cells were prepared as described in the
Materials and Methods section, except that the
centrifugation through Dextran was omitted in
order to cobtain enough cells for the determination
of testosterone producticn and protein kinase activity
in the same cell preparation. The preincubated
cells were incubated in Krebs-Ringer glucose
buffer with or without 2.5mm-Ca?t and with
0.1mM-EGTA. For the determination of protein
kinase activity the cells were incubated with or
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Table 2. Influence of extracellular Ca** on the activation of protein kinase activity in tsolated Leydig ceils

Values are means-+3.0, with numbers of incubations in two separate experiments in parentheses. Luteinizing hormone

when present was at a concentration of 100ng/mi.

Ca** in Testosterone preduction (ng/2h per 108 cells) Protein kinase activity ratio
incubation "
medium (mm) ~L uteinizing hormone  +Luteinizing hormone  —Luteinizing hormone  ++Luteinizing hormone
2.50 1.4£0.4%(5) 135+ 154 (6) 0.1740.09 (4) 0.76£0.10 (6)
0 24+1.8 (5) 7144 8.9 (6) 0.21 +0.05 (4) 0.72+0.10 (8)

without luteinizing hormone for 20min, and for the
determination of testosterone production cells
were incubated for 120min. In the absence of Ca?*
the luteinizing hormone-stimulated testosterone
preduction decreased to about one-half of that
in the presence of 2.5mm-Ca?*. However, omission
of Ca** did not affect luteinizing hormone-stimulated
protein kinase activity; in both the presence and the
absence of Ca?*, luteinizing hormone increased the
protein kinase activity ratio from 0.2 to 0.75 (Table 2).
The total protein kinase activity determined in
the presence of excess of cyclic AMP was the same
in all incubations [39.6 (s.p.+12.4, 7 = 20) pmol of
32P incorporated/10°cells].

Discussion

The results obtained in the present investigation
clearly show that maximum luteinizing hormone
stimulation of testosterone production in rat
testis Leydig cells can only be obtained in the
presence of Ca*t, This requirement for Ca?* was
demonstrated at ali doses of luteinizing hormone
used; in the absence of Ca?*t the luteinizing
hormone-stimulated testosterone production was
decreased to about one-third of that cbtained in the
presence of 2.5mu-Ca®*. These results are in contrast
with those of Mendelson er al. (1975), who have
reported that omisston of Ca?* from the incubation
mediom decreased the testosterone response only
slightly at high doses of human choriogonado-
tropin and not at lower doses. In the adrenal for
maximum stimulation of steroidogenesis by adreno-
corticotropin the presence of Ca?* in the medium is
alsc necessary (Birmingham ez af., 1953; Farese,
1971, Rubin er al., 1972; Sayers et al., 1972; Haksar
& Peron, 1973; Bowyer & Kitabchi, 1974; Kowal
et al., 1974; Wishnow & Feist, 1974). However, the
decrease in the adrenal steroid production by
omission of Ca®* in the medium could be overcome
at least partly by wusing higher amounts of
adrenocorticotropin (Sayers ef al,, 1972; Haksar &
Peron, 1973; Bowyer & Kitabchi, 1974; Kowal
et al., 1974). From these latter results it was
concluded that Ca’* may be involved in the
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transmission of the signal arising with the adreno-
corticotropin-receptor —~adenylate cyclase system.
Bowyer & Kitabehi (1974) reported for adrenal
cells that lowering the Ca** concentration in the
incubation medium also decreased the cortico-
steroid response to dibutyryleyclic AMP, indicating
that in adrenal cells Ca?* may also be important
after the elaboration of the second messenger. In
their experiments the concentration of dibutyry}
cyvclic AMP necessary to achieve half-maximum
steroid response did not change with decreasing
Ca?t concentrations; the corticosterone produc-
tion in the absence of Ca®* decreased to the same
extent with different concentrations of dibutyryl
cyclic AMP. In this respect the effect of Ca2* concen-
tration on the luteinizing hormone dose—response
curve in rat Leyvdig cells may be compared with the
effect of Ca?* on the dibutyry] cyvclic AMP dose—re-
sponse curve in rat adrenal ceils, Further, the present
study has shown that luteinizing-hormone activation
of protein kinase in the Leydig cells is not affected
by omission of Ca2* from the medium, so the effect of
Ca?* is then most probably after the activation
of protein kinase, One objection to the results for
the protein kinase activity could be that the ¢nzyme
activity was measured only 20min after the addition
of luteinizing hormone. However, as shown in
Figs. 2 and 3, the effect of Ca®* on the stimulation of
steroidogenesis is obtained within 30min of incu-
bation. It is not possible to conclude which of
the processesinvolved intheregulation of testosterone
synthesis, after the activation of protein kinase,
have been affected by the omission of Ca?t
from the medium; it may be protein synthesis, as
suggested by Farese {1971}, or at the mitochondrial
level, as suggested by Van der Yusse er gf. (1976).
Another possible explanation is that Ca?t is
necessary for the production of certain substrates for
testosterone synthesis, which become limited when
higher amounts of testosterong are produced.
if this were true, one would expect that omission of
Ca** had a greater effect en high testosterone
production rates rather than on lower ones. This was
shown not to be the case; even 30min after addition
of luteinizing hormone, when testosterone production
was still tow, a smaller production in the absence
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of Ca?* compared with the control was already
apparent. Also with submaximum doses of luteinizing
hormone, testosterone production was markedly
decreased compared with the control,

Another explanation that has to be considered is
that the decrease in luteinizing-hormone stimulation
of testosterone synthesis could have been caused by
damage to the cells through the absence of Ca?*
in the incubation medium. This possibility was
investigated by measuring testosterone synthesis
with and without luteinizing hormone after the
addition of Ca®* to the Leydig-cell suspension, which
had been preincubated for 2h in the absence of Ca*t.
In all experiments the addition of Ca?* considerably
increased the testosterone production and in some of
the experiments testosterone production was restored
to control values within 30min after the addition of
Ca’* to the celis. This indicates that damage to the
cells did not take place or only to a limited extent.

In conclusion, it is apparent from the present study
that Ca?' is necessary for luteinizing-hormone
stimulation of testosterone biosynthesis in testis
Leydig cells. Its site of action is probably after the
activation of protein kinase by luteinizing hormone.
However, its precise mode of action remains to be
elucidated.

We are grateful to the National Institutes of Health,
Endocrinology Study Section, Bethesda, MD, U.8.A.,
for gifts of sheep lutropin. This work was financially
supported in part by the Dutch Foundation for Medical
Research (FUNGQ). The technical assistance of
Miss L. M. Lindh with the determination of the protein
kinase activity is gratefully acknowledged.
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1. Introduction

The available evidence suggests that LH stimulation
of testosterone production in ratf testis Leydig cells
involves protein(s} with a short half life. This evidence
is based on the effects of inhibitors of protein and
RNA synthesis on LH stimulated testosterone produc-
tion [1—-37], particularly the rapid effect of cyclohexi-
mide, which causes a decrease in testosterone synthesis
following first order Kinetics with a half life of 13 min
[4}. Recent work in our laboratory has shown that
two proteins which are synthesized in rat testis Leydig
cells and which can be detected using polyacrylamide
gel electroplioresis, may be impoftant in the regua-
tion of testosterone production by LH; one of these
proteins has a short half life (about 11 min) and is
present in the particulate fraction of the Leydig cell,
but is not under the influence of LH; the other
protein (referred to as LH-1P, LH-induced protein}
can be detected 2 h afier the addition of LH to
Leydig cells and has a half life Jonger than 30 min
[5]. We now wish 1o report that the second protein
(LH-IP) can be induced by LH or dibutyryl-cAMP
but not by testosterone or follicle stimulating
horone (FSH}. Dose response studies have also
shown that the induction of LH-IP and the stimula-
tion of testosterone production require approximate-
ly the same convcentrations of LH. Incubation of the
Leydig cells with actinomycin D prevented the
induction of LH-1P by LH.

2. Materials and methods

Ovine FSH (NIH-FSH-S9) and ovine LH (NI[4-LH-
S18) were gifts from the Endocrinology Study

Neweh-Hotland Pohiishine Company Dmsterdam
0 JHI

Section, Natjonal Institute of Health, Bethesda,
Maryland, USA. [*S]Methicnine (280 Ci/mmol) was
purchased from the Radiochemical Centre, Amersham,
England. Elipten-phosphate (an inhibitor of choleste-
rol side-chain cleavage) was a gift from CIBA, Basel,
Switzerland.

Leydig cell suspensions from rat testis were pre-
pared and purified by centrifugation through Ficoll
and Dextran solutions as described before {6]. Leydig
cells were incubated in Krebs-Ringer solution pH 7.4
contalning 0.2% glucose, 0.1% bovine serum albumin
fraction V and amino acid mixture lacking in methio-
nine under an atmosphere of 95% O,/5% CO, with
LH as indicated in the text and then proteins were
labelled by addition of [**S]}methionine for 30
niinutes.

In order to control whether the cells were
stimulated by LH, Leydig cells were incubated in
paralle] experiments with or without added LH
{100 ng/ml) for 2 h. After this incubation period
testosterone was exiracted and determined as
described before [7]. Festosterone production
(mean £ S.E.M.) in tlie absence of added LH was
401 04 ng/10°* nucleated cells (n = 13), in the
presence of LH 115.8 £ 14.4 ngf10°% nucleated cells
(7 =15} and in the presence of LH and elipten-
phosphate 3.3 + 1.5 ng/10° nucleated celis (1 = 3).

After incubation of the cells, 10 vol. cold (0°C)
Krebs-Ringer buffer without bovine serum albumin
was added and the cells were sedimented by centri-
fugation for 10 min at 100 X g at 4°C. The super-
natant was discarded and the sedimented cells were
resuspended in a glycine--sodium dodecy! sulphate
buffer (0.1 M glyeine. 0.1 M NaCl, 0.01 M EDTA,
0.1% sodium dodecy! sulphate and 0.01 M -mereapto

i
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ethanol) pH 8.5. The suspension was heated at 100°C
for 10—15 min in glass tubes and after cooling,
acetone (4 vol.) was added. The water—acetone
mixture was stored overnight at —20°C. The precip-
itated proteins were sedimented by centrifugation for
10 min at 1500 X g at 4°C and dissolved in Tris—
glycerol buffer (0.05 M Tris, 10% glycerol, 1% sodium
dodecyl sulphate and 1% -mercaptocthanol) pH 6.8
and heated at 100°C for 2 min. Electrophoresis was
carried out in 10% and 15% discontinuous SDS poly-
acrylamide slab-gels according to Laemii [8]. Before
drying the gels, they were impregnated with 2,3-
diphenyl oxazole [9]. The gels were then exposed to
Kodak X-ray film RP 14 for 1 -2 weeks.

3. Results

3.1, fafluence of incubation tme

Two hours after addition of LH to Leydig cells
increased incorporation of [**8]methionine could be
observed in a protein band with a mol. wt ol approxi-
mately 21 000 (LH-IP} {fig.1). Only in one out of ¢

mol.wt. : i,

43000 s>

25700 =h=

11700 =pm-

incubation time (hours) 0 2

LH {100 ng/ml) - -
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experiments with intact and hypophysectomized
animals was this LH-increased incorporation detectable
one hour after addition of LH to the cells. About

four hours after zddition of LH the labelling of LH-IP
seemed to be at a maximal level.

3.2, Effect of different doses of L

When Leydig cells were incubated with 1 ng LH/
m! for 3 h the incorporatien of [**S]methionine in
LH-IP was only slightly increased compared with the
control. With 10 ng LH/ml a clear increase in **S-
incorporation iin LH-IP was evident while maximal
labelling was ebtained with 100—1000 ng LH/ml
{fig.2).

3.3, Effect of testosrerone and FSH

Te investigate whether the increase in LH-[P
labelling after addition of LH was due to the higher
level of testosterone in LH-stimulated Leydig cells,
testosterone {100 ng/10° nucieated cells) was added
to Leydig cells and incubated for 3 h. No change in
IS incorporation of LH-IP as compared with controi
cells was observed (fig.3). In other experiments

R

Fig.1. Time course of LH induction of LH-IP. Leydig cells were incubuated with or without added LIHOEO0 ng/mby for 0. 2, 4, and
8 h followed by incubation with [**Sfmethionine for 30 min. Pruteins were sepanuted by clectraphoresis on 13- 157 disconti-
nuous SDS—pelyacrylamide gel. The following mol. wt markers were used: ovalbumin. chymotrypsinogen and cytochrome ¢. In

this figure only the 157 purt of the gel is shown,
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mol .wt, mol .wt.
43000 = 43000 =
-
25700 = 25700
11700 ==
11700 =
LH {100 ng/ml} - + -
LH {ng/mi) © 1 10 ]02 103 testosterone (800 ng/ml) - - +

Iig.3. Effect of testosterone on LH-IP synthesis. Leydig cells
were incubated witheut or with LH (100 ng/ml} or with
testosterone {+ 100 ng/10% nucleated cells) for 3 h followed
by incubation with [**$]methionine for 30 min.

Fig.2. LH dose response velationship of LH-IP sy nihesis.
Leydig cells were incubated with different doses of LH for
3 it followed by incubation with [**S]methionine for 30 min.

elipten-phosphate {300 pg/ml) was added to L.H- instead of LH did not stimulated the labelling of
stimulated Leydig cells to prevent the synthesis of LH-IP.
testosterone [10]. However, under these conditions
the LH-stimulated labelling of LH-IP was not inhibit- 3.4, Effect of dibuiyryi-cAMP
ed. Addition of FSH (100 ng/ml) to the Leydig cells Addition of 0.1 mM dibutyryl-cAMP instead of LH
mol owt.
43000 =gpm
25700 =i
11700 ==
LH (100 ng/m!} - + - - - .
db eyelic AMP (mM} S R e - -
actinomycin D (46 pM) - - - - + +
Fig.4. Llfect of dibutyryl-c AMP or actinomycin D on synthiesis of LH-1P. Leydig cells were incubated with or without LH alone

ur in cambination with actinomycin I or with dibutyryl-c AMP tor 3 h followed by incubation with {**Simethionine for 30 min.
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to Leydig cells gave a submaximal stimulation of
testosterone production while addition of 1 mM
dibutyryl-cAMP gave about the same stimulation of
testosterone production as 100 ng LH/mi. As can be
seen in fig.4 both concentrations of dibutyryl-cAMP
stimulated the 3*S-incorporation in LH-IP.

3.5, Effect of actinomycin D

Addition of actinomycin D (46 uM) to Leydig
cells inhibits $9—93% of RNA synthesis [2].
Addition of this amount of actinomycin D to LH-
stimulated Leydig cells prevented the LH-stimulated
labelling of LH-IP {fig.4).

4. Discussion

From the present results it may be concluded that
an increased incorporation of [**$]methionine in a
protein with a mol. wt of 21 000 {(LH-1P) can be
detected 2 h after addition of LH to Leydig cels.
This increase of **S-incorporation most probably
reflects protein synthesis and was not due to the
effects of increased synthesis of testosterone or
contaminating amounts of FSH in the LH prepara-
tion. Dibutyryl-c AMP also increases the incorporation
of the methionine into LH-IP, therefore it is probable
that the effect of LH on the synthesis of LH-IPis
mediated by increased cAMP production. Actino-
mycin D was found to inhibit the LH-stimulated
synthesis of LH-IP, which suggests that this stimula-
tion of protein synthesis is probably mediated by
increased synthesis of new mRNA. In another study
[5] it has been shown that LH-IP is located specif-
ically in the Eeydig cells and not in other cell types
of the rat testis and that its half life is longer than
30 min.

These results raise the question about the possible
role of LH-IP in the Leydig cell. Certain aspects
would support a role of this protein in the LH-
stimulation of testosterone production in Leydig
cells, namely:

1. The close correlation between the LH dose
response relationship of LH-IP synthesis and
testosterone production; the lowest dose of LH
required for stimulation of the synthesis of this
protein as well as fer stimulation of the testoste-
rone production was about 1 ng/ml and maximum
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response was obtained with about 100 ng/mi LH
f6].

2. RNA synthesis is apparently required for LH
stimulation of testosterone preduction up te 1350
min after addition of LH to Leydig cells {3].

However 2 points may be raised against an obligatory

role of LH-1P in testosterone production:

1. The long half life (more than 30 min) of LH-IP,
wilicht is not in accordance with the rapid effect of
cycloheximide [4].

. LH-IP could be detected only 2 h after addition of
LH Leydig cells, which is much later than the first
stimulation of testosterone production, which can
already be detected within 5—30 min [11] after
addition of LH.

Therefore further work will be necessary to investi-

gate the possible role of LH-IP in the effect of LH on

testosterone production in rat testis Leydig cells,

[
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Specific Protein Synthesis in [solated Rat Testis Leydig Cells
INFLUENCE OF LUTEINIZING HORMONE AND CYCLOHEXIMIDE
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Erasmis University Rotierdam, Rotterdam, The Netherlonds
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The eflect of luteinizing hormone (luteotropin) and cycloheximide on specific protein
synthesis in rat testis Leydig cells has been investigated. Proteins were labelled with
¢ither [“Clleucine, PHteucine or [**Slmethionine during incubation with Leydig-cell
suspensions i virre. Total protein was extracted {rom the cells and separated by sodium
dodecyl sulphate/ polyacrylamide-gel electrophoresis. No detectable increase in the
synthesis of specific proteins could bs observed after incubation of Leydig cells with
Tuteinizing hormone for up to 1h. However, after a 2h incubation period, an increase in
[**SImethionine incorporation was observed in a protein with an apparent mol.wt. of
21000 (referred to as ‘protein 21°). When, after labelling of this protein with [*7S3-
methionine, Leydig cells were incubated for another 30min with cycloheximide, no
decrease in radicactivity of this protein band was observed, indicating that i does not
have ashort half-life. However, another protein band was detected, which after incubation
with cycloheximide disappeared rapidly, the reaction following first-order kinetics, with
a half-life of about 11 min. This protein, with an apparent mol.wt, of 33000 (referred to
as ‘protein 33°), was found to be located in the particulate fraction of the Leydig cell,
and could not be demonstrated in other rat testis-cell types or blood cells. No effect of
luteinizing hormone on molecular weight, subcellular localization or half-life of protein 33
was abserved. A possible rele for protein 33 and protein 21 in the mechanism of action

of luteinizing hormone on festosterone production in Leydig cells js discussed.

Previous work has shown that luteinizing hormone
(luteotropin) specifically  stimulates synthesis of
cyclic AMP (see the review by Romwnerls ef al,
1974), activation of protein kinase (Cooke & Van
der Kemp, 1976; Cooke ef f., 1975) and production
of testosterone In rat testis Leydig cells in vitro {see
the review by Dulau & Catt, 1975). i was ulso shown
that protein synthesis may play a role in the lutein-
izing-hormone stimulation of sterofdogenesis (Hall &
Eik-Nes, 1962; Shin, 1967; Moyle ¢ ol 1971 ; Cooke
et al., 1975; Mendelsan e/ al., 1975). Addition of the
protein-synthesis inhibitors cycloheximide and puro-
mycin to Leydig-cell suspensioits inhibits Juleinizing-
hormone stimulation of testosterone production to
the same extent a5 protein synthesis, After maximal
stimulation of testosterone synthesis in rat testis
Leydig cells by luteinizing hormone, addition of
cycioheximide decreases testosterone production (e
control vadues, the reaction following first-order
kinetics (half-life 12min} (Cooke er of., 1973). These
results indicate that the continuous synthesis of
protein with & short half-life cqual to or less than
Limin iy involved i the stimulation of Leydig-cell
steroid synmihesis by luteinizing hormone. Similar
resulis have been reported for other steroid-syn-
thesizing tissues, e.g. the adrenal gland (Ferguson,
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1963; Garren ef al, 1965; Schulster et af., 1570;
Rubin ¢t af,, 1973; Lowry & McMartin, 1974),
Graafian follicle {Tsafriri ef «f., 1973; Younglai,
1975) and corpus Jutgum (Hermier ef al., 1971).

Garren et al. (1963) proposed a model in which the
regulation of steroidogenesis by corticotropin
{ACTH) in the adrenal gland was mediated by the
syithesis of a protein with a short half-life. Since
then, however, no further proef for such a synthesis
has been demonstrated, On the basis of kinetic data,
Schulster et &l. (1974) and Lowry & McMartin (1974)
rejected the hypothesis that corticotrepin would
stimulate the production of a specific protein, and
these authors proposed an alternative model in which
the regulation of steroidogenesis by corticotropin in
adrenal cells wius mediated by the activation of a
protein with a short half-life. At present there is
insufficient evidence to determine which of the
proposed models is correct ot even to exclude a third
possibility, that a protein with short half-life is
involved in the regulatory mechanism of stereoido-
zenesis by trophic hormones, and that this protein is
as such not aflected by the trophic hormone.

The present study was undertaken to obtain
information about the proposed regulatory protein
in the testis. This has been achieved by incubation of
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isolated Levdig cells with radicactively labelled
amino acids in the presence or absence of luteinizing
hormone, followed by separation of the labelled
protein by sodium dodecyl sulphate/polyacrylamide-
gel electrophoresis. Protein patterns of control and
luteinizing-hormone-stimulated cells were compared
by using either the double-isotope-labeiling technique
with ["*C]- and [PH)-leucine or radioautography of
[**SImethionine-labelled proteins. The presence of
protens with a short half-life was investigated by
incubation of Leydig cells with cycloheximide after
labelling of the proteins with [**S]methionine, Part
of the present work was described in a Short Com-
munication given at the sixth British/Dutch Endocrine
Meeting (on 7 September 1976) at the University of
Bristol, Bristol, UK.

Materials and Methods
Materials

Sheep luteinizing hormone (NIH S18) was a gift
from the NIAM, Bethesda, MD, U.S.A. Crude
collagenase was purchased from Worthington
Biochemical Corp., Freehold, NJ, US.A, [“C]-
Leucine (350mCi/mmol), [*Hlleucine (50Ci/mmol)
and [F*Simethionine (250 Ci/mmol) were purchased
from The Radiochemical Centre, Amersham, Bucks.,
U.K. Bovine serum albumin (fraction V) was obtained
from Fluka AG, Buchs, Switzerland, and Ficoll 400
from Pharmacia Fine Chemicals A.B., Uppsala,
Sweden:. Soluene 350 was obtained from Packard
Instrument Co., Downers Grove, 1L, U.S A. Aduit
male Wistar rats sub-strain R-Amsterdam, 3-5
months old, were nsed.

Methods

Leydig-cell preparation. Leydig-cell suspensions
were prepared and purified as previously described by
Janszen et al, (1976), Briefly this method consists of
incubating decapsulated testes with collagenase for
18-40min at 37°C {until the tubules are fully dis-
persed). The cell suspension is then centrifuged for
10min at 1500g through a 132 (w/v) Ficoll/0.29]
albumin seclution in Krebs-Ringer bicarbonate
buffer (Umbreit er al, 1964), containing 0.29,
glucose, pH6.5, followed by centrifugation of the
sedimented cells for 2Zmm at 100g through a 6%
(w/v) dextran solution. Approx. 60 % of the nucleated
celis obtained were Leydig cells. The sedimented
cells were resuspended in Krebs~-Ringer bicarbonate
buffer containing 0.2%; glucese and 0.1% bovine
serum albumin (fraction V) and incubated at 32°C
with continuous shaking under an atmosphere of
0,4 CO: (95:5). All procedures were carried out in
plastic tubes.

Extraction and separation of proteing. After incuba-
tion of the cells, a tenfold excess of Krebs-Ringer
buffer without boving serum albumin at 0°C was
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added, and the cells were sedimented by centrifugation
for 10min at 100g at 4°C. The supernatant was
discarded and the sedimented cells were resuspended
in a glycinefsedium dodecyl sulphate buffer (0.1M-
glycine, 0.1M-NaCl, 0.01M-EDTA, 0.1% sodium
dodecyl sulphate and 0.01:-S-mercaptoethanol),
pH&.5. The suspension was heated at 100°C for
10-15min in glass tubes and, after heating,
acetone (4vol) was added. The waterfacetone
mixture was stored overnight at -20°C. The pre-
cipitated proteins wers sedimented by centrifugation
for 10min at 1500g at 4°C, and dissolved in Tris/
glycerol buffer {0.05:-Tris, 109 (v/v) glycerol, 1%
sodiumdodecyl sulphateand 197 S-mercaptoethanol),
pi 6.8, and heated at 100°C for 2min,

Ne labelled proteins could be detected in the water/
acetone mixture after sedimentation of the protein.
Electropheresis was carried out in 10 and 15 {w/v)
(continuous and discontinious) sodium dodecyl
sulphate/polyacrylamide cylindrical gels, or in slab
gels by the method of Laemili {1970).

After electrophoresis in cylindrical gels (6mmx= 90
), the gels were pushed out of the tubes, frozen on
solid CO,, and 1 mm thick sections were obtained with
a Mickle ge! slicer. The proteins were extracted from
the slices by incubation with 0.5ml of Soluene 350
for 3h at 60°C. Methoxyethanol/toluene scintillation
ligquid (80g of naphthalene, 4g of 2,5-diphenyloxa-
zole, 40mg of i 4-bis-(5-phenyloxazol-2-yl)benzene,
0.5 litre of toluene, 0.5 litre of methoxyethanol) was
added and the radioactivity was counted in an
Esocap 300 liguid-scintillation counter using a double-
labelling programme for *H and **C. The counting
cfficiency for both labels was in the order of 309/,

For radioautographic detection of [F3SImethionine-
labelled proteins, electrophoresis was carried out on
slab gels {140mm x 160mm > 1 mm) with a current of
20mA/gel under continuous coeling with running
tap water. After electrophoresis, the gels were fixed
in a methanol/waterfacetic acid (5:4:1, by vol)
mixture for at least 60min. The gels were stained with
1% Amide Black in 7% (v/v) acetic acid for 30min
and de-stained by several washings with a methanol/f
waterfacetic acid (30:63:7, by wol) mixture, To
improve the detection efficiency of the **5 label in
some experiments, gels were impregnated with 2,5-
diphenyloxazole (as described by Bonner & Laskey,
1974). The gels were dried (at 70-80°C) on a Bio-Rad
gel-slab dryer under continuous heating, Gels were
exposed to Kodak X-ray film RP-14, usually for
ahout 1 week. The radioautograms were scanned
with a Vitatron TLD 100 densitometer. The cor-
relation between the amount of radioactivity in the
gel and the densitogram of the exposed X-ray film
was tested with a radioautogram of known increas-
ing amounts of >*S. The ratio of the density of each
band divided by the density of a band with a moLwt.
of approx. 43000 (which was shown to be unaffected
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by the different incubation conditions used) was
calculated. This ratio was used for a quantitative
evaluation of the cbserved protein bands.

Results

Synthesis of proteins in Leydig eells incubated in the
absence or presence of hiteinizing hormone

Levdig cells prepared by centrifugation of the cell
suspension through 139 Ficoll/0.2% bovine serum
albumin in Krebs—Ringer buffer, were incubated for
60min with and without added luteipizing hormone

{(100ng/ml); this amount of luteinizing hormone
gives maximum stimulation of testosterone produc-
tion (Janszen et al., 1976). [PH]l.eucine was then
added to luteinizing-hormone-stimulated cells and
[**Clleucine to control cells, and the incubations
were continued for 30min. Both incubations were
cembined and the proteins were extracted and sub-
mitted to electrophoresis in cylindrical gels. No
difference in the separation pattern of incorporated
lencine was observed between control and loteinizing-
hormone-stimulated cells (Fig. 1), Also, with shorter
labelling times (5 and 10 min}, no significant difference
between the radioactive patterns of contrel and

Ratio d.p.m. *H{**C

Wik LH

1073 % [*H ] Leucine radioaclivity/slice (d.p.m.)

and Uk levoine o

1073 % [*C] Leucine radioactivity/stice (d.p.m.)

Fig. 1. Syathesis of Leydig-cell proteins in the absence or presence of luteinizing hormone, and theiy separation by sodium
dodecy! sulphatelpolyacrylamide-gel elecirophorests

Leydig cells were incubated for 60min with or without added luteinizing hormone {(100ng/ml) followed by incubation
with [“H]leucine (100 +Ci/ml) and [“Clleucine (104 i/ml} respectively. Electrophoresis was performed on a stacking
£ci (347 fromslice numbers 1-12, and 10% gel from slice numbers 13-90. To detect changes in the synthesis of a specific
protein the ratio of “H and O radioactivities {d.p.m.) in each slice was calenlated. The mean {+5.0.) value of the
ratio for slices numbered 13-82 was 9,51+0.41. This ratio did not exceed the mean + twice the 8.0, in any of the slices.
1 slices numbered §3-90 the amount of '*C label increased relative to the *H label, This increase was independent
of the presence of luteinizing hormone. Abbreviation: LH, luteinizing hormone.
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luteinizing-hormone-stimulated cells was observed.
In other experiments, Leydig cells were purified by
centrifugation of the cell suspension through Ficoll
and dextran solutions. These cells were incubated with
or without luteinizing hormone (i00ng/ml) for
0, 1, 2 and 3h, followed by incubation with [*35}-
methieonine for 20 min. After incubation, the proteins
were extracted and separated by electrophoresis on
sedium dodecyl suiphate/ polyacrylamide slab gels.
Radioactivity was detected by radioautography.

No new 3%8-labelled protein band was observed
afier incubation with luteinizing hormons for up to
1h [Plate 1{g, ¢, ¢ and g)]. Similar results were also
oblained after subceliular fractionation before
clectrophoresis, to improve the sensitivity of detec-
tion. Only after incubation of Leydig cells with
luteinizing hormone for 2h or more was an increase
obscrved in [*“S]methionine incorporation into a
protein band with an apparent molwt. of approx.
21000 [Plate (7, j, &, I, 11, 1, 0 and p}, band A]. For
convenience this protein is referred to as ‘profein 21",

Effect of cyclehexinide on P58 Imethionine-lubelled
proteins

Cells were incubated with cycloheximide (235 ug/mi),
which inhibits 959/ of protein synthesis, for different
time-periods up to 30min, to investigate the possi-
bility that a protein with long half-life is converied
inte a pretein with short half-life afier incubation
wilh luteinizing hormone. No dillerence between
lwteinizing-hormoene-stimulated and  control cells
was observed. However, it was found that an intensely
labelled band disappeared very quickiy after addition
of cycloheximide [Plate 2{a, A, ¢, d, e, fand g}]. The
rafe of decrease followed first-order kinetics and a
half-life of 11min was calculated. Incubation of

eydig cells in the presence of luteinizing hormone
did not change this hall-life. The decrease in the
amount of the protein in the cell did not correspond
with the appearance of this protein in the incubation
medium. The apparent molwt, of the protcin was

determined o be approx. 33000, For convenience it
is referred to as ‘protein 33°. Incubation of Leydig
cells in the presence of luteinizing hormone did not
result in a detectable change in molecular weight of
protein 33,

When Leydig cells were incubated with cyclo-
heximide (25 zg/ml) for 30min after the appearance
of protein 21 in the presence of luteinizing hormone,
ne decrease in amount of radicactivity of this protein
band was observed [Plate 2(k, /, 0 and p)].

Cellilar localization of proteins 33 and 21

Seminiferous tubules, obtained by wet djssection
of rat testis (Rommerts e¢ of,, 1973}, were incubated
with [*38]methionine, and the proteins werc separated
by sodium dodecyl sulphate/polyacrylamide- gel
electrophorcsis. No protein with a mol.wt. of 33000
and a short half-life was observed (Plate 3). When
seminiferous tubules were incubated for 3h with
luteinizing hormenz (100ng/ml) or testosterone
(800ng/ml), followed by incubation for 30min with
[**3Imethionine, it was not possivle to detect the
appearance of protein 21. Similar resulls were ob-
tained with rat blood celis. In a cell preparation con-
taining 5% Leydig cells instead of 60% {as used in
above study), the presence of profein 33, or the
appearance of protein 21 after incubation for 3h with
luteinizing hermone, were hardly detectable,

Subceliular localization of protein 33

The subcellular localization of protein 33 was
determined by homogenization of the cells and sub-
cellular fractionation of the homogenate, Extensive
washing of the fractions was omitted, because it was
decided to work quickly to minimize degradation of
the labile protein by proteinases. The different sub-
cellular fractions were characterized by using the
following markers: DNA, moncamine oxidase,
carboxylesleraseand lactate dehydrogenase (Tuble T).
Protein 33 was mainly present in the 10min/500g

Tuble 1. Disgribution of DNA, monoamine oxidase, carboxyl estevase aird laciate delndegenaie in
subcelivlar fractions of a rat testis Leyeiv-coll honogenare
The concentrations of the markers are been expressed as relative specitic activity tratia of
percentage recovered activity Lo the percentayge of recavered protein).

Relutive specific activity

Markers 10min, 100g

DNA 3.07
Monoamine oxidase 2.03
Carboxyl esterase 0.24
Lactate debydrogenase 0.40
Protein 174,

344

Sediment
Supernatant
10min, 500z min, 15002 Iomin, 15000y

5.30 0.00 (.25
2.03 270 -

0.72 1.16 147
0.46 .38 Ll
4% 2 a0
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15 700>
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EXPLANATICN OF PLATE 2

Inflience of cycloheximide on proreins labelled with {3 Slmethivnine

Leydig cells were first incubated with luteinizing hormene (100 ngiml} for 30min, lollowed by incubation with [*S])-
methionine for 30min. After this incubation period, cycloheximide (25 gg/ml) was added for 0 (a). 5 (H), 10 (c), 15 {4),
25 {e), 35 ( f) and 45 min (g). Proleins were separated on a sodium dodecy] sulphate/polyacrylamide {10%,, w/v) gel,
After scanning of the radioautogram, the ratio ol the activities in bands A and B was calgulated. In a semi-logarithmic
plot of this ratio against time, a straight line was obtained with a correlation coefficient (r) of 0.99, and a relative hall-
life of 11.7min was calculated for band A. In a control experiment cells were incubated in the absence of luteinizing
hormone, and a relative half-life of 10.9min for band A was calculated.

F. H. A, JANSZEN, B. A. COOKE AND H. J. YAN DER MOLEN
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Mal.wr. Mol.wt.
43 000—>
43 000~
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25 700—»
33000 :
15 700

EXPLANATION OF FLATE 3

Cellular focalization of prorein 33
Rat blood cells {w) or seminiferous tubules (5, ¢, &), obtained by wet dissection of rat testis, were incubated with [*38])-
methionine for 30min, lollowed by incubation with cycloheximide lor Omin (&, b}, 15min (¢} and 30min (), and the
proteins were separated on a 10%;, (wiv) gel (¢) or a 10-13"7 discontinuous (w/v) polyacrylamide gel (b, ¢, d).
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PROTEIN SYNTHESIS IN LEYDIG CELLS

pellet and 10min/15000g pellet, which indicates that
the protein is localized in the particulate fraction of
the celi (Plate 4). However, a more specific localiza-
tion was difficult, because in different experiments
variable amounts of protein 33 were found in different
fractions, probably because of a variaticn in the
extent of homogenization of the cells in different
experiments,

Discussion

The aim of the present study was to investigate the
possible induction and involvement of newly
synthesized protein(s) in the action of luteinizing
hermene on testosterone production by testis Leydig
cells, Two proteins were detected which may be
involved in this action: ome is a cycloheximide-~
sensitive protein {protein 33) with a half-fife of 11 min
and the other a protein which appeared in Leydig
cells 2h afler addition of luteinizing hormone
{protein 21), Protein 33 was relatively highly labelled
with [**S]lmethionine and could be detected easily
among other labelled protein bands. This may be
explained partly because ofits short half-life (1 T min);

about 90 % of the protein pool was Iabelled during a
30min incubation period with [?*S]methionine. By
contrast. protein 2! contained a much smaller
amouni of [**3]methionine and could be detected
only after impregnation of the polvacrylamide gels
with Z,5-diphenyloxazole to increase the detection
efficiency of the 3°3 label and exposure of the gel to
the X-ray film for 1-2 weeks. By that time part of the
film became almost completely biack (Fig. 2). When
such small amounts of labelled proteins would appear
in the upper part of the gel, they will be easily over-
looked.

The detection of the two proteins in the present
study raises the question of the role of protein
synthesis in the mechanism of action of iuteinizing
hormone cn steroidogenesis in the Levdig cell. In
Scheme 1 a number of possible models are given. In
maodel 1, which was criginally proposed by Garren
et al. (1965) for the adrenal gland, the regulation of
steroidogenesis by trophic hormones is mediated by
the synthesis of a regulatory protein with a short
half-life. We did not observe the induction by lutein-
izing hormone of a protein with short half-life in rat
testis Leydig cells, and therefore the present results

Muadel |
Dregradation
Cycleheximide T
L=
Amino Protein synihesis Specific
acids Ay protein

|
Trophiv hormone

Pegradation

I

Aciive R .
_-T.“') specific —TJ-} Steroidogenesis
T " protein '

Trophic hormene

Model 13
Dreweadation
Crolunzsinnide *
. =3 !
Ao Frewin syntiesis Inactive
. — »
avids Drecursar
nrotein
Maodel 111
. Degradalion
Cyeloheximide - T
, (=) ot
Amiro Specilic
aclids protein

=+ Steyoidogenesis

o) I “+

Trophic hormone

Schenwe 1. Hypothetival nudels for e role of protein synthesis it the regulation of stereidogencsis by frophic horinone
—, Inhibition; 4, stimulution.
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do not support this model for the testis. In adrenal
cells, Schulster ef ¢f. (1974) and Lowry & McMartin
(1974) also rejected model 1 on basis of the rapid
corticosterone response, which was observed less
than 24s after addition of corticotropin or ¢yclic
AMP, This appeared too fast for new protein syn-
thesis. Although in testis Leydig ceils the time between
luteinizing hormone addition and testosierone
response in vitro has been reported to be rather
lenger, in the order of 20min (Moyle &
Ramachandran, 1973; Dufau & Catt, 1975; Janszen
et al,, 1976), results of recent experiments in our
laboratory indicate that stimulation of testosterone
production may well occur within 5 min after addition
of luteinizing hormone (Cooke er al., 1977). In
the present study an increase of the synthesis of a
specific protein (pretein 21) was only observed 2h
after addition of luteinizing hormone to Leydig cells,
which is a long time after the initial stimulation
(within 5min} of testosterone production by luteiniz-
ing hormoene. For this reagon it appears unlikely that
protein 21 plays a role in the short-term stimulation
of testosterone production by trophic hormones.
However, this docs noi exclude a possible role of

protein 21 in long-term effects of trophic hormones

on Leydig cells, Such long-term effects have been
described by Purvis ef al. (1973) for rat testis.

On the basis of the present results it alse cannot be
excluded that the synthesis of protein 21 js cnly
indirectly influenced by luteinizing hormone, i.e. via
testosterone production. The mechanism of induciion
of protein 21 and its possible role in Leydig-cell
function therefore requires further investigation.

The protein with short halfdife (protein 33)
detected in the present study could aiso play a role in
the production of testosterone and its regulation by
luteinizing hormone. It has properties of the regulator
protein, which might be expected from previous
studies, especially those involving protein-synihesis
inhibitors, i.e. a short half-life {11 min) was estimated
for protein 33, which is comparabie with the half-life
(I13min) calculated from inhibition studies with
cycloheximide on superfused Leydig-cell prepara-
tions (Cooke er al., 1975). Further, in the testis,
protein 33 is specificzlly focated in the Levdig cells,

These results are in better agreement with the.

characteristics of the regulatory protein depicted in
model II of Scheme 1. This madel is based on the
praposition by Schulster #r al. (1574) and Lowry &
Martin (1974} that an inactive precursor protein with
a short half-life is activated in the prescnce of trophic
hormene. Thelatier does not have any direct effect on
the synthesis de noro of the precursor protein, but
cycloheximide would inhibit iis synthesis. However,
uritil now it has not been possibie to detect an eilest
of luteinizing hormone on any of the properiics of
protein 33 studied, i.e, molecuiar weight, hall-lifie and
subcellular Jocalization of the protein. So, &t present,
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even a third possibility (model III in Scheme 1)
cannot 'be excluded, 1.e. that a protein with-a shori
half-life is involved without being affected itself by
the trophic hormone,
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REGULATION OF THE SYNTHESIS OF LUTROPIN-INDUCED
PROTEIN IN RAT TESTIS LEYDIG CELLS

Felix H.A., Janszen, Brian A, Cooke, Maria J.A. van

Driel and Henk J. van der Molen

Department of Bicchemistry (Division of Chemical
Endocrinology), Medical Faculty, Erasmus University
Rotterdam, Rotterdam, The Netherlands

SYNOPSIS

The mechanism of action of lutropin on the stimulation
of ‘the synthesis of a specific lutropin-induced protein in
rat testis Leydig cells was investigated. Lutropin-induced
protein has a mol. wt. of approx. 21000 and is detected by
labelling the Leydig cell proteins with 358—methionine,
followed by separatioh by polyacrylamide gel electrophofesis
and radiocautography of the dried gel. The incorporation of
358 into lutropin-induced protein was used as an estimate
for the syhthesis of the protein. Incubatibn of Leydig cells
with dibutyryl cyclic AMP c¢r cholera toxin alsc resulted in
the stimulation of synthesis of the protein. Synthesis of
lutropin-induced'brotein,'when maximally stimulated with
100 ng of lutropin/ml, could not be stimulated further by
addition of dibutyryl cyclic AMP. Addition of 3-iscbutyl-l-
methylxanthine, a phoséhbdiesterase inhibiter, further in-
creased synthesis of the protein in the presence of a sub=-
maximal dose of luﬁropih (10 ng/ml) but not in the absence
of lutfopin or with maximal amounts of lutropin {100 and
1000 ng/ml}). Actinomycin D prevented the effect of lutropin

on the stimulation of-lutropin—induced protein synthesis



when added immediately or 1 h after the start of the incu-
baticn, but not when added after 5-6 h. This is interpreted
as reflecting that after induction of mRNA coding for
lutrepin-induced protein, lutropin had no influence on
the synthesis of the protein in the presence of actinomycin D.
Synthesis of the protein was also stimulated in vivo by in-
jection of choriogcnadotropin into rats 1 day after hypophy-
sectomy and the time course of this stimulation of lutrepin-
induced protein synthesis in vive was similar to that ob-
tained by incubating Leydig cells in vitro with lutropin.
From these results it is concluded that stimulation of lu-
tropin-induced protein synthesis by lutropin is most pro-

bably mediated by cyclic AMP and involves synthesis of mRNA.
INTRODUCTION

It has heen shown that protein synthesis is involved in
stimulation by lutropin of testosterone production in rat
testis Leydig cells (Hall & Eik-Nes, 1962; Cooke et al.,
1975b; Mendelson et al., 1975}. After maximal stimulation
of testosterone synthesis in rat testis Leydig cells by
lutropin, addition of cycloheximide decreasés testosterone
production to control values. This decrease follows first
order kinetics with a half-time of 13 min, indicating that
continuous synthesis of a protein(s) with short half-life
is necessary (Coocke et al., 1975b). Inhibitors of RNA synthe-
sis also cause at least a partial inhibition of lutropin sti-
mulated production of testosterone (Cocke et al.,, 1975a;
Mendelson et al., 1975). These results may indicate that the
synthesis of mRNA coding for this protein{s) may also be in-
volved in lutropin regulaticn of testosterone preduction.
From previcus studies in our laboratory it is known, that
additicn of lutropin to Leydig cells stimulates the synthe-
sis cof a specific protein {(lutropin-induced protein) with a
mol. wt. of approx. 21000 (Janszen et al., 1976b, 1%77).
Lutropin-induced protein synthesis was nbt influenced by

addition of testostercne or follitropin to the Leydig cells



(Janszen et al., 1976b). Addition of actincomycin B to
Leydig cells prevented the stimulation of the synthesis of
this protein (Janszen et al., 1976b}. The half-=-1ife of this
protein, however, was found to be longer than 30 min
(Janszen et al,, 1977) and increased synthesis of lutrepin-
induced protein could be observed only 2 h after addition
of lutropin to Leydig cells, which is a long time after
stimulation of testosterone production by lutropin can be
detected (5-30 min: Cocke et al., 1977).

To obtain more information about the mechanism involved
in the control of the synthesis of lutreopin-induced protein,
we have now studied the effects of dibutyryl cyclic AMP,
3-isobutyl-l-methylxanthine and actinomycin D on synthesis
of the protein, because it is known that these compounds can
influence testesterone production in Leydig cells (Catt
et al., 1972; Cooke et al., 1975a}. In additicn the produc-
tion of lutropin-induced protein in Levdig cells after sti-
mulation with choriogonadotropin in vive has been investi-
gated. The results obtained are discussed in relation to
the possible role of lutropin-induced protein in the regu-

laticon of stercidogenesis.

MATERIALS AND METHODS

Cholera toxin was a gift from R.S. Northrup National
Institute of Allergy and Infectious Diseases, Bethesda, MD,
U.S.A., and was prepared by the procedure of Finkelstein &
Lospallutco (1970) under contract for the National Institute
of Allergy and Infectiocus Diseases (WIAID) by Dr. R.A,
Finkelstein, The University of Texas Southwestern Medical
School, Dallas, TX, U.S.A.

Sheep lutropin (NIH-LH-518) was a gift from the
Endocrinclogy Study Section, National Institute of Health,
Bethesda, MD, U.S.A.

35S—Methionine (280 Ci/mmol) was purchased from The
Radiocchemical Centre, Amersham, U.K. and 3-isobutyl-1-

methylxanthine was obtained from Aldrich Chemical Co.,



Milwaukee, WI, U.S.A. Human choriogonadotroPin was obtained
from COrganon, 0Oss, The Netherlands. Leydig cell suspensions
from adult rat testes were preparad and purified by centri-
fugation through Ficoll and Dextran solutions as described
previously (Janszen et al., 1976a), except that testes were
incubated in the collagenase sclution {1 mg/ml) for 30 min
instead of 18 min.

Leydig cells were incubated and proteins were labelled
with 35S—methionine, extracted, separated by sodium dodecyl
sulphate polyacrylamide gel electrophoresis and detected by
radioautography as described previously (Janszen et al.,
1976b) , except that proteins were labelled with 355—methionine
for 60 min instead of 30 min. Quantification ¢f radiocactivity
in the lutropin-induced protein band was performed as des-
cribed previously (Janszen et al., 1377). The ratio of the
density of the lutropin-induced protein band divided by the
density of a band with a mol. wt., of approx. 23000 {which
was shown to be unaffected by the different conditions used)
was calculated. This ratio was used for a guantitative eva-
luation of the lutropin-induced protein. For comparison be-
tween different experiments the amcunt of radicactivity in
lutropin-induced protein, measured as described above, was
expressed as a percentage of the amount of radicactivity in
lutropin-induced protein when maximally stimulated with
100 ng of lutropin/ml.

To investigate if stercidogenesis was stimulated by the
different reagents used, Leydig cells were incubated in
parallel experiments for 2 h in the presence of these various
reagents. After the incubation period testostercone was ex=-
tracted and determined as described by Verjans et al. (1973).

For statlistical apalysis the Student t-test for correlated
data was used. Differences were considered significant when
P < 0,025 {one-tailed).



RESULTS

Role of cyeclic AMP in stimulation of LH-IP synthesis by

lutropin
This was investigated by studying the effect of dibutyryl

cyclic AMP, 3-isobutyl-l-methylxanthine and cholera toxin.

The effect of dibutyryl cyclic AMP on synthesis of lutro-
pin-induced protein and testosterone was investigated in the
presence and absence of maximum amcunts ¢f lutropin. The
results in Table 1 show that the effect of 100 ng of lutro-
pin/ml or of 1 mM dibutyryl cyeclic AMP on stimulation of
testosterone production and lutropin-induced protein syn-
thesis are not significantly different from each other and
no further stimulation of synthesis of the protein was ob-

served when these two substances were added together.

TABLE 1

Effect of lutrepin (100 ng/ml) and dibutyryl eyclic AMP {1 mM} on synthesis of testosterone and
lutropin-induced protein in testis Leydig ¢ells. Results are expressed as percentage of synthesis
obtained in the presence of lutropin.

Additions
Dibutyryl Lutrepin plus
None Lutropin cyclic AMP dibutyryl eyclic AMP
Testosterone production 53:1 (12) 114+ 16 (11} 126:25 %3] n.d.
{ng/2 h per 10G cells)
{mean * s.2.m.)
. . o =] o + +
Lutropin-induced protein 22+24 (4] 1040 3] 100423 (4] L00+23  (4)

synthesis
{mean + s.d.}

number of experiments are given in parentheses
“p .« p.005
Taot significant (B > 0,025)

n.d.: not determined



To estimate the effect of the phosphodiesterase inhibitor
3-isobutyl-l~-methylxanthine on lutropin-induced protein syn-
thesis, the Leydig cells were first incubated for 3 h in the
presence of different doses of lutropin without or with 3-

isobutyl-l-methylxanthine; then 33

S-methionine was added and
the incubation was continued for another 1 h. As shown in
"Takble 2, lutropin-induced preotein gynthesis is significantly
increased in the presence c¢f 3-iscbutyl-l-methylxanthine
with a submaximal dose of lutropin, but not in the absence
of lutropin or with a maximal dose (100 and 1000 ng/ml). In
these experiments testosterone producticon in the presence of
1 ng of lutropin/ml increased from 6 + 2 ng/2 h per 106 cells
in the absence of 3-isobutyl-l-methylxanthine tc 26 + 16 ng/
2 h per 106 cells in its present {(mean + s.d., n=4,

P < 0.025).,

TABLE 2

Effect of .25 mM 3-isobutyl-l-methylxanthine on lutropin-induced protein
synthesis in Leydig cells in the presence of different doses of lutropin.
Results are expressed as percentage of lutropin-induced protein synthesis,
in the presence of 100 ng of lutropin, and are means + s.d. of the
numbers of experiments in parentheses.

lutropin-induced protein synthesis

lutropin ng/ml - inhibitor + inhibitor Effect of inhibitor
0 14422 15410 (4) N.S.
1 14+22 34+26 (4) N.s.
10 35+23 BO+16 (3) P < 0.005
100 100 B9+12 (3) N.S.
1000 95+ 9 89+23 (3) N.5.

number of experiments in brackets

N.S5.: not significant {P > 0.025)



The Leydig cells were incubated in the presence cof chelera
toxin, which has previously been shown to stimulate produc-
tion of both cyclic AMP and testosterone in Leydig cells in
a parallel fashion (Cocke et al., 1977). Leydig cells were
incubated for 3 h without or with lutropin or with 40 ug of
cholera toxin/ml, followed by incubation with 355—methionine
for 1 h. For measurement of testosterone production, Leydig

cells were incubated for 2 h. Table 3 shows that in the pre-

TABLE 3

Effect of cholera toxin on testcGstercone production and lutropin-induced protein synthesis in Leydig

cells. Lutrcpin-induced protein synthesis is expressed as a percentage of that in the presence cof
lutropin (100 ng/ml).

control + lutropirn + cholera toxin

testosterone production 441 141435 15414 ¥
(ng/2 b per 10% cells)

lutrepin-induced protein ° 4+3 100 80+18 oo

synthesis

*mean * s.d. of 4 different experiments

Chearn + s5.d. of 6 different observations in 4 different experiments

% . 0.005 compared with control

sence of cholera toxin both testosterone production and
lutropin-induced protein synthesis were increased, although
a lower stimulation was found compared with the effect of
lutropin. It has been previously demonstrated that stimula-
tion of producticen of cyclic AMP and testosterone is delayed
in the presence of chelera toxin compared with the stimula-
tion obtained in the presence of lutropin (Cooke et al.,
1977} . To investigate if there was also a delay in the sti-
mulation of lutropin-induced prctein synthesis by cholera
toxin, the time course of this stimulation was investigated.
With cholera toxin as well as with lutropin, the first sti-

mulation of synthesis of the protein was observed 2 h after



the start of the incubation, and synthesis was maximal
after about 4 h (Fig. 1}.

LH-IP synthesis
]00%7 s +LH

@ + cholergtoxin

-
-
50% P
v
@
o /
/
/
/
‘/ A control
-
-
o - A
T T T uad T
2 3 4 5 incubation time
{hours}
Figure ! Time course of lutropin—induced protein synthesis

in presence of lutropim or choleratoxin
Leydig cells were incubated for different time periocds in
the absence (&) or presence of lutropin (#) or choleratoxin
@). ??

continued for | h. Total cell protein was extracted and

S~Methionine was then added and the incubation was

separated by electrophoresis and the amount of radiocactivity
in the LH-IP band was measured as described in the Materials
and Methods secticn. Lutropin-induced protelin synthesis is

expressed as percentage of that 5 h after addition of lutro-

pin



Role of mRNA synthesis in the stimulation of LH-IP synthesis

by lutropin

The effect of actinomycin D on the stimulation by lutro-
pin of lutropin~induced protein synthesis was investigated
at different times after the start of the incubation. Stimu-
lation of the synthesis of this protein was prevented com-
rletely when actincmycin D was added immediately or 1 h after
the start of the incubation. Inhibition became progressively
less when actincmycin D was added at later times until no
inhibition was detectable when actinomycin D was added 4-5 h
after the start of the incubation with lutropin (Fig. 2).
The stability of mRNA was investigated in Leydig cells which
were incubated with dibutyryl cyclic AMP for 3 h to stimu-
late lutropin-induced protein synthesis.

The synthesis of lutropin-induced protein in the control
cells was 5+ 6% of that in the dikbutyryl cyclic AMP stimula-
ted Leydig cells (=100%) {mean + s.d. of 5 experiments). The
dibutyryl cyclic AMP was then removed from the cells by
washing with the incubation buffer followed by centrifugation
{twice) and the incubation was then continued for 3 h in the
presence of actinomycin D without or with lutropin. After
this period 358—methionine was added and the incubation was
continued for another hour. In this case the production of
lutropin~induced protein in the Leydig cells that were incu-
bated during the lagt 4 hours without or with lutropin was
1 + 25% and 106 + 38% respectively of the synthesis of lu-
tropin-induced protein in Levdig cells only incubated for
4 h with dibutyryl cyclic AMP (mean + s.d. of 5 experiments).
In separate experiments it was demonstrated that with this
washing procedure testosterone production in Leydig cells
preincubated for 3 h in the presence of dibutyryl cyclic AMP
fell to kasal values after removal of dibutyryl cyclic AMP
(7 + 6 and & + 3 ng of testosterone/2 h per 106 cells res-
pectively for washed cells and control cells, mean + s.d.,
n=3).

(s



LH-1P synthesis
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time of addition of actinomycin D after start of incubation {hours)

Figure 2 Effect of actinomycin D on lutropin-induced pro-
tein synthesis
Actinomycin D was added at different times after the start
of incubation in the presence of lutropin. Leydig cells were
incubated with lutropin (100 ng/ml) for different time
periods, then actinomycin D (46 uM) was added and the incu-
baticns were continued. The total incubation time was 8 h.
35S—Methicnine was then added and the incubation was con-
tinued for another 1 h. Lutropin-induced protein synthesis
is expressaed as percentage of that in Leydig cells incubated

for 9 h with lutropin without actinomycin D

Lutropin-induced protein synthesis in Leydig cells stimula-

ted in vive with choricgonadeotropin

To investigate if lutropin-induced protein synthesis
could be stimulated also in vivo, choriogonadotropin
(100 I.U.) was injected into the tail vein of rats 1 day
after hypophysectomy. From previous work it was known that
this amcount of choricgonadotropin would stimulate testoste-

rone secretion in vivo (De Jong et al., 1273}. Control rats
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were injected with 0.9% NaCl 3 h before decapitation. After
decapitation Leydig cells were prepared and incubated in
vitro for 3 h without or with lutropin in the absence or
presence of actinomycin D. 3SS—Methionine was then added
and the incubaticn was continued for another 1 h.
Testostercone production in the absence or presence of

lutropin was measured in parallel incubations (Table 4).

TABLE 4

Effect of choriogonadotropin on testosterone production in Leydig
cells from 1 day hypophysectomized rats. Isclated cells were
incubated for 2 h with or without 100 ng of lutropin/ml.

"Control rats" were injected 3 h before decapitation with 0.9%
NaCl solution and "HCG rats" with 100 I.U. of choricgenadotropin.

testosterone production {ng/2 h per 106 cells

- lutropin + lutrepin
control rats 6+3 263465
HCG rats 57+17 53+7

Results are mean + s.d. of three experiments.

In control rats lutropin-induced protein synthesis increased
in the presence of lutropin, and this increase was prevented
by addition of actinemycin D to the cells (Table 5 and

Fig. 3). From Leydig cells of choricgonadotropin-injected
rats a prominent 355~1abelled protein with the same mcle-
cular weight as lutropin-induced protein was iscolated

(Fig. 3). Incorporation of 35

S into this protein was not
affected by either lutropin or actinomycin D added during

incubation of the cells {(Table 5).

11



CONTROL RATS HCG INJECTED RATS
MOL., WT.

11700

- + - + LUTEINIZING HORMONE - + - +

- - + + . ACTINOMYCIN D - - + +

Figure 3 Effect of injection of human choriogonadotropin omn
lutropin-induced protein synthesis by Leydig cells
in vitre

Rats, | day after hypophysectomy, were injected with (00 I.9U.

of human choriogonadotrepin (b) or with 0.9%Z NaCl (centrel,

a) 3 h before decapitation. Leydig cells were prepared and

incubated fer 3 h in the absence or presence of lutropin

(100 ng/ml) and in the absence or presence of actinomycin D.

Then 35Smmethionine was added and the incubation was conti-

nued for | h. After extraction total cell protein was sepa-

rated on & 10-15% discontinuous sodium dodecyl sulphate
polvacrylamide gel. Only the radicautogramme of the 15% part
of the gel iz shown

12



TABLE 5

Effect of choriogonadotropin on lutropin-induced protein synthesis
in Leydig cells from 1 day hypophysectomized rats. Rats were
injected 3 h before decapitation with 0.9% NaCl {control) or with
100 I.U. choriecgonadotropin (HCG rats). Synthesis of lutropin-
induced protein is expressed as percentage of synthesis in cells
incubated in vitro with lutropin (100 ng/ml}, without actinomycin D.

Results are given as mean + s.d. for three experiments.

- lutropin + lutropin

Actinomycin D Actinomycin D
- + - +

control rats 14+12 T+7 160 10+12
HCG rats 91+23 98+34 100 106+6

In other experiments, rats that had been hypophysecto-
mized for 1 day were injected with 100 I.U. of choriogonadotropil
at varicus times before decapitation. Leydig cells were
prepared and then incubated in vitro as described above. In
the cells isolated 3 h after injection of choriogonadotropin
again maximal 5S—incorporation was obtained in a protein
band of mol. wt. 21000. This was ocobserved in incubaticns
with and without added lutrcepin and was unaffected by the
presence of actinomycin D. When rats were injected with
choricgonadotropin 1 and 2 h before decapitation, addition
of actinomycin D to the isolated cells resulted in a de-

crease of 35S—incorporation into this protein band
(Table 6).
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TABLE &

Lutropin-induced protein synthesis in isolated Leydig cells from
rats injected with human chericgonadotropin at different times
before decapitation.

Synthesis of lutyopin-induced protein in the presence of lutropin
was taken as 100% and the synthesis of lutropin-induced protein
in the presence of actinomycin D was expressed as percentage of
synthesis in the presence of lutropin,

rat injected hours before synthesis of lutropin-
with decapitation induced protein

0.9% NaCl 3 11+3%

choriogonadotropin 1 26+190

choriogonadotropin 2 58+2

choriogonadotropin 3 81+19

® .
mean + range of two determinations.

DISCUSSION

In the present study it has been demonstrated that dibu-
tyryl cyclic 2MP, cholera toxin and 3-isobutyl-l-methyl-
xanthine can stimulate the synthesis of lutreopin-induced
protein in testis Leydig cells. These results may support
a possible role of cyclic AMP in the stimulation of synthe-
sis of this protein, because it has been demonstrated that
cyclic AMP production in Leydig cells is stimulated by
lutropin (see reviews by Rommerts et al., 1974; Catt &
Dufauw, 1976; Marsh, 1976} and by cholera toxin (Cooke et al.,
1977) . Phosphodiesterase inhibitors, such as 3-isobutyl-~1-
methylxanthine or theophylline, have been shown to poten-—
tiate lutropin acticon mest probably by inhibition of the
degradation cf cyclic AMP by phosphodiesterase (Catt et al.,
1974). Previously it has been shown that addition of acti=-
nomycin D to Leydig cells at the start of the incubation

prevents stimulation of lutropin~induced protein synthesis
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by lutropin (Janszen st al., 1976k).

From the lack of effect of actinomycin D on the lutropin-
stimulated synthesis of lutropin-induced protein, when
added to the Leydig cells 5 h after the start of the incu-
bation (Fig. 2}, it may be concluded that actinomycin D
does not interfere with the synthesis of this protein as
such. Hence, the inhibitory effect of actinomycin D on
lutropin stimulation of the synthesis of this protein, when
added earlier, may be explained by preventicn cof the accu-
mulation of mRNA cocding for lutreopin-induced protein. This
accumulation of mRNA may result either from stabilization
cf existing mRNA in the presence of lutropin or from in-
creased synthesis of mRNA. The present results demonstrate
that after stimulation with dibutyryl cyclic AMP the synthe~
sis of lutropin-induced protein remains at an elevated level
for several hours after removal of the dibutyryl cyclic AMP.
This could indicate that under these conditions no marked
degradation of mRNA occurs. However, these experiments were
verformed in the presence of actinomycin D in order to pre-
vent new mRNA synthesis and seccondary effects of this inhi-
bitor on the synthesig of lutropin-induced protein cannct
be excluded. Therefore, more research iz needed to deter-
mine the stability cf the mRNA in the presence and in the
absence of the hormone,.

When hypophysectomized rats were injected with chorio-
gonadotropin 3 h before decapitation no subsequent inhibi-
tion of lutreopin-induced protein synthesis occurred in the
presence of actinomycin D. This indicates that in this situa-
tion synthesis of this protein was already maximally stimu-
lated before addition of the actinomycin D. Testosterone
production of Leydig cells from choriogonadotropin treated
rats could not be stimulated further by addition cf lutropin
to the isolated c¢ells in vitro. However, stimulation of
Leydig cells in vitro with dikutyryl cyclic AMP and subse-
quent removal of the dibutyryl cyclic AMP resulted in a low
basal testosterone production. These results may be explained

by assuming that choriogonadotropin, injected in vivo,
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remains bound to its receptor after isolation of the Leydig
cells. Survival of the lutropin-receptor complex after
washing Leydig cells by centrifugation has been described by
Moyle and Ramachandran (1973).

Hsueh et al. (1976) demonstrataed occupancy of receptors
by endogenous lutropin after preparation of Leydig cells. To
study the time course of induction of lutropin-induced pro-
tein synthesis in vivo, actinomycin D was added to the Leydig
cells from in vivo stimulated animals to prevent further
stimulation of lutropin-induced protein. Under these condi-
tions only a small stimulation of lutropin-induced protein
synthesis was found in Leydig cells from rats injected with
choriogonadotropin 1 h before decapitation (the total time
of stimulation was 2.5 h; 1 h in vivo and 1.5 h during cell
preparation}. Maximum stimulation of lutropin-induced pro-
tein synthesis was observed when the Leydig cells were exposed
to choriogonadotropin for 4-5 h, It may be concluded therefore
that the time course of stimulation of lutropin~induced pro-
tein synthesis in vivo and in vitro are very similar.

To summarize, the present evidence indicates that the
synthesis of both lutropin-induced protein and testosterone
is regulated by similar mechanisms involving cyclic AMP and
mRNA under the contrcl of lutropin. However, it is still dif-
ficult to conclude that lutropin-induced protein is obliga-—
tory invelved in lutropin stimulation of testosterone bio-
synthesis, because a long time {2 h) is needed after lutropin
addition before increased synthesis of the protein is detec-
table compared with 5-20 min for stimulation of testosterone
production. Thus maximum testosterone synthesis can occur in
the presence of low lutropin-induced protein synthesis.

Therefore, if lutropin-induced protein is involved in
stergid producticn, it may not be the only lutropin-induced
factor, theoretically the protein could even be an inhibitor
of steroidogenesis. It is also possible that stimulation of
lutropin-induced protein synthesis is unrelated to steroido-
genesis and that it is only one of the first trophic effects

of lutropin on Leydig cells irrespective of steroid produc-
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tion. These gquestions cannot be answered at the moment and
must await further studies with purified lutropin-induced

protein.
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THE EFFECT OF LUTROPIN ON SPECIFIC PROTEIN SYNTHESIS
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SYNOPSIS

The effect of lutropin on the synthesis of specific pro-
teins in tumour Leydig cells and in Leydig cells from imma-
ture rats has been investigated. The amcunt of 35S-—incorpo—
rated into the various prcteins after separation by electro-
phoresis on sodium dodecyl sulphate polyacrylamide gel was
used as an estimate of their synthesis. Incubation of tumour
Leydig cells with lutropin for 5 hours resulted in increased
synthesis of proteins with apparent mol. wt's of 27000 and
29000, The shortest incubation time needed for a significant
increase in the synthesis of these proteins was approxima=
tely 3 hours.

Incubation of Leydig cells from immature rats with lutro-
pin (100 ng/ml) resulted in increased synthesis of proteins
with apparent mol. wt's of 11000, 21000, 27000 and 29000. At
higher concentrations of lutropin (3 100 ng/ml) there was a
decrease in the synthesis of proteins with an apparent mol.
wt. of 13000. The stimulation of specific protein synthesis
was observed approximately 2 h after the addition of lutropin
to the cells.

The amount of lutropin regquired for the stimulation of



protein synthesis in both types of Leydig cells was similar
to the amcunt of lutropin needed for stimulation of steroid-
ogenesis. Lutropin-~stimulated specific protein synthesis was
not due, however, to increased levels of testosterone,
because 1) addition of testosterone to the c¢ells had ne ef-
fect on the synthesis of the proteins, and 2) inhibition of
steroidogenesis with eliptenphosphate (an inhibitor of the
cholesterol side chain cleavage enzyme complex) did not
abolish the effect of lutropin. The stimulation of specific
protein synthesis was also not due to contaminating folli-
tropin in the lutropin preparation, because follitropin
itself had no effect on protein synthesis. Addition of
actinomycin D to the cells at the start of the incubation
prevented the effect of lutropin on specific protein syn-
thesis, indicating that mRNA synthesis may be needed for
the effect of lutropin on specific protein synthesis. Incu-
bation of the cells with cycloheximide for 30 min after
labelling of the preoteins did not result in a detectable
decrease in the amounts of the lutropin induced proteins
indicating that their half lifeg are longer than 30 min.

INTRODUCTION

Stimulation of steroidogenesis in rat testis Leydig cells
by lutropin involves synthesis of protein and RNA {(Cocke
et al., 1975a: Mendelson et al., 1975) and it has been pos-
tulated that the continuous synthesis of a protein with
short half life (g 13 min) is necessary for the stimulation
of stercidecgenesis (Cooke et al., 1975b).

Recently it has been shown that lutropin stimulates in
rat testis Leydig cells the synthesis of a protein with an
apparent mol. wt. of 21000 (referred to as LH-IP}. The half
life of this protein is longer than 30 min (Janszen et al.,
1976b, 1977a). The lutropin stimulation of the synthesis of
this protein is mediated by cyclic AMP and probably involves
mRNA synthesis {Janszen et al., 1977b). In the present study
the effect of lutropin on the synthesis of lutropin~induced



protein (LH-IP) and other proteins has been investigated in
two other types of Leydig cells; i.e. Leydig cells from
immature rats and from a Leydig cell tumour, by first
labelling of the proteins with 355—methionine followed by
separation of the proteins on sodium dodecyl sulphate poly-
acrylamide gels, and fluorography of the dried gels, impreg-

nated with 2,5-diphenyloxazole.
MATERIALS AND METHODS

Ovine FSH (NIH-PSE-812} and ovine LH {NIH-LH-S19) were
gifts from the Endocrinology Study Section of the National
Ingtitute of Health, Bethegda, Maryland, U.S.A. 355—
Methionine (280 Ci/mmol) was purchased from the Radiochemical
Centre, Amersham, England. Eliptenphosphate was a gift from
Ciba, Basal, Switzerland. The Leydig cell tumour was obtained
from the Mason Research Institute Tumour Bank, Worcester,
Massachusetts, U.S.A. and coriginated from R. Huseby, American
Medical Centre at Denver, Spivak, Colorado, U.S$.A. The tumour
originally arose spontaneously in Fisgcher malile rats. The
tumour was grown and sustained in castrated 90 days old male
Fischer rats. A cell suspension of the tumour was prepared by
incubation of small pieces of the tumour in 7 ml Krebs
Ringer bicarbonate buffer pH 7.4 containing 0.2% glucose and
1 mg/ml collagenase {Worthington) for 50 min at 37°C in a
5 (95/5 v/v)
under continuous shaking. After incubation, 25 ml 0.9% NaCl

40 ml plastic tube under an atmosphere of OZ/CO

was added and the tube was inverted 10 times. The tubes were

- left to stand for 10 min at rocm temperature to sediment

cell clumps. The supernatant was syphoned off and filtered
through a nylon gauze (60 um). The cells were then sedimented
by centrifugation for 10 min at 100 g. The sediﬁented cells
:were washed once by centrifugation for 10 min at: 100 .g in
Krebs Ringer bicarbonate buffer pH 7.4 containing 0.2%

_ glucose and 0.1% albumin fractlon v. HlStOChemlCal detectlon
';oﬁ 3p~-Hydroxy steroid dehydrogenase activity (Janszén et al., -

'1976) showed that almost all isolated ceills formed formazan



precipitates. Leydig cell suspensions from immature rats

were prepared from testes of Wistar rats substrain R-Amsterdam,
21-25 days old, as previously described (Janszen et al.,
1976a). The Leydig cell suspensions were purified by centxi-
fugation through a Ficoll solution (Janszen et al., 1976a).
The cell suspension was washed once by centrifugation for

5 min at 100 g through a Krebs Ringer bkicarbonate sclution

pH 7.4 containing 0.2% glucose and 0.1% albumin fraction V.
The cells were incubated in a Krebs Ringer bicarbonate buffer
pH 7.4 containing 0.2% gluccse and 0.1% albumin fraction V
and an aminc acid mixture lacking in methionine under an
atmosphere of 02/C02 {95/5 v/v). Proteins were labelled,
extracted, separated by SDS-PAGE and detected by fliuorography
as previocusly described (Janszen et al., 1977a). Mol. wt.'s
of proteins were estimated by electrophoresis on a 10-20%
continuous gradient SDS polyacrylamide gel with as mol., wt.
markers phosphorylase a (93000), catalase (60000), ovalbumin
{43000), chymotrypsinogen (25700) and cytochrome C (11700).
When testosterone production was measured, the isclated cells
were incubated as described above for 2 h in the presence or
absence of added lutropin and testosterone was extracted and
determined as described by Verjans et al. (1973). For sta-
tistical analysis the Student t-test for correlated data was
used. Differences were considered significant when P < 0.05
(one=-tailed).

RESULTS

Tumoutr Leydig cells

Incubation of tumour Leydig cells with lutropin (100 ng/
ml) for 4 h followed by incubation for 1 h in the presence

of 358-methionine to label the proteing resulted in increased

358 incorporation in the two proteins with apparent mel. wt.'s
of 27000 and 29000 (referred to as protein 27000 and protein
29000 respectively (Fig. 1b)). The increased 355 incorporation

intc these proteins as compared to the control (incubated
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Figure |1 8 incorpeoration into proteins of tumour Leydig

cells, incubated in the presence of various hormones
Tumour Leydig cells were incubated for 4 h in the presence of
the following compounds: &)} nomne, b) lutropin (100 ng/ml)},
¢) testosterome (100 ng/lO6 cells), 4} ocestradiol-178
(100 ng/iO6 cells), e} pregnenolone (100 ng/lO6 cells),
f) folliitropin (100 ng/ml), g) none and h) lutropin (100 ng/
ml), followed by incubation for | h in the presence of 35S~
methionine.
Incubation g and h were continued for 30 min in the presence
of cycloheximide (25 ug/ml). The proteins were separated by
electrophoresis on sodium dodecyl sulphate 10-15%7 disconti-
nuous polyacrylamide gel. Only the 1537 part of the gel is

shown



Leydig cells without added lutropin) was statistically sig-
nificant 2-3 h after the addition of lutropin to the cells
(Fig. 2a,b) and during a 4 h incubation period maximum sti-
mulation was not observed. The lowest dose of lutropin needed

for a significant stimulation of testosterone production

Protein 27000 Protein 29000

Protein synthesis
{erbitrary units)

+LH
1004 moJ +LH
L,
-LH
50 S soq
T T T 1 T T T —
0 123 4 0 1 2 3 4

Tncubation time (hours)

NS, NS, 5. S. S. NS, NS 5. S. s.

Figure 2 Time course of lutropin stimulation of the synthe-
gis of protéin 27000 and protein 29000 in tumour
Leydig cells
Tumour Leydig cells were incubated with or without added
lutropin (100 ng/ml} for different time periods followed by
incubations of 'the cells with 358—methionine for 1 h. Spe-
cifiec protein synthesis is expressed as % of specific pro-
tein syn%hgsi; after 4 h stimulation with lutropin.(meay *
s.d.y n=§). N.8. = no significant difference betweeﬁ‘stimu—
1ated'aﬁd control protein synthesis. § = significéqﬁ diffe-

rence betweéen stimulated and control protein synthesis
. . Lo



was 100 ng/ml and a maximum testosterone response was oOb-
tained with approximately 1000 ng/ml (Table 1} (testosterone
production increased from 1.0 + 0.7 ng/loscells/z h in con-
trol cells to 4.6 + 1.1 ng/lO6 cells/2 h in the presence of
lutropin 103 ng/ml, mean + s.d., n=4). The lowest dose of
lutropin to give a significant response in 355 incorporation
in proteins 27000 and 29000 was also 100 ng/ml, a maximum
response was cobtained with 1000 ng/ml (Table 1).

Table 1

Effect of different doses of LH on the synthesis of testosterone and
the 5S—incorporation into protein 27000 and protein 29000 in tumour
Leydig cells. Results are expressed as % of the value obtained in the
presence cof 100 ng/ml LH. Means + s.d. is given with the number of

experiments between brackets.

Dose of testosterone .
LH {ng/m1) production protein 27000 protein 29000
effect effect effect

® of 1H ¥ of LH ¢ of LH

¢ 26+14 (4} 42+27 {4) 31+21 (3)

1 27+10 (4) HN.s. 36+11 (4) N.S. 21424 {4) N.S.

10 S4+26 (4) N.s. 60+18 {3) N.S. 76+30 (3) N.S.

102 100 (4) P<0.005 100 (4) P<0.005 100 P<0.005

103 126450 (4) P<0.01 127424 (4) P<0.01 163450 (4) P<0.05

104 145441 (3) P<0.01 128421 {4) P<C.005 143+29 (4) P<0.025




To investigate whether the increase in 358 incorporation
in protein 27000 and 29000 was due to increased levels of
steroids in the lutropin-stimulated Leydiyg cells, testos-
terone, oestradiol-178 and pregnenclone (100 ng/lO6 cells)
were added separately to the cell preparations instead of
lutropin and incubated for 4 h followed by incubation with

358—methionine for 1 h. No change in 35

§ incorporation into
proteins 27000 or 29000 was obtained (Fig. lc-e) when com—
pared with the controls. In other experiments elipten-
phosphate (300 ug/ml) was added to lutropin-stimulated
tumour cells to prevent stercoid synthesis (El1 Safoury &
Bartke, 1974). The lutropin-~stimulated 355 labellinyg of the
proteins was not inhibited under these conditions. To inves-
tigate whether the increase in 355 incorporation was due to
contamination of the lutropin preparation with follitropin,
tumour c¢ells were incubated with fcllitropin (100 ng/ml)
instead of lutropin; no increase in 358 incorperation into
protein 27000 and 2%000 was cbserved (Fig. 1£f}).

Addition of actinomycin D {46 uM) to the tumour Leydig
cells at the start of the incubation, prevented the lutropin
stimulation of 358 incorporation into both proteins. Pre-
viously it has been shown that addition of this amcunt of
actinomycin D to Leydig cells inhibited 89-93% of RNA synthe-
sis (Cooke et al., 1975a).

In other experiments cycloheximide {25 ug/ml) was added
to the cells after labelling of the proteins with 355—
methiconine and the incubation was continued for 30 min. No
effect of this procedure was cobserved on the amount of 358
incorporated into these two proteins (Fig. 1g,h) indicating

that their half lifes are longer than 30 min.

Leydig cells from immature rats

Incubation of Leydig cells from immature rats with lutro-
pin {100 ng/mi) for 4 h followed by incubation of the cells
with 35S—methionine for 1 h resulted in an increase in 358
incorporation in proteins with apparent mol. wt.'s of res-

pectively 11000, 21000, 27000 and 29000 (referred to as
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43000
29000

25700 27000
21000

11700 sl 11000
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Figure 3 8 incorporation into proteins of Leydig cells

from immature rats, incubated in the presence or
absence 0f added lutropin
Leydig cells from immature rats were incubated with or
without lutropin (100 ng/ml) feor 4 h fcllowed by incubation
with 35S—methionine for 1 h; the proteins were separated on
10-157 discontinucus sodium dodecyl sulphate polyacrylamide

gel. Only the 157% part of the gel 1s shown.

protein 11000, protein 21000, protein 27000 and protein
23000) (Fig. 3). The first increases in 358 ingcorporation
into these proteins could be observed 1-2 h after the addi-
tion of lutropin to the cells (Fig. 4). At the start of the
incubaticn period, the synthesis of protein 27000 was high
in both control and lutropin treated cells. In the contrecl

cells the synthesis of this protein decreased while in the



Protein 21000 Protein 27000 Pratein 29000

Protein synthesis
tarbitrary units)

106 [ 100
fLH +LH
+LH
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incubarion time (hours)
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Figure 4 Time course of lutropin stimulation of the synthe-
sis of protein 2:000, protein 27000 and protein
29000 in Leydig cells from immature rats
Leydig cells from immature rats were incubated in the ab-
sence or presence of lutropin (100 ng/ml) for different time
periods followed by incubation with 355—methionine for 1 k.
Specific protein synthesis is expressed as % of specific
protein synthesis stimulated with lutropin feor 4 h {(mean +
s.d., n=3;*mean + range, n=2)., N.S5. = no significant diffe-
rence between stimulated and control specific protein syn-—
thesis; S = significant difference between stimulated and

control specific protein synthesis
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lutropin~treated cells the synthesis of protein 27000 re-
mained at an elevated level. The lowest amoggt of lutropin
that resulted in a significant increase in § incorporation

was 1 ng/ml for protein 21000 and 10 ng/ml for protein
29000 (Table 2).

Table 2
Effect of different doses of LH on the 355 incorporation into protein
21000, protein 27000 and protein 29000 in Leydig cells of immature

rats. Results are expressed as % of 35

S incorperation in the proteins
in the presence of 100 ng/ml LH. Mean + s.d. is given with the number

of experiments in brackets.

dose of
LH (ng/ml) protein 21000 protein 27000 protein 29000

5 effect 4 effect % effect

of LH of LH of LH

0 24419 (3) 40+28 (2) 2944 {3)
1 38422 (3) N.S. 46421 (2) 49+13 (3) P<D.025
10 §8+37 (3) 2<0.05 75422 (2] 77429 (3) P<0.025
10? 100 (3) P<6.025 100 (2} 100 (3)  P<0.005
10° 99413 (3) P<0,025 922 (2) 9748 (3) P<0.005
10t 1033 (2) 10248 (2) 113420 (2)

In the case of 2 experiments the means + ranges are given.
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Figura 5 35

S incorporation into proteins of Leydig cells
from immature rats, incubated in the presence of
different deses of lutropin

Leydig cells were incubated in the presence of different

doses of Ilutropin for 4 h followed by incubation with 353—

methionine for 1 h. Proteins were separated on a 10-20%

continuocus sodium dodecyl sulphate polyacrylamide gel.

With 10 ng/ml lutropin an increase in 355 incorporaticn
into protein 11000 was always observed (Fig. 5). Decreased
355 incorporation into a protein with an apparent mel. wt.
of 13000 was found with 100-~10,000 ng/ml lutropin (Fig 5,
Table 3). In contrast with this observation there was an
increase in 355 incorporaticn into protein 13000¢ with a low
dose of lutropin (Table 3). No change in specific protein
synthesis was obtained when the Leydig cells were incubated
in the presence of follitrepin (100 ng/ml) or with testoste-
rone {(1G0 ng/lO6 cells) instead of lutropin. Prevention of

steroidogenesis by addition of eliptenphosphate (300 ug/ml)

12



Table 3

35

Effect of different doses of lutropin cn the S incorporaticn

into protein 13000 in Leydig cells of immature rats. Results

35

are expressed as % of S incorporaticn in protein 13000 in

the presence of 100 ng/ml lutropin (mean + s.d.).

dose of LH 2 effect of LH
{ng/ml}
¢ 122410 (3}
1 143410 (3) P < 0.05 +
10 145424 (3) N.S.

2
10 100 P < 0.025 ¢
107 89+23 (3) P < 0.05 4
104 61,85"

*individual results of 2 experiments

to the lutropin-treated Leydig cells did not prevent the
lutropin stimulation of 355 incorporation in the 4 proteins.
addition of actinomycin D (46 uM) to the Leydig cells from
immature rats at the start of the incubation, prevented the
lutropin stimulation of 358 incorporation into all 4 pro-
teins.

Incubation of the cells in the presence of cycloheximide

{25 ug/ml) for 30 min after labelling of the proteins with

13



35S—methionine did not result in a decrease in the amount

of incorporated 338 into any of the 4 proteins, indicating

that their half lifes are probably longer than 30 min.
DISCUSSION

From the present results it may ke concluded that lutropin
stimulates the synthesis of proteins with apparent mol. wt.'s
of 27000, and 29000 in tumour Leydig cells and proteins with
apparent mol. wt.'s of 11000, 21000, 27000 and 29000 in
Leydig cells from immature rats. The stimulatory effect of
lutropin on the synthesis of these proteins is specific for
lutropin and is not due to increased steroid production or
to contaminating amounts of follitropin in the lutropin pre-
paration. In the tumcur Leydig cells stimulation of specific
protein synthesis was cobtained with the same amount of lutro-
Pin needed for the stimulation of stercidogenesis. The amount
of lutropin needed for stimulation of stercidogenesis in
Leydig, cells from immature rats is approximately the same
(van Beurden et al., 1976) as the dose needed for maximal
stimulation of specific protein synthesis observed in the
present study. From the results obtained in the experiments
with cyclcheximide it may be concluded that none of the spe-
cific proteins have short half lifes in the order of that
proposed for the postulated regulator protein, which has been
shown to play a role in the stimulaticon of adrenal steroid-
ogenesis (Garren et al., 1965).

In a previous study with Leydig cells from mature rats it
was demonstrated that lutropin stimulates the synthesis of a
protein with an apparent mol., wt. of 21000 {lutropin-induced
protein; LH-IP) (Janszen et al., 1976b, 1977a). Table 4 sum-
marizes data obtained about the effect of lutropin on the
synthesis of specific protein synthesis in Leydig cells from
immature and mature rats and in rat tumour Leydig cells. The
agreement in mel. wt.'s of lutropin-~stimulated proteins in
Leydig cells from different sources, may reflect that these

proteins are identical, but ceonclusive evidence can only be
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Table 4
Effect of lutropin on the synthesis of specific proteins in Leydig cells
from immature rats, mature rats and in tumour Leydig cells.

+ reflects stimulation of the synthesis, 0 reflects no effect of lutropin

on the synthesis.

Protein Protein Protein Protein
11000 21000 27000 29000
Leydig cells from
+ + + +
immature rats
Leydiyg cells from
0 + 0 0
mature rats
Tumour Leydig
0 0 + +

cells

cktained by further characterization of these proteins. In
tumour Leydig cells the synthesis of a protein with an ap-
parent mol. wt. of 21000 was observed. However, contrary to
the observations with Leydig cells from immature and mature
rats, synthesis of this 21000 mol. wt. protein in tumour
Leydig cells was nct affected by the presence of lutropin.
Only further characterization of this protein may reveal
whether or not it is identical to the 21000 mol. wt. protein
from normal Leydig cells.

None of the lutropin sensitive proteins detected in this
study have mecl. wt.'s identical to other proteins synthe-
sized or secreted by other steroid producing tissues. Tor
example the 4 proteins reported by Rubin et al. (1974} and
Laychock and Rubin (1974), which are secreted by the cat

15



adrenal in the presence of corticotropin, have apparent

mol. wt.'s of respectively 70000, 58000, 48000 and 12500 on
SDS-PAGE. Grower and Bransome (1970) reported that in the
supernatant of rat adrenal, corticotropin increased the 3H—
leucine incorporation into one protein while at the same
time the 3H—leucine incorporation into another protein was
decreased. The effects observed by these authors cccurred
within 30 min after addition of corticotropin and disappeared
after approximately 60 min. However, no further characteris-
tics of the 2 corticotropin sensitive proteins have been re-
ported. In the Leydig cells from immature rats with increa-
sing doses of lutropin the synthesis of protein 12000 first
increased and then decreased. This decrease may be caused by
a posttranslational modification, e.g. splitting off of part
of the molecule, sc that protein 11000 could be the ultimate
product after modification of protein 313000. The difference
in effects of lutropin on the stimulation of specific pro=-
teins in the Leydig cells obtained from different sources
may reflect differences in the lutropin regulatory mecha-
nisms in these Leydig cells. Several other differences be-
tween Leydig cells from immature and mature rats have been
reported e.9. in steroid metabolism (van Beurden et al.,
1976; wvan der Molen et al., 1975; Sowel et al., 1%74; Wiebe,
1976) and in the effect of hypophysectomy on lutreopin-stimu-
lated steroid synthesis (van Beurden et al., 1%76). Tumour
Leydig cells were also different from mature Leydig cells;
e.,g, in the present study, testosterone only accounted for
less than 10% of the total steroid production by the tumour
Leydig cells (unpublished results). Such differences between
the different Leydig cells make it difficult to extrapolate
results, also for the effect of lutropin on specific proteins,

from one type of Leydig cell tc ancther.
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