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ABTRACT
This investigation was prj.marily concerned with the interaction

of the 125I-~labeled human genadotropins with testicular tissue from

the human and from nonhuman primate species. The binding of tt;qé

1251 hFsH and 2P1-hcG (or +2°I-hLH) to a parficulate fraction (P1)
d &

.of the primate testis was highly specific. Goijropin binding was

competitively displaced by the synthetic estro nsoand an inhibitory

factor pre;ent in.testicular extracts (140,000 x g supernatant). The
bipchemical propertieg of the gonadotropin receptor (testicular®

inte}raction '6f the different. primate species were similér in most
respects. A1l tiss.ués héd ‘a greater FSH than }H binding capacity
with an apparent dissociation constant in the ranée of 10-10-10-11!4.

A;n FSH'résponsﬂivﬁgfadenylate cyclase was characterized in human -

testicular membranes. In' the presence of a chemically deglycosylated
d’eriva’tive‘nof FSH it was possible to uncouple the FSH resfponsive

adenylate cyclase érxstem. The synthetic estrogens were also effective

inhibitors of the human testicular adenylate cyclase.
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Nous avons &tudié principalement 1'interaction des gonadotropines

humaines marquées a 1':lod¢e125 avec le tissu testiculaire d'humalns et de

quatre espéces de primates non-humains. Nous avons observé que la
o liaison de la hFSH et de 1'hCG (ou hLH) marquées & 1'iode’? & une
fraction sous-cellulaire de testicules de primate était hautement
,sp'écifique. La liaison de la gonadotropine est déplacée de fagon

compétitive par les estrogénes synthétiques et par un Ffacteur

inhibant que 1'on retrouve dans les extraits de testicules (140,000

bt mam B B

X g supernageant) . L'interaction récepteur (testiculaire) gonadotropine

- possd@de des propriétés biochimiques similaires dans presque toutes

Yrtsuny

les espéces de primates. Tous les tissus ont une capacité de liaison

s de la FSH supérieure 3 celle de la LH avec une constante de dissociation

apparente situde entre 10“10 - 10‘11»4.

——

Dans les membranes  testiculaires humains, nous avons caractérisé
1

1'adenylate cyclase qui répond & la FSH. Nous avons pu découpler le

§ s <y
.

systéme adenylate cyclase qui rgpond & la FSH en ajoutant un dérive

[ de la FSH déglycosylé chimiquement. Nous avons de plus observé que

les estrogénes synthétiques étaient d'efficaces inhibiteurs de 1l'adenylate

{
cyclase de testicules humains.

i ; iv
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STATEMENT OF OBJECTIVES
The purpose of this study is to identify and directly compare
several of the properties of the testicular gonadotropin receptors of
various primate species. In addition, the properties of the human

gonadotropin-adenylate cyclase system will be investigated.

b
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Hormones:

A

ACTH

G
*Cyclic AMP

DES

DES-NaP

E2

E2-8

FSH

GH

IS0

LH

LHRH

P

PMSG
PRL

PRO
T
TSH

-

&ABBRF?I IATIONS

-+

Androstendione

Adrenocorticotropic hormone
Chorionic gonadotropin
Adenosime3':5% cyclic-monophosphate
Diethyl stilbestrol

tﬁiethyl stilbestrol sodium phosphate

Estradiol

Estradiol benzoate

Folliéle stimulating hormone or follitropin
Growth hormone

Isoproterenol

Luteinizing hormone or lutropin
Luteinizing hormone releasing hormone
Progesterome '

Pregnant mare serum gonadotropin
Prolactin

Propranolol

Testosterone

Thyroid stimulating hormone or thyrotropin

Prefix to hormones:

b

H Y o - o

bovine
equine
human
ovine

porcine

. rat .
~

i

*
also referred to as cAMP
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Monkey species:

Mfl
Mm
Mn
Pc

Salts
CaCl2
HgCl2
MgSOa
MnCl2
KC1
NaCl

Macaca fascicularis or crab eating monkey
Macaca mulatta or rhesus monkey
Macaca nemestrina or pig tailed monkey

Papio cynocephalus or yellow baboon

Calcium chléride
Magnesium chloride
Magnesium sulfate
Manganese chloride
Potassium chloride
Sodium chlofide

Units of measurement:

Ka
Kd
n

C
cpm
Ci

Nz E x E. B

yr

Apparent affinity or association constant

Apparent diss(:iation constant
i

Binding capacity

Centigrade

Counts per minute

Curie(s)

Gram(s) '

Gravitational force
Hour(s)

Liter(s)

Meter

Minute(s)

Molar

Molecular weight
Normal

Percent

Year(s)
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Prefix to units of measurement:
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Centi
Femto
Micro
e .
Milli
Nano

Pico

Additional abbreviations:

. ATP

B
BSA
BTR
CHO
cl
cDNA
c.L.
CK
CRP
DNA

" DTT

EDTA

GTP
GMP-P(NH)P
HMG CoA

t}
125,

Adenosine 5'-triphosphate

Bound

Bovine serum albumin ’ .
Bovine testicular receptor

Carbohydrate

Catalytic subunit

Complimentary deoxyribonucleic acid
Confidence limit

Creatine kinase

Creatine phosphate

Deoxyribonucleic acid

Dithiothreitol or Cleland's reagent
Ethylenediamimetetraacetic acid

Effective concentration (507 displacement)

Figure

For exaﬁmle

Forsgkolin

Free

Greater than

Guanine diphosphate
Guanine 5'-triphosphate
5'-guanylimido-diphosphate

3~hydroxy-3-methylglutaryl coShzyme A reductase

Half-1l1ife

Todine-125
xix
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MgATP

TLCK
Univ.
H,O

Less than

Magnesium adenosine 5'-triphosphate
Messenger ribonucleic acid
Myokinase

'Numbe r

~-Phosphorus-32

Polyethylene glycol

Rat testicular receptor

Rate or velocity of reaction
Receptor ’ . .
Receptor binding inhibitor
Regulatory protein

Sodium fluoride

Specific binding

Standard deviation

Staﬁdard error mean\

That is
l-chloro-3-tosylamido-7-amino-L-2-heptanone
University
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CHAPTER 1 *»

GENERAL INTRODUCTION

“

1.1 Hormones .

The importance of hormones in the regulation of the bodily functions
of milticellular organisms was first defined by Claude Bernard (1). He
' %$eé the term internal secretions to describe how the endoc&ine system
. -adjusts and .correlates the activities of the various body systems. The
internal secré;ions functioned ;o maintain the constancy of the internal

milieu (homeostasis). It remained for Bayliss and Starling to define
the term hormone ''as a substance produced in one part of the body and

carried-by the blood or lymph to some other part, the activity of which
is thereby modified" (2). '

1.2 Discovery of the Gonadotropin Hormones

The pituitary, a tiny organ surrounded by the sphenoid bone and

covered with the sellar diaphragm, lies in a long cavity, the sella

o.turcica, mnear the hypothalamus and optic chiasm (3). The dependence

of the reproductive gystem upon the pituitary was conclusively ,

demonstrated by the effects of ablation and/or replacement of the

pituitary gland on gonadal growth and function. Smith demonstrated

that hypephysectomy (ie. removal of the pituitary gland) resulted in
gonadal atroﬁhy accompanied by a complete loss o{ secregprz/ggnetio?,

as evidenced by regression of the accessory sexual structures. Implanta-
tion of rat pityitary tissue or adminiStration of saline extracts of
bovine anterior pfRuitary tissue were successful in restoring the
deficiencies of the rat reproductive system (4). Pituitary tissue
transplants were also capable of bringing normal immature mice and rats

to precocious puberty (5,.6). These results suggested the presence of

biologically acfive substances in the }ituitary gland capable of

promoting growth and of maintaining gonadal functiom.

. )
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Subsequent work led to the discovery énd partial purification of
two distinct and separate gonadotropic hormones from the anterior lobe
of the pituitary gland (7). These hormones were named for their
effects on the ovary (8). One of the gonadotropic hormones, luteinizing
hormone (LH), is involved in the maintenance of the local and peripheral
concentrations of the gonadal steroidal hormones which are essential
for normal reproductive function and promotes the growth and maintenance
of the corpora lutea. The second hormone, known as follicle stimulating
hormone (FSH), regulates the processes concerned with germ cell develop-
ment (9). A third gonadal stimulating material was discovered in the
urine of pregnant women. Thfg hormone, of placental origin, was
recognized as being different from pituitary preparations and was termed
human chorionic gonadotropin or hCG (10-12). Human chorionic gonadotropin
is normally produced only by the female, not the male, at the time of
pregnancy. It is necessary for maintaining the corpus luteum and

stimulating steroidogenesis in the corpus luteum (13).

‘ T

1.3 The Gonadotropic Hormones

The anterior pituitary hormones LH, FSH, and TSH (thyroid stimulating
hormone) as well as the placental hprmone hCG are closely related in
structure in spite of their diverse physiological functions. The above
hormones are glycoproteins consisting of a protein core with branched
carbohydrate side chains. The protein backbone is composed of two
nonidentical polypeptide chains held together by noncovalent interactions
- hydrogen bonding and Van der Waals forces. One of the peptide chains,
designated as the alpha or common subunit, is essentially identical for
each hormone, and is highly conserved from species to species. The
other subuﬂit, designated as the beta subunit, is wnique to each hormone
and confers hormonal specificity to the molecule (9, 14). Thus subunit
recombination, both interspecies and intraspecies, results in hybrids
which assume the biological agtivity of the chosen beta chains. Both
subunits are needed for hinding and the full biological expression of’
the molecule (15, 16). These hormones are fouhd in all mammals studied

and hormones with similar properties have been observed in lower

vertebrates (17).
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1.4 Polypeptide Structure of the Alpha Subunit )

The human alpha subunit is composed of 89 amino acids with two
carbohydrate moieties attached to an asparagine amino acid at position
#56 and #82 by an N-glycosidic linkage. The amino acid sequences of
the alpha subunits of the gonadotropic hormones from several mammalian
species are compared in Figure 1. While the amino acid sequences of the
different gonadotropic hormone beta subunits within a given species
diverge significantly (Fig. 2), the sequence of the alpha subunits are
nearly identical with the exception of a two amino acid inversion and

amino terminal heterogeneity. Heterogeneity at

accounts for the presence of more than one fo

hormones. The gonadotropins exist as combinations of peptide chains of

either 89, 90 or 92 aminoﬂ acids. In the case of human LH, an 89 amino o
acid form predominates (95Z). Human FSH and hCG exist primarily (60%) ',

as a 92 amino acid peptide chain (14, 18). Among the different mammalian
species, there is approximately 607 homology of the alpha subunits (Fig. 1);.‘
The majority of differences in amino acid residues at the various positioné
are due to a single base change in the codon (14). Recently, a single a
hCG alpha subunit gene was detected in human placental ti’ssue. Using -
complimentary DNA (cDNA) clones encoding this alpha subunit, it was Foudd
that only a single gene is transcribed to make the alpha subunits for LH;

L
S

FSH, hCG and TSH. The alpha subunit gene’ for hCG has been localized* .
specifically on the short arm of chromcsome 18 in tumor deriged human .;EG
cells and normal lymphocytes (19). Whether the gene is alsc: present on
chromosome 6 must await confirmation of the data (19, 20). Th:D existence
of a single alpha subunit gene which has been conserved f:kgr“oﬁgh evolution
would explain the highly conserved structure 6f the different mammalian
gonadotropin alpha subunits (21, 22),

As noted earlier, studies on subunit recombination indicated that
the potency of the recombinant was primarily dépendent on the beta subunift.
It is now clear that the alpha subunit also contributes to the -biological
activity of the recgmbinant. Recombinants with a common beta subunit but
different alpha subunitg exhibited altered steroidogenic and receptor
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OVINE /BOVINE
HUMAN
PORCINE
EQUINE

eCG

' FIG. 1

-

Amino acid sequence of the alpha subunit of either LH and/or FSH from
different species. CHO stands for catbohydrate moiety. The numbering

of residues corresponds to the ovine/bovine hormones. Discontinuous

' lines show that the chains are shorter in the species as compared to

ovine; solid lines show that the sequences are identical to ovine

subunit. Only those residues that are diff€rent from the ovine are

» 1

shown in the circles. (14)

Wt et



OVINE

HUMAN |LUTROPIN

PORCINE

OVINE
HUMAN | FOLLITROPIN
PORCINE

! 3 0 CHO 45 20 25 2
Iy wlrbiv (0 ybi ()
J ! {fi)——l) ) cH9
CHO
""“_:@" ", 0 () o ™ CHO
(0w
.- oy
35 40 45 30 55 60
L) ) D L) L) U s,
N S
A L4
D DD T L OB e S D T E
) ——
& — )3
65 0 75 80 a5 90
2.0 ¥
— (e A
@)
y
95

LT

three species (14).

are as follows:

V1l is

FIG. 2

i Comparison of the structures of LH beta and FSH beta subunits of
The constant (C) and variable (V) regions (27)

1-15, V2 1is 39-55, V3 is 101—COOH terminﬁé“

~
¢

Cl is 16-38, C2 is 56-100. The numbers correspond to ovine LH beta -

sequence.

[
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binding activity- (15, 16). Chemical modification of the amino acid or
‘carbohydrate portion of the alpha subunit was capable of changing the
potency of the hormone (14) . Further, monoclonal antibodies to specific
reéions of the individual subunits of hCG ir}terfered with hormone-

»receptor complex formation and blocked the biological activity of hCC

(23, 24). These studies indicate that specific regions of the alpha

/ and/or beta subunits are important for subunit interaction and/or

receptor intefaction. A summary of the amino acids which are known to
be involved in subunit—-subunit interactlion and hormone-receptor binding
is gaiven in Table 1. '

1.5 Polypeptide Structure of the Beta Subumnit

The gene structure for the beta subunit is more complex than that
of the alph;a subunit gene. At least seven separate and distinct beta
hCG or hCG like genes were identified in placental tissue. An eighth
gene, v;hich appeared similar to the hCG genes, turned out to code for
the LH beta subunit (25). Whether all these genes are active in
synthes:izing the beta subunit is unknown at the present time. The
similarity of the nucleotide sequence of the alpha and beta ‘genes suggests
that these two genes are related and probably have evolved from a common
ancestor (26).

The human LH beta sibunit is longer than the alpha subunit, being
composed of 115 amino acids with the carbohydrate moieties attached to
an asparagine residue at.poéition #30 by an N-glycosidic linkage. There
is considerable homology among the beta subunits. Human LH shares 507
homology between itself and the ovine, bovine, and porcine beta subunits
and 827 homology with the beta subunit of hCG (Fig. 3). The beta subunit
of hCG differs from that of human LH in having an extra 30 amino acids at
the carboxy end and carbohydrate moieties attached to positions #13 and
#30 at asparagine residues. Furthermore, the hCQ beta subunit has four
more points of carbohydrate attachment to serine residues near the
extended carboxy terminal portion (14).

The human FSH beta subunit shares 857 homology with the beta subunits
of ovine, bovine and porcine FSH (Fig. 4). The second half of the FSH

3
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MAPPING OF INTERSUBUNIT

TABLE 1 .

Pt WEERET T T

poss  pases ems BB TER WD R R ..

AND RECEPTOR BINDING SITES IN GONADOTROPINS® (14)

- b Subunit Receptor Subunit Receptor
Residue interaction binding $  interaction binding
Tyrosine/ " a-30, os4l, 0-69 a~92 B-37, Cys-Ala-Gly-Tyr -

phenylalanine N Tyr-59, Phe-82

Lysine a~67 a-55, 95 None required . Not essential,
N |

Lysine/arginine a-71 . — — B-94

Methionine * a-51 or a-75 — B-41

BN

Carboxylic groups Esgential // — — —

Cystine oo —_— v\ o-11-35- B-93-100 —_

. Histidine —_ o=-94 —_— —

5
Tryptophan —_ — B-33 (follitropin) —

—

. 2 Most of the data are derived from studies on lutropin.

b Numbering corresponds to sequence of & and B subunits in ovine lutropin.
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"FIG. 3

Comparison of the LH B subunit sequences (14). Xaa indicates a gap
in the sequence; CiIO is a cafbohydrate moiety. Some segments of the
eCG B sequence are incomplete and shown by dotted lines. The linkages
and the number of oligosaccl:xaride units in the extended C-terminal
piece of eCG are unknown at present." Most LH B subunits have a CHO
moiety at position 13 but in human this isat 30; hCG B and eCG B have
CHO units attached at this site also.
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FIG. 4

Comparison of FSH B of different species (14). The reported porcine
sequence contains three extra amino acid residues that are placed Just
below the main sequence. The amide assignments are not fully clarified
in the ovine, porcine, and equine hormones. In those positibns where
their identity.is known in at least two species, it is assumed that .
such regidue po;itionsare the same in the unclarified sequence. Linkage

of the two carbohydrate moieties is identical in all sequences.
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beta subunit, except for the carboxy terminal ﬁ%rtion, is identical in
all four mammalian species. Human FSH is composed of 118 amino acids
with two carbohiﬂra& moieties attached to an asparagine residue at
positions #7 and #247(14). .

The human alpha and beta subnits are highly crosslinked internally
with five and six intIachain disulfide'bridges féspectively. There are
no interchain disulfide bridges. The twelve half cysteine residues of
the beta chain of LH, FSH, TSH and hCG occupy identical positions
suggesting that the disulfide bridges in these moleculeé'are very
similar. The high degree, of crosslinking of the gonadotropin beta
subunits is thought to be responsible for preserving the structural and/or
conformational integrity of the active site (14). Recently, two constant
and three variable regions have been described in the amino acid sequence
of the gonadotropic hormones. The two constant or highly homologous
regions have been considered responsible for the subunit -~ subunit inter~
actions, which in turn confers the structural specificity required for
the interaction of the alpha subunit with the receptor. The adjacent
variable or heterologus regions could be responsible for the differences
in the hormone specific conformation of the constant regions and so
determine receptor binding specificity. When the beta subunits of various
“species of LH (ﬁuman, bovine, ovine and porcine) were compared, an
increased amount of conservation of sequence was féund in the second
variable region (V2) (Fig. 2). It was observed that nine out of a
possible twelve variable positions became conserved (27). ' Thus the V2
region of the different LH beta subunit sequences is likely a region
responsible for determining the specificity of the hormone's interaction
with the receptor. Another hypothesis, the determinant loop hypothesis,
suggests that receptor specificity is determined by the nature and charée,
of the amino acid residues in an octapeptide determinant loop formed by
a disulfide bond hetween cystine #93 and #100 of the beta subunit of
ovine LH (28). This loop has been seen in the heta subunit of bovine LH
and TSH and in human chorionic gonadotropin. Further investig;tion will
be needed to resolve the question of which sites in the gonadotropic

hg;mones are necessary forudetermining';eceptor specificity.
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1.6 Carbohydrate Moieties

The gonadotropic hormones contain various amounts of carbohydrate
covalently attached to the polypeptide chains. The amount of carbohydrate
moieties varies from a low of 16Z in bovine LH to a maximum of 457 in
pregnant mare serum gonadotropin. The oligosaccharide (carbohydrate)
portion of the gonadotropin hormones are made up of the following sugars:
D-mannose, D-galactose, L-fucose, N-acetyl neuraminic acid (sialic acid),
N-acetylated D-glucosamine and N-acetylated D-galactosamine. The exact
structure of the oligosacchaiide portion of the molecule is known for a
few, but not all the gonadotropic hormones. As indicated in Figure 5,
the number and arrangement of the carbohydrate moieties varies for each
hormone. The alpha subunit of all gonadotropins contains two N-linked
oligosaccharide units attached to an asparagine residue. Depending on
the hormone, the beta subunit contains one or two oligosaccharide units
bound to asparagine by an N-glycosidic linkage. However, in the case of
hCG there are six oligosaccharide units. Two of them are N-glycosidic
linkages to asparagine residues and the remainder are O-glycosidic
linkages to serine residues (14). The N-linked oligosaccharide moieties
of the pituiE;ry hormone LH differs from those of placental hCG by their
composition (14), greater resistance of iH to glycosidases (29), and
the presence of sulfate linked to the nonreducing termini in LH buf not
hCG (29, 30). It has beéeen proposed that the presence of sulfate is to
compensate for the lower sialic acid content of LH. The sulfate is
thought to protect the terminal hexosamine residues from chemical and
enzymatic degradation (30). The functional role of the carbohydrate
moieties has been assessed primarily by the effect of removal of various
carbohydrate residues on hormonal functions (14). These studies have

shown that the structure of the oligosaccharide chain is important in

determining the circulating half-life (31, 32), solubility in aqueous

solutions (33, 34), and*biological resbonses (35-39) to the gonadotropins.
There is no doubt that the carhohydrate moiety plays an important part
in gonadotropic hormone activity and further assessment of the function

of the carbohydrate moieties will lead to a greater understanding of the

mode of action of the gonadotropins.
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FIG. 5

Proposed arrangement of the monosaccharide units in the carbohydrai:.e
moiety of the glycoprotein hormones. Although not every glycopeptide
in the a and B subunits of the different hormones has been extensively
studied, it is believed 'that the basic structural u;ﬂ.t is the same.
This cannot explain the difference in the carbohydrate content between

hormones such as LH and FSH from within the same species (14).
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1.7 Receptors

Cellular recognition is a process by which cells interact with and
respond to molecular s_?[gnals in their environment. The ability of target
cells to receive and translate signals is dependent on the existence of
specific binding sites known as receptors. The '"receptor concep.t" was
introduced by Langely (40), at about the same time that Starling (2)
introduced the term hormone, to explain the action of nicotine and curare
on skeletal muscle. Langely defined receptors as ''substances which are
acted upon by chemical bodies and in certain cases by nervous stimuli.”
The term receptor was coined by Ehrlich as the hypothetical specific
chemical groupings of protoplasm upon which chemotherapeutic drugs were
assumed to act (41). The next soignificant: contribution was the formula-
tion of ‘the’occupancy theory by Clark and Gaddum (42, 43). This theory
stated that the intensity of the pharmacological. effects is directly
proportional to the number of receptors occupied by the drug. Therefore
the effect of the drug increases proportionally to the number of occupied
receptors and becomes m:;ximal when all the receptors are occubied. This
was an important copcep;: is establishing the receptor theory on a more
firm quantitative basis and étiinulated further experimental testiné and
refinements. T,

Much of our early knowledge of receptors was based on pharmacological
studies into the se‘lective action of drugs because purified hormones were
not available. Even with the isolation of the pituitary gonadotropic .
hormories in higfl yield and quality (44-46), little progress was made in
the characterization of the-gon.adotropin receptors. The discovery of a
gentle labeling proced{xre for pep'tide hormones which did not destroy
the hormone's biological activity (47, 48) and the development of the
radioimmunoassay technique (49, 50) provided a means for the direct
biochemical characterization of receptors. The application of these
techniques has enabled investigator’s o mike great strj:des in the isola-

tion and purification of receptors and led to a better understanding of

the mechanism of receptor regulation. ¢
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1.8 Receptor Function

The receptor serves two main fumnctions. The first is to recognizel
and distinguish a particular signal, for example LH, from the mixture .
of hormones and other molecules in the circulation which impinge on the 1
target cell. Subsequent to binding, the second function of the receptor
is to transfer the signal in such a way that it leads to the approp";iate
physiological response. A number of criteria have been established to
define hormone receptors (51). These criteria are listed below.’ .

1) The binding sites only interact with a specific hormone or
class of hormones. Substances, such as i’iﬁl, which have no effect c;n a
particular cell (ex: the Sertoli cell) will not bind to its receptors
(ex: the FSH receptor) or competitively displace the native hoﬁone
(ex: FSH) from its receptor at normal physiological concentrations.
Significant numbers of binding sites are only found in tissues which
respond to the hormonal siénal (52) . These tissues are referfegi to as
target tissues. ‘

2) The binding sites haveva high affinity for their respective
hermones. The blood levels of many hormones are normally very low
usual?.y 10 -1l lO_9 M for the gonadotropins, so the receptor must have
a gsimflar affinity in order to detect these substances (53)..

3) Presence of‘a finite number of binding sites. The biological
response (ex: testosterdne procht:ion) to a hormone (ex: LH)' is a
saturable phenomenonr (53, 54). Therefore if the formation of hormone
receptor complexes is obligatory for the production of a biological
response, then the number of re'ceptors' should be limited. ("‘l‘his «can be
demonstrated by saturating the receptor with its respective hormone (53).

4) Interaction of the hormone.with its binding site® should be
rapid and is usually reversible. This is assessed by analyzing the
kinetics of association and dissociation of a radidlabeled hormone with
its receptor (53). .

The gonadotropin binding sites in the testis end ovary satisfy the

above criteria to be classified as receptors. There are a finite number

“of binding sites and binding is specific, reaching equilibrium within

-
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1-2 hours, and reversible. Gonadotropin recepto'rs have been studied in
a variety of specles, and although species related differences exist,

they share many binding characteristics (53). Cellular receptors can -
be subdivided broadly into two main types - intracellular receptors and

membrane bound (extracellular) receptors, both of which are discussed

in the next section. .

I
i
I
|
l b 1.9 Intracelluliar Receptors ®
Intracellular receptors are located in the soluble 1ptrace11ular
" compartment of the cell, ie. both in the cytoplasm and thé nucléus.
N Steroid hormones and amino acid derivatives (ex: thyroid hormones), enter
' " targeg, as well as nontarget tissues, most likely by the process of
passive diffusion (55, 56). The mechanism of action of progesterone in
' the chick oviduct is illustrated in Figure 6. Once inside the cell x.be
. " hormone is rapidly bound by its cytoplasmic receptor. Formation of *the
l hormone receptor complex leads to a temperature dependent activation of
the complex. If the complex is not activated or transformed, it will
3 not be capable of binding to the nuclear receptor in the nuclear chomatin.

Inside the nucleus, interaction of the activated hormone receptor complex

with specific nuclear acceptor sites allows the hormone to directly

o
b - ey §

modify transcription and regulate the levels of specific messenger RNA s
(mRNA's). The new mRNA's are released into the cytoplasm where they

} regulate new protein synthegis (55, 56). ‘It is the newly synthesized
proteins which exert the physiologicalr hormone's actions leading to

altered ceSll function. Thus glucocorticeids and progesterone altér cell

 r——

function through the synthesis of new cell products - aminotransferases

. { and avidin respective];y (56, 57). .

1.10 Cell Me;nbrane Receptors

Polypeptide hormones, free fatty acids, prostaglandins and
L catecholanines, unlike steroid hormones, cannot penetrgt.e the cell plasma
{ membrane. Instead they bind to specif:;c sites (receptors) located on
the plasma membrane of the target cell. For most polypdptide hormones

T NG e v e 1
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CELL MEMBRANE | NUCLEAR MEMBRANE]|
(TRANSCRIPTION)

[ ,
i ; ACIDIC PROTEIN

» ofs
O R N

== RNA

v
(T
(TRANSLATION) mANA
RIBOSOMES

} AVIDIN

FIG. 6

N N
General model of steroid hormone agéion, showing binding of hormone
[in this case progesterone (P)] to cytoplasmic receptor (Rb)’ trans-
location (arrow), and induction of gene transcription by nuclear
receptor (RN) to produce messenger RNA (mRNA), which is transdated
on cytoplasmic ribosomes to synthesize new proteiﬁ\[in this case

~avidin, a protein whose synthesis is induced by progesterone in the
chick oviduct (56)]. !
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(ex: gonadotropins), formation of'tﬁe hormone-receptor complex results

in the activation of a membrane bound enzyme, adenylate cyclase. Adenylate
" cyclase Eatalyzes the conversion of adenosine 5'-triphosphate (ATP) to
adenosine 3'-5' cyclic monophosphate (cyclic AMP). Cyclic AMP acts as

a second messeﬁger for the hormone's bétion (primary message). The
catalytic component of cyclic AMP binds to the regulatory subunit of the
enzyme protein kinase. The cyclic AMP regulatory subunit dissociates
leaving activated catalytic subunits of the enzyme. These protein kinases
phosphorylate specific serine and threonine residues of specific proteins
within the cell to produce a hormone induced response characteristic of
that cell (58) (Fig. 7). For other hormones, such as insulin and
prolactin, cyclic AMP is not involved and they are presumed to work through
the action of an as yet unidentified second messenger. Preliminary work
suggests this factor is a low molecular weight peptide (approximately

2000 daltons) which works through dephosphorylation of regulatory enzymes

<

and nuclear proteins (59-61).

1.11 Gonadotropin Receptors

The idea that the testes are the primary site of biological action
for the gonadotropic. hormones in the male was suggested by the ability
of purified gonadotropin preparations te cause morphological changes o
to increase hormone secretion of testicular cells (62, 63). A direct I\“*\
interaction between the gonadotropins and testicular cells was demonstrated
using fluorescent and histochemical techniqﬁes. This group of investigators
were able to show that labeled ovine LH and ovine FSH were preferentially
localized in the Leydig cells and Seréoli eglls respectively of the rat
testes (64, 65). These in vivo studies on the cellular distribution of
the gonadotropin binding sites in the male gonad were subsequently
confirmed by a variety of techniques such as radioautography and binding’
studies (66~70). The presenée of specific testicular FSH (71-76) and
LH (75-80) receptors have now been described in a wide variety of
‘laboratory and domestic animal species. Spermatocytes, like Sertoli

cells, have also been found to contain FSH receptors (69). In the
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A scheme of the mechanisms of hormone actions in cells (58):
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female, LH réceptors have been de;onstrated on ovarian thecal cells,
ovarian interstitial cells, granulosa cells of large follicles and the
corpus luteum. Receptors for FSH are localized on granulosa cells of
small follicles (81). The LH receptor does not distinguish a difference
in the gonadotropic hormones LH and hCG. Both gonadotropins are bound- .
to the same site in testicular (82) and ovarian (83) tissue with
essentially identical binding affinities. This is consistent with their
similar molecular structures and biological effects (9). As stated
earlier, the gonadotropin receptors fulfill the criteria of functional
receptors. Gonadotropin binding capacity changes with increasing age

and physiological state of the animal.

Detailed characterization studies of the gonadotropin recep%or have
been hampered by the small quantities of starting material available for
investigation, low yields and poor stability of the isolated receptor
fractions. Early studies on the testes and ovary suggested that the
molecular weight (MW) of the detergent solubilized gonadotropin receptor
was approximately 200,000 dalgons (84-86). Over the years a greater
amount of progress has been made on”the elucidation of the structure of
the LH(hCG) receptor than the FSH receptor. The rat testicular LH
receptor (87-89) is thought to be composed of a dimer of two éubun%ts
of identical molecular weight (79,000~90,000 daltons). Similarly in rat
ovarian extracts, a 90,000 dalton subunit of the LH receptor has been ]
detected after purification by .-affinity chromatography (90). The presence
of three hormone (hCG) binding components in porcine ovarian tissue
suggests a greater complexity to the subunit nature of the LH(hCG)
receptor (91). The differences in the reported subunit composition and
molecular weight of the Lﬁ(hCG) recept?r could be é,geflection of a
species or sex difference, differences in solubilization techniques,
receptor isolation techniques, or methods of radiolabeling the hormone-
receptor complexes. The possibility that these binding components were
generated due to proteolytic enzyme cleavage can not he excluded.

Recently, the availability of a large and constant source of extracts
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of bovine corpus luteal tissue has enabled Dattatreyamurty et al. tg
publish the most extensive study on the structure of‘the LH(hCG) receptor
to date (92). The extracts were initially separated by a discontinuous
sucrose densit§ gradient ultracentifugation. Fractions were then
solubilized in detergent (Triton X-100) and purified on a series of gel
chromatography columns. The final (active) hormone binding fraction

was resolved by zone electrophoresis on a cellulose columm as a single
band of 5.9 million daltons. Pretreatment of this material with SDS ‘
and a disulfide reducing age;f (mercaptoethanol or dithiothreitol)
separated it into various fragments. The authors suggest that the bovine
LH/hCG receptor exists as a 5.9 million dalton complex composed of an
aggregate of a 280,000 dalton species. Each 280,000 dalton species is
thought to be made up of two identical 120,000-140,000 dalton units,

each of which contains two functional subunits of 85,000 and 35,000
daltons linked by disulfide bonds. This model accounts for the fractions
isolated in their study and those of previous investigators (87-91).
Amino acid and carbohydrate analysis (Table 2) of the 5.9 million dalton
species indicated that- it is a glycoprotein containing approximately

107 carbohydrate and rich in the amino acids glutamic acid and aspartic
acid. The low cysteine content of the LH(hCG) receptor would seem to
indicate that bovine LH, which contains a greater amount of cysteine
(Fig. 1 and 3), is not a contaminant of the receptor preparation. The
glycoprotein nature of the gonadotropin receptor had been suggested by
earlier studies demonstrating an alteration in hormone biﬁding ability
after chemical and/or enzymatic modification of the gonadotropin
receptors. For example, treatment with proteolytic enzymes and neuramin-
idase, which affect the protein and carbohydrate portion of the

gonadotropin receptor respectively, led to a change in hormone binding

ability (92, 93). 1In addition, phospholipids, such as phosphatidylserine

and phosphatidylethanolamine, and gangliosides are thought to be
important directly as components of the gonadotropin receptor or

indirectly by preserving the conformational structure of the receptor
(93-95).
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AMINO ACID AND CARBOHYDRATE ANALYSES OF THE BOVINE CORPUS LUTEUM LH/hCG

RECEPTOR (GRAMS/100 G OF PROTEIN)

»

Zone'giectrOphoresis
purified LH-hCG receptor

Amino acid
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Valine
Cysteine
Cysteic acid
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histamine
Arginine

Carbohydrate
Fucose
Mannose
Galactose
N-Acetylglucosamine

N;Acetylgaiactosamine

Sialic acid

9.1
5.3
5.8 .
12.1
5.2
4.5
4.8
8.3

2.4
2.3
b.b
8.7
4.9
5.0
7.0
2.8
7.4
NDa
1.1
1.6
3.3~
2.6
1.9

a ND, not detectable

b petermined on a separate aliquot after performic acid oxidation.
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1.12 Soluble Receptors

Various investigators have reported the presénce.of gonééztropin
binding components in the supernatant fraction of low ionic strength
buffer extracts of gonadal tissues (96-98). These soluble fractions or
receptors specifically bound 125I-radiolabeled gonadotropins and shared
many of the physicochemical broperties of particulate and detergent
solubilized receptors (99, 100). Soluble receptors have also been
reported for insulin (101), growth hormone (102), and thyroid stimulating
hormone (103). Solubilization in the absence of detergent has several
advantages. Many detergents disrupt protein conformation and possibly
hormone binding (104). Detergents can form a complex with the labeled
hormone which can be mistaken as a hormone receptor complex (105). The
drawback to nondetergent soluwbilization is the low yield (98) of material
(5-107) and 4he presence of proteolytic enzymes in the soluble fraction
(92). 1In the luteinized rat ovary, five molecular components (12,000-
160,000 daltons) of the LH(hCG) receptor were resolved after water
extraction (98). Unlike previous reports of only a 90,000 dalton
component of the LH(hCG) ovarian receptor after detergent solubilization
(85, 90), these investigators detected all five forms in ovarian tissue
extracted either by water or detergent (98). Both the water and detergent
solubilized components were bound to concanavalin A sepharose and eluted
as four well defined peaks of activity (99). This suggested that the
LH(hCG) receptor is a glycoprotein, with a marked degree of micro-
heterogeneity. The distribuéion of binding activity per individual peak
was different probably due to carbohydrate differences. For example in
fraction two and five the 12,000 MW receptor species‘had the greatest
binding activity, while the 81,000 MW receptor species had the highest
binding activity in fractions three and four. This study proposed that
the rat ovarian LH(hCG) receptor exists as a polymer of the 12,000:31,000
molecular weight species. The soluble receptor could be derived from
the cytoplasm, a part of or attached to the cell membrane and released
upon homogenization, produtts of synthesis, or products of degradation.

Two water soluble components of different sizes were released by the rat
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testes (52,000 and 24,000 daltons) and rat ovary (46,000 and 24,000
daltons). The release of these components could be inhibited with thiol-
group blocking agents and EDTA '(106). Therefore it's possible that

these components were generated by proteolysis of the native receptor as
has been suggested for other receptor systems (107-109). If true,
proteolysis may play an important role in the regulation of receptor
function. Further investigation is needed to clarify the structure and
biological relevance of the solubilized gonadotropin réceptor and prove
it is not an artifact of tissue preparation or proteolysis.

~*

1.13 Intracellular Receptors

Subcellular fractionation of bovine corpora lutea and analysis of
fractions for binding with radiolabeled 125I--hCG revealed the presence
of intracellular binding sites for hCG (110). The specific binding of
125I—hCG to the plasma membranes, rough endoplasmic reticulum, and Golgi
apparatus indicated a single population of gonadotropin binding sites.
Nuclear membranes and lysosomes appeared to contain two populations of
independent binding sites. The highest concentration of LH(hCG) receptors
was found in the plasma membrane (135 fmol/mg protein) and heavy region
of the Golgi apparatus (164 fmol/mg protein). The various subcellular
organelle LH(hCG) glycoprotein receptors were of the same size (200,000
daltons) and shared many 1 I-h¢G binding characteristics such as pH

optimum, and binding affinity. his would seem to indicate that the same

LH(hCG) receptorﬂis present in these subcellular organelles. The slight
differences in their binding properties is probably a consequence of the
local environment imposed by the surrounding membrane macromolecules
and/or alteration of the binding site during organelle processing. The
validity of these intracellular gonadotropin binding sites was verified
Sy measuring various marker enzyme activities to ensure there was no

plasma membrane contamination or cross-contamination among the different

. organelles. A similar intracellular distribution of LH(hCG) receptors

has been found in the human’ (111) and rat ovary (112). Intracellular
receptors have also been reported for other hormones such as insulin

(113, 114), growth hormone (114), and insulin-like growth factor (115}).
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The function of these intracellular receptor sites is unknown but

they may play a role in the biosyqthesis agd subsequent transport of
receptors to the cell surface, degradation of receptors, recyclinf’of
receptors from the cell surface to intracellular sites and vice versa,

or to recognize hormones at these sites (111, 116).

1.14 Mechanism of Action of Gonadotropins

As mentioned previously, the primary event in the action of the
gonadotropic hormones is to interact with specific target cell surface
receptors. This interaction results in the activation of the gonadal
membrane bound enzyme adenylate cyclase and inhibition of the cytosplic
enzyme phosphodiesterase. These two enzyme responses lead to the
generation and maintenance of high intracellular cyclic AMP levels
(117-120). Acting as a second messenger, cyclic AMP activates specific
enzyme systems to produce the characteristic biological target cell
response (Fig. 8). The hormone-sengitive adenylate cyclase complex is
composed of at least three components - a hormone receptor (R), a
catalytic subunit (Cl), and a regulatory protein (N) capable of binding
GTP or its analogues (121). Although both the receptor and the enzyme,

_ adenylate cyclase, are located in the plasma membrane, they are two

separate and distinct entities; This has been shown by their separate
elution on gel chromatography (122, 123), the ability to transfer
receptors to a cell lacking that particular receptor by cell fusion to
generate a functionally active receptor-cyclase system (123, 124) and
desensit{z;tion (rat ovary) which causéd a reduction of receptor activity
independently of any affect on adenylate cyclase activity (122). The
regulatory component has also been purified by gel chromatography as a
separate entity composed of two subunits of 42,000-52,000 daltons and
35,000-daltons (121, 125). The regulatory protein links the hormone-
receptor interaction to activation of adenylate cyclase. Guanine
nucleotides function as regulators of the receptor-coupled adenylate
cyclase system. It is proposed (Fig. 9A) that the main function of the

hormone receptor complex is to promote the‘exchahge of guanine
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FIG. 8

Action of LH on the Leydig cell (14). The hormone is depicted as having
" three binding sites (two in 0 and one in 8) in its interaction with the

receptor. The increased size of the arrows signifies amplification of

the initial hormone signal at each step. A simllar mechanism of: action

has been proposed for FSH.
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FIG. 9

Proposed mechanisms for activation of adenylate cyclase (128).

A. Serial model. Active state of enzyme dependent on guanosine
triphosphate bound form of G unit which associates with

catalytic unit (C). Hormgﬁg binding to receptor functionms

merely to facilitate %yégange of guaninifie nucleotide on G unit.
B. Equilibrium model. All forms of enzyme are in equilibrium
(equilibrium constants not necessarily unity). Hormone influences
conversion of inactive enzyme to active enzyme whether guanine
nucleotide bound or not. The bound form nevé;theless is
postulated to be more activé than the forﬂ”ﬁﬁﬂ‘tomplexed with

guanine nucleotide.
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triphosphate (GTP) for guanine diphosphaté (GDP) on the regulatory
protein. Binding of GTP leads to activation of the catalytic¢ umit,
whereas hydrolysis of GTP terminates activation of the enzxmg complex
(126). An alternative mechanism has been proposed for hqrmonal regula-
tion of  adenylate cyclase. This model by Abramowitz et al. (Fig. 9B) ‘
maintains that the enzyme exists in two conformations, active and
inactive, and that the equilibrium between the conformations is
influenced by the hormone. Therefore the hormone can influence the o
equilibrium of the enzyme from an inactive to an active state independ-
ently of the binding of an activated guanine nucleotide (127, 128).
Resolution of the correct model will depend on whether there is a natural
endogenous hormone independent rate of conversion of inactive adenylate
cyclase to an active state bearing no bound effective gu@niﬂe nucleotide.
Generation of cyclic AMP leads to the stimulation of specific
protein kinases in the Leydig cell (129) and Sertoli cell (117). These
cyclic AMP dependent protein kinases phosphorylate prﬁteins whose
specific functijon and location is still unknown (130, 131). The phospho-
rylated enzymes or structural proteins presumably alter the function of
the cell in swuch é way as to generate the chazag;efisti; bioclogical
response of the Larget cell to the hormone (132)%& . -

o

1.15 Biological Actions of the Gonadotropins

The biological function of the pituitary gonadotropins is to
stimula : € maturation and function of the testes and ovary and to
regulate gonadal gametogenesis and steroi&ogenesis (9). In the testes,' )
the gonadotropins LH and FSH exert ﬁar&xof thisrcontrol through specific
compounds secreted, under appropriate conditioms,:from the Leydig cell
and Sertoli cell respectively (9, 130). Figure 10 illustrates the site
of production of the steroidal sex hormones-testosterone (133) and
estradiol (134, 135),-inhibin (136), and specific proteins such as
androgen binding protein (117), and ﬁlgsminogen activator (137) from the
Atwo testicular cells. These hormones modulate the action of the |

gonadotropic hormones through direct interactions upon the testicular

S L
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cells and by feedback mechanisms, both positive and negative, that
regulate the hypothalamic-pituitary secretion of the gonadotropins (9).
The paucity of data on the regulation of testfcular FSH Teceptors
precluded a detailed description of its regulation. Therefore the
following section concerning gonadotropin receptor regulation will deal
primarily with the LH(hCG) receptor and where possible, examples will

be given on the FSH receptor. 0

1.16 Disparity Between Hormone Binding and Generation of the Biological

Response

)
____//// In the Leydig cell (138), the full steroidogenic response occurs

with only partial receptor occupancy, ie. 17 of the total receptor
population. The presence of an additional number of receptors or spare
receptors in excess of those required Eor the generation of the maximal
biological response has also been reported for several other systems.

For example the effect of FSH on the seminiferous tubules (132), insulin
on fat cells (139), and adrenocorticotropic hormone (ACTH) on the adrenal
cells (140). The presence of these spare receptors could serve as a
mechanism to enhance the probability of a hormone-receptor interaction,
thereby increasing the sensitivity of the target cell to low hormone
levels (138). Altermatively the receptor site may be thought of as a
quantal unit so that a cell would respond . in a maximal all or none
fashion if the number of‘sites filled exceeded a given threshold (141).
An excess of receptors could.function as a reserve of sites. This would
permit the replacement of damaged or lost receptors without significantly

changing the concentration of receptors at the cell surface and so

ensure a cellular response (138).

1.17 Regulation of Gonadotropin Receptors

Administration of a single dose of LH or hCG to male rats resulted
in an alteration of the number of LH(hCE) receptors of the Leydig cells.
Initially a rapid upregulation of receptors was observed, That is there

was an increase in LH(hCG) binding capacity with no change in the ,
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. ,
equilibrium association constant (Ka). A maximum increase in binding

was seen approximately one hour after injection of ovine LH (142) and

h;Itﬁin six hours after injection of hCG (143). However, a loss, not

an increase, in receptor levels 1s seen if too large a dose of hormone
(ex: 1,000 I.U. hCG) is administered (143). It is possible thal any
increase of receptor numbers 1s -masked by the rapid, pronounced decrease

of receptors. Treatment with cytochélasin B, an inhibitor of microfilamqpt
function, abolished the ability of LB to increase its own receptor levels.)
Cyclohexamide, a protein synthesis inhibitor, and colchicine, a micro-
tubule inhibitor, had no effect. These results suggested that the
increased LH/hCG binding éapacity was due to the rearrangement of
previously sequestered or masked receptor sites and is dependent on an
intact microfilament (142, 143). Upregulation of binding sites is

observed in a variety of tissues ﬁuch as the 6vary (144, 145) and liver
(146). The increase in receptor numbers was followed by a progressive’
decline or downregulation of the LH/hQG}receptors which was maximal by
24-48 h (143, 147, 148). It has been reported that desensitization of.

the rat ovary is accompanied by a major réductién of two of the five
receptor species of the LH(hCG) receptor (99). Whether downregulatién

of the testicular LH(hCG) receptor involves all or pnly some of its '
molecular components remains to be assessed. Restoration of receptor
levels was a slow process; commenéing on day 2 or 3 and complete by

day 6-10 (143, 147, 148). The reduction in the number of LH/hCG binding
sites is not completely due‘té receptor occupancy since the loss of
receptors was in excess of the lével of occupany caused by the administered
hormone (147). Indeed binding could be detected when plasma hCG levels
were extremely high and was undetectable when plasma levels wered very

low and receptor levels were falling (149, 150). The reductiom in

receptor numhers from the surface of the cell is thought to be due to
internalization of the hormone receptor complex and adjacent umoccupiéd
receptor sites t150~15§) or shedding of receptors from the cell surface
into the surrounding fluid (106, 154). Kecovery of the LH(hCG) receptors
is dependent on the dose @f hormone administered. The greater the

hormone concentration, the greater the loss of receptors (143, 147).
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Cycloheximide prevented this loss indicating a dependence on protein
synthesis. (143). New protein synthesis would also explain the necessity
to wait at least six days to completely restore receptor levels (149):

A hormonal dependency was indicated by the ability of PMSG, FSH, growth
hormone and prolactin to prevent, and testosterone and estrogens to
enhance the hCG/LH induced loss of receptor levels (155-158). Down-
regulation, which is important in a number of cell systems, 1is thought

to be a mechanism for prevénting overstimulation of the target cell

(159-162) .

1.18 Desensitization of the Biological Response to Gonadotropins

An acute dose of hCG or LH not only results in an alteration of
LH (hCG) re;eptor levels, but can induce a change in the biological
response of the testis and ovary (147, 163, 164). During the time of
increased receptor occupancy in the Leydig cell, LH(hCG) caused an
increase in the secretion of testosterone for 1-2 h followed by a
period of declining cyclic AMP and testosterone production, in spite of
increased hormone levels (142, 147, 149). The decline in cyclic AMP
levels is due to a decrease in adenylate cyclase activity which precedes
the loss of LH/hCG receptors and lags behind the reappearance of LH/KCG
receptors (142, 165). This period of desensitization or loss of
responsiveness of the Leydig cell to gonadotropic stimulation continues
for about three days before a return of responsiveness occurs. The
development of desensitization does not seem to correlate with the loss
of receptors because cycloheximide which prevents the loss of receptors
does not prevent desensitization of the Leydig cell to hCG (166) and
the Leydig cells can recover from desensitization after three days while
receptor levels are still low (147). Although a defect in the
gonadotropic hormone-receptor-adenylate cyclase coupling system (165,
167, 168) must play some rolé in desensitization, the inability of
dibutyryl cyélic AMf to overcome the steroidogenic lesion indicates an

additional (post-receptor) lesion (150,di;;). Recent studies have

demonstrated an early, estrogen indep%g, t, steroidogenic lesion of the

! (
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biosynthetic enzyme 3~hydroxy-3-methylglutaryl coenzyme A reductase
(HMG~CoA), which is ‘the rate limiting enzyme for cholestersl biosynthesis
a69). A second,'éstrogen dependent, late steroidogenic lesion exists
at the enzymes l70-hydroxylase and 17,20-desmolase, which are responsible
for the conversion of progesterone to androgens (170). The decreased
Leydig cell response has been at:;ibuted to the effects of several
hormones besides the gonadotropins. The hormones testosterone (171),

the estrogens (172) and luteinizing hormone releasing hormone (158) are
known to decrease hCG stimulated testosterone production. A direct
inhibitory effect on the steroidogenic enzymes has bheen demonstrated

for the estrogens (172) and luteinizing hormone releasing hormone (158).
The mechanism by which gonadotropins cause and maintain desensitization
is not yet fully resolved and probably is the result of the interplay

of more than one hormone acting at various levels of the steroidogenic

pathway.

1.19. Receptor Dysfunction as a Cause of Disease State

A better understanding of the structure and function of.the
gonadotropin receptor should prove to be a great ass/eft/fer' désﬁgning
improved hormonal agonists and antagonists. "Measurements of human
gonadal gonadotropin re’cgpggr/nuﬂié—g’and analysis of their structure
from biopsy samples will provide.a useful tool for the early diagnosis -

of disease states. ‘Early detection of alterations in receptor numbers ;
as occur in certain disorders such as polycystic ovarian disease (173)&,
infertii'l.ity (174), and insulin resistant states (58) would allow quicker
diagnosis and possibly more effective therapy. Recently, circu}ating
inhibitory factors have been detected in the serum of autoimmume
diseased patients with gonadal dysfunction \(175;5177). These factors,
which could represent anti-receptor antibodies, might contribute to
gonadal dysfxm‘ction. Anti-receptor ant:_ibodies are not unique to the
gonadotropin-receptor system. :I‘hey have also been described for TSH .(178),
insulin (58) and :acetylcfloline‘(179) receptors, Although circulating anti-

receptor antibodies have been demonstrated in several disease states

¢
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(179-182), the reverse is not always true (177, 178, 180). Undoubtedly,

it would be clinically useful in the human testes and ovary to be able
to distinguish betweén fluctuations in receptor numbers, alterations of
receptor structure and physical blocking or masking of an otherwise

functional receptor molecule in prescribing the best possible treatment

of gonadal dysfunction.
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CHAPTER 2-
NONHUMAN PRIMATE GONADOTROPIN RECEPTORS

2.1 Introduction

The mechanism of action of the gonadotropic hormones in laboratory
animals has been extensively investigated by in vivo and in vitro
methods. Consistent with the idea that the first step in the mechanism
of action of peptide hormones is their binding to the cell membrane,
the presence of surface receptors for gonadotropins have been demon-
strated in ovarian and testicular tissue from many species (183, 184).
Severgl recent investigations have shown the presence of‘ospeciﬁc
binding sites (receptor(s)) for hCG(LH) in monkey (185) and human testes
(174, .185-188) . These receptors have been shown to be similar in many
respeéi:s to the LH(hCG) receptor from animals (185). Data on the
biochemical properties of the primate LH(hCG) receptor (174, 185) are
meager, while reports on the presence of specific FSH binding sites
(receptors) in this mammalian order are nonexistent. Much of our 'present
knowledge of the testicular FSH receptor comes from studies carried out
with the rat (52, 68, 93) and a few domesfic species such as the bull
(72, 86, 189, 190) and the pig (74). In marked contrast to the adult
rat, the essential role of FSH in the spermatogenic process of the adult
monkey has been recently demonstrated (191-193). Fundamental to our

- understanding of the control of FSH action in man is the knowledge of

the propefties of the cellular receptors, Therefore we have initiated
investigations aimed at the elucidation of the characteristics of primate
gonadotropin receptors. This chapter presents data pertaining to the
demonstration and preparation of high affinity specific binding sites
for "human FSH and hCG in the following four different nonhuman primate

- species - the rhesus monkey (Macaca mulatta, Mm), the pig tailed monkey

. (Macaca nemestrina /Mn), the crab eating monkey (Macaca fascicularis, Mfl),

34 -
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and the yellow baboon (Papio cynocephalus, Pc). The biochemical properties
of the primate testicular gonadotropin receptors were investigated
principally with the.rhesus monkey, a model which has been widely employed
for research into human reproduction. The scarcity of tissue from the
other species precluded a detailed study of their biological properties.
Preliminary results of this study have been reported (194-196).

2.2 Materials and Methods

2.2.1 Hormones

Highly purified human FSH (hFSH) (197), ovine FSH {oFSH) (198) and ovine-

"LH (oLH) (199) were prepared in this laboratory. hCG (CR119) (iodina-

tion grade) was supplied by the National Hormone and Pitultary Program,
National Institutes of Health, Bethesda, Maryland. Human LH(hLH)
was purified in this laboratory (200).

2,2.2 Primate testes

Testes from four different species of nonhuman primates (Macaca
mulatta, Macaca nemestrina, Macaca fascicularis, Papio cynocephalus)
collected at surgery were frozen on dry ice with minimum delay ‘and shipped
to us from the Regional Primate Research Center at the University of.
Washington, Seattle, Washington. Frozen testes of adult rhesus monkeys
removed at castration were also obtained from Emory University, Atlanta,:
Georgia. After arrival in the laboratory they were stored at -70C
until use. The approximate ages of the monkeys and identification were
provided by the institutions which sent us the samples.

2.2.3 Other materials

"IThe following enzymes or reagents obtained from different sources /
were used for the characterization of the .gonadotropin receptor fractioms.
Bovine pancreatic ribonuclease A (Sigma, St. Louis, Mo., 64K wnits/mg),
bovine pancreatic trypsi.n (Sigma, St. Loulis, Mo.), neuraminidase from

«
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.clostridium perfringens (Béehringer-Mannheim, Montreal, Que., 0.6 units/
mg), bovine pancreatic deoxyribonuclease (Worghington, Freehold, N.J.,
1200 units/mg), phospholipase C (Calbiochem, San Diego, Ca., 1.5 units/
mg), mercaptoethanol (Eastman, Rochester, N.Y.) and lactoperoxidase
(Sigma Chemical Co., Montreal, Que.). The protein assay kit was
purchased from Bio-Rad (Richmond, Ca.). All other chemicals were of

reagent grade and used without further purification.

. 2.2,4 Preparation of subcellular fractions from primate testes

Testicles from the four adult nonhuman primate species (Mm, Mn,
Mfl, Pc) were used in the preparation of the particulate LH and FSH
receptors. The decapsulated tecstes were thawed under a stream of
blowing cold air and all subsequent steps were performed at 4C (Fig. 11).
The testes were minced with scissors, rinsed and suspended in 25 nM
Tris-HC1l buffer, pH 7.2 containing 100 mM sucrose (5 ml per g of tissue).
The addition.of a hypotonic solution of sucrose aids cellular disrixption
by causing cell lysis. One testis from each of the four species was
homogenized by a hand held ground glass tissue grinder using 8 strokes
up and down). The other tissues were individually homogenized mechanically
using a Tekmar tissuemizer, set at low -speed using 2-3 short pulse‘s of
10-15 seconds duration. The homogenate was filtered £hrough 4 layers
of cheesecloth and the filtrate was centrifuged at low speed (600 x g)
in a Beckman J21B centrifuge to remove cellular debris. As the amount
of debris eliminated was usually small in the first few experiments,
this step was omitted in the subsequent.'studies without significantiy
affecting the results. The filtered homogenate (H1) was then centrifuged
at 40,000 x g for 1 h and the supernatant from this was further subjected
to ultracentrifugation at 140,000 x g for 1 h. The resultant pellets
designated Pl and P2 respectively were resuspended by mechanical
dispersion using 8 strokes in a tight fitting glass Dounce homogenizer
(1 g per 2 ml of 25 mM Tris-HCl buffer, pH 7.2 containing 10 mM MgClz).
These were stored in small aliquots at -70C. Prior to assay, the

fractions were thawed at room temperature and again gently homogenized
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PRIMATE DECAPSULATED TESTES

!

' CUT INTO SMALL PIECES + RINSE WITH
X 7
- 25 mM TRIS-HC) BUFFER pH 7.2 CONTAINING 100 mM SUCROSE -

MAKE UP VOLUME (5.ml BUFFER/GRAM OF TISSUE)

l

HOMOGEN)ZE TISSUES

|

FILTER THROUGH 4 LAYERS OF CHEESECLOTH

Pscbn

FILTRATE H'

l CENTRIFUGAT ION
40,000 X g 1 HOUR

Vo

. PELLET SUPERNATANT
[ « ' P S >

ULTRACENTRIFUGATION
140,000 X g 1 HOUR

l

|
SUPERNATANT PELLET
S, P2

'Y Ejn\g

1

P

* Fractions P, and P, nesuspended by mechanical dispersion in
25 mM Tris-HCE, pH 7.7 buffer containing 10 mM MgC£2

. F1G. 11 °

Scheme for the preparation of gonadotropin receptors.

l
[ (7 m& buffer/gram of tissue).
1
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in the assay buffer (as above with 1 mg/ml bovine serum albumin added)
to obtain a uniform suspension (see below).

For purposes of comparison with the primate receptor a FSH receptor
preparation from adult bull testes (BTR) was prepared (201). A LH-FSH
receptor preparation was also prepared by homogenizing adult CRCD rat
testes (RTR) in 25 mM Tris-HCl buffer, pH 7.2 containing 10 mM sucrose
(5 mi/g). The homogenate was centrifuged at 20,000 x g and washed
and'resuspended in 25 mM Tris-HCl buffer, pH 7.2 with addition of 10 mM

MgCl1, (2 ml/g).

2.2.5 Protein estimation

To assess protein content, 100 1l aliquots of each subcellular
fraction was mixed with 100 ul of 0.5 N NaOH and kept in a boiling ‘water~
bath. After 30 min, 100 ul of 0.5 N HC1 was added and the protein
content was determined using the Bio-Rad protein determination kit (Bio-

Lol )

Rad, Richmond, Ca.) employing bovine serum albumin as standard (202).

2.2,6 Iodination of hormones

The hormones hFSH, hCG, hLH, olLH, oFSH and hPRL were labeled with
1251 by the lactoperoxidase method (203) as previously described (201)
using carrier free Na-1251 (Amersham Inc., Chicago, I11.). To 5 ug of
the desired hormone to be iodinated (ex. 5 lg/25 uEl hFSH), the following
reagents were added. First 81.5 ug EDTA (163 ug/100 ul water) was
added, followed by 10 ul Na—lzsl, and 10 ug la’c'toperozddige/z;a ug/250 ul
10 mM potassium phosphate buffer, pH 7.4). The reaction was started by
the addition of 100 pl hydrogen peroxide (0.00028Z) and stopped after
a‘5 min incubation at room temperature by application of all but 10 nl
of the reaction mixture (235 ul) on a Sephadex G-100 column (0.7 cm x
33 cm) previously equilibrated with 10 mM potassium phosphate buffer,
pH 7.4 containing 0.17 BSA and 0.27 sodium azide. .The 10 ul aliquot
was used in the determination of the specific activity of the labeled

hormone. Gel filtration at room temperature on Sephadex G-100 resolved
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the labeled hormone from the free Na—lzsl (Fig. 12). The radiolabel?d
hormone eluted from the columm in the same position as the unlabeled
native };ormone indicating the absence of any gross changes being induced
in the hormone by the iodination procedure. As a further precaution
against using damaged radiolabeled hormone, only the peak tubes of the
labeled hormone (first peak) were preserved in aliquots at -70C until
ase. The radiolabeled hormone was generally used within two weeks of
preparation. The integrity of the labeled hormones were verified by v
electrophoresis, gel chromatography, radioreceptor assay, radiolmmunoassay
and specific bioassays.

The specific activity of the labeled hormone, in triplicate, was
asgessed by precipitati’ng the hormone in 2 ml acetone from'a kno;en
aliquot of the reaction mixture (425 pg/20 ul). After standing at room
temperature for 30 min, the tubes were spun in an IEC clinical centrifuge
at 2900 x g for 5 min at 4C, The supernatant containing the free iodine
was removed by suction and the pellet again washed with 2 ml acetone to
remove any residual free Na—lzsl.‘ﬁhe:precipitated radicactivity in
the tubes was assumed to represent only hormone bound radioactive iodine.
The tubes were counted in an LKB rackgamma II counter (707 counting
efficlency) and the specific activity, ie. the amount of radioactivity
incorporated, calculated from the counts per minute (cpmj /known quantity
of hormone. The specific activities of the labeled hormone used in this
study were in the range of 60-—1900 uci per ug.

2.2.7 Binding of 1251-1abeled gonadotropins to testicular fractioms

Specific binding of lzsI—labeled hormones to each of the primate

testicular subcellular fractions were assessed. The assays were
performed in triplicateéwh\lo X 75 mm disposable polystyrene tubesa.
Unless otherwise indicated each tube contained approximately 50,000

cpm (400 pg) 125I-lalbe].ed hormone, 100-300 ug protein equivalent of

the testicular fractions and 100 pl of the unlabeled hormone and/or
assa}; buffer to constitute a final volume of 250 pl per tube. The éssaj}
buffer consisted of 25 mM Tris-HC1l buﬁfe£, pH 7.2 containing 0.17 bovine



FIG. 12

Resolutignof 125I--labeled hFSH from the free iodine ﬁeak by gel

filtration on a Sepha'dex G-100 colum (0.7 x 33 cm, bed height =

29 cm). Fractions (0.8 ml/tube) were eluted from the column

with 10 mM potassium phosphate buffer, pH 7.4 containing 0.17 BSA
, and 0.27% sodium azide. The sgpecific activity of lzsI-labeled

hFSH was 99 uCi/ug. Similar separation patterns were obtained

for the oth;er labeled horxi;ones.
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serum albumin (BSA) and 10 mM MgClz) . The tubes were vortexed and
“incubated in a continuously shaking Dubnoff water bath for 6-8 h at 34C.
The reaction was terminated by the addition of 2 ml of chilled assay
buffer followed by centrifugation at 2,900 x g for 15 min at 4C in a
tablé top IEC clinical centrifuge. The presence of MgCl2 tends to
cause aggregation of the membrane particles allowing pelleting at low
speed centrifugation. The supernatant was removed by aspiration under -
vacuum and the radioactivity in tt;e pellet was determined in an LKB
rackgamma II counter. Centrifugation under ~these. conditions was adequate
to sediment all of the hormone-receptor comp;.ex(es) . In the initial
studies, precipitation of the supernatant bywagents such as polyethylene
glycol did not reveal any additional specific binding. Hence this step
was not essential in other routine experiments. In all cases, non~
specific binding was determined in the presence of a 1000 fold exceésn

. of respective unlabeled hormone. The.difference between the total

- radioactivity bound and nonspecific binding was defined as the amount ’
specifically bound and expressed as a percentage of the total counts

put iﬁtoqthe tubes. All variations in this procedure with respect to
handling, temperature, medium, and processing are ina‘:kcated at
appropriate sections in the .results.

17

2.2.8 Dissoclation reaction

The testicular receptor-hormone complex was first formed“by incubating
100 ug protein equivalent of the subcellular Pl fractioms with 0.4 ng
of 127I-1abeled hFSH (?PI-hFSH) in a total volume of 250 pl for 16 h
at 25C with continuous shaking. The reaction was terminated by the
addition of 2 ml coid assay buffer, and the tubes centrifuged at
2900 x g for 15 min at 4C. The supernatant containing the free hormone
was removed by suction. The volumenof each t(ube was reconstituted with
250 ul of the assay, buffer of desired pH and molarity in the presence
or absence of unlabeled hFSH. The tub&‘e then vortexed to ensure

dispersion of the pellet and incubated further at the desired température

. (see results). At specific intervals, samples wege removed, diluted

-

a
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‘with 2 ml of assay buffer at 4C and centrifuged. The supernatant was

removed ggd radioactivity in the pellet was determined.

2,2.9 Effects of pH, salt concentration and enzyme digestion on the
receptor

Testicular fraction P1 (125 ug protein per tube) was preincubated

at 37C in the presence of the agent to be tested. After 30 min, 2 ml

of 1ce cold assay buffer was added to dilute the reagent'while terminating
the reaction at the same time. After centrifugation at 2900 x g for

15 min at 4C, the supernatant was removed and the pellet containing the
receptor was then resuspended in 250 1]l of the assay buffer containing

125I-hFSH in the presence or absence of 100 ng of unlabeled

about 0.4 ng
hFSH. The<binding reaction was then initiated by placing the tubes

in the shaking water bath at 37C. After 2 h, the reaction was then
terminated by the addition of 2 ml cold assay buffer and the tubes were
ﬁro;éssed as above. Specgific binding was calcglated from the radio-
activity bound to the pellet in the presence and absence of unlabeléd
hFSH.

%,

2.2.10 Detection of soluble hormone binding (receptor) activity

Aliquots of supernatants derived from the 140,000,x g centrifugation
of testicular tissues were incubated for 16 h at room temperature (25C)
with 50,000 cpm (400 pg) of 125I—labeled hormone in a final .volume of
250 yl. In the case of lzsI-hPRL, incubations were for 2 hr at 34C.

Nonspecifiq binding was assessed by adding an excess of unlabeled hormone

YSOO fold). The assay buffer consisted of 25 mM Tris-HCl buffer, pH 7.2

containing 1 mM bacitracin, 0.1%Z BSA and 0.2%7 MgCl,. Bacitracin, an
antibiotic polypeptide, was added to suppress any proteolytic enzyme
activity ifi these fractioﬁ%. The ‘reaction was gtopped by adding 200 ul
of bovine gamma-globulin (5 mg/ml), which acts as a carrier, followed
by 1.,ml of a 15Z polyethylene glycol solution (MW 6000). Bovine gamma
globulin and polyethylene glycol (PEG) were prepared in 25 mM Tris-HC1

v
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buffer, pig 7.2 containing 154 mM NaCl. The tubes were vortexed, allowed
to stand for 10-15 min at«4C to allow maximum precipitation and ‘then
centrifuged at 4C for 10 min at 2900 x g. The supernatant cor'xtaining
the unbound hormone was removed by suction and the pellets counted in

an LKB rackgamma II counter.

2.2,11 Lleydig cell bioassay

) Dispersed interstitial cells from testes of 180-200 gram r#ts were
prepared by collagenase digestion (199, 204) . Approximately 100-200,000
cells per ml were incubated in Dulbecco's modified Eagles medium
containing 0.17 bovine serum albumin and 0.1%Z lima bean trypsin inhibitor
for 2 h at': 37C in the presence af 95% 02‘-'-52 C02. The total volume'of (
the incubation was 0.6 ml. The cells were incubated with various doses

of radiolabeled or unlabeléd LH or hCG. After the incubation, the

reaétion was stopped by adding 4 ml cold assay buffer and testosterone

was measured by radioimmunoassay (199), . , . .

2.2.12 Statistical analysis

’ . ' o
Data were analyzed for significance by Student's 't' test.

Scatchard plots were done on a p'rograunnéble Hewlett-Packard desk top

calculator.
P
- 4
2.3 Results

[}

, 2.3.1 Distribution of FSH binding sites”

125

The distribution of protein and specific binding of ~““I-labeled hFSH

(lZSI-hFSH) in the different’ subcellular fractions prepared from adult rhesus.
monkey testes (13 yr) was first investigated. .The amount of protein in
the homogenate (H1) resulting from either homogenization by hand or by
mechanical &ispersion was approximately the same. Tﬁe distrib’utio’n‘ in

the pellet Pl and P2 were also similar. Operationally mechanical
R , S L
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homogenization was-easier and fasterfthan manual glass homogénization
and the former was routinely used in more detailed characterizatign of
the rhesus mogkzy FSH receptor (195) and investigations of the other
species of monkeys (see below). By either method of haﬁdling (Table 3)
approximately 407% of the homogenate protein was recovered in the sub-—
cellular fraction sedimenting at 40,000 x g (designated fraction Pl).
Cedtrifugation of the supernatant of this fraction at 140,000 x g for
1 h did not result in significant recovery of protein (approximately 2%Z)°
in the small pellet fraction P2.
The specific bigﬁing of 125
at 34C for 8 h (Fig. 13) was proportional to the amount of the testicular

I-labeled hFSH as assessed by incubation

protein fraction. Binding to the homogenate (Hl) was low with’maximum
specific binding (8Z) occurring in the presence of about 400 ug protein.
However, binding to the 40,000 x g pellet Pl was about 2- to 3-fold .
greater than the homogenate. Littie or no FSH binding activity was
detectable in the small amount of fraction P2. )
The specificity of bindiﬁg of wvarious %ZSI-radiolabeled hormones
‘ (human énd nonhuman) to éesticular fractions derived from the adult
rhesus monkey, bull and rat is illustrated in Fig. 14. Binding of
125I*-la'beled hFSH andquSH was obéerved.with both rhesus umnkey testis

fractions, with the_P11fraction showing greater binding. However, the

[ S

. 'rhesus monkey receptor preparations bound very little of labeled primate
| ~ 1 (M*1-1abeled ncG or 12°I-1abeled hLH) or nomprimate LH (12°I-labeled
olLH). Incubation of 125I—--labeled hCG with up to 900 ug of fraction Pl
! did not result in more than 17 specific binding of the hormone. Thi;
[ _ . should be. compared with 16-20Z specific binding of 1251-labeied hFSH
J obéerved with 300-400 Hg of the Pl fraction. Our inability to detect
s ) LH receptors in adult monkey tissue preparations is unlikely due to
inactive radiolabeled LH. This is because these same radiolabeled
l ,‘ hormones were bound by LH reéeptors in rat testicular tissue and were
as potent as the native unlabeled hormone in stimulating testosterone
production by rat Leydig cells (Fig. 15).

1 “/3
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TABLE 3

[T M U S R F oo n AR S S TARASR A A A KNSR Al T Al IR TR M M R R (e A R il il o o T Y

_FRACTIONATION OF ADULT RHESUS MONKEY TESTES FOR GONADOTROPIN BINDING SITES -

Yield of Protein

Subcellular fractions (mg of protein/g of tissue)

% protein yield

I - II III* avg
Homogenate (H1) 29.6 38.2 . 37.8 135.2 100
(after filtration)
40,000 x g pellet (P1) 10.9 19.3 1l4.4 ' 14.9 43.8
1.8

140,000 x 'g pellet (P2) 0.5 0.7 0.5 0.6

v

Testicular weight (g)** 20 23 22 22

H

Data represent the distribution of protein obtained from three separate

extractions of mature l13-year-old rhesus monkey testicles.

"are shown in Figures 13 and 14.
*
Hand homogenization;

*% ’ C
Weight of testes after decapsulation.

Binding data

v
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FI1G. 13

Specific binding of 1251 labeled hFSH ( -hFSH) t@'varying amounts

of tasticular fractions obtained from a 13 yr old rhesus monkey.
Similar results were obtained with testicularf tissue from the other
three nonhuman primate species. Unless stated otherwise, the reaction
mixture consisted of approximatély 50,000 cpm (400 pg) of labeled
hormone and 100 ul of testicular tissue. ' The reaction volume was made
up to 250 ul with the assay buffer (25 mM Tris-HCl buffer, pH 7.2
containing 10 mM MgCl2 and 0.1%Z BSA). Nonspecific bihding was Qefermined‘
in the presence of 100-500 ng -of unlabeled hormone. Incubations were

for 8 h at 34C. Experimentél values were done in triplicate and

represent the mean * SEM of at least duplicate experiments. .

-
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Relative binding ability of T2 I-labeled human gonadotropins (hCG,

hLH, YhFSH) and sheep gonadotropins (LH and FSH)  to testicular fractions
grom the rhesus monkey (13 yr), adult bull (BTR) and !dult rat (RTR).

In each test an equivalent of 100 ug protein was incubated with the
labeled hormones for 3 h at 34C. The apecifically bound hormone is‘
represented as fnul (for the calculations the molecular weight of

hCG was taken to be 36,700 daltons and that of LH and FSH to be 30, OOO
daltons each). The binding patterns of labeled horuones to fractions»‘
from the other 3 species of monkeys were gimilar ;o the-rhesus testes'
(data not shown). Unless stated otherwise, data fepregents the mean

* SEM of triplicate values.of at leaug two separate axperiments.

Hl = Homogenate; Pl = 40,000 # 8 peylet(fract*on; BTR = bovine testicular

receptor; RTR‘= Rat testicular receptor.
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FIG. 15

Comparison of the effects of 1251‘.-1abeled ‘hCG and unlabeled hCG on

collagenase dispersed rat interstitial cells in vitro. Similar results
were obtained using labeled and \fnlabeled olLH and hlH. Control
incubations with no hormone added had a testosterone value of 5.57 #*

0.29 ng/tube. Data shown are the mean * SEM of triplicate values of
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It is possible that our inébility to.detect significant LH binding
sites in the adult rhesus monkey tissues used was due to our method of
membrane preparation. Therefore, we took a pair of testicular tissues
from a 13 yr old rhesus monkey and subjected one to a gentle homogeniza~
tion by hand in a tissue grinder and the other to the usual rough .
cellular dispersion by the Tekmar tissuemizer (see methods). Gentle
hand homogenization had previously been shown to yield particulate
fractions of primate testis with some hCG binding ability (185). How-
ever, while both techniques gave approximately the same amount of 125I—-
labeled hFSH binding, no significant ~>’I-labeled hCG or hLH binding was

again observed. To exclude the possibility that LH(hCG) hormone-receptor
'complgx‘s were being formed but were not sedimenting at the speed of

centrifugation utilized in this study, samples'were precipitated with
polyethylane glycol (see section 2.2.10). There was no significant
incrgase in the specific binding of the radiolsbeled LH or hCG again
§uggésting that there are few if‘any LH receptors present in adult '
rhesus monkeyiffjfés investigated in the turrent studies.—

2.3.2 Subcellular distribution-of gonadotropin binding sites in young

/‘rhesus'monkezg
4 , , ,
Subcellular fractions were prepared from the testes of a 5.8 yr old

rhesus monkey. No change in the protein yield was observed. In contrast

to adult tissue, there was specific binding of 125I--hCG to homogenates

and fraction P1l, with a two fold enhancement of hCG and WFSH binding
in fraétion P1. A comparison of 1251 hce ‘and '*P1-nFsH binding to

fraction Pl is illustrated in Fig. 16. Note that for equivalent amounts
125

© of protein, a preferential uptake of I-hFSH was observed. As a

consequence of its greater 125I—hCG bindiﬁg, the characterization
studies of the rhesus LH receptor were done on testicular fractions

derived from young monkeys (less than 6 years old).

5 : <
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125 25,

Comparison of the specific binding of
to the sybcelluléﬁ testicular fraction P1, obtained from a

I-hCG gnd T2°I-hFsH

5.8 yr old rhesus monkey, as a function of protein concentra-

tion. Similar results were obtained with testicular tissue °

from the other three nonhuman primate Species: Tﬁe'specific \ I
binding of 1 fmol of labeled hormone represents 36.7 pg of
hCG and 30 pg of hFSH. 0f the counts associated with tﬂe e , li
pellet, up to 60Z of the -221-hCG and 80% of the -  I-hFSH ‘

represented.specifically bound hormone.
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2.3.3 Subcellular distribution of gonadotropin binding sites in four

nonhuman primate species |

We have been able to study testes from.three other species and the
subcellular distribution of protein in the different fractions is
compared in Table 4. The pattern of protein yield for these nonhuman
primates was approximately the same as in the testes of adult rhesus
monkeys, with about 35.0 * 1.5 mg of homogenate and 12.4 ¥ 0.6 mg of
fraction Pl obtained per gram of tissue. Comparable age groups of the.
nonhuman primates were utilized for the binding studies. The relative -
125I—hFSH and 125I—hCG binding of the Pl fraction was 2-3 fold greater
(data not given) than the respective homogenates, a result identical
to that observed for the rhesus monkey testes (Fig. 16).

2.3.4 Effects of time and temperature on the association of ;?sl-labeled

gonadotropins to the primate testicular réceptor

The specific binding of the radiolabeled gonadotropins to the sub=-
cellular testicular fraction Pl prepared from the nonhuman primates is
dependent on both the duration and temperature of the incubation. A
comparison of the association pattern of 125I---hFSH and 1251—h€G.to the
Pl fraction derived from the different primate specles is illustrated -
in Figures 17A and 17B respectively. At 34C, their physiological
temperature, significant and rapid binding occurred during the first
two hours of incubation, reaching an equilibrium by about 6-10 h. While
a similar pattern of association of the rpdiolabeled gonadotropins to
the four primate species was obser&éd, the binding equilibrium for

125I-—hFSH and 125I---hCG binding to the bull and rat testes was reached

earlier, within 2 h and 4 h respectively. . ’

A more detailed study of the tempéfature dependence of the binding'
of the radiolabeled gonadotropins was performed using the rhesus monkey
(Fig. 18A and 19) and the yellow baboon testes (Fig. 18B). The rate of
association of the hormone to the receptor was similar at boﬁh 34C and

37C. At 25C, the interaction of the gonadotropin with its receptor was

)

{
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COMPARISON OF THE SUBCELLULAR PROTEIN DISTRIBUTION AMONG

TABLE 4 ,

FOUR DIFFERENT PRIMATE SPECIES

Yielgl of Protein
(mg of proteins/g of tissue)

Subcellular Fraction (Mean * SEM)

Primate species* Mm (>5) Mn (>5) Mfl (>5) Pc (>3)

Average Testicular 18.3+2.,0 15.1%1.6 12.6%1.0 14.13.7

Weight (g)#** .
-

Homogenate (H1) "39.3i0.57 30.4%4.31 30.0£0.30 32.7+1.46
. 40,000 x g pelleé (P1) 11,8%9.67 11.60.97 10.911.73 11.2+1.32

140,000 x g pellet (P2) 0.610:06 0.5£0.08 0.510.06 0.310.05

Al

* . ) .
Number in parentheses represents the age of the primate in-years;

Hok ' fj )
Weight of testis after decapsulationm.

»
]

im

Values shown above (n=4 to 6 tissues) were ébtained by mechanical

disruption of the tissues.
homogenization (ot shown).

Comparable values were obtained using hand

Mm -- Macaca mulattd (rh,es_us.monke'y); Mn -- Macaca nemestrina (pig

tailed monkey);

Pc -- Papio cynocephalus (yellow baboon).

el

Mfl -~ Macaca fascicularis.(crab-eating monkey);
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FIG. 17

Time dependence of the association of %251;hFSH (A: top panel)

and 125I-hCG (B: bottom panel) to the subcellular fraction Pl R

-

obtained from adult animals of various species. Aliquots of L
100-300 ug protein of fraction Pl were incubated with ‘the
125 I-labeled hormone in the presence and absence of the
raspective unlabeled hormone for various lengths of time at .
34C. Specific binding was determined at the, indicated time
intervals. The maximum binding of 1251~hFSH (Mf1 = 167 S.B.,

= 87 S.B., Mn = 10Z S.B., Pc = 16%7 S.B., and bull = 20%
S.B.) and -2T-nCC (MF1 = 27 S.B., Mm = 8% S.B., Mn = 2% S.B.,

= 37 S.B., and rat = 347 S.B.) was considered as 100%.
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FIG. 19

Temperdture dependence of the 9ssbciation of lZSI—hCG to 210 ug

of the testicular subcellular fraction Pl obtained from the rhesus

monkey (5.8 y{‘) . The maximum l;inding of ‘1251—hCG (6% S.B.) was

considered as 100%Z. Data represents the mean * SEM of tripli&gatm
s

values of one of\two experiments.
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much slower, requiring about /12 h of incubation to’attain equilibrium.
The binding at 4C increased very slowly and had not reached equilibrium
even after 24 h of incubation. The specific binding gradually decreased
when the incubation was prolonged beyond 12 h at’ 37C and 34C. A similar
phenomenon was evident at 25C, but at a slower rate, In the case of the
thesus monkey, the hCG hormon;a-receptor complex appeared to be more stable .
than the FSH hormbne-receptor complex at 25C. After 24 h, the binding

of 1251 hCG was near optimal levels while IZSI-FSH bindinog had declined
by 60%Z. The decline in binding in.these instances may have been due to

the denaturation or degradation of the receptor and/or the ligand (see .

below).

2.5.5 Temperature stability of the receptor and radiolabeled hormone .

In order to distinguish if the drastic. decline in specific binding

of- 1251 hFSH and 125 I-hCG to the receptor at 37C, 34C or 25C was due to
the lability of the hormone and/or the receptor, the fc;llow:!.ng experiments
were performed. Thé receptor fraction Pl and labeled hFSH were separately
incubated at the different temperatures for various time periods. At

the time intervals as shown in Fig. 20 and 21, binding ability of the
pretreated radiolabeled hormone or the r;ceptor fraction was evaluated

by incubation with their (untreated) respective counterparts. A 4-h
binding assay was performed at 37C to determine specific binding (see
section 2.2.7). The radiolabele‘d»hFSH and hCG showed no significant
change in their ability to bind to the monkey receptor following incubation
at all three temperatures for as long as 48 h. Indeed, the labeled
hormone kept at 4C for 4 days showed no change in its binding ability

as compared to zero time (data not shown). In contrast to _the stability
of the labeled hormone, the receptor fraction showed a marked decrease

in its binding 4bility after preincubation. A cpmparable pattern of
decline was observed for the testicular fractions derived from the rhesus
monkey and yellow baboon (Fig. 20 and 21). At 34C, a 50% loss of 125,

hFSH binding ability occurred by 1.5 h and 5 h and a 50% loss of IZSI-hCG
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FIG. 20

Effect of preincubation on the integrity of the adult rhesus
“monkey testicular receptor. .
A (top panel): 1251 ~hFSH" binding to 150 pg protein of sub-
cellular fraction Pl from:a 13 yr old rhesus monkey..
B (bottom panel): 1251 -h€G binding to 2Q0 ug protein of sub-\
cellular fraction P1 from a 5.8 yr old rhesus monkey. The /’\
receptor fraction Pl and the 125I-labeled hormones were
separately incubated in the assay buffer ai: different temperatures
for var;{.ous durations of time and their ability to bind to
the unincubated labeled hormone or the receptor ‘iresﬁectively
was assessead in a subsequent 4 h incubation at 37C. The
maximum specific binding of 125 -hFSH (10%7 specific binding)
125 I-hCG (6% specific biuding) was considered as 100% for
all the calculations. The labeled hormones, 125I—hFSl*I (top -
panel) and 12SI--hCG (data not shown), did not suffer any
inactivation at 4C, 25C, 34C or 37C for 24-48 h. Data
represents the mean + Sm of triplicate values of one of.

two exper iments .
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FIG. 21

Effect of pxieincubation on the integrity of the adult yellow baboon
1ZSI-hFSH binding to 200 ug
protein of subcéllular fraction Pl from a 10 yr old .yellow baboon,
B (bottom panel): lzsI-hCG binding to 350 ug protein of subcellular
fraction P1 from an 8 yr old yellow baboon. The maximum specific

1251 hESH (142 specific binding) and 2’I-hCG (37 specific |

binding) was considered as 100% for ‘all the talculations. Data

represents the mean * SEM of triplicate values of one of two experiments.
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binding ability occurred by 4 h and 3 h for the rhesus monkey and yellow
baboon respectively. The decline in hormone binding ability was clearly
related to the témperature of. preincubation. For the rhesus monkey
(Fig. °20A), the receptor binding ability for 1251—hFSH was raplidly lost
at 37C showing a 507 decay, after only 1 h of preincubation. The rate
of loss was slower at 34C, 25C and 4C. ‘At 34C, 25C and 4C, a 502

loss of binding ability occurred after 1.5, 7 and 48 h of preincubation,
respectively. The difference in stability of the receptor at 37C and.
34C was reproducible. Data from this expé‘igiment clearly show that the
exposed binding sites are susceptible to degradative processes in the
absence of the hormone. However, if the ligand w&s included in the
incubation at 37C, 34C or 25C, binding could be dembnstrated up to about
10-12 h (Fig. 18 and 19). The decrease in specific binding that occurred
beyond this period even in the presence of the ligand (Fig.” 18 an1d 19)
may again be attributed to inactivation of the receptor.

2.3.6 Effect of pH on the binding of ° lzsI—labeled hFSH to the receptor

-
The specific binding of radiolafeled hFSH to rhesus. testicular
recef)r fraction Pl occurs over a fairly wide range of pH (Fig. 22)
with optimal binding between pH 7.0-7.5. At the extremes of pH (4 and
10), the degree of specific binding was either small or insignificant.
Table 5 illustrates the similar effects of pH on the binding of 1251 hFSH
by the rhesus monkey and yeilow babooﬁ. In addition to the pH, binding

was apparently dependent on the type of buffer used. Although the Bame

concentration of the buffer was used (25 mM in all cases), at every pH
studi‘ed, specific binq‘ing in the presence of Tris-HCl1l was significantly
higher than that obtdined using phosphate buffers. The reduced binding
of the hormone to the receptor at extremes of pH could be a result of
a loss of the integrity of the particulate receptor or instability of
the ho'rmone itself. To investiﬁgate this effect further, the particulater
receptor fraction from the rhesus monkey was exposed to pH 5.5 and pH 9.0

for 30 min at 37C followed by washing, resuspension and incubation with
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§ 1251~hFéH with 100 ug ofl testicular

0.025M TRIS-HC! BUFFER
] 0.025M SODIUM PHOSPHATE BUFFER

0.025M AMMONIUM ACETATE BUFFER
0.025M CARBONATE -BICARBONATE BUFFER

Effect of pH on the interaction of

z - fraction (P1) from the rhesus monkey (13 yr)
' . "~ were carried out at 34C for 8 h in the respedtivg. buffers indicate‘d,
in the presence of 10 mM MgCl2 and 0.1Z BSA.

(_ incubation are the game as shown in legend to Fig. 13.
.specific binding (10Z specific binding) obtained with 25 mM Tris-HC1

.

l at pH 7.0 was set as 100%7 for comparisons

Each set of incubations

Other conditions of
The maximum




.- TABLE 5

" INFLUENCE OF INCUBATION MEDIA pH ON THE SPECIFIC BINDING OF
lzsl-hFSil TO THE NONHUMAN PRIMATE FSH RECEPTOR (TESTICULAR)

BUFFER pH RHESUS MONKEY (Mm) YELLOW BABOON (Pc)
Acetate ) 4.89 £ 2.09 2.86 + 1.83
) .. 5 3.02 £ 0.78 1.31 ¢ 0.75
Co . 5.5 31.13 + 2.13 | 41.09 * 2.61
Tris-HC1 - - 6 78.90 ¢ 6.36 76.93 £ 3.31
' S 6.5 97.05 £ 4.65 77.96 + 2.31
7 100.50 + 2.89 100.00 + 1.93
7 1.5 95.96 + 3.85 88.74 * 1.13
8 70.05 + 3.34 60.65 + 2.14
" 8.5 46,05 £ 1.52 55.78 + 2.96
9 33.36 + 1.95 52.71 & 1.27°
9.5 N.D. 43.74 £ 0.90
Sodium phosphate’ 6 42.41 t 2.51 39.90 £ 3,37°
- 6.5 40.40 t 1.26 " N.D.
7 30.02 + 1.58 - 33.39 *+ 2.41
. 7.5°  22.78 £ 9.09 N.D.
- ( 8 .23.56 £ 2.95 23.41 £ 2.09
) ~¢gf§c;th;g;51qaiboﬁafe ‘ 9 : 6.00 + 1.07 _ N.D.
S 3.02 £ 1.64 ' 6.41%0.38
o 10, 2.67 + 1.92 "2.59 + 0.20
10.5 1.24 + 0.31 0.58. + 0.19

Al

Subcellular fractions were prepared from the rhesus monkey (13
) Aliquots of testicular fraction
Pl (100—@90 Ug protein) were incubated at 34C for 8 h in the

" respective buffers indicated, in the presence of 10 mM MgCl, and
. 0.1%2 BSA. Other conditions of incubation are as shown in legend
to Fig. 13. The maximum specific binding, 12% and 147 specific

A binding for the rhesus monkey and yellow baboon respectively, at
pH 7.0 was set as 100Z for comparisonm.

+ SEM of triplicate determinations of at least two separate
experiments., N.D. = not determined.

and yellow baboon (8 yr) testes.

yr)

Data represents the mean
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“I-hFSH in the usual assay buffer (25 mM Tris-HC1l, pH 7.2) for 2 h. o

This procedure led to about 50-60% restoration of the specific hormone

binding ability of the receptor (data not shown) indicating partial

reversibility of the pH effect at least over the short interval studied.
5 .

2.3.7 Effect of ionic environment on fhe interaction of labeled hFSH
with the monkey receptor

Exposure of the primate testicular receptor fraction to increasing

éoncentﬁrati'ons of salts included in the assay buffer (25 oM Tris-HC1,

pH 7.2) had pgofound effects-on the binding of 12.51—1ai:eled hFSH (Table 6).

A typical res Lt is shown in Figure 23A using the rhesus monkey as an

“

-

example. Optimum specific binding of hFSH occurred in the presence. of
5-10 oM CaCl

o OF MgCl,. At equivalent concenfrationg of Nat or k%,
the degree of specific binding was very poor and only at higher concentra-
-tions of these ions was the binding significant. The highest binding,
observed at 50-100 mM of NaCl or KCl was still substantially lower than
that seen witq’( 5-10 oM 'CaClz or MgClz. Using these values as the optimal
molarity of monovalent and divalent cations necessary for maximum
specific binding of 1251-hI:SH,' the ionic strength. of the incubation
medium was calculated. A similar ionic strength of 0.02-0.05'was found.
for monovalent and divaient cations to result in maximal specific b'inding
of ‘121 hFsH. | |

The effect of pretreating the particulate receptor fraction Pl of .
the rhesus monkey for 30 min at 37C“with various ionic concentrations of
MgCl, foll-owed by w_ast'x‘ing and resuspension in 25 mM Tris-HCl buffer,
-pH 7.2 containing 10 mM MgCl, is shown in Figure 23B. It may be noted
in this 'e}‘cperiment that the manipulation process itself diminigsshed the
total amount of °rad:’:.oact:iv:l.f:y bound at the 10 mM MgCl".Z concentration
(compare Fig. 23B, open and hatched bars). This should now be viewed
as the st:andarg for comparing the effects of preincubation at all other
Mg(Jl2 concentrations. Taking this into consideration, it begom&a clear
that there was restoration of hFSH binding in tubes pyeincubated with

a .suboptimml-concentration of MgCl2 such as 0.5 and 1 oM and then

¥
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EFFECT OF VARIOUS SALTS ON THE SPECIFIC BINDING.OF 12°I-hFSH TO THE NONHUMAN PRIMATE FSH RECEPTOR
» =~ Species . Ionic Concentration (mM)
1000 500 100 50 10 o 5 1 0.5

MgCl, (mM) “ ’ r )

“rhesus monkey (Mm) 1.60%0.98 1.68+0.71  14.68%1.40 53.09%2.64 100.00+1.34 88.37+2.33  38.10%3.69 28.73+1.43
yellow baboon (Pc) 0 1.54%0.74 20.35t1.21 62.4730.64 100.00%1.26  89.93%2.20 53.49+1.64 N.D.
pig tailed monkey '(Mn) N.D. 0 12.660.39 47.35:3.26 100.003.18  86.53+3.07 54.58+2.07 N.D.

CaCl, (mM) ‘ ’ . ’ ‘
rhesus monkey (Mm)’ 1.2420.59  2.58+1.25 14.0330.83  41,32+1.35 102.13%2.63 102.20:2.76 45.08£1.83  30.97+1.16
yellow baboon (Pc) 0 1.74¢0.82 17.03#1.01 55.08#1.02 109.89%3.52  98.48%3.65 63.71¢3.60  51.76:3.72
pig tailed monkey (Mn) N.D. 0 11.1240.67  44.82:0.46 113.71%1.67 102.63:1.79  70.89+2.47  50.40%2.5B
MgSOav (mM) ) . : o . -
rhesus monkey (Mm) N.D." 6.7620.47 25.11%#1.95 41.56%1.78  86,84%3.45 ., 61.55+1.86 69.27¢2.58  35.00%3.63
yellow baboon (Pc) o 12,51+1.20 50.69+1.50 72,00£1.12  74.93:2,93  ‘72.734.07  45.43%2.34 43.5052.24
pig tailed Wonkey (Mn) N.D. 4.2120.21  41.3231.64  66.50%4.02  80.4731.54 72.36%1.22 ~43.1431.81  33.71%1.15
NaC1 (mM) ‘ o , _ C C | .
rhesus monkey (Mm) 2.2720.40  2.72#0.50 11.65:2.09 22.6622.62 14.010.58 13‘c%¢2i01 11.89+1.86 N.D.
yellow baboon (Pc) ~ 0.39:0.24  0.78%0.68 14.65:1.15 + 22.05%¥1.13  23.4920.47 22.01%0.45 22.470.84  26.11%1.32
pig tailed monkey (Mn)  N.D. 1.090.49  12.52:0.64 18,8330.82 ~ 20.91#1.34 15.75:2.78 20.67:1.91. 19.9640.55
<C1 (mM) _ o ' : g . .
rhesus monkey (Mm) 3.1041.05 19.674k.99  45.91%1.28 45.0213.13 27.55£3.15 17.15%2.91 9.8611.56 14+,55%2.85
yellow baboon (Pc) 1.0430.60  7.46:3.70  61.96+2.04 63.41%£2.98  48.17+3.22  36.33:1.97  30.96:3.23 _ 29.60:1.70
_pig tailed monkey (Mn) N.D. 2.98%1.46  54.58+3.77 ' 54.86%1,06 44.9715.01 31.7531.86  20.80+3,08  26.10+4.04

Subcellular fractions were prepared from the rhesus monkey (13 yr), yellow baboon (8 yr) and pig’tailedAmonkey (10 yr) testes.
Aliquots of testicular fraction P1 (100-200 ug protein) were incubated at 34C for 8 h in the regular assay buffer at pH 7.2
but with varying concentrations of the salts. The maximum specific binding (Mm=10Z S.B., Pc=12% S.B., and Mn=10% S.B.Y

obtained in the presence of 10 mM MgCl, was set as 100% .for comparison.

was observed. Data represents the meafi+SEM of triplicate determinations of at léast two separate experiments. ND=no

a

b

In the absence of salt only 20%2% specific binding
t t determined
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FI1G. 23

- v

(A) Effect of ionic environment on the equilibrium binding

of 1251 hFSH to 100 ug testicular fraction (Pl) from the rhesus

" monkey (13 yr). All incubations were carried out at 34C for

8 h in the regular assay buffer at pH 7.2 but with varying
concentrations of the salts as indicated in the figure. The

‘ 'maximug}, sPecific binding (9Z specific binding) obtained in

the presence of 10 mM MgCl was set as 100% for comparison.

Each point wvas done, in triplicate with the bars omitted from

the figure for clarity. Data represents the mean of 3 separate ,

experimen ts.

°
-~
B

B) Effect of pre-exposure of 125 ué of testicular fr;ction

Pl from the rhesus monkey (1 ) to a.varying bigCl2 environment
at pH 7.2 on its subsequenf‘ljs,:-hFSH binding ability. The
receptor was preincubated for 30 min at’37C in 25 mM Tris-HC1
pH 7.2 with the indicated concentration of MgClz. ' After v ‘ i
centrifugation and washing of the pellet, the receptor-was . . )
re-incubated in the regular assay buffer (i.e. 25 mm Tris-HCl K

pH 7.2, 10 oM MgClz) for 2 h at 37C in the presence of 1251 hFSH

fot evaluation of binding. The maximum binding (72 specific

binding) ‘obtained with 10 mM MgCl without the first 30 min .
preincub%tion was set as 100%. Note that a 30 min preincubation

of the receptor without the ligand under these optimum’ conditions

results in loss of binding ability in the subsequent incubatiom.. e ,\ "

' 2
I ’ .
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transferred to a 10 mM MgClZ envirognment. Tubes in which the réceptor
was preincubated in 25-1000 mM now showed enhanced binding when
subsequently incubated.h While removal of the higher salt concentration
did not restore optimal binding in all cases, there was nonetheless a
significant increase in original binding. The tendency for biading
higher than that obtained at 10 mM MgClZ, becomeg clear upon examination
of the bars showing binding before and after in the tubes preincubated
with 25, 50 and 100 mM MgCl2 concentrations. Fallure to obtain optimum
binding following treatment at the very high salt (concentrations during
preincubation could be due to the disorganization of the FSH receptor
either by solubilization or other ;)rocesses. At intermediate concentra-
tions, such as 50 and 100 mM MgClz, the displacement of endogenous
hormone by the salt and 3ubsequent removal by the washing and centrifuga-
tion could lead to the exposure of more sites capable of binding the

agded labeled hormone in the second incubation.

2.3.8 Temperature and time dependence of the dissociation of the

preformed hormone—-receptor complex %

Similar to the association reactionm (Fig. 18 and 19), the gissocia-
tion reaction is also dependent on the incubation time and temperature.
The dissociation of the hFSH receptor complex in the rhesu's monkey and
yellow baboon testis is shown in Figure 24. For reasons of clarity, only
the effects of 34C and 4C are included for the yellow baboon (Fig. 24B).

Dissociation of the labeled hFSH from the preformed 125I—hFSH-receptor

complex was a very slow process at all temperatures studied in the presence

of a hormone free assay buffer. The addition of a 1000-fold molar exgess
of unlabeled hFSH was unable to significantly enhance t:t}e dissociation
of the complex. After 24 h at 34C, only about 40-50Z of total
specifically bound radioactivity was lost (displaced) from the pellet

of the rhesus monkey and yellow baboon. This is in comparison to about
a 20-257 decrease observed at 4C after 24 h for the rhesus monkey and

yellow baboon.

¥



' - FIG. 24

Effect of temperature and unlabeled hormone on the dissociation\\\N
125
of

I~-hFSH from 100-200 ug testicular fraction Pl obtained
from a 13 yr old rhesus nmnkéy (A: top panel) and an 8 yr old
yellow baboon (B: bottom panel). The preformed 12 I-hFSH-
receptor complex obtained by incubation for 16 h at 25C, was
washed and re-incubated in the same volume at different
temperatures for various times in the presence (broken lines)

or absence (solid lines) of a 1000-fold excess of unlabeled

hFSH. The binding obtained at the beginning of the second
incubation, 127 and 147 specific binding for the rhesus monkey
and yellow baboon reépectiVely, was set as 1007. The nonspecific
binding in this experiment amounted to 207 and 30%7 of the total
counts bound to the FSH re;eptor of thg rhesus monkey and yellow
baboon respectively. Data represents the mean * SEM of triplicate
determinations of at least three experiments. In panel A the
error bars were omitted from the figure for clarity, Each point

in paﬁel A is the mean of triplicate determinations which wvaried

less than 57.
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2.3.9 Susceptibility of the hormone-receptor complex to pH and salt

concentration

It was seen from data in Figure 22 that optimum binding of labeled
human FSH ’to the receptor occurs between pH 7.0-7.5. The influence of
extremes of pH such as pH 5 or pH 10, which were not conducive to
hormone binding, alsoc Had marked effects on the dissociation of the
preformed hFSH-receptor kcomp ex (Fig. 25A). Incubation at th pH
values (5.0, 5.5, 10.0) resulted in a rapid dissociation of most o

the specifically bound 125I—hF from the rhesus monkey receptor within

1 h at 37C (about 85Z decrease). Following this rapid loss the r

declined more slowly and b):l the ®nd of 12*h all of the specifically

boimd hormone was stripped off the receptor. .
The presence of a high salt concentration in the imcubation medium

also led to enhanced dissociation of the labeled hormone from the

preformed complex (Fig. 25B). 1In the presence of 500 nﬁLMgC12, nearly 5'\

all of the specifically bound lZSI—hFSH was dissociated. It may also

be interesting to note that ;ignificant dissociation of the hormone from

the hormo\ﬁé'-receptor complex can also be achieved by simply omitting

Mg012 in the subsequent incubation (Fig.(@SB). As noted in Figure 23A,

a low (5-10 mM) concentration of divalent cation is required for

maintenance of the efficient binding of the hormone to the receptor.

In this series of experiments (Fig. 25B) the addition of a 1000 fold

excess of unlabeled FSH failed to increase the dissociation of the bound

hormone from the receptor.
[}

2.3.10 Natute of the receptor

The chemical nature of the rhesus monkey FSH receptor was studied
in a limited fashion by incubaiting the particulate fraction with various
enzym:as or reagents., These results are shown in Figure 26. The exposure
of Pl receptor fraction to enzymes such as ribo;uclease or deoxyribonuclease
or to 0.17 ethanol did not affect the specific binding of lZSI—hFSH.

However, treatment with the proteolytic enzyme txypsin, phospholipase C



FIG. 25
(A) Dissociation of the preformed lzsl-hFSH'reteptor complex
as a function of pH of the incubation medium. The complex
was formed from 100 ug testicular fraction Pl obtained from
a 13 yr old rhesus monkey as detailed in F%g. 24 and
incubated at the indicated pH for varying:time intervals in
sets of triplicates. The following buffers (all at 25, mM
containing 0.1% BSA and‘lo mM MgClZ) were used: L
acetate buffer pH 5.0 and 5.5; Tris-HCl buffer pH 6.0-9.0
and carbonate bicarbonate buffer pH 10.0. The binding
obtained at the beginning of the second incubation, 8%
specific binding, was set as 100Z. The nonspecific binding
in this experiment amounted to 25% of the total counts bound

to the receptor pellet.

(B) 1Influence of the ionic environment on the dissociation
of the preformed 125I-hFSH receptor complex. ‘The complex

was formed from 100 ug'testicular fraction P1 obtained from

a 13 yr old rhesus monkey as detailed in Fig. 24 and incubated
at 37C in 25 mM Tris HC1 pH 7.2 with 0.1%7 BSA in the presence
of the indicated concentration of MgClz. The binding obtained
at the beginning of the second incubation, 87 specific binding,
was set as 100Z. The nonsﬁecific binding in this experiment

amounted to 257 of the total counts bound to the receptor,

pellet.
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F1G. 26

Stability of the monkey testicular FSH receptor to enzymes

and cpemicals .

The testicular fraction P1-(100 ug) from a

13 yr old rhesus monkey was exposed to the various treatments

for 30 min at 37C.

25 mM Tris-HCl buffer,
neuraminidase action was effected by incubation in 25

Phospholipase C treatment was done in
PH 7.2 containing 0.1% CaCl2 and

mM

ammonium acetate buffer pH 5.5 containing O.ZZ.MgCIZ. All
othBr- treatments were in 25 mM Tris-HC1 buffer, pH 7.2

containing 0.27 MgClZ.

the ability of the control or treated receptor to bind
lzsl—hFSH was performed at 37C for 2 h in the regular assay

buffer (see Fig. 13).
+

the appropriate controls. Data represent the mean %

triplicate values of one of two separate experiments.

All values have been normalized to

SEM of

“y oy

The second incubation which examined
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and 10Z ethanol almost completely eliminated the binding of labeled
hormone indicating that a protein and phospholipid component of the
particulate fraction may play ah important role in the control of the
FSH-receptor interaction in the primate testis. The significant decrease
in the presence of a reducing agent such as mercaptoethanol suggests
that disulfide bonds are also of structural importance to receptor
integrity. Treatment of the receptor fraction with neuraminidase which
removes accessible terminal sialic acid residues from glycoproteins did
not reduce binding of 125I—hI"SH. On the other hand, a small increase in
binding was observed. ) Therefore, sialic acid of the membrane does not
appear to be essential for hormone uptake.

L

2.3.11 Effect of freezing and lyophilization on the receptor

The bi_.nding'ability of 125I—labeled hFSH and hCG to the gonadc;t:ropgin
receptor (Pl fraction) was assessed immediately after preparation and
following freezing at -70C for 2 days. In all the four species studied,
the degree of 1251-hFSH binding to the receptor was slightly decreased
(about 207) after 2 days of freezing at -70C and thawing (Fig. 27).

The decrease appDeared to be. greater (307) in a species which had low‘
initial binding, ex. pig-tailed monkey. With others such as the yellow
baboon, the frozen and thawed receptor still showed very good (20%)
specific binding. In the same tissues, the loss of 12SI-hCG binding was
slightly greater (20-407) probably reflecting the two-four fold lower

hCG binding capacity of these tissues. Agaih the A‘decrease was ;étest
in tissues with low hCG binding (less than 27 specific bimding). Storage
of these tissues for longer periods of time (up to one year) did not
result in any further significant loses of hormdhe binding ability. This
suggested that repeated freezing and thawing of tissues were detrimental
to binding. This proved to be true, so fractions were only refrozen

a maximum of two times. After storage for 2% §ears at ~20C, a lyophilized
fraction of the rhesus monkey FSH receptor (Pl fraction) was as active

as a fraction kept frozen at -70C. This should prove to be a more
convenient method for long term storage of large quantities of the

gonadotropin receptors.

ra
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FIG. 27

Comparison of the binding ability of 125I—hFSH to the monkey receptgr

(P1) fraction on the day of its preparation (panel A) and after two
days of freezing at -70C (panel B). In the latter case, the frozen
receptor was allowed to gradually thaw at room temperature. Non-
specific binding (207 of added radioactivity) was determined in each
case in the presence of 100 mg hFSH. The percentage reduction in

panel B was 30, 18, 22 and 22 in Mn (15 yr), Mm (13 yr), Mfl (8 yr)

and Pc (10 yr) respectively.
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2.3.12 Specificity of tﬁe primate FSH receptor

In a binding assay using receptor fraction Pl from the four different

inhibited by their respective unlabeled hormones in a dose dependent

manner. The nature of the displacement curves obtained with the receptor

L ke, dbageates

)
from all the four species were similar.: A typical result is shown in
Figure 28. Unlabeled LH did not displace 1251—hFSH except at very high,
non-physiological concentrations. Similarly unlabeled FSH did not displace

125I--hCG . ’

P T

2.3.13 Quanvtification of testicular primate gonadotropin receptors

The specific binding of 1251—hFSH and 125I-hCG to the P1 fraction

derived from a 5.8 yr old rhlsus monkey was proportional to.the amount o

s

of labeled hormone added to the incubation medium (Fig. 29). Similar

I T T T

gonadotropin binding patterns were obtained using the subcellular fractions K

(P1) prepared from the other nonhuman primates. Specific binding of 4
f_l_z'sl-—labeled hFSH and hCG to the “testes of the four nonhuman primates was .
linear at low hormone concentrations. Saturation of binding sites by

1251—1111‘5141 and 1?'51-11CG occurred between 2-30 fmol and 0.05-1.6 fmol per

iy D

A

100 ug protein respectively. Binding data were analyzed by Scatchard

plot (205) using the formula: .

g N
TR e Wl At 4 S

‘ , B/F = Ka (n-B) where: )
= amount of hormone specifically bound -
F = amount of free hormone | ’ ':
n = hormone binding,g qapacity ’ 5

Ka = appa\reﬁt,associatioh constant

I VI

If the hormone receptotr interaction is a simple bimolecular reaction
and is at equilibrium, then the plot of B/F versus B should give a straight
1ine (see insert Fig. 29). Thus one can determine the apparent dissocia-
tion constant (Kd) from the inverse of the slope of the line and the
number of binding siteés or binding capacity from the X 1nte;cept (n).

For these calcula'tions, the molecular weights of hFSH and hCG were

T e S e e s Yyt

considered, to be 30,000 and 36,700 daltons respectively.
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FIG. 28
125

Competition of I-hFSH (A: top panel) and 1.251-11CG (B: bottom panel)

by their respective’ unlabeled hofmones for binding sites on the testicular
fraction P1 (100-200 pg) obtained from the rhesus monkey (5.8 yr). -

Data represent the mean * SEM of triplicate determinations of one of

at least two separate experiments.
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FIG. 29 ’

Spécific binding of increasing concentrations of labeled
’3onadotro'pins to a testtcular fraction (Pl) ﬁrepared from
1231 nce with 165 pg
protein equivalent of receptor (Pi1). B (bottom) lzsl-hFSH
with 50 ug protein equivalent of receptor (Pl). Nonspec;fic
binding for each point was. determined in the p'resence of a_

500 fold molar excess of the unlabeled hormone. Inset in

a 5.8 yr.old rhesus monkey. A (top)

each panel shows the Scatchard plot of the binding data.

The reciprocal of the negative slope of the line r)"ieldsi
the apparent dissociation cc;nstant (Kd) and the intercept

on the abscissa yields the total amount of labeled hormone
bound in picograms (pg), which is used to express the number
of receptors. The number of binding sites for hCG and hFSH
were 0.64 and 13.1 fmol / 100 ug protein resgpectively, which

is equivalent to 0,071 and 1.45 pmol/g of testes.
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The effect of increasing age on the binding capacities and affinities
of the rhesus monkey LH(hCG) and FSH receptors were computed and then
tabulated (Table 7). With one exception, the 5.8 yr old tissues, all
tissues were surgically removed during the summer months, ie. during )
the nonbreeding season. Although the few number of tissues avaiiéble
to us limited the age range which could be studied, a marked increase
in the testiCular'bindiﬁi’capacity for the gonadotropic hormones was
observed with advancing age (Fig. 30). Taking into considerationﬂonly
tissties taken fgog monkeys during the nonbreeding season, a progressive
increase was observed in the number of LH(hCG) receptors up to 4.0 yr
ofrag; gFig. 30A). FSH receptors increased up to 5.2 yr, with a marked
increase in receptor numb?rsQ(A.ZX) occurring betwedn ages 4.0 and
5.2 yr (Fig. 30B). At the next age group available for study (13 yr),
there was a pronounced decline in LH receptors (507) and no significant
change in FSH receptors. A distinct difference in the humber of
gonadotropinreceptors was noted between the testes removed from a
5.8 yr old monkey during the breeding season (January-September) and
the closest age matched monkey tissue taken during the nonbreeding
season (5.2 yr). There was a greater number of LH receptors but a lower
number of FSH receptors in"tbetS.8 yr old monkey testes. Whether this
is a general phenomenon or something peculiar only to this animal is
unknown. If the number ogug%naﬁotfopin receptors 1s expressed as pmol
hormone bound per gram of Ee;;es, then younger tissues are found to have
a greater quantity of LH(hCG) receptors than older tissues. The period
of increasing binding capacity (3.0-5.2 yr) is accompanied by a 50-100

fold increase in testicular size. °‘Thus the increased testicular

.gonadotropin binding capacity of older animals was most likely a

consequence of an increase in testfcular size. Every tissue gtudied
contained a greater number of FSH receptors than LH(hCG) receptors

(10-100 times greater). While no agelrelaged change in the LH affinity
constant was observed, there was a significant decrease in the affinity
for hFSH with increasing age. The cause ;f the increased binding capacity
and accompanying lower affinity for hFSH in the rhesus monkey testes 1

is as yet unexplained.
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TABLE 7

EFFECT OF AGE ON THE BINDING CAPACITY AND APPARENT BINDING AFFINITY OF THE
" TESTICULAR FSH AND LH(hCG) RECEPTORS OF THE RHESUS MONKEY

2 . e s :a' g Hormone binding capacity Apparent binding affinity (Ka)
: £Agqu Testicular FSH receptor ) LH(hCG) receptor FS Ore(ieptor LH(?CGz.reCeptor
. L yr) weight (g)  pmol/g testis pmol /testis pmol /g testis,  pmol/testis (10~ M%) (1010m-1)
3.0 0.3§t0.01 0.91%0.09 0.32+0.03 0.230+0.001 0.082+0.042 1.49+0.30 3.23#0.15
3.9 1.02+x0.19 2.18%0.19 2.26+x0.61 0.174+0.001 0.177+0.032 1.1520.19 2.45+0.13
4.0 5.2540.75 1.41+0,27 7.20+0.36 0.086x0.007 0.447%0.028 0.73+0.001 3.94+0.28
5.2 17.80+0.50 1.71%0.20 930.?412.71 ‘0.02610.007 0.450+0.121 0.29%0.01 2.47+0.46
5.8 13.85+0.15 1.3410.10 18.55%1.19 0.067+0.005 0.921+0.053 0.35%0.02 2.87+0.58
13.0 20.85+0.85 1.85+0.31 32.20+3.52 0.021+0.005 0.434+0.086 0.40+0.21 2.17+0.24
125

Data was derived from Scatchard analysis of tissues utilizing 1251 _h¥FSH and
monkeys aged 13 yr (n

I-hCG. With the exception of the
= 4 animals, 1 tissue each) data represents individual animals (4 determinations each).

9/
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FIG. 30

Influence of age of testicular tissue on the binding of
125I-hCG ‘(A: top panel) and 125I-hFSH (B: bottom panel)
to the rhesus monkey gonadotropin receptor. Testicular
weight is indicated in parenthesis. All tissues, except
the 5.8 year old, were surgically removed during the non-
breeding season. The number of receptors were determined
by Scatchard analysis of the binding data (see Fig. 29)

for each tissue. Each value represents the mean * 5.D.

tions each).
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A comparison of the binding capacities and affinity constants for
the interaction of 125I—hCG and 125I—hFSH with the different nonhuman
primates is shown in Tables 8 and 9 respectively. The few tissues
studied, did not permit a correlation between tissue age and receptor
numbers. The binding affinities for both gonadotropins were in the
range of 109 - 1010 M, consistent with their blood levels. However all
the nonhuman primate tissues exhibited a significantly higher affinity
for 125I—hCG. The binding capacities of the nonhuman primates for the
gonadotropins were similar when expressed as pmol hormone bound per gram
of intact tissue. The crab eating monkey and rhesus monkey exhibited
the greatest FSH and hCG binding capacity respectively. All tissues

from each species had a greater quantity of FSH receptors than LH(hCG)

‘ receptors, with this ratio being aée and species dependent.

/

2.3.14 Detection of buffer soluble FSH binding components in testicular i

extracts ;

The presence of buffer soluble gonadotropin binding components was
investigated in the 140,000 x g supernatant fraction of extracts of the
bull, rat, human, and the four nonhuman primate testes. Various aliquots

of the supernatant fractions (up to 2 mg of protein) were incuwated

overnight at room temperature with either 125I-hCG or 125I-hFSH (see

section 2.2.10). Any hormone-receptor complex(es) formed was precipitated

using polyethylene glycol. No significant binding (less than 1% specific
binding) of either 125I-—hFSH or 125I—hCG was detected in 5 individual
testicular extracts from the rat (aged 34 days) or the human (aged 16-70

yr). Only the testicular supernatant fractions derived from the four

nonhuman primates or the bull specifically bound 125I—hFSH. These

fractions bound ">’ I-hFSH and “>’I-oFSH equally well. None of the

fractions demonstrated a capability to speclifically bind lzsI-hPRL,

125I-hCG or 125I-oLH (less than 1% specific binding). A typical result
for 125I—hFSH binding is shown in Figure 31A using the rhesus monkey as

an example. Binding of lzsI—thﬂ was proportional to the amount of -
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TABLE 8 .

COMPARISON OF THE BINDING CAPACITIES OF THE FSH AND LH RECEPTORS IN THE NONHUMAN PRIMATE TESTES

Hormone binding capacity

Ratio of

FsH LH(hCG) FSH/LH

. Testis weight receptors/

Species mean (g) pmol/g testis pmol/tegtig pmol/g testis pmol/testis testis

Macaca fascicularis (3) 11.1+8.8 1.5810.29 20.07+0.13 0.011+0.002 0.13x0.03 “154.4
o

Macaca mulatta (9) 12.6+1.4 1.2540.15 11.60+2.85 0.075%#0.02  0.3720.09 31.4
Macaca nemestrina (3) 15.1+3.2 0.82+0.18 11.85+1.73 0.021+0.004 0.32+0.05 37.0
Papio cynocephalus (4) 15.7;7.7 1.0840.16 14.56+2.11 0.028%0.007 0.3010.04 48.5

Numbers in parentheses represent the number of animals utilized for the study (two testes/animal). These

values are_ for animals greater than 2.9 yr of age.
utilizing 1231-hFSH and 125

per tissue.

Data was derived from Scatchard analysis of tissues
I-hCG. Values represent the mean + SEM of at least two Scatchard plots performed
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TABLE 9

ESTIMATION OF THE APPARENT DISSOCIATION CONSTANT (Kd) OF THE

> GONADOTROPIN RECEPTORS IN THE NONHUMAN PRIMATE TESTES
Apparent Dissociax%on Constant (Kd)
Species FSH rYeceptor LH receptor
(10-10y) (10~10w)
Macaca fascicularis (3) 2.51+0. 36 0.580.14
Macaca mulatta (9) 2.09+0.49 + 0.44%0.08
Macaca nemestrina (3) 2.17+0.36 0.29%0.08
Papio cynocephalus (4) 2.3740.35 0.46%0.03

The numbers in parentheses represents the number of animals
utijlized for the study (two testes/animal). Values were derived

frolm Scatchard analysis of the tissues using 1251-hFSH and
1251-hCG. Data represents the mean * SEM of at least two Scatchard

plots per tissue (two testes/animal). The differences in Kd values
between the FSH and LH(hCG) receptors were statistically si;nificant
for all species. Within the FSH or LH(hCG) receptors, the Kd values
were not .statistically significant.
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FIG. 31

(A) Specific binding of 12SI--hFSH to varying amounts

of the testicular supernatant fraction obtained from a

5.2 yr old rhesus monkey. Data represents the mean . .
+ SEM of triplicate values of one of two separate ’
experiments.

{(B) Displacement of
FSH receptor-like coﬁponent (760 ug protein) by
unlabeled hFSH. The soluble FSH receptor-like compoment
was derived from the testes of a 5.2 yr old~rhesus
monkey. Urlabeled hCG did not displace 1251—hFSH
binding.//bata represents the mean * SEM of triplicate

12‘SI-hFSH‘bi.nd:lng to the soluble

values d% one of two separate experiments.
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protein added, with saturation occurring ;t approximately 760 ug protein
(equivalent to 20 mg testes). The specific binding of 125I—hFSH was
competitively displaced by unlabeled hFSH in a dose dependent manner
(Fig. 31B). Addition of an excess of hCG (1 ug) was ineffective in
displacing 1251—hFSH binding. Specific binding of 125I—hFSH to the
soluble binding component was variabie. The supernatant fractions from

the nonhuman primates were not all capable of binding 125I—hFSH.

Approximately 2-3Z specific binding of 125}&HFSH per 20 mg equivalents

of testicular tissue was observed, with 107 specific binding the best result

obtained. T@e supernatant fraction derived from the young bull testes

was more active than that frepared from two adult bull testes suggesting

an age dependent difference. This fraction also demonstrated the higher

specific binding of 125I,-hFSH, 13%Z per 2 mg of protein (equivalent to

160 mg testes). . The activity of the soluble binding cgmponent from the
~~——bull or rhesus monkey testes was lost when boiled for 50 min at 100C

suggesting a protein nature of this component.

2.4 Discussion

‘ The elucidation of the properties of the hormone-membrane bound
receptor interaction 1s an essential prerequisite to gaining a full under-
standing of the relationship between the phenomenon of hormone binding
and the intricate process of the activation of cellular events. At
the time we initiated our studies, no data were available in the
literature on the interaction of primate testes with FSH at the cellular
level. We chose the rhesus monkey as our model because of all the non-
human primates it is the best characterized in terms of testicular
morphology and function (206, 207). The high cost and rarity of the
rhesus monkey for laboratory studles, impose serious constraints on the
choice and quantity of tissues available for receptor studies. These
constraints which have forced investigators to use other species of non-

human primates as models of human reproductive function led us to
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investigate three additional species of nonhuman primates - the pig-tailed
monkey (Mn), the crab-eating monkey (Mfl) and the yellow baboon (Pc) as
alternative models of the gonadotropin-hormone receptor interactiom.

In the present study, we have identified a particulate fraction

in the monkey testis which can specifically bind hFSH or hCG. The \

125I-—hFSH bound well to the particulate fraction from all the four

species investigated. In the rhesus monkey, 125I—hCG bound better to
tissues prepared from younger animals aged 3-6 yr (3-127 specific binding)
than to older adult animals aged 13 yr (less than 1% specific binding).
The failure to detegt significant hCG binding in adult tissues utilizing
up to 900 ug of protein could not.have been due to the loss of integrity

of the labeled hormone because these preparations showed good specific

T b b RS W e e ™

binding to a rat testicular preparation (Fig. 14).

As demonstrated in the present work, frozen tissues are suitable
for the preparation and charécterization of prfmafz LH and FSH receptors.
As there may be some small initial loss after freezing, our estimates of
the gonadotropin binding capacity of the different species may have been
slightly underestimated. Our inability to demonstrate significant a
binding of 125I-—hCG to the rhesus monkey (13 yr) testes could be due to
the loss of the very low amount of the LH(hCG) receptors in the nmtﬁ}e
testes during the period when they were kept frozen. While studies with
fresh tissues, especially for the LH receptor, would clearly be preferable,
this is difficult as they are not easily available.

Preliminary studies on gonadotropin binding capacities of the nonhuman
primates was limited by the number and age of the testicular tissues
provided to us by the various institutions. While it was possible to
,investigate the changes in testicular gonadotropin receptors with
increasing age in the rhesus monkey, definite conclusions of the age
dependency is restricted by the limited age range studied. Nonetheless
certain trends were observed which are consistent with studies on non-

primates and which will hopefully stimulate further work on the subject.
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A comparable gonadotropin binding capacity was found for all four
nonhuman primate species. For the rhesus monkey we determined an FSH and
hCG (LH) binding capacity of 1250 + 154 fmol/g testes and 75 * 20 fmol/g i
testes respectively. Our value for the overall hCG binding capacity
of the rhesus monkey is in agreement with those reported by Davies et
al. (185) for animals greater than 6 yr (23-146 fmol/g) and by Zaidi
et al. (208) for animals aged 3.5-5.0 yr (198-355 fmol/g). However
Zaidi et al (208) observed a 10 fold higher hCG binding capacity and
binding affinity for their 5 yr old monkeys. Besides the fact that we

-studied frozen tissues, other éactors such as age and variation in
reproductive activity could have contributed to the differences in

thesé regsults. Examination of adult femﬁle rhesus monkeys of unspecified

age revealed a similar binding affinity to the testicular LH receptor :
but a 30-100 fold higher LH(hCG) binding capacity (209, 210). The LH .
binding capacity in these female monkeys depended oR the stage of the
menstrual cycle, being highest during the midluteal phase (8.9 * 0.75°
pmol/g) and lowest at menses (2.3 t 0.3 pmol/g).

The rhesus monkey is repdfted to be a seasonal breeder even°undetq
laboratory conditions showing tyclic variations in hormonal profiles,
testicular size andiactivity (207). The dependence of the gonadotropin
binding capacity, but nét binding affinity, on the particular season is
reflected by the increased number of testicular LH receptors and decreased
number of FSH receptors by a tissue prepared near the end of the breediﬁg
season (January). In another seasonal breeder, the sheep, the stage of
sexual activity and the number, but not affinity, of the gonadotropin

receptors is dependent on the particular time of year (211). The concentra-

tion and total number of gonadotropin receptors per testis wasyhighest
before and decreased during the brﬁgding season. Therefore it is important
to note that most of the tissues we have processed, except the baboon;

wvere removed from animals in the summer months, a time when the seasonal

cycle is apparently at a lower ebb. 1If this was related to the low

amount of LH(hCG) receptors the decrease might be exaggerated by freezing.
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The four nonhuman primates are similar to the bull (79t 212), sheep
(211, 213), and pig (78, 79) in having more FSH receptors than LH receptors
and differ from the mature rat (71, 77, 214) which shows a rev;rse trend.
in this respect (Fig. 14). The rhesus monkey testiculaerSH receptor
is similar to that of the bull (212) and rat (71, 214) in that the total
number of FSH'receptors increased a8 the animal matured. The increase
in. FSH receptors was due to the increased’testicular weight. This is
better visualized when the number of receptors is expressed as fmol/g
testes. The concentration of FSH receptors showed a significant rise
from 3.0-3.9 yr (Table 7) commensurate ;gth the development of puberty
in the rhesus moﬂkey (215). Beyond 4 yr of age the concentration of
FSH receptors remained fairly constant. A similar variation is seen
in the rat (214) where puberty is accompanied by a rapid fall, followed
by a constant testtcular FéH receptor levgl up to 100 days. Thi§ is o
dramatically different from the bull (212) where the concentration of
testicular FSH receptors progressively declin;s from birth. Rhesus -
monkeys can live as long as 27 yr so it is possible that studies of A
older monkeys might reveal additional age—relg@ed changes in the con-
centration of gonadotropin receptors. Yy

Huhtaniemi et al (216) reported a value of 2780 fmol/g testes for
a fetal tissue of 140-160 days gestational age.\\é£EE9ugh it is not wise
to draw conclusions from one value, a higher hCG binding capacity by
prepubertal testes would be consistent with data from studies on laboratory
animals. The increased LH receptor content/testes in the prepubertal
sheep (213)7‘pi§’(78); and rat (214, 217) is due to the increased number
of Leydig cells and increased number of LH receptors per Leydig cell.

In the Thesus monkey (Table 7) an increase in the total number of LH
receptors is obsetxsd until the attainment ‘of puberty (4 yr), égain

probably due to the increase in testicular size. However, unlike the

FSH receptor, attaimment of puberty was followed by the maintenance of

a' constant lewvel of hCG receptors which only decreased at 13 yr. This .
is unlike the pig (78) or rat (214 217) where the testicular .LH receptor

level increases aftEr puberty. However, the ;at is similar in having
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a slower rate of rise between 50 and 110 days of age (217). The con-

centration of LH receptors in the rhesus monkey is highest at puberty,

declines after puberty and then remains.constant up to 13 yr. A similar

pattern is observed in the pig (78) but not the rat (214, 217) although
again the number of LH receptors seems to level off between 50-100 days
of age (217). .
There was no significant change in the affinity constant of the LH
receptor at different stages of sexual maturation of the rhesus monkey
(Table 7). On the other hand, as large as a 4-5 fold decrease in the
binding affinity of the FSH receptor occurred with advancing age. This
is partly amalogous to th& situation in the rat (214) where no change

in the LH receptor binding affinity but an approximately two fold increase

in the FSH receptor binding affinity was observed during sexual matura-
tion. However, these authors point out that this difference might .not
be significant. A species related difference in binding affinity is
suggested by the failure to note a change in the binding affinity of
the bull testicular FSH receptor during sexual maturation (212).
Furthermore, in the pig (’8) and sheep (213) no apparent age dependent
variation in the binding affinity of the testicular gonadotropin
receptors was noted. At all ages, the binding affinity of the LH
receptor was greater than that df the FSH receptor in the rhesus monkey,
analogous to the situation in the sheep (213) and rat (214). The
difference in gonadotropin binding affinities of the fhesus monkey 1is
unlikely due to storage or handling procedures because the majority of
tissues were processed and frozen on the same day under identical
conditions.

A speéific FSH but not hCG(LH) binding component was detected in
the soluble fraction of the bull and four nonhuman primate testes.
Although we have not characterized this fraction in detail, it appears
to be similar to the FSH soluble binding component of immature bovine
testes (96, 100). This tissue specific calf FSH receptor-like component
shared many features in common with the particulate and detergent

solubilized receptor such as species specificity and salt dependency.
[}

*




M e S SN GER e peos  BEE mme o

[ i
| e

[N

) vv;v;»g\x)g%g::/p-gu-p. L

TR SRS e e G R R R e L

87 ¢

v
c

As yet 1s it not possible to state that the FSH soluble binding cdmponent
of the nonhuman primate testes is a solubilized receptor, a receptor
component or an antibody. The source of these soluble binding components
1s also unknown but they could h.;lve arisen from the cell cytosol or

cell membrane (intracellular or extracellular). The low yleld and lack
of correlation between the quantity of FSH membrane bound receptors and
soluble FSH receptor-like components in the supernatant fraction (data
not shown) argue against the cell men}brane being the sole source of the

soluble FSH binding components., Whereas primate testes with a large

quantity of LH receptors did not possess any soluble LH binding components,

testes with compfarable numbers of FSH receptors did possess a soluble

FSH binding component. Thig is consistent with an intracellular source.
Incubation of membrane extracts n;ay be required to release this soluble °
LH binding component (97). Unlike the rhesus monkey, the amount of the i

®
, o

soluble FSH binding component is reported to be age dependent in the

¢
i

bull and rat and would explain the absence of these components (less
than 17 specific binding) in adult rat (34 days) and human (16-70 yr) )

*

testicular extracts (96).
Investigations of younger human testicular supernatants may yield °

a FSH soluble binding component. While these FSH receptor-lilze coméonents
would be expected to be present and interfere with hormone binding in
tissue homogenates, for most tissues their concentration is insuffiroii*en't
to be responsible for the two fold lower binding ability of homéenéi:es
versus fraction Pl1. Other factors such as prot,eolytic enzymes ;and
receptor binding inhibitors are thought to play a major .role 15" this

inhibition (92, 218).
Data from the present studies indicate that the fSroperties of the

adult monkey LH(hCG) and FSH‘recept;ors are in many ways similar to those
of the bovine and rodent species. Although the study of an interaction
of h&molggous monkey LH and FSH with its testis would have been highly
desirablé‘;, the nonavailability of purified gonadotropins made this
diff}cult. Hence, highly purified hFSH and hCG were used im these

studies. .
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The interacti:)f; of hFSH and hCG with monkey testis, like that of many
hormones with thei;: receptor is both time and temperature dependent
(Fig. 17).“ The time course of association of the 1?'SI---gonadotropins
with the monkey receptor at 34C is very similar to the receptor from
the various nomprimate testes, but considerably slower. TFor example
in the rat system, maximum binding of FSH (52, 68) and LH (79) have
been reported to be within 3 and 8 h respectively. The monkey LH(hCG)
testicular receptor is very similar to that of the bull and pig, whose
interaction with hCG is slow, requiring 8-12 h of incubation at 34C
for attainment of equilibrium (79). '

The monkey testicular LH(hCG) and FSH receptors appear to be quite
sensitive to temperature. The ¥apid inactivation of the receptor at 34C
and 37C (Fig. 20 and 21) could either be caused by some proteolytic
enzyme still Aassociated with tl;xe semi-purified membranes or by the disrup-
tion of receptor structure in the free (exposed) state by thermal perturba-
tions. These degradative phenomena are apparently operative at 25C and
4C, although to a ma'rkedl%r lesser degree (Fig. 20 and 21). The presencé
of the hormone increases: the gtability of the receptor (Fig. 17).
Occupancy of the binding sites by either 125I-—hFSH or 125I--hCG renders
the complex more’ stable at ‘the same temperature (34C). This is clearly
shown by data in Figure 24, in which there was only about 307 dissocia-
tion of lZSI—hFSH in 2 h and ttiis loss only marginally increased to 457
after 24 h at 34C. The monkey FSH receptors, with th& exception of ‘
the pig tailed monkey (Mn‘) (Fig, 17), are unlike the human te'sticular
hCG receptor, which yielded siénificant specific hormone binding during
24 h of Ancubation at 37C (186).

The binding of 125I—h}:‘S‘H to the monkey recep_to=r is not readily
re"versible as revealed by: da‘t:a‘ in Pigure 24. The failure of a large
excess of unlabeled hormone added after the formation.of labeled hormone-
receptor complex to influence specific binding is clearly indicative of
«this. While we h;W noted ao}‘sim;ilarllow degree of irreve;rsibility with

the adult bovine testicular FSH receptor (219), other reports indicate
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up to 507 dissoclation in the same species (72) by unlabeled hFSH.

The reasons for the differences noted in bovine are not clear at présér;t.“
However, in marked contrast to either the monkey testis or bovine tedtis
nearly all of the bound hormone dissociates from the rat test:itularb ESH
receptor in a much shorter time at 37C (190) even in the absence of‘
unlabeled hormone. These data indicate differences in the properties

and ndture of the FSH-testis receptor interaction in the different
species. The 1rreversibility of the lzsl-hFSH binding to the monkey
testicular receptor is similar to recent data from other laboratories

which have investigated the nature of the 1251-hCG interaction with rat

testes (220, 221). )
125 The observations ?f marked reduction in the sgpecific bindiqg of
I-hFSH to the monkey recepter following tréatment with trypsin and
phospholipase C but not with nucleases are similar to the bovine (72) :
and rat (190) systems. These data are suggestive of a lipoprotein nature -
of the binding sites. Since we have only used partially purified membranes
in these studies, confirmatory evidence as to-the precise nafure of the
primate FSH receptor must await its solubilization. J !
With respect to pH, the monkey FSH receptor appears to be much more
stable than the human testicular hCG receptor (186) which exhibited-.a
shal"p optimum of about pH 7.8. In addition, the effects of low (pH 5.5)
and high (pH 9.0) pH's on the rhesus monkey FSH receptor are partially
reversible. It is also interesting to note that the monkey FSH receptor
exhibited a preference for Tris-HCl buffers rather than sodium phosphate
buffers (Table 5). The significance of this is not clear at the present
time. Tl"xe rat FSH, receptor is also reported to give varying degrees of
binding dépending upon different buffers (52) but not with the same
preference as the monkey receptor.
Optimm specific binding of -2°
occurred in the presence of 5-10 mM MgCl2 or CaClz. The divalent cat'i:ons

I-hFSH to the mohliqy receptor

are thought to neutralize the negative charge of the membrane thus

enabling the binding of the physiologically negatively charged hFSH (222).
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Inductton of ”é conformational change of the membrane receptor would allow
unmasking of previously sequestered binding sites. This would explain
the ability of Mg+2 to increase the-binding capacity but not binding
affinity of the calf FSH receptor (222).. A biphasic effect of metal
ions on the interaction of gonadotrdpins with their receptors has been
reported for vthe bovine (222, 223) :and rat (190) gonads. In the immature
pig (74) and adult bull (72) , graded concentrations of various salts did
not affect FSH binding except at high concentrations, when an inhibitory
effect was observed. The inability to observe stimulation at low ionic
aconéentrations could be due to the presence of high endogenous levels

of salt in the membrane preparations.

The nature of the preformed hormone-receptor complex was also studied
by evalu;ting its ability to undergo dissociation under a variety of
conditions. While the unlabeled hFSH was at best marginally effective
in dissoclating the complex (see Fig. 24)', the latter was more susceptible
to variation in pH (Fig. 25A) and MgCl2 concentration (Fig. 25B). About

o

857 of the bound ligand was released from the rhesus monkey receptor
within the first 30-60 min of incubation at 37C, when the pH was altered

(to pH 5 or 10, see Fig. 25A) or in the presence of 0.5 M Mgblz (Fig. 25B).

The ability of MgC].2 to dissociate bound hCG or LH from rat testicular
receptors has been reported (221, 224). Various metal ions besides
MgCl2 are importint for stable hormone receptor interaction. Monovalent
ions, such as Na are reported to alter the binding affinity of the
gonadotropin receptor thereby enhancing dissociatfon of the hormone-
receptor complex (100). EDTA, a metal ion chelator, caused rapid
dissociation of the hormone receptor complex (100).

Similar to the interaction of hCG with rat Leydig cells (220, 221),
a part of the hFSH-primate receptor complex is also resistant to dissocia-
tion, at physiological pH and temperature. This is clearly evident from
Figure 24 in which the remaining 50% of the bound hFSH could not be
released even after incubation for as long a period as 12-24 h at 37C.
Whether or not-the tightness of the hormone binding to the receptor is

a time dependent phenomenon has not been ascertained in the present
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study. The implications of such a tight binding of the hormome to the
receptor is not clear and requires further investigation. It is worthy
of mote that the interaction of several protein.hormone ligands such
as hGH (225), prl (226) and TSH (227) ‘with their respective receptors

have also been shown to be not completely rewvérsible.
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CHAPTER 3

HUMAN TESTICULAR GONADOTROPIN RECEPTORS

3.1 Introduction

The molecular mechanisms involved in hormone action can be clearly
defined by elucidating the structural features of the hormone as well
as the cellular processes in the target tissue. The initial event of
a peptide~protein hormone action is mediated by interaction with
specific high affinity sites on the plasma membrane of the cell. The
identification of surface receptors for gonadotropins in ovarian and
testicular tissue from many species (183, ‘184) is consistent with this
concept, During the last decade, major advances have been made in our
understanding of the structural organization of the human pituitary
gonadotropic hormones LH, FSH and placental hCG, including their amino
acid sequence and arrangement of: the carbohydrate units (14). Unfor-
tunately, very few studies have been done with human gonadotropin
receptors. However, the basic properties of the gonadotropin-gonadal
receptor interaction, have been well characterized' in many laboratory
and domestic animal species (183, 184). While these data are wvaluable
in designing apprc;priate 'methgqlogy for study of primate gonadotropin
receptors, it is difficult to know how much of the nonprimate data may
be“relevant to man., Several recent investigations have shown the
presence of specifit binding sites for hCG(LH) in monkey (185) and human
(174, 186-188) tedtes. Specific FSH binding sites (receptors) in human
testis have not previously been studied. In an attempt to understand the
nature of the primate gonadotropin receptors in the testis, a comparative
study was launched using tissue froml humans and several species of monkeys

(194-196). Preliminary results of this investigétion were recently o
presented (228, 229). '
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3.2 Materials . and Methods

-

3.2.1 Hormones ' /

All the hormones used in these investigations were highly purified.
Human FSH, its subunits, ovine FSH, ovine LH, bovine LH, hCG, its sub-
units, human growth hormone (hGH) and hanan thyroid stimulating hormone
(hTSH) were prepared in our laboratory (197-200). hCG (CR119), hLH
(1odination grade), rat FSH (iodination grade) and rat LH (iodination
grade) were all supplied by the NIADDK, NIH, Bethesda, Md. Ovine
prolactin (35 IU/mg) was from Dr. C.H. Li, Univ. of California, San .
Francisco, Ca; human prolactin from Dr. H.G. Friesen, Univ. of Manitoba,
Winnipeg, Man; equine FSH (100 x NIH-FSH~S10) from Dr. T. Landefeld,
Univ, of Michigan, Ann Arbor, Mi; and porcine FSH (12.4 x NIH-FSH-S10)
was a gift of Dr. R.J. Ryan,"Mayo Clinic, Robhest;er, Mn. Synthetic

luteinizing hormone releasing hormone (LHRH) was obtained from Ayerst
Laboratories, Montreal, Que.

3.2.2 Chemicals

Lactoperoxidase, bacitracin,- 1-chloro-3-tdsylamido-7-amino-L-2-
heptanone (TLCK), and bovine serum albumin {BSA), were purchased from

Sigma, St. Louls, Mo. All other chemicals were of reagent grade from
Fisher Scientific Company, Montreal, Que.

3.‘2 .3 Testicular tissues

Fresh human testicular tissue was obtained from patients undergoing
orchidectomy in local hospitals. Tissue was also collected from. indi-
viduals of various ages within 12 h post mortem. No significant ’
differences in binding properties were noticeable between surgicabl or
autopsy material. Monkey testes were collected at surgery, frozen on
dry ice and sent to us from the Regional Primate Research Center--at the
University of Washington, Seattle, U‘S:A., Testicular tissue from adult
rats was collected in the laboratory and testes from mature bulls was
obtained from the local abbatoir. The hospitals which supplied us with
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pieces of human testicular tissue did not possess the facilities to
quick-/freeze the tissues in liquid nitrogen or store them at -70C. As
tissues became available they were used immediately or stored at -20C
until they could\be picked up (maximum of 5 days). The number of FSH
and LH receptors as assessed in the Pl fractions showed no dramatic
decrease during t%e first 5 days of freezing. Routinely when the
testicular tissue was not immediately used, 1t was frozen at -70C.

After 1 year of freezing at -70C or lyophilization, the subcellular
fraction Pl did not differ significantly in gonadotropin bAnding capacity
or binding affinity from when it was first prepared. Losses in gonado-
tropin binding ability are mainly due to repeated freezing and thawing
of the samples so this was kept to a minimum (less than 2 times). Human

tissues were processed within one month of their collection.

3.2.4 Preparation of subcellular fractions from primate testes

Fr'ozen individual testes of known weight were thawed under a stream
of blowing cold air and decapsulated. All subsequent steps were performed
at 4C. To facilitate homogenization, the testes were minced with
scissors, rinsed and suspended in 25 mM Tris-HCl buffer, pH 7.2 containing
100 mM sucrose (4 ml/g of tissue). The minced tissues were mechanically
homogenized using a Tekmar tissuemizer set at¥a low speed setting using
2-3 pulses of 10-15 seconds duration. As preliminary experiments
revealed no difference between hand and Tekmar mechanical homogenization,
the latter method of handling was used for all the studies. The homo- l
genate (Hl) in each case was filtered through 4 layers of cheesecloth
and the filtrate was centrifuged at 40,000 x g for 1 h. The resultant
pellet (P.l) was resuspended in the buffer by dispersion using 8 strokes
in a tight fitting glass Dounce Homogenizer (1 g per 2 ml of 25 mM
"Tris-HC1l buffer, pH 7.2 containing 10 mM MgClz). Centrifugation of the
supernatant at 140,000 x g for 1 h did not significantly increase the
protein yield. Samples were stored in aliquots at -70C. Prior to assay,
the fractions were again gently homogenized in the assay buffer to obtain
a uniform suspénsion. Protein content was assessed as previously

described in Chapter 2 (see section 2.2.5).

t
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3.2.5 Iodination of hormones

Hormones were labeled with 1251 by the lactoperoxidase method (201,

203) using carrier free NalzsI (Amersham Inc., 111.) as previously
described in Chapter 2 (see Section 2.2.6). The labeled hormones were
purified by gel filtration on Sephadex G-100 and preserved in aliquots

at -70C until use. They were generally used within two weeks of prepara-

tion., The specific activities of the labeled hormones were in the

range of 60-100 uCi per ug.

3.2,6 Binding of »1251-labeled gonadotropins to testicular fractionms .

Tests for specific binding of lzsI-labeled hormones to the gonado-

tropin receptor were carried out in duplicates or triplicates in
disposable 10 X 75 mm polystyrene tubes. Each tube contained approxi-
mately 50,000 cpm (approximately 400 pg) 1251-1abe1ed hormone, vgrious
amounts (ug protein equivalent) of the testicular fractions and 100 ul
of the unlabeled hormone and/or assay buffer tp constitute a final
volume of 250 {11 per tube. The assay buffer consisted of 25 mM Tris-
HC1 buffer, pH 7.2 containing 0.1%Z BSA, 10 mM MgC12 and 0.6 mM
bacitracin. Fqllowing the various additions, the tubes were vortexed
and incubated in a continuously shaking Dubnoff water bath for 8 h at
34C or 16 h at 25C. The reaction was terminated by the ‘addition of

2 ml of chilled assay buffer or 200 pyl bovine gamma globulin (5 mg/ml)
plus 1 ml polyethylene glycol solution (MW 6000) (see section 2.2.10).

D - AR

Pelleting was accomplished by centrifugation at 2900 x g for 15 min at

4C in a table top IEC clinical centrifuge. GThe supernatant was removed
by aspiration under vacuum and the radioactivity in the pellet was
determined in an LKB rackgamma 11 counter (counting efficiency 707).

In all cases, nonspecific binding was determined in the presence of a
1000 fold excess of respective unlabeled hormone. The difference between
the total radiocactivity bound and nonspecific binding was defined as the
amount specifically bound and expressed as a percentage of the total

counts put into the tubes. All variatioms in this procedure with respect

PR S PN = W IRY T

to handling, temperature, medium, and processing not mentioned in the i

- da,

methods section are indicated at appropriate sections in the results.
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3.2.7 Prolactin binding

The integrity of the 125I—1abe1ed human prolactin (hPRL) was

assessed using a liver homogenate from pseudopregnant rabbits (obtained
from Dr. M. Kahn, McGill University, Montreal, Que.) and a homogenate of
granulosa cells from pig follicles (prepared in this laboratory) which
were both rich in specific prolactin receptors. The presence of

prolactin binding sites was investigated in the testicular subcellular
fraction Pl of the human, rhesus monkey and yellow baboon. Briefly,
approximately 50,000 cpm of 125I—hPRL was incubated with 100-300 ug
protein, in the presence and absence of unlabeled hPRL, in a final
incubation volume of 250 ul. After an incubation of 3 h {34C) the reaction

"was stopped by adding 2 ml of chilled assay buffer, centrifuged and

counted.
A%

3.2.8 Dissociation reaction

.

The testicular receptor hormone complex was first formed by incubating
100~-300 ug protein equivalent of the subcellular fraction Pl with 125I—hFSH
or 125I—hCG in a total volume of 200 pl for 15 h at 25C. To each tube
was then added 50 ul of the assay.buffer of desired pH and molarity in
the presence or absence of unlabeled hormone. The tubes were then
vortexed to ensure proper dispersion of the pellet and incub#ked further
at the desired temperature (see results). At specific intervals, .samples
were removed, diluted with 2 ml of assay buffer at 4C and centrifuged and
processed as above. The supernatant was removed and radiocactivity in

the pellet was determined.

3.2.9 Temperature stability of the receptor and radiolabeled hormone

A 100 yl aliquot of the receptor fraction P1 (100-300 ug protein) was
preincubated at different temperatures for various periods of time in the
presence or absence of 1 mM bacitracin or TLCK. At specific time inter-
vals radiolabeled hpG or hFSH was added in the presence or absence of a

500 fold excess of the respective unlabeled hormone. The volume was
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made up to 250 il with the assay buffer and the binding ability of the
pretreated receptor fraction evaluated by performing a 4-h binding
assay at 34C. Tubes were processed by centrifugation or by polyethylene
glycol precipitation (see section 3.2.6). The reason for the decreased
binding of the gonadotropic hormones, i.e. inactivation of the receptor
and/or radiolabeled hormone, was also studied. In these expei'iments,
the testicular receptor fraction Pl was preincubated in a volume of

150 ul at 34C for either 8 h or 15 h in order to achieve at least a 50%
loss of 125I-labeled hCG and h¥SH binding respectively. As a control,
an identical set of tubes was prelncubated for the same length of time
at 4C. The tubes (set #1) were then centrifuged at 2900 x g for 10 min
at 4C. The supernatant (1@0 ul), containitig any degradative enzyme
activity, was removed and added to anothgr set of tubes (set #2). Tubes

from set #1 were resuspended with 200 ul assay buffer containing 125I—'nFS!i

T 125I—hCG in the presence or absence of a 500 fold excess of the

o
respective unlabeled hormone. To the 100 pl of the supernata.nt fraction
in set #2 was added 50 U1 of the original receptor (fresh) and 100 ul

of 125f:hFSH or ].'.ZSI—hCG in the presence or absence of a 500 fold excess
of the respective unlabeled hormone. Both sets were vortexed to resuspend
the pellet and incuba;:ed for 4 h at 34C. At the end of the second incuba-
tion, only the reaction in set #1 was stopped by adding 2 ml chilled

assay buffer. The two sets of tubes were centrifuged and the supermatant

removed from set #1 by aspiration. An aliquot of the supernatant (200 ul)

was removed from the second set of tubes and ad‘ded‘ to a third set. Tubes
of set #2 were then washed with 2 ml chilled assay buffer, centrifuged,
aspirated and counted. Set #3 tubes received fresh bull (FSH assay) or
rat (hCG assay) testicular receptor and 125I-hFSH or 1251-hCG in the
presence or absence of a 500 fold excess of the respective unlabeled
hormone (final volume 3_00_111_1. After a third incubation of 2 h at 34C,
tubes were centrifuged, ais;?irated :?l counted. All incubations were
a

done in tripiicate with the approprlate controls. :
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3.2.10 Assessment of the gonadotropin binding inhibitory activity of
testicular extracts (140,000 x g supernatant)
Briefly, aliquots of the testicular supernatant fraction .were ‘
agsessed for their ability to inhibit 1251 hCG binding to a rat nt:esl:ipcular
1H receptor and 125I-hFSH binding to a bull testicular FSH receptor.

Incubations were for 2 h at 34C in a final volume of 250 pl. 'The’
effects of preincubation of the gonadotropin receptor with the testicular
supernatants on gonadotropin binding was also determined. in theseq
experiments the rat or bull gonadotropin receptor preparation was first
incubated with the desired testicular supernatant fraction for 2 h at
34C. The tul;es were then washed once with assay buffer to remove the
supernatant fractions and the membrane pellet recovered by centrifugation.
The membranes were resuspended in assay buffer in the pxesence of

1251 -hCG or 125 I-hFSH to reconstitute the original volume (250 p1). A
second incubation of 2 h at 34C was then performed to asée,ss the effects

of this treatment on the receptor.

[y
4 T

9

3.2.11 Assessment of the goﬁadotrgpin binding capacity of the human testes

The binding capacity of thg human testicular tissues were determined
by Scatchard anualysis (205) and/o; saturation analysis (212, 230).
Briefly, for saturation analysis individual tissues (200—600 ug) were
incubated for 15 h at 25C Wwith a%turating concentration of the radio-
labeled hormone (1 ng). Nonspecific binding was. assessed by the addition
of a 500 fold excess of unlabeled hormoné (250 ul final volume). The ‘o
amount of radiolabeled hormone specifically bound was t;hen compared to
a standard curve. This standard curve was generated by incubating the
radiolabeled hormone with increasing concentrations of human testis (Pl) of
known receptor concentration. The binding capacity of the standard
tissue was determined by Scatchard analysis. Using either method,
comparable wvalues for the number of wnoccupied binding sites was obtained.
Saturation analysis allowed the processing of a large number of tissues |,

with only a minor expenditure of time and tissues.
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3.2.12 Statistical analysis

Data were analyzed for significance by Student's 't' test. Displace-
ment curves were tested for parallelism and Scatchard plots performed

using a programmable Hewlett-Packard desk top calculator.

3.3 Results

b3

3.3.1 Distribution of gonadotropin bindir;g gites ln human testis

e

and other tissues " .

The presence of gonadotropin receptors was assessed in testicular
and nontarget tissues obtained from a 50-yr old man. The tissues were
processed (see section 3.2.4) and diluted to yield approximately 30.mg -
fraction Hl and 16 mg fraction Pl per gram of intact tissue. Signific_ant
specific binding of 125I-labeled hCG, hlH and hFSH was detected in‘ both
homogenates and a 40,000 x g subcellular fraction prepared fx."om the
testes. Gonadotropin binding was proportional to the amount of testicular
pro‘tein (fraction P1, see Fig. 32) added. About 70-80% of the radio-
labeled hFSH and hCG associated with the pellet represented specifically
bound hormone but with radiolabeled hLH only about 507 could be displaced
by the unlabeled hormome. Thie is different from the rat testictllar )
receptor(s) where approximately 70-80% specific binding was obtained with
all the three labeled hormones. :resticular fraction Pl showed a two fold
enhanced binding activity over the crude homogenate for all three gonado-
tropiiins. The very low and often undetectable binding of all three radio-t
labeled gonadotropins by subcellular fractions prepared from other tissues
(iiver, spleen, lung, pancreas, inte&'tineq, muscle, thyroid and kidoey)
suggests localization of the gonadotropin receptors only in the testis.
Further additiom of up to 700 ug of protein (equivalent to 49 mg wet .
weight of intact tissue) only resulted in increased nonspecific binding, :
without showing an increase in specific bjading of- the gonadotropins. w
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FIG. 32

Specific binding of radiolabeled human gonadotropins (hFSH, °
hLH, hCG) to particulate fractions (Pl) of adult human

(50-70 yr) testis (e——se), liver (3—0) and spleen (A—4).
Various amounts‘of tissues were incubated with approximately
0.4 ng (50,000 épﬁ) of 1251—labeledohormone in the absence
or presence oflthe respective unlabeled preparations (100 ng)
for 8 h at 34C. The incubation was done in 250 ul of 25 mM
Tris-HC1l buffer, pH 7.2 containing 10 mM MgClz, 0.1%7 BSA

and 0.6 mM bacitracin. The specific binding of 1 fmal of
labeled hormone represents 36;7 pg of hCG and 30 pg of hLH
and; hFSH. In this and all othér figures the data points

- show the mean t SEM of triplicate incubations of at least

® q 4
two separate experiments.

pr——



SR v Rew 7T

P

d

100

L6

0.8

0.6

1251. HORMONE BOUND (fmole)

A

J 1 J

100 . 200 300
PROTEIN CONCENTRATION (ug)




5t
ey 3 1 N
7 A A R I L PR R Y g R L e
3 T n

*! b ] L o o e - L Lt

o P

r‘*

P ——
1 «

.~ r—

b

101

&

¢ + ]
1]

3.3.2 Optiqumggon&dotropin biﬁdinéfconditions

At 34C, specific binding of the gonadotropins occurred rapidly .
during the first two hours of, incubation, reaching a maximum in 8-10 h

(Ffé. 33). Maximum hormone-rgcep;or complex formation required more

time at 25C (12 h) and did not'sttain’a maximum after 24 h 'at 4C (fig.-34).

The LH and FSH recéptors‘showed'similér binding characteristics at 37C
and 34C. Further incubation beyond 12 h at 34C-(fig. 33 and 34)
resulted in decreased specific hormone binding possibly due to inactiéa-
tion or degradation of the xgcepkor by temperature and/or enzymes.
Specific binding qf 12SIi-hFSH to the human testicular FSH receptor was
also salt and pH dependeﬁt (fig. 35 and 36). Optimm bindiﬂg occurred
in ‘the presence of 5-10 mM MgCl, ?r CaClz'at pH 6.5-7.5.

¢
3

F3 1 . L ;
3.3.3 .Disséciation of the preformed hormone-receptor ‘complex
= . 2.3

The dissociaﬁion of either 125I—hFSH or 125:Ii-'hCG from,fheir human .

testicular receptor site(s) was dependeﬁt on the time, temperature, pH,
and ionic concentration of the 1néubation medium' (fig. 37 andi38)t
Dissociation at all températures stu@i%d, in the ?resgnce or abéepce . ew
of a 1000 fold molar excess of unlabeled hormone was a slow process

Just as wag observed for- the rhesus monkey (fié. ?5)., While 1/4 of the
hormone féceptor ;ompleg dissociated within the first 2 h, prolongation
of the incubation up to 4-8 h was necessary to achieve an additional
20-25% decrease at 34C-(fig. 37). Increasing the fonic strength ‘or pH
of the incubation medium markedly enhanced the diésodiat;onﬂof 125I;hCG
and l%SI—hFSH from the preformed complex (fig. 38). With either gonado-
tropin receptor, a high salt concentration (460 mM MgClz) was the most '
effective agent for enhancfng dissociation of the hormqné receptor
complex. Aﬂproximately 80%Z of the hormone was specifikally dissoclated
from the reéeptor within 2 h., Interestingly, the FSH receptor appeared
less susceptible to the effects of low pH (pH"?.O)Jtth the LH(hCE)X—

8

receptor.
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FIG. 33 ’
Time'course of the binding of labeled hLH, hCG and hFSH to human
testicular fraction Pl obtained from adult males (20-70 yr). The .
incubation conditions except for time were the same as in Fig. 32. e

o

The maximum binding attained in each,instanc'eh was set as 100Z. Thus

- 100% binding represents 4Z, 8% and ¥1%Z specific binding of radiolabeled

hLH, hCG and hFSH to 20.5, 11.2 and 12.9 mg equinIents of intact
testicular tissue respectively (100-300 ug protein). The differences
between IZSI—hLH,‘.lzsI.-hCG and lzsI—hFSH binding patterns after 8 h

were reproducible.
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FIG. 34
Temperatﬁre dependence of the associatign/of 125I-hFSH (A: top panel),
1251-ncG (B: middle panel) and 125I-hIH (C: bottom panel) to 100-300 ug
protein of testicular fractioq Pl obtained from a 46 yr, 50 yr and
20 yr old man respectively. §pecifie»binding was determined at the

ingicatedltime intervals.
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FIG. 35

Effect of the ionic environment on the interaction of
1251_hFSH with 150 ug of testicular fraction Pl obtained
from a 73 yr old man. All incubations were carried out

at 540 for 8 h in the regular assay buffer at pH 7.2 but
with varying concentrations of the salts as 1ndicated

in the figure. The ﬁaximdm specific bindiBg (8% specific *
binding) obtained in the presqnce of 10 mM Mg012 was set

as 100Z for comparison.
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FIG. 36

Effect of pH of the incubation medium on the interaction
of 12°I-nFSH with 50-100 ng testicular fraction P1, Each
set of incubations were carried out at 34C for 8 h in the
respective buffers indicated, in the presence of 10 mM
MgCl, and 0.17 BSA. The maximum specific binding (8% ‘
specific binding) obtained with 25 mM Trisr~HCl at pH 7.0
was set as 100Z for comparison. Data represents the
mean = SEM of triplicate determinations of two separate
experiments on testicular fraction Pl from a 46 and

62 yr old individual. . .
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FIG. 37

Effect of temperature and unlabeled hormone on the
dissociation of 125I-hCG (A: top panel) and 1ZSI-hFSH

(B: bottom panel) from 45 and 85 ug respectively of
testicular fraction Pl obtained from two adult men

(50 and 46 yr respectively). The preformed 1251 pFsE-
receptor complex formed by incubation for 15 h at 25C

was re-incubated at different temperatures for various
times in the presence (broken lines) or absence (solid
lines) of a 500-fold excess of unlabeled hormone. The
binding obtained at the beginning of the second incubation,
ﬁZ and 67 specific binding feor 125I—hCG and 1251-hFSE
respectively, was set as 100Z. The nonspecific binding

of 12°1-ncG .and 1?°1-hFSH amounted to 60% and 23%
respecﬁively'of the total counts bound to the gonadotropin
receptor. Data represents the mean * SEM of triplicate

determinations of one of at, least two separate experiments.
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FIG. 38

Dissociation of the preformed hormone receptor complex as

a function of the pH and ionic concentration of the

incubation medium. The 125I-hCG (A: top panel) and

125I--hFSH (B: bottom panel) receptor complex was formed
with 100-200 ug testicular fraction Pl from an individual

éged 52 and 54 yr respectively as indicated in Fig. 37.

The binding obtained at the beginhing of the second

incubation, 4% and.14Z specific binding for 1251-hCG

and 125I-hFSH respectively, was set as 100Z. The non-

specific binding of 125I—hCG and 125I—hFSH amounted to
75% and 20% respectively of the total counts bound to
the gonadotropin receptor. Data represents the mean *
SEM of triplicate determinations of one of at least two

separate experiments, The following buffers (all at

25 mM containing 0.1% BSA and 0.6 mM bacitracin) were M P

used: (1) Tris-HCI buffer, pH 7.2 + 10 mM MgClz,

(2) Tris-HCl buffer, pH 7.2 + 400 mM MgClz, N
(3) Acetate buffer, pH 5.0 + 10 mM MgCl,,

(4) Carbonate—bicarbonate buffer, pH 9.5 + 10 mM MgClz,

(5) Tris-HCl buffer, pH 7.2 + 10 mM MgCl + 500 ng

unlabeled hCG, (6) Tris-HC1 buffer, pH 7.2 + 10 mM

MgCl, + 500 ng unlabeled hFSH.
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3.3.4 ‘Temperature lability of the .gonadotropin receptors

The lability of the gonadotropin receptors were first tested by
&

M-m

incubating the Pl fraction at different temperatures. At various time .
intervals (fig. 39A and 39B), hormone binding was evaluated by a second-
incgpation of 4 h at 34C with fresh labeled hormone. Both FSH and LH

’ recébtors were stable at 4C for about 1~2 days. At other temperatures

there was a marked-difference in stability of the FSH and LH receptors.

The t; of the FSH and LH receptors at 25C, 34C and 37C were 30 h, 14 h,

9hand 11 h, 4 h, 2 h respeétively.'

If the decreased binding of the 125I—lhbeled gonadotroping 1is due
to the release of dggrad9tive enzymes into the incubation medium, then

-

removal or neutralizatiort of tRese enzymes should restore hormone

binding. Inclusion of bacitracin (MW 1411), an antibiotic polypeptide

produced by Bacillus subtilis, or.TLCK (MW 369), an inhibitor of trypsin

activity, at a dose (1 mM) which does not interfere with gonadotropin

binding (fig. 40) did not prevent the loss of binding at 34C of 125I-hCG
T or 1251—hFSH by. the subcellular fraction Pl., Precipitation with ‘poly-

ethylene glycol did not enhance gonadotropin binding indicating that
foed

e I R BE Y T s

- the decreased binding was not due to temperature dependent solubi}ization

. of the receptors. kemov§1 and replacement of the incubation medium after
preincubation of the subcellular fraction P1 (first incubation) also did

[

not restore gonadotropin binding. If the supernatant fraction from this
i first incubation was added to a fresh human testicular FSH receptor -
preparation, the sﬁpernqpant fraction of the 34C, but not the 4C incuba- |
tion, possessed some Fsﬁ‘binding inhibitory activity. This inhibitory
activity was low and variable (5-207 inhibition). Though this inhibitory

/ ) factor might play some role in the decreased binding of the gonadotropins

‘

‘ to the gonadotropin receptor, it cannot completely account for the
observed 60-807% loss of gonadotropin binding. 'Possibly the best evidgnce‘
l ¢ for a specific inactivation of the gonadotropin receptor is that the

125 125

same “radiolabeled hormone ( I-hCG or I-hFSH) which failed to bind

to the pretreated receptor fraction of the human, rhesus monkey or yellow

O ————

baboon testes was capable of interacting with a fresh receptor prepara-
1

tion (90-100% original activity).: . .
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FIG. 39
. ° ¥
Effect of preincubation on the integrity of the human
gonadotropin receptor. 125I—hFSH (A: top panel)

binding to 200 ug protein of testicular fraction P1
(equivalent to 13 mg wet weight of testis)® from a 46

yr old individual. 125I—hCG (B: bottom pamel) binding

to 100 ug protein of testicular fraction Pl (equivalent
to 8 mg wet“weight of testis) from a 50 yr old individual.
The Pl fraction of the testis was incubated in"the assay
buffer at different temperatures and at various intervals
the ability of the Pl fraction to specifically’bind the
radiolabeled gonadotropins was assessed in a second
incubation carried out at 34C for 4 h. The maximum
specific binding of 8% in A (top panel) and 57 in

B (bottom panel) was considered as 100%7 for all the

calculations. The 125I—J.abeled hormones do not suffer

’

any inactivation at 37C for 24-48 h (not shown).
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FIG. 40

Displacement of 1251—hFSH (A: top panel) and lzsI—hCG

(B: bottom panel) binding to 100 ug and 200 ug
respectively of human testicular fraction P1 by
increa#ng concentrations of bacitracin. The maximum
binding (117 and 107 specific binding for 12 I-hFSH
and 1251—hCG respectively) was set as 100Z. Testicular
tissues were derived -for [2°I-hFSH and 12°I-hCG binding
from two individuals aged 51 yr and 76 yr respéctively.
Similarly, TLCK at a concentration of up to 1 mM did not

interfere with lzsl-labeled gonadotropin binding.
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3.3.5 Gonadotfgpin receptox, binding inhibitors

TheKability of the human tegticular subcellular fraction (F1l) upon
incubation to release an FSH binding inhibitory factor into the incuba-
tion medium (section 3.3.4) prompted an inwestigation of the supernafant
fraction (140,000 x;g) of testicular extracts to determine if they
possessed a similar factor. Aliquots of the testicular supernatant
fraction from several adult species (rhesus monkey, human, rat, bull)
inhibited the binding of 125I--hCG and 125I-hFSH to their respective
receptors (fig. 41) in a dose dependent manner. Though it would have
been preferable to assess the.inhibitory-activity of the supernatant
fractions of the primate testes with a primate receptor this was not
possible due to the limited quantity of primate gonadotropin receptor
material available. At equivalent concentrations of the rhesus monkey
or human testicular supernatant fractions comparable inhibition of °
{ZSI—hCG and 125I-hFSH binding was observed. At the highest concentration
tried, a 407 inhibition of gonadotropin binding was obtained (fig. 41A .and
41B). With the rat and to some extent the bull, there appeared to be
a disparity between the extent of inhibition of 125I—hCG and 125I-hFSH
binding (fig. 41C and 41D). Preincubation of the two testicular receptor
préparations with the supernatant fractions of the various .gpecies,
followed by their removal upon washing the testicular membranes, abolished
the inhibitory effect of the éupernatants. Thus the inhibitfon of gonado-
tropin binding gy the .supernatant fractions appears to be reversible,
occurs without dqmaging the féceptor, and is dependent on the continued
presence of this unknown inhibitory factor.

1

3.3.6 Assessment of the number of gonadotropin receptors

Specific binding of 125I—labeled gonadotropins to fraction Pl from
a 50-yr oid man was proportional to the amount of labeled hormone added
to the incubation medium (fié. 42) . The similarity in the pattern of
binding for 125I-hLH and 125I—hCG as well as their displacement gy either
hormone suggests that they share the same.receptor(g). Saturatiomn ofh\" ,

binding sites occurred at 1.0-2,0 ng of hormone added. Analysis of data

™

o
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., FIG. 41

Effect of yérying amounts of the 140,000 x g testicular supernatant

125

} from the human, rhesus mohkey, rat and bull on the binding of I-hCG

and'125

} ' The-maximum binding (257 specific binding for

I-hCG and

to 150 and 75 ug protein respectively) was set as 1007.

»

I-hFSH to the rat and bull testicular receptor respectively.
125

125I--hFSH
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FIG. 42

Specific binding of increasing concentrations of radio-
labeled gonadotropins to a testicular fraction (Pl)'
preparea from a 50 'yr old man. 1251—hLH (A: top panel)
with 110 ug protein equivalent of receptor (Pl).
125I-hFSI-I (B: bottom panel) with 55 ug protein equivalent
of receptor (Pl). Nonspecific binding for each point

was determined in the presence of a 500 fold molar excess
of the unlabeled hormone. Imset in each panel shows the
Scatchard plot of the binding data. The reciprocal *of
the negative slope of the line yields the‘ apparent
dissociation constant (Kd) and the intercept on the

. abscissa yields the total amount of labeled hormone bound
in picograms (pg), which is used to express the number of
receptors. The number of binding sites for LH and hFSH
were 2.7 and 3.6 fmol/100 ug protein respectively, which
is equivalent to 210 and 283 pmol/g of testes.
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by Scatchard plots provided the number of receptors (n) and the apparent
dissociation constant (Kd) (see insert fig. 42). PFor these calculations,
the molecular weigixt of hFSH and hLH was considered to be 30,000 and
that of hCG was 36 '700 The Scatchard plots for hLH and hCG in this
1ndividual vere nearly identical, with the number of receptors beding
2.7 and 2 9 fmol ‘per 100 g protein, respectively (equivalent to 210
and 231 fmol per gram of testes). The number of FSH receptors was
3.6 fmol per 100 ug protein or 283 fmol per gram of testis. The dis—
socliation constants calculated for all three gonadotropins were similar
(hCG: Kd = 1.02 x 1070, hLH: XKd = 1.05 x 107 OM, hFSH: Kd = 1.28 x
107%) . :

Comparison of the number of testicuylar gonadotropin receptors in
a larger sample population (17 tissues) yielded no significant difference
in the numbeIof LU receptors using either 12°I-hCG (115.41#15.74 fmol
125I---hLH (122.29+13.09 fmol per gram of testes),

As before there was a significantly greater number of FSH receptors

per gram of testes) or

(349.94+32.15 fmol per gram of testes). The dissociation constants (Kd)
calculated for all three gonadotropins were again similar (hCG: Kd =
1.2120.12 x qulOM, hLH: Kd = 1.34%0.07 x lOQlOM, hFSH: Kd = 1.37%0,08 x
10y) . )

In all, the FSH and LH binding capacity was determined in 71 and
60 testicular tissues respectively utilizing 1251-—hFSH and 125I—hLT:I.
All tissues were from individuals greater than 16 yr of age (postpubertal).
From an analysis of binding data, the tissues were divided into
eight major age groupsy With the exception of group one, groups were .
of 10 yr duratiog (fif. 43 and Table 16). The number of FSH receptors
was highest in the first age group studied (16-20 yr). Although there
was a tendency for the number of FSH receptors to decrease with advancing
age, no significant difference was observed between groups 2-7. The
sharp flecline in FSH recept‘ors observed in group 2 (21-30 yr) and
group 8 (81-90 yr) could be a reflection of the small sample size (less
than 4 tissue;‘,) . Similar to the FSH receptor, the number of LH receptors
remained constant up to 60 yr if tl;e drop in LH receptor levels in

group 2 is again assumed to reflect the small sample size. Following
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FIG 43
Influence of age of testicular tissue on the binding of 125I—hCG

1251 -hFSH “to the human gonadotropin receptor. Similar values

for the nimber of LH receptors were obtained using either lzsI-hCG

or 1251 hLH. The number of gonadotropin receptors were determined
by Scatchard and saturation analysis of the binding data for each

tissue. Each bar represents the mean * SEM.
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TABLE 10
ESTIMATION OF THE BINDING CAPACITY AND APPARENT DISSOCIATION
CONSTANT (Kd) OF TFE FSH AND LH RECEPTORS OF THE HUMAN TESTES

=
'GROUP AGE . FSH receptor IH receptor FSH receptor LH receptor Ratio of

/ (yr) : -10 FSH/LH
fmol/g testis Kd (10 *°M) receptors

d 16-20 H 402.25+41.49 (8) 123.75+¥10.55 (8) 1.47%0.13 - 1.20£0.07 " 3.25

2 21-30 290.00+34.65 (3) 56.00+18.04 (3) 1.25%0.17 1.35+0.28 5.18

3 31-40 336.00+40.20 (3) J43.50 6.50 (3) 1.45+0.10 ) 1.60+0.15 2.34

4 41-50 329.00%29.99 (11) 126.78+22.82 (9) 1.47+0.09 1.2610.16 2.60

5 51-60 335.84+23.73 (19) 125.43+19 .83 (14) 1.47+0.08 1.31+0.14 2.68

6 61-70 | 274.87:30.91 (15) 65.58+£15.40 (12) 1.39%0.10 1.6120.25 4,19

7 71-80 284.5?136.08 (11) 65,73t11.05 (11) 1.60£0.20 ' ©1.16x0.35 4.33

8 81-90 167.00 (1) 32.00 (1) 1.74 1.81 5.22

FSH receptor -~ in all groupings, excepf 1vs, 2, 1vs., 6, and 1 vs. 7, the differences were not statistically
significant. Note the small size of groups 2 and 3 could be responsible for the observed differences.

LH receptor - in all groupings except 1 vs. 2, 6or7,“3vs.2,6,0r7, 4vs.2,60or 7and5 vs. 2, 6 or 7;the differences
were not statistically significant. Note the small sample size of groups 2 and 3 could be responsible for the
observed differences.

FSH Kd and LH Kd - the differences among all groupings were not statistically significant.

Data were derived from Scatchard and saturation analysis of tissues using lZSI—hFSH and 125I—hLH. Similar results

were obtained using either 125I-hLH or 125I-hCG. The numbers in parentheses represent the number of tissues analyzed,

Values represent the mean * SEM. The differences between the LH and FSH receptor groups were statistically
significant (p <0.05). The differences between the apparent dissociation constants of the LH and FSH receptors
were not statistically significant.
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this, the LH receptors significantly decreased to 'levels below the

16-60 yr age group. The number of FSH receptors was greater than the
number of LH receﬁtors at all ages. However, the ratio of FSH/LH receptors
wvas considerably reduced in the 31-60 yr age group. The bindiné affinities
for both g&nadotropins were -similar (Table 10) and did not differ”

)

significantly at different éges.

3.3.7 Hormonal specificity of the human testis

{

The hormonal specificity of the human testiﬁﬁlar subcellular fraction
Pl as assessed by its interaction with various radiolabeled hormones
(human and nonhuman) is similar to.that of the young adult rhesus monkey.

# Radiolabeled human and ovine FSH were both bound well by the human

testicular tissue. In contrast tp the FSH receptor, the human LH receptor
interacted better with the radiolabeled primate hormones, 1 5I—hCG or
lzsl—hLH (8% specific binding) than with the radiolabeled nonprimate
hormone 125I—oLH (1-27 specific binding). Subcellular fraction Pl of
the'adult'rhesus monkey and human testes showed very poor binding of
125I—hPRL (1-2% specific binding)., The integrity of the hormone (1251-
hPRL) was verified by its ability/to bind to a rabbit liver (10Z specific
binding) and porcine ovarian (47 specific binding) prolactin receptor.

o

"3.3.8 Specificity of hormone binding in the primate vs the nonprimate

testis

The competition between 125I—hCG and various concentrations of ,

unlabeled LH from different species for specific binding to the primate
and nonprimate LH receptor is illustrated in Figure 44. The human LH
receptor (fig. 44C) discriminated between human and nonhuman hormones,
showing a definite preference for LH of human origin. Alteration of the
radioligand, i.e. substitution of lzsl-hLH for 125I-hCG, did not change
the marked species selectivity of the human LH receptor., Further,
1251—0LH was a poorer ligand when tested with—the‘humgp (1-3% specific
binding) than with the rat testis (20Z specific binding). The rhesus

monkey and rat testicular LH receptor(s) recognized the heterologous

it ¥ T R i v

g
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FIG. 44

Comparison of the displacement pattern of the binding of
1251-hCG by unlabeled LH of different species to the
particulate fraction Pl (150 ug pr:otein) prepared from

the adult rat (A: top panel), young rhesus monkey,

(B: middle panel), and human (C: botton panel) tesl%es.
Similar results were o:t>served in the human, testes with
125]1—h]’..H as the ligand. The -amount of hor'm’onié‘ﬂspecifically
bound (26%, 5% and 9% specific binding to the rat '

(34 days), rhesus ;nonkey (4 yr) and human (50 y;)‘ testes
respectively) was set as 100Z for all calculations. In
the experiment shown for the monkey LH receptor, the '
relative potency of the oLH and bLH was about 207 of hLH,
whereas in another (not shown) the two nonprimate hormones
were as potent as hLH. With the LH recepfor from all the
three species, the Mdisplacement pattern was not altered

after freezing and thawing.
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,4\' (hCG) receptors of this baboon (10 yf) appear to resemble those of the

»

‘ v
- , 119 S .

‘hotmones (Fig. 444 ‘and\B). Some differences were :apparent between
monkey, and human LH receptors in \the;Lr ability to interact with oLH and
bLH. The estimated pot:énc:tes of oLH at}d bLH in displacement agsays with
the human and rhesus mnkey*repeptors,, were 0.0042 x hCG (0.0037 - 0.0061,
9‘51 CL) and 0.242 x hCG (0.20 - 0.39, 957 CL) respectively. The monkey
LH receptor was similar to the human with respect to its poor ability

to bind rat LH (potency 0.00014 - 0.00077 x hCG). The species specificity
of the human testicular LH receptor was not lost by freezing, i.e.
heterologous hormones were unable to displace 1251 hLH/leI -hCG when
frozen and théwed human receptor was used. Due to the small amount of
tissues available, the species specificity of the yellow baboon LH(hCG)
receptor could only be evaluated once in a single tissue. The estimated
potencies of bLH 0.045 x hCG (0,041 - 0.049, 957 CL) and oLH 0.068 x hCG
(0.061 - 0.076, 957 CL) were similar and greater than that of rat LH
0.00016 x hCG (0.00014 - 0.000ZQ, 95Z CL) (fig. 45). While the LH
adult human (fig. 44C) in their ability to recoénize nonprimate LH
\preparations, this data needs to be confirmed before proposing .that the

" yellow baboon might be a better model for studles on the human than the

rhesus t_nonkey.
The binding of lzsI-—hFSH to the human' testicular receptor is

competitively displaced by intact FSH p-rep'a‘rations‘ from human as well as
nonprimate pituitaries (fig. 46). Bovine and several nonhuman primate
receptors show similar ‘behavior (Table 11). The displacement .curves for

all the five species of FSH preparations investigated were not significantly

nonparallel. Equine FSH was the most potent in the human competition assay,

showing about ten times the activity of hFSH. Rat FSH was the least
accive species of FSH. - |

. While the human testicular LH receptor ”differed from t:he FSH receptor
in being species specific with respect to the 1igand, both gonadotropin
receptors were hormone specific. Hormone 'subunits and most nongonadotropic
hormones (ex. hPRL, hGH, LHRH) had very low activity in the human and
nonhuman primate gonadotr?pin receptor assays, ie. less than 0.5%

v
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FIG. 45

I-hCG binding te 70b ué of testicular fraction Pl
‘of the ‘'yellow baboon (10 yr) by unlabele,d LH of various species.

Due to the limited amount of tissue this experiment was only’ performed '
once. The maximum binding (7% specific binding) was set as 100%.
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FIG. 46
", L KR .
Interaction of//the human testicular FSH receptor with

highly purified hefero}ogode FSH preparations. The

amount of‘hormone specifically ﬁound (117% specific, ‘

. ) binding) to 150 hg'fractisn‘Pl wés)set as 100%, Note
' that the human FSH receptor from the same tissug (50 yr)
as the human LH ;ecept&r (see Fig. 44C) is unlike the ;
LH receptor which Qas‘more Species‘selective. Identical-

&‘reéulps were obtained with fresh or frozen and thawed
rece}tor. The average potenéy was calculated‘froﬁ‘the
amount of hormone (ng) required to displace 50% of ‘the
radioactivity from,ﬁééeptor. Setting hFSH as 1, the
acti&i;ies of the hterologous FSH were as follows: )

DU . equine FSH 11 x (9.6 - 12.5, 95% CL), ovine FSH 1.55 x

(1.40 ~ 1‘61‘, 957 CL), porcine FSH 0.57 x (0.48 - 0.65.,‘

95% 'CL), rat F5H 0.23 x (0.13 - 0.31, 95% CL). Using

‘ 1251 FsH as the ligand, the displacement obtained with

b : , the Yaribus FSH.preparations showed an identical pattern.

“




[y ! .
t
1
121 1
{
3
1
hCG, hLH, hGH, hPRL, £
l 100 hFSHa, hFSHf 3
' 80
| o z
S 60
)
O .
l @ ;
3® 40 ;!
i :
20 3
! r | J -
, 0.0! 0.1 ! 10 100 1000 °
i ‘HORMONE CONCENTRATION (ng) *
i
¢
i



(’——_.!-——.F-"

SPECIFICITY OF

i
¢

125

TABLE 11

I-hFSH BINDING TO THE FSH TESTICULAR RECEPTOR OF VARIOUS ADULT SPECIES

- hFSH sub-
Species hFSH eFSH oFSH pFSH rFSH units,hCG
and hGH
Crab eating 1.0 10.25 (9.14-11.49) 1.30 (1.12-1.52) 1.13 (0.98-1.31) 0.42 (0.33-0.53) <0.005
monkey (Mf1) - °
Pig tailed , 1.0 ° 12.53 (10.79~14.54) 1.85, (1.55-2.21) 1.75 (1.43-2.14) 0.44 (0.37-0.53) <0.005"
" monkey (Mn) . -
Rhesus 1.0 ,9.71 (8.65-10.88) ~1t88 (1.54-2.26) 0.47 (0.40-0.55) 0.24 (0.21-0.27) <0.005
monkey (Mm) M
Yellow 1.0 9.12 (7.53-11.03) 1.19 (0.99-1.42) 1.04 (0.89-1.21) 0.40 (0.34-0.47) <0.005
baboon (Pc) )]
Humian 1.0 11.14 (10.20-12.15)  1.55 (1.49-}.61) 0.57 (0.53-0.62) 0.23 (0.20-0.26) <0.005
Bull 1.0 7.48 (6.76-8.29) 0.85 (0.77-0.94) 0.33 (0.30-0.37) <0.005

2.02 (1.86-2.11)

~

I

o

The averagezgotency was calculated from the amount of unlabeled hormone (ng) required to displace .50% of the radio-
I

activity (1

-hFSH) from the receptor.

The relative potency of unlabeled hFSH was set as 1.

Data represents the

mean potency value of at least two separate experiments. Values in parentheses represent the 957 confidence limits.

(< =1less than).
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gonadotropin activity. Human TSH was about 37 asﬂactive as the ligand
in the human LH, human FSH and nonhuman primate FSH receptor)assays.
This could be because of some intrinsic activity or trace contamination.
With the rhesus monkey Pl fraction, afteg 7 months of freezing at -70C
or lydphilization, an identical pattern of displacement of 12':.'I-hFSH by

the different species of FSH preparations was obsérved.

LY

3.4 Discussion‘

The present study was aimed at a better uﬂqerstanding of the inter-
action of human gonadotropins with homologous feceétor preparations{
By carrying out s@muiteneouq studies on FSH and LH/hCG binding within
the same léboretory,,we hoped to géthei data on the characteristics of
the testicular receptors as weli asatheir relative age distribution.
Various investigators (174,‘186~188, 23f) have employed differing
experimental conditions resulting in significant differences in the
estimates (Table.12) of 1H receptors in human testis. Therefore, in
order to more reliably compare data on the LH and FSH testicular
Yeceptors it seemed important to first establish the optimum conditions
for handling of the tissuee.and hormone binding to the particulate
fraction (Pl). Although there have been a few reports in the literature
on ‘the detection of LH receptcérs in human testis (174, 186-188, 231,

'334) not all the factors mentioned above haﬁﬁ&been‘considered in these

studies. .

All the tie?ues that we have examined showed .good binding of the
labeled gonadotropins. The 6-127 total Specific binding of 12 5 I-hCG or
125

I-hLH to the Pl fraction is much higher than .that previously’ reported
(174, 186-188, 231, 234) by other investigators who have used a total
homogenate after pfeliminary filtration. Analysis of:the homogenate,
the partially purified pellet (Pl fraction) and the 140;000 X g super-

_natant fraction in our expé%iﬁents“revealed'that the 'low binding. is

clearly due to some interfering substance(s) present in the 140,000 x g
supernatant. Indeed the—lAO 000 X g supernatant fraction of both human
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TABLE 12
COMPARISON OF THE LH REdEPTOR DATA FROM DIFFERENT LABORATORIES g
o ‘ i
Kd ‘é )
dissociation ) : n '%
Type of con$tant N binding sites . :
: fraction Mean * SEM fmol/g testis E
Age (yr) analyzed . (10—-10m) Mean * SEM References %
17-80 40,000 x g pellet  1.490.11 (60)2 101.877.98 (60)° This study
17-80 . 40,000 x g pellet  1.42+0.14 (38)° 9§.1928.00 (60)% This study
75-90 _ Low speed pellet 5.0 (N.D.) ‘ 62 .(N.D.) 186 -
L]
60-75 20,000 xg-pellet 0.3-0.5 (8) 23-146 (8) 185 =
53-93 Homogenate 1.6420.21 (21) 716.610.16 (21) 231
56-85 . Homogenate . 0.71+0.16 (5) 570.0£140.0 (13) 232 .
23-72 Testicular pieces — 239.8-711.2 (13) 174
Fetal (14-20 wk) Homogenate - ,0.935i6.12 (5) - 698-1150 (5) 187.
Fetal (10-24 wk) Homogenate 0:4~5.5 (N.D.) M 500-6500 (N.D.) 233 '
ND = value not determined = B é
a = Derived by Scatchard analysis using 123I-hLH o - 3
. b = Derived by Scatchard analysis using 1251 nhee E
¢ = Derived by Scatchard 'and saturation analyses using 1251 hLH, ;
d " = Derived’ by Scatchard and saturation analyses using 1251 -nee, E
The value in parentheses in our study refers to the number of observations using hLH or hCG. The

value in parentheses in other studigg refers to the number of observations using hCG. Data represents §
the mean * SEM or the range of values. !
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and monkey testes inhibits the binding of radiolabe;ed gonadotropins to
their respective receptors of nonprimate testicuylar tissue. o

" Similar activity has already been detected in serum (235, 236),
seminal plasma (235), follicular fluids (237-239), and aqueous extracts
of a variety of tissues such as the testes (218, 236), corpus luteum
(240-242), liver (218, 236) and kidney (218, 236). Gonadotropin binding
in this study could be restored by removal of the testicular supernatant
fractions by washing. The discrepancy with previous reports (218, 236)
on the irreversibility of the receptor binding inhibitory activity (RBI)
in the rat testes could be due to the use of partdculate receptor
fractions of different purities. The human testicular superﬁatant
fract}ons did not c%ntain any significant amount of soluble receptor-like
binding components (see Chapter 2, section 2.3.14), as do the bull ™(96),
rat (96, 127) and nonhuman primate (see Chapter 2, section 2.3.14)
testes. Thus at least for the human, the presence of RBI activity and
the absence of a soluble-like bjnding activity in the supernatant
fraction would suggest that these two activities are due to at least
two seﬂarate and distinct molec s. Very little is known or understood -~
about the nature of the gonadotropin RBI's. It is possible that the
inhibﬁfory activity is due to the presence of proteolytic enzymes orl
endogenous gonadotropins. The gonadotropin RBI's might play a role in
the age dependent loss of gonadoéropin activity possibly.by impairing
the coupling of the gonadotropin-receptor-adenylate cyclase system
(237, 239, 242). » )

This study ig thé Yirst'repot; on the désqription of‘FSH~receptors
in human testis. The interaction of radiolabeled gonadotropins withy
their respective human receptors was not only specific but also time,
temperature, pH and salt dependent in a manner similar t& tﬁat of the
nonhuman primates (see results, Chapter 2) and laboratory animals (52,
72, 79, 243). Optimal binding to the human and nonhuman primate FSH
receptors occurred in the presence of 5-10 mM MgCL2 or CaCl2 (Table 13)
at pH 6.5-7.5 (Table 14). The binding characteristics of radiolabeled
hCG and hFSH with the testicular'Pl fraction also resembles 125I—hCG
binding to hqmogenates of the human teg}es (186, 231, 244). However,

2,

~

bl Bl




TABLE 13 ’

. ) : \
' EFFECT OF VARIOUS SALTS ON THE SPECIFIC BINDING OF 125I--h]FSH TO THE PRIMATE FSH TESTICULAR RECEPTOR

A &
Specieg Ionic Concentration (mM)
) 1000 500 100 50 10 5 1 0.5

MgCl, (mM) . o
rhesus monkey (Mm) 1.60+0.98  1.68%0.71 14.68+1.40 53.09:2.64 . 100.00%1.34 88.37+2.33  38.10%3.69 27.83%1.43
yellow baboon (Pc) 0 1.54+0.74 ° 20.35¢i.21 62.4740.64 100.00+1.26 89.93+2.20 53.49+1.64 N.D.
pig tailed monkey (Mn) N.D. 0 12.66£0.39  47.35+3.26- 100.003.18 86.53+3.07 - 54.58+2.07 N.D.
human . ' 0 ~ 0.56x0.45 14.63:0.64  44.38+1.74 ° 100.00%2.05 83.45+4.77  59.26+0.96 N.D.

CaCl2 (mM) ( |
rhesus monkey (Mm) 1.24%0.59 2.58+1,25 14.03+0.83 41.32#1.35 - 102.13%#2.63  102.20%2.76 45.08+1.83  30.97+1.16 4
yellow baboon (Pc) 0 1.74#0.82 17.03#1.01 55.08+1.02 109.89+3.52 98.48+3.65 63.7133.60  51.76%3.72
pig tailed monkey (Mn) N.D. 0 11.1240.67  44.82+0.46 113.711.67 102263£1.79 70.89+2.47  50.402.58
human 0 0 ° 8.78:0.20  35.31%2.21  93.09%5.82 94.07+3.40 58.89:3.82 46.35+3.05

MgSOﬁ’(mM) - _

_ rhesus monkey (Mm) N.D. 6.7620.47  25.1121.95 41.56+1.78  86.84%3.45 61.532178@_ 69.27+2.58 35.00£3.63
yellow baboon- (Pc) 0 12.514#1.20 50.69+1.50 72.00#1.12  74.93%2.93 72.73+4.07  45.43+2.34  43.50%2.24
pig tailed monkey (Mn) N.D. - 4.2140.21  41.32+1.64 66.50+4.02  80.471.54 72.36+1.22  43.14%1.81 33.71+1.15
human 5.4420.50  9.813.49 44.79:1.13  63.14¢1.98  79.89+3.60 62.5742.23 52.67+3.12  43.57%1.74
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‘ TABLE 13 (cont'd)
NaCl (mM)
rhesus monkey (Mm) 2.27%0.40 2.72%0.50 11.65%2.09 22.66%*2,62 14.01+0.58 13.04t2,01 11.89%1.86 N.D.
yellow baboon (Pc) . 0.39%0.24 0.78+0.68 14.65+1.15 22.05%1.13  23.49+0.47 22.0120.45 22.47+0.84 26.11%1.32
pig tailed monkey (Mn) N.D. 1.09+40.49 12.52+0.64 18.83+0.82 20.91:1.34 15.75+2.78 20.67+1.91 19.96%0.55
human 0 1.1020.8 26.69+1.36 36.25+1.38 32.12%2.16 31.06+1.13  34.53+0.71 27.01%2.26
KC1 (mM) ‘
rhesus monkey (Mm)  3.10%1.05 19.67+1.99 45.91+1.28 45,02+3,13 27.55%3.15 17.15+2.91 9.86+1.56 14.55%2.85
yellow baboon (Pc) 1.04+0.60 7.46%3.70 61.96:+2.04 63.41%2.98  48.17+3.22 36.33+1.97 30.96+3.23 29.60%1.70
v“ pig tailed monkey (Mn) Nrﬂ. -2.98+1.46 .54.58+3.77 54.86%1.06  44.97+2.01 31.75+1.86 20.80+3.08 26.10%4 .04
human 4.37%1.13 8.95+0.58 60.73+3.08 58.44%2.65 42.79+2.11 32.86+2.37 27.26+1.38  31.14%2.52

hepn e, - .
AR i 2L o

Subcellular fractions were prepared from the rhesus monkey (13 yr), yellow baboon (8 yr), pig tailed monkey (10 yr) and

human (73 yr) testes.

assay buffer at pH 7.2 but with varying concentrations of the salts.

Mn=10% S.B., and Man=9% S.B.) obtained in the presence of 10 mM MgCl, was set as 100Z for comparison.
salt only 20+27 specific binding was observed.

two separate experiments. ND = not determined.

Aliquots of testicular fraction P1 (100-200 ug protein) were incubated at 34C for 8 h in the regular
The maximum specific binding (Mm=10%Z S-.B., Pc=127 S.B.,

In the absence of

Data represents the mean * SEM of triplicate determinations of at least

971
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TABLE 14

INFLUENCE OF INCUBATION MEDIUM pH ON THE SPECIFIC BINDING &F
125I—hFSH TO THE PRIMATE FSH TESTICULAR RECEPTOR

Species L .
Buffer pH Rhesus monkey (Mm) Yellow baboon (Pc) ' Human
Acetate 4.89%2.09 2.86+1.83 2.78£1.00
3.02£0.78 1.310.75 8.31%1.73
5.5 31.13%2.13 41.09+2.61 42.09%2.58
Tris-HC1 =~ 6 78.90%6.36 76.93¥3.31 -*  57.55%4.26
6.5 97.05%4.65  77.96%2.31 77.94%3. 44
7 100.50+2. 89 100.00%1.93 100.00%1. 49
- 7.5 95.96+3.85 - 88.74%1.13 87.10%2.85
N 8 70.05%3.34 60.652.14 76.34%6.22
8.5 46.05%1.52 55.78+2.96 58,923, 49
33.36%1.95 T 52.71+1.27 "58.85%4.26
| 9.5 N.D. 43.74%0.09 48.48%4,20
Sodium i ‘ . L. . -
_phosphate 6 42.41%2.51 39.90+3.37 49.27%5.23
6.5 40.40%1.26 N.D. N.D.
7 - 30.02%1.58 33.39%2.41 40.57%2.68
: 7.5 22.78%9.09 N.D. N.D.
8 23.56%2.95 ° 23.4142.09 29.79%3,26
Carbonate~ . . :
bicarbonate 9 - 6.00%1.07 §,D.' . . N.D.
9.5 . 3.0231.64 £ 6.4110.38 | 8.44%1.15
10 2.671.92 2.5940.20 5.67%0.94
10.5 1.24%0.31 0.58+0.19 0.68%0.10

»

N.D. = not detexrmined.

Subcellular fractions were prepared from the rhesus monkey (13.yr), yellow
baboon (8 yr) and human (46 yr) testes. Aliquots - of testicular fraction.
Pl (100-200 pg protein) were incubated at 34C for 8 h in the’ réspective
buffers indicated, in the presence of 10' mM MgCl, and '0.1% BSA. Other
conditions of incubation are as shown in legend"to Fig. 13: The maximum
binding, 127, 147 and 8% specific binding for the rhesus monkey, yellow
baboon and human respectively, at pH 7.0 was set as % for comparison.
Data represents the mean * SEM of ttiplicate dete}mina ons of at least
two separate experiments. ‘ ..
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the loss of lZSI—hEG specific binding to the 40,000 x g pellet (fig. 34B)

at 34C 1s faster than that reported for testicular homogenates (244).
This difference could be due to the poor specific binding (1.5-3.0%)
obtained in their studies, which is close to the lower limit of resolu-
tion of the assay. X

The most marked difference between the human and nonhuman primate
FSH receptors appears to be hhe greater stability of the human receptor.
The half time of inactivation (t3) of the human FSH receptor (fig. 39A)
at 34C is about 14 h as against 2-5 h for the rhesus monkey (fig. 20A) and
yellow baboon (fig. 21A) testicular FSH receptor. The human FSH receptor
was more stable to Heat (34C) than the LH receptor of the human’ (fig. 39B),
rhesus monkey (figf’hOB) and yellow baboon (fig. 21B) testes (t} = 3-4 h).
When the relative stability of the human testicular FSH and hCG(LH)
receptor in the unoccupied,state is considered, our data clearly show
that the former is more stable at all the three tempe%atures (25C, 34C
and 37C). The temperature dependent loss of activity is a result of
inactivation of the gonadotropin receptor, not the hormone. Degradation
of unoccupied receptors may play a role in the physiological regulation
of cellular receptors. ’

As there is no loss in binding at,ké for up to 36-48 h (fig. 39),
it may be feasible to carry out receptor determinations on tissues képt
at 4C for this length of time. It is also important to note that the
FSH receptor suffers little or no inactivation at 25C for up to 12-16 h
a finding which adds reliability to the estimated binding sites in !
tissues that we have collected up to 12 h after death. As the LH/hCG
receptor uﬁdergoeg about 304192 loss in the same interval at 25C, the

_walues that we have shown (Table 10), for the different ages may represent.

an underestimate. Our estimates of the LH receptors are lower than that
reported by investigators from Finland (231) but within the range of
values from other laboratories (see Table 12). '

hCG is a placental hormone of pregnancy with chemical and biological
properties simllar to pituitary LH, but .is not found in the circulation

of normal men. All the studies reported in the literature on humag “/
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testicular receptors have used placental hCG ratigz\than pituitary LH
as the ligand, perhaps because of reasons of easiler availability and
stability of the former. As the rat testis,which is the most widely
studied. model, exhibits differential affinities for hCG, hLH or oLH (82)
it was considered appropriate to examine the human testicdlar receptor
with labeled hCG and hLH. The concentégtion dependent competition by
unlabeled hLH for binding of 125I—hCG to the’receptor or vice versa
fndicated that the two, hormones occupy the same binding sites. The
estimated binding constants and capacities (Table 12) were the same in .
both cases, thus validating the use of hCG for studying the human 2N
testicular LH receptor. However, there appears to be some differences
between 125I—hCG and }ZSI—hLH in the stability of the hgormone-receptor
complex as seen from our kinetic data shown in Figure 33.  “More detailed
studies are necessary to examine if these are due to differential rates
of inactivation of the ligands or dissoclation rate

In rPdents,-prolactin is involved in the inductiomand maint:ainance"~
of testicular LH feceptors 5245). Prolactin treatment is accompanied
by potentiation of LH stimulated spermatogenesis and testosterone produc—
tion (246, 247). Sleep-related changes in male plasma testosterone are
related to serum LH and prolactin concentrations suggesting that prolactin
1nfluences human testicular function (248). Prolactin secreting human
pituitary adenomas are often associated with impotence and lower

testosterone production (249?. In addition, induction of hyperprolactin-

'aemia in men leads to-partial inhibition of estrogen production possibly - .
by modifying testicular aromatase enzyme activity (250). The actions ‘

of prolactin in the rodent have been attributed to a direct effect on
the testes via specifie prglactin redeptors located on the Leydig cell
(251, 252). It was therefore of physiological relevance to examine
human testicular tissue for the presence of prolactin receptors.

~

" Analysis of five individual human testicular tissues (aged 50-70

yr) failed to yleld significant binding of 125I hPRL (less than 1%
‘specific binding). In contrast to the’ poor binding of 1ZSI-hPRI.:, these
tissues bound 125 I-hCG and 125I-hFSH (greater than 5% specific binding);

The discrepaﬁcy‘in the number of prolactin receptors for the primate

1
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.receptors.f’WTgi the excep;ion of tissues at the extreme ends of the'

‘capacities to téstis in several species of animals is listed in Table 15. .

'is evident despite the lower number of Leydigycells. Data on the gdnado-‘ .

. other species including primates (Table 15) points out the inadequacy . .

130 o EN . - "
. e, _ .
and nonprimate testes is not unique to this hormone. Clayton et al. .

W’

(253) have reported that receptors for LHRH are present in the rat but L

not human testes. Possible reasons for the poor binding of 125I~hPRL&

in the human testes are tie use of suboptimal .binding cqnditiépst a”
small reeeptor population for prolactin, or occupancy of prolactin
receptors by endogenous prolactin. Absence of prolactin receptors in
adult tissues does not preclude their exigstence in younger individuals “
(less than 50 yr) (251). R ' . )
The greatest impediment. to the characterization of the age dependency K
of gonadotropin binding to the primate testes is the scarcity of normal
tissues. Though this study is of limited magnitnde, utilization of
autopsy tissue samples ‘has allowed’ the most detailed study-to date of

-t i
the age dependent changes in the number of heman testicular gonadotropin .

age groups investigated there was a tendency for the gonadotropin

binding capacity (fmol/g testis) to remain relatively copstant in the
postpubertal human testes with advancing age (Fig. 43){ A simiiét . .,
gonadotropin binding-gattern was obserwved for the rhesus monkey (Table 7) . ,
and rat testes (FSH receptor only) (214). The gonadotropin binding

o
The binding affinities for all species for FSH and LH/hCG are in the

range of 109 1010 M . Among the primates; the human and rhesus monkey : ‘“ P

-,

testes had the greatest IH and FSH binding capacity’ (fmol/g testis)
respeptively. In all °the species except the rat, the.number of FSH

receptors.was greater than that for LH. In the rat, an opposite pattern . s

.

-

tropin receptor patterns of seven of the listed species - man, nonhuman —f’m\\\:h;_
: ' p i

prinates, bull and rat -~ are directlf}comparable‘because the determina- .. ° - .
tions were all done in our laboratory using similar techniques and - Tt

- ' A . 4
identical-ligands. . ) o -,

The divergence of testicular FSH and LH receptors between rat and -, .

of the rat model for receptor studies. Ihere*appear‘to be significant
+ . B f

~,
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L ) o COMPARISON OF THE FSH AND LH RECEPTORS IN TESTIS OF VARIOUS ANTMALS®
'A , = T ’ « °  Hormore oinding'capacity 4 ‘ ‘Ratio of .
L : R 'FSH ® LH(hCG) FSH/LH -
— : Testis weight - - o receptor/g
 Species Mean (g) pmol/g testis pmol/ testis pmol/g testis pmol/ -testis testis ‘Reference
¢ Prinete » i
Man 9+2 . 0.31+0.02 (71)b 2.77+1.32 (11) 0 10+0 01 (60) 1.32%20.65 (11) 3.1 This study
., Rhesus monkey 18+4 1.51+0.46 (10) ° 14.59&10,95(10)C 0. 16+0 09 (10)d 0.42%0.30 (10)? 9.4 This study
.. . - =
11 Non-Primate o e
Bull - 290150 0.6230.02 197.7 £ 7.5 0.04%0.01 12.89+0.98 15.3 This -study
g ' , ‘ - . ' (72, 212)
‘Rat' 1.540.4 0.40420.055 0.61 £ 0.08 1.32040.04 1.98%0.06 0.3 This study
- . . . b . . ) (71, 77
Pig’ - -1-300 2.650" . ND 3-9- 90-240 (74,78)
(various ages) ) b . . L b
Sheep : 206 6 0.240%0,04 49.5 8.3 0.03%0.004 6.1+0.8 8.0 (73)

Only selected ddta from_ the literature has been considered for species such as bull and rat.
permitted calculation of data on a uniform basis (pmol/ g testis) were. evaluated.

a range of values. -

ﬁenotes use of homologous hormone for recébtor detetminations.

Only those studie®s which

Data represents the mean '+ SEM or

-

The wide range of values arises from the steep increase in testicular weight that occurs with increasing age.

d

' These are values for animals of about 3-6 years of age because adult tissues (greater than 12 yr) have low or undetectable

LH(hCG) binding. -

1

ND = Not determinable. '

Data from our study was derived by Scatchard and/or saturation analysis: of
adult bull (>5- yr), rat (34-44 days), rhesus monkey (3—6 yr) and human (16~-80 yr) testes.

mean * SEM of at least 5 animals.

o

o 3

I 1abe1ed gonadotropin binding to the .
Data represents the
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_the observatiqﬁs reported by Davies et al. (185).

4

differences, in the relative distribution of receptors within primates .

. In‘—the rhesus monkey, a species so widely used as a model in studies
~on reproduction, we have detected 1ittle RLH/hCG binding in the adult

animal as compared to man. It is possible that in the adult monkey

testis, ‘the LH receptor may be more susceptible to degradatipn (194~196) .
If this is true, it appears 'to be more stable in the young monkey testis /L'

as LH receptors are easily glgtectéble (Table 7 and 8). Age dependent
changes in ;esticular inactivation of FSH and FSH receptors in the rat
testis’have‘been speculated to have a role in the ’cbntrol of hormone
action (254). Whether similar phenomena may operate in primates remains
A

to be investigated. S - -
Another significant differesce between the human and monkey

) testicular LH receptor '1ies’in their ability to recognize nonprimate LH.

'
14

The human receptor was ‘more selvtive because several highly purified
nonprimate LH preparations which were effective in the monkey or rat

system had extremely low activity ip competitive binding assays using
1251 —hCG /125
‘our data (Fig. 44B) on the rhesus monkey are strik ngly different from
' Our highly purified

I-hLH and the human receptor. It may be pointed out that

‘oLH and bLH preparations were about 25% as active as hCG or hLH in one

experiment (Fig.‘ 44%) and Al’mast 100Z active in another, while the 'rat
LH was consistently Mw in activity. The reasons for the discrepancy ‘
in the data are not clear at present.

The human testicular FSH ret:epto'r Ms clearly different from the LH
receptor in its behavior as the former can efficiently interact with
many heterologous FSY preparations (Fig. 46). A nonhuman hormdne 's::uch
as equine FSH was t}ore active than hFSH itself in the displacement assay.
125 I-oFSH bqund as efficiently as lzsl—hFSH to the receptor. These
results are identical to the situation in monkey testis (196). Unlike
the reported species specificity of the LH/hCG rece;lb)to,r in the primcate
testis (185) and human (255) and monkey (256) corpus luteum, the FSH
receptor from the human testis was clearly different. Not only did

many unlabeled heterologous FSH preparations (equine, ovine, porcine,

J‘ /\ ’
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rat) compete as effectively as or better than hFSH for binding sites
(Fig. 46, Table 11) but 1251 oFsH also bound well to’ the human and
different monkey receptors.” While the cause of the pronounced
difference in species specificity of the LH and FSH receptors remains

a mystery, we may speculate that .ttze very high degree of homology in
RN the structure of tqe hormone specific B subunits of different species
—4{ . - of FSH (fig. 4) (257) may render them suitable for interaction with the
~human feceptor. The degree of structural conservation among the hormone
"specific B subunits of differént species of LH (fig. 3) (14) is not_as
high as in FSH (fig. 2 and 4) (257). ’

The human testicular LH receptor is unlike that of the corpus luteum's
in th;t it“maintai%spits preference for the homologous hormone after
freezing and thawing. It .has been reported that human luteal LH '

. receptors while maintaining high specificity for the human hormone in

the fresh state apparently lose this characteristic after freezing

(~20C for 3-21 months) and begin to recognize nonhuman hormones (255).
Such a change is unlikely with the monkey testis because a particulate
.- fraction from freshly removed testes from the bonnet monkey (Macaca
gadi;ta) interacts with FSH from sevgral species (Sairam, M.R., Rao,
o ’ . A.J., Moudgal, N.R. &Jierman,‘n.l., uﬁpublished results). It is possible
that the primate FSH recep}or is different ffom the LH feceptor as far

as its species specificity is concerned, with the latter exhibiting a

4

. more strict requirement for ﬁrihate hormones®. pur data, on the interac-
tion of heterologous FSH with the primate FSH ;eceptoq agreé well with
data reported in the iiigrature. Several studies have shown that adeno-
hypophyseal extracts derived from a variety of species (sheep")} , ‘
hgrse,.human) were capable of-succ ssfuily inducing an incre ;%?%h the
size of the human and nénprimate qtéries, due to an enormous enlargement
of the follicles with little or n$ trace of luteinization (258-262).
yhile FSH recéptorg have been demonstrated in the primate ovary (263)7

Y

its species specificity ‘has not bpen determined. Data on the effects

of heterologous gonadotropins in monkey testis are scanty. Reports

such as that of Greep (1937) indicated enlargement of gonads of immature
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animals following treatment with nonhuman pi;uitary fragtions cont;aining
FSH (264). The marked enlargement of seminiferous tubules and Sertoli
;;11 cytoplasm m:t:o.=.d~ 1:; immature rhesus monkeys following oFSH or PMSG
treatment (265), cleai'ly indicates a lack of species specificity in

4
- hormone interaction, consistent with our observations (Fig. 46 and

Table 11).
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CHAPTER . 4

°

HUMAN TESTICULAR
ADENYLATE CYCLASE ACTIVITY

4,1 Introduction .

_— d

Hormone-target cell interaction is known to modulate the biological

activity of the target cell thfough the activation of the adenylate
cyclase system (266-268). 'I'he membrane bound hormone responsive adenylate-
cyclase system is composed of at least three separate and distinct
components. These are the hormone receptor (R), a catalytic subumit (CB .
and a regulatory protein (N) capable of binding GIP or iés‘ analogues.

The regulatory protein provides a functional linkage between the hormone-
receptor interactior: (at the outer membrane surfe.ace) and activation of

the catalytic unit of adenylate cyclase (at the inmer membran;. surface),
which results in the formation of cyclic AMP, Cyclic AMP, acting as a
second messenger, mediates the int:racellulalr.i re;sponse of the cell to the

hormone (266-268). In the rat testis and ovary, specific binding of the

gonadotropin hormones led to the direct stimulation of the enzyme adenylate

cyclase (269).

numbers resulted in para:llel changes in adenylate cyclase responsiveness

During sexual maturation, changes in testicular receptor
to gonadotropins. There was an increase in LH responsive adenylate cyclase
activity and LH receptors with advancing age while the FSH responsive
adenylate cyclase activity and FSH receptors were decreasing (270,271).
Priming of female );ats with PMSG resulted in a parallel rise and fall
of gonadotropin binding sites and adenylate cyclase activities (272).
;These studies suggest that the number of available gonadotropin receptors -
is correldted with the ability of gonadotropins té stimulate adenylate
cyclase. Desensitization, which ‘results in a loss of gonadotropin
receptors, also leads to a loss of responsiveness of the adenylate

¢yelase syétem to gonadotropins (165,168). This is consistent with a

135 . " c
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loss of target g:ellll responsiveness due' to impaired ”receptor-adenylate
cyclase coupling. -

Chapter 3 described the age dependent changes in gonadot;:opin
binding to the human testes. Gonadotropin stimulatio\h of human testicular
tiséug has been shown to result in the accumulation of cyclic AMP (273,
274). It was therefore of interest to determiné if the human testicular
receptors are coupled to adenylate cyclase and if maturation alters
homong-receptor coupling or adenylate cyclase responsiveness to
gonadotropin stimulation.’ The mechanism involved Ain coupling receptor
binding to enzyme activation was studied using highiy specific gonadotrobin
agonists and antagonists prepared in lthis laboratory. Preliminary results
of this study have been reported (275).
4.2 Materials and. Methods

4.2.1 Hormones

!

Highly purified human FSH (hFSIH), ovine FSH (oFSH) and ovine LH (oLH)
were prepared in this laboratory. The hCG (CR119 - iodination grade)
and human LH (hLH 14 -~ lodination grade) were supplieyg by the National
Hormone and Pituitary Program, National Institute of Health, Bethesda,
Maryland. Human prolactin (hPRL) and equine FSH (eFSH) were provided by
Dr. H.G. Friesen, University of Manitoba, Winnipeg, Canada and Dr. T.
Landefeld, University of Michigan, Ann Arbor, Mi. Isoproterenol g(ISO),
propranolol (PRO), estradiol-178 (E2), R-estradiol-3-benzoate (E2B8),
diethyl stilbestrol /(DES), progesterone (P), testosterone (T), and

‘androstendione (A) were purchased from Sigma Chemicals, St. Louis;, Mo.

A clinically useful derivative of DES, Honvol (diethyl stilbestrol '
sodium phosphate, DES~NaP) was donated by Horner Laboratories, Montreal,
Que., ‘Canada.

B

4.2.2 Chemicals

" Lhctoperoxidasg, bacitracin, guanosine 5'-triphosphate (GIP) sodium
salt from equinemuscle; 5'-guanylimido-diphosphate (GMP-P(NH)P) sodium
sait, adenosine 5'-triphosphate (ATP) disodium salt from equine muscle,
adenosine 3':5' cyclic monophosphate (cyclic AMP) sodiuﬁl salt and
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creatine phosphate (CRP) disodium salt were purchased from Sigma, St.
Louis, Mo. Forskolin (FSK).from Coleus forskohlii and dithiothreitol .
(DTT) or Cleland's feagent were purchaged from Calbiochem—~Behring

Corp., San Diego, Ca., Creatine kinase (CK) from rabbit muscle and
myokinase from rabbit muscle were obtained from Boehringer Mannheinm,
Montreal, Que.,. Canada. Sodium fluoride was obtained from Aldrich Chemical
Co., Montreal, Que., Canada. Radiolabeled adenosine 5'-triphosphate, tetra ‘
(triethylammonium) salt, [a—'32P] or [a—32P} ATP was purchased from

" Amersham Inc., Arlington Heights, Il.

4.2.3 Dowex 50 colums

These columns were prepared by Ngdding a suspension of Biorad AG

* 50 W-8X, 100-200 mesh,, H' form, into 0.7 x 4 cm polypropylene columns

(10 ml) to give a final bed height of 3.5 cm. After use columms were
regenerated by addition'of 5 ml of 1N HCl followed by three successive
washings of 8 ml deionized water. - Jd:

- -

4.2.4 Aluminum oxide (alumina) columms

The aluminum oxide waé suspe;lded nin 100 oM Tris-HC1, stirred,‘
allowed to settle for about 1 min, decanted and resuspended. This
process was repeated 4-5 "t'i?es to remove any fine particles which would’
retard the colum's flow rate. Columns (0.7 x 4 cm) were packed to
give a bed height 'of 3.5 cm. One wash of 8.m1 100 mv Tris-HC1 is the

only requirement to regenerate these columns.

4.2.5 Preparation of testicular tissues -

Human testescollected at surgery or within 12 h post mortem
from healthy individuals were utiliZzed f,or'the §tudy. \Tissues were cut
Into small pieces and homogenized in 25 m Tris-HC1 buffer pH 7.2
containing 100 mM sucrose and 1 mM EDTA. The solution was then filtered
through cheese-cloth and centrifuged at 40,000 x g. The resultant p}
pellet was ﬂresuspende-d (g per 2 ml)*"n 25 mM Tris-HCl buffc?r pH 7.2

» 9
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containing (1 mM EDTA). EDTA (1 mM) was utilized to preserve the ’
activit}; of adenylyl cyclase during homogenization and prolonged stor’age.
This concentration of EDTA does not. interfere with '1251-1abe1ed
‘guonadotropin binding to the human testicular gonadotropinireceptor.
Similarlyafractions: were prepared from 34 day old CRCD rat testes.

Protein content was assessed as described previously in Chapter 2 (see

Section 2.2.5). (

4.2.6 lodination of hormones

1252[ by the lactoperoxidase method as previously described in Chapter 2 (see

Section 2.2.6). The specific activities of the labeled hormones were
In/ the range of 50-80 uCi per ug. : ;
‘ i

4.2.7 Deglycosylation of the gonadotropins o

The gonadotropic hormones, hCG, oLH and oFSH were sgeparately
subjected to deglycosylation by exposure to anhydrousvHF for 60 min at
0c as previously described (33). This procedure removes approximately
BQZ of the carbohydragg residues withc;ut Ziangging the protein backbone.

3 .

4,2.8 Binding studies

The compounds estradicl (MW 272.4), diethyl stilbestrol (MW 268.3),
testosterone (MW 288.4), androstendione (MW 286.4), and progesterone (MW
314.5) were dissolved in ethanol to give a final concentration of 6 mg/
400 1. Prei’leating at 40-50C for one minute was required for samples
to dissolve. Dilefhyl stilbestrol sodium phosphate (50 mg/ml) (MW 428.3)
and the iieglycosylated gonadotropic hormones are water soluble and were
directly diluted wj.th assay buffer. Assays were performed in triplicates
in 10 X 75 mm disposable polystyrenme tubes. Unless otherwise indicated,
each tube contained approximately 50,000 cpm (400 pg) of l251—labe1ec1
hormone, 100-300 ug protein equivalent of the testicular subcellular
fjraction Pl, 50 ul of the agent to be tested and 100 ul of the unlabeled

The gonadotrc;pic hormones, hCG, DGhCG and hFSH were labeled with - | '

-3
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- hormone (500 fold excess) and/or assay buffer to comstitute a final
volume of 250 ul/tube. In the case of the steroid hormpnes, suitable
controls receiving the same concentration of ethanol or assay buffer
were always employed. The assay baffer consisted of 25 mM Tris-HC1
buffer, pH 7.2 containing 0.17 BSA, 0.2Z MgCl2 and 0.6 oM bacitracin.
The tubes were vortexed and incubated in a continuously shaking Dubnoff
vater bath for 15 hat 25C. The reaction was terminated by the additiom
uof 2 ml of chilled assay buffer followed b}; centrifugation at 2900 x g
for 15 min at 4C in a table top IEC clinical centrifuge. The supernatant
was removed by aspiration under vacuum and the radioactivity in the «
pellet was determined in _an LKB rackgamma II counter (counting efficiency
'70Z) . The difference between the total radioactivity bound and nonspecific
I;inding was defined as the amount spfcifically bound and expressed as a
percentage of the total counts put ijnto the tubes. ‘

4.2.9 Reversibility of synthetic steroid hormone action

The human testicular subcellular fraction Pl was first incubated

with the compound being tested for 2 h at 34C in a fipal incubation volume
of 250 yl. The tubes were then washed once with 2 ml of chilled assay '
buffer, the membranes recovered by centrifugation at 2900 x g for 10 min*

. at 4C and tﬁe supernatant removed by aspiration. Tubes were resuspended
.to the original volt;me with the assay buffer and either IZSI—hCG‘ or
1257 _hFSH. A second incubation of 15 h at 25C was then performed.

‘ Specifically bound radioactivity in the pellet was determined and expressed
as a percentage of control tubes.

£t
2

4,2.10 Adenylate cyclase assay

0

Adenylate cyclase activity was deétermined by measuring [32-P] cyclic
AMP formation from [aszP] ATP as deseribhed previously (276, 277) with
minor modifications. Unless stated dtherwise, the assay medium consisted
of 25 mM Tris-HC1 buff‘er, pH 7.2, 0.5 mM MgATP, [a32P] ATP (1.2-1.8 x
e 10ﬁ CPM), 5 mM MgCl2 (in excess of the ATP concentration), 0.5 mM cyclic
‘ AMP, 1 oM DTT, 10 uM.GTP and an ATP regéne}!(ng system consisting of

1
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‘ subsequent chromatography on a double column system as described
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5 mM creatine phosphate, 0.1 mg/ml creatine kinase and 0.1 mg/ml

myokinase in a finlal volume of 200 pul. The above conditions resulted

in optimal stimulation of adenylate cyclase activity by the‘ gonadetropic
hormoges. Incubations were initiated by the addition of rat of human .
testicular tissue (50~-100 ug of protein) to the reaction mixture‘ which '
had been thermally equilibrated for 15 min at 34C. Reactions were .
terminated, after a 15 mi‘ incuba'tion at 34C, by addition of 0.6 ml

of a zinc acetate-cyclic :LP s;qlution (43 mg cyclic AMP/250 ul 120 mM

zinc acetate) and 0.5 ml of 1’44 mM sodium carbonate (Na2C03). This

step results in the partial purification of cyeclic AMP by ¢oprecipitation

of other nucleotides. Precipitation was aided by centrifugation at

2900 x g for 10 min at 4C. Cyclic AMP was further purified b&

[

previously (276, 277) with minor modifications s

4.2.11 Separation of [32P] cyclic AMP from [a32P] ATP derived [32P]

~ labeled compounds

As statec{ in the previous section, cyclic AMP is ini.t:ially purified
by coprecipitation of contaminants. Following centrifugation; alml ©
aliquot of the clear supernatant from each tube was applied to a
separate Dowex 50 column and the: effluents discarded. These colums .
were washed with 3 ml deionized water and the effluents again discarded.
The Dowex 50 columns were subsequently placed on top of a set of
aluminum oxide columns (piggyback) and cyélic AMP eluted from the -
Dowex 50 columns into the aluminum oxide columns by applying 8 ml .,
deionized water to the Dowex 50 columms. Eluates from the Dowex 50
columns are dllowed to penetrate completely into the aluminum oxide
columns, whose effluents are discard;d. [32P] cyclic AMP is then eluted
from the aluminum oxidé columns directly into 20 ml scintillation vials
by addition of 8 ml 100 mM Tris-HC1l to the aluminum oxide columns.
Chromatography on the double column system re;ults in the removal of

more than 997 of the contaminating 321’. The sami:les were analyzed

h (' \ :
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for [32P] cyclic AMP by 10 min counting in a Beckman LS-350° liquid
scintillation counter. Overall recovery of [32P] cyclic AMP per tubeu
as assessed by reading the optical density at 259 nm was 70-90Z.
Assays were carr®ed out in triplicate and results expressed as the
mean of at least two experiments. Activity was’expressed-aé'pmol

cyclic AMP formed per 15 min per mg protein.

4.2,12 Statistical analysis
Data were analyzed for significance by Student's 't' test. Dis-

placement curves were tested for barallelism and Scatchard plots

performed using a programmable Hewlett-Packard desk top calculator.

/ >

4.3 Results

4.3.1 YGonadottbpin—sénsitive adenylate cyclase

The presence of a gonadotropin sensitive adenylate cyclase was

investigated in 40,000 x g membrane fractions derived from human

125 125

testicular tissue which demonstrated significant I-hCG and I-hFSH

binding. Each tissue (3-20'mg equivalent of original testes weight)

was simultaneously assessed for FSH and LH reéponsive adenylate cyclase
activity using a saturéting dése of the gonadotropic hormonest(l ug)
under standard assay conditions (see Section 4.2.10). A wide fluctuation
of FSH stimulated adenylate cyclase activity was observed. Of the )
44 tissues procured from the clinique, only 27 of these tissues (617)
had significant FSH responsive adenylate cyclase activity. Of these

27 tissues, 417 (11/27 tissues) responded well to hFSH (stimulation

was greater than 1.6 times basal activity), 447 (12/27 tissues) were
1.3-1.6 times as active and the remaining 15% (5/27 tissues) were poor
respopders,,i.e. less than 1~ 3 times as active as tﬁ% basal activity.
Typical results are summarized in Table 16. A maximum of 2.0 fold |
stimulation over the basal values was obtained. Sulisequent experiments
utilized tissues from the first group (1.7 x basal éctivity),to ensure

maximization of the response and reliability of the recorded data.
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TABLE 16

WL gt e -

v

NUMBER- OF GONADOTROPIN RECEPTORS IN THE HUMAN TESTES

~y e

% FSH stimulated

FSH receptors

LH receptors

FSH Number of , adenylate cyclase
response tissues activity fmol /g testes fmol/g testes
FSH : . .
responsive 12° 60-120 280.00%43.08 58.55+15.06
FSH . . \ s
responsive 11 30~ 60 269.25+46 .12 101,70+24.73
FSH
responsive 4 20~ 30 359.251288.65 75.25+32.09
FSH non- » . T
responsive 17 —~— 229.94x38.47 59.94+11.85

-

Testicular tissue (50-100 ug fraction Pl) was obtained from individuals

aged 16-70 yr:
assay conditions (see methods, section 4.2.10).

Data represents the mean * SEM.
tissues 1s arbitrary.
in the number of FSH or LH receptors.

Adenylate cyclase activity was measured under standard

Gonadotropin binding
capacity was assessed by Scatchard and saturation analysis using 1251-hFSH.

Note the subdivision’ of FSH responsive
There was no statistically significant difference
In all groups, the number of FSH

receptors was significantly greater than the number of LH receptors..
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In response to 1 ug hCG or hLH (data not shqwn), very little if o
any, s};.gnificant enzyme stimulation was observed in spite of good
1251 hce binding and the presence of sufficient accessible bind‘lng
sites (T;ble 17). Only 8 out of 36 tissues (22%7) had LH responsive

adenylate cyclase activity.
No significant difference was observed in the FSH or LH(hCG)

¢

I
|
l
. binding capacity of the’g‘onado'tropin adenylate cyclase responsive and -
i non-responsive testicular tissues. Among the three FSH adenylate cyclaseL
responsive tissues, no correlation between gonadotropin receptor numbers ‘
i and adenylate ,cyclas&, activity was detected. Indeed, tissues with the
" same number of FSH receptors exhibited various degrees of FSH responsive
i adenylate cyclase activity, f;:om no detectable response to a two fold
stimulation of adenylate cyclase activity. The few tissues with
1 *significant adenyl:ate cyclase:activq.ty precluded an age dependent study.
. Nonetheless, FSH ‘responsive adenylate cyclase activity was observed in
tissues from individuals aged 20-60 }"r. This seems to suggest that FSH
l stimulation.of adenylyl ¢€yclase is age independent.
The low enzyme response to hUG (0-407 above basal) might reflect
! the use of a suboptimal concentration of hormone. Whereas increasin.g
concentrations of hFSH (l 5000 ng) led to a well defined dose dependent
1 increase in FSH-sensitive adenylate cyclase - activity (Fig 47), little
or no change in the LH(hCG) sensitive enzyme activity was observed.
l Therefore failure to obtain large stimulation of adenyIdte cyclase
activity by hCG was not due to insufficient hormone. The first increase
f ' in adenylate cyclase activity occurred in the presence of 1'67, nM hFSH.
The ECSO. for hFSH stimulation of adenylate cyclase was 8.33 nM with
saturation occurring at 83.3 nM hFSH. In agreement with the poor binding
i ab‘il%ty of 125I-hPRL to the human or rhesus monkey testes '(less tnan 17

specific binding), hPRL (1 ug) did not significantly stimulate  the

‘ human testicular adenylate cyclase enzyme. Human growth hormone 1 pg
hGH) and isoproteronol (5-500 UM) also did not significantly increase
[ R the activity of adenylate cyclase. ' . \ -
i ‘ |
s " : S
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TABLE 17 ,
RELATIONSHIP OF GONADOTROPIN STIMULATED ADENYLATE CYCLASE ACTIVITY L\\

-

TO THE NUMBER OF GONADOTROPIN RECEPTORS IN THE HUMAN TESTES .

' .
B e

Gonadotxropin Number of % gonadotropin .LH

response tissues stimulated ,FSH receptors  receptoxs

: ' adenylate cyclase fmol/g © -fmol/g

activity .__testes testes
'FSH responsive 27 . 20-120 286.96£29%34  78.48£13.05
'FSH non=responsive 17 . 222.94238.47 59.94:F1.85
hCG responsive - 8 ' 7-41 © 338.13:54.39  81.33:18.10
hCG non—responsive 28 — "} 290.89£26.35 °74.96+¥2.32

Testicular fraction Pl (50-100 ug). was obtained from individuals aged
16-70 yr. °"Adenylate cyclase activity was measured urider standard assay
conditions (sge methods, section 4.2.10). Gonadotropin binding capacity
was assessed by Scatchard and saturation analysis using 1 ~h¥SH and ' _-
25T-hCG. .Data represents the mean + SEM. Among the various groups, .
there was no statistically significant difference in the number of FSH

or LH receptors. In all groups, the number of FSH receptors was
significantly greater than the number of LH receptots.
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FIG. 47 ‘
¢ . :
Stimulation of human testicular (20 yr) adenylate ‘cyclase activity by ’
various concentrations of- hFSH. Adenylate cyclase activity in this . ;
5 ) -and subsequent figures was assessed as stated in methods (section 4.2.10).
Basal enzyme activity wag 130.81 * 0.84 pmol cAMP (mg protein-l5 min)-l.
& Unless stated otherwise, data represents the mean * SEM of triplilcéte
determinations of one of at least two separate experiments. )
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4.3.2 Optimum conditions for adenylate cyclase activationyby hFSH

t

Stimulation of adenylate cyclase by I;FSH (1 ug) was proportiona‘l

t6 the amount of testicular protein added (Fig. 48). There was a

linear increase in thé production of cyclic AMP between 50-200 ug of
protein. At equivalent prot\ein concentrations, no significant stimula-
tion of adenylate cyclase activity by hCG (1 ug) was obtained with

this tissué. A comparison of the ability of FSH to bind to the testicular
receptor and stimulate adenylate cyclase is shown in Figure 49. Optimal
binding of FSH to the FSH receptor at 34C occurred within 10 h (Fig. 49A) -y
A linear activation of adenylate cyclase activity was observed fo’r up

to 20én1n at 34C (Fig. 49B). Note that maximal activation of FSH
stimulated adenylate cyclase activity does not correspond to maximal
binding of 125I—hFSH. In the presence of low binding, we observe optimal
adenylate cyclase acti:rity. At 20 min wﬁen cyclase acétivity is maximal,
only 207 binding of 125I—hFSH to its receptox is observed. Prolongation
of the incubation, led to a progressive fall in adenylate cyclase activity
in spite of increased binding of 1251_hFSH. Under standard assay condi-
tions (see Methods, section 4.2.10), optimal stimulation of adenylate
cyclase activity occx;rred in’ the presence of 5 mM creétine phosphate
(CRP). Dithiothreitol (1 mM DTT 1is used to protect adenylyl cyclase
from oxidation or loss of free sulfhydryl groups. While this concentra-
tion of DTT is not detrimental, larger concentrations inhibited the

FSH responsive adenylate cyclase activity.

4.3.3 Metal ion dependency of testicular adenylate cyclase

Metal ions have been shown to play an important role in the actiya-

tion of adenyla‘te cyclase in various tissues such as the brain, liver
and heart (278-280). In the present studies, hFSH stimulation of
adenylate cyclase was alsot dependent on the concentratipn of metal ions
(Fig. 530)T Although basal enzyme ac;:ivit')r increased with increased
metal ion concentration of Mngr or Mn2+, the degree of stimulation .
(VFSH/VBASAL) was greatest at low ionic conceitrations. A two fold
stimulation of adenylate cyclase activity by hFSH was observed in the

présence of 0.5 mM MgClz, which was completely abolished at high
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N FIG. 48

The effect of increasing concentrations of fraction Pl on basal (dashed

line) and hFSH (1 ug) stimulated (solid line) human testicular adenylate

cyclase activity.

individual. Basal enzyme activity was set as 1 for comparison.

Testicular tissue was obtained from a 52 yr old
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N FIG. 49

Time dependence of 1251~hFSH binding (A: top panel) and of

FSH stimulation of adenylyl cyclase (B: ?ttom panel) at
34C. 'Human testicular tissue (50-150 ug) was obtained from
2 different individuals aged 73 yr (panel A) and 69 yr
(panel B). Adenylate cyclase activity was determined in

the presence (solid line) or absence (dashed line) of R

1 pyg hFSH. Basal enzyme activity was set as 1 for comparison,

In this and subsequent figures, where error bars are not

shown the error is within the point.
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FIG. 50

Effect of various concentrations of MgCl2 (A: topp panel) and MnCl2
(B: bottom panel) on the human testicular adenylate cyclase activity.
Testicular tissue was obtained from two d:kfferent: individuals aged
20 yr (panel A) and 58 yr (panel B). Adenylate cyclase activity was
determined in the presence (solid line) or absence (dashed line) of
1 yg hFSH. The salts, MgCl2 (panel A) and MnCl2 (panel B), were
omitted from the assay mixture and added separately at the indicated

concentrations. Basal enzyme activity was set as 1 for comparison.
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concentrations ( >10 nM MgClz). In the case of HnClz, maximal stimula-
tion was observed at 0.1 oM MnClz. The FSH responsive adenylate cyclase
in the human testes is also influenced by the concentration of MgATP

(Fig. 51). Both the basal and hFSH stimulated adenylate cyclase activity
increased with increasing concentrations of MgATP at a fixed *concentration
of Mg+2 (0.5 mM). The relative response to hFSH was optimal at 0.5-1.0 mM
MgATP. These data suggest that FSH, like other hormones, binds to the
metal binding site in this system (267, 268).

4.3.4 Effect of guanine nucleotides

Guanine nucleotides have been shown to be required for the- expression
of hormone responsive adenylate cyclase activity (280-253) . The effects
of guanosine 5'-triphosphate (GTP) or 5'~-guanylimido-diphosphate
[emp-P (NH)P], a nonhydrolyzable derivative of GTP, on the human testicular
adenylate cyclase activity in the presence and absence of FSH was
investigated utilizing a particulat'e fraction P1. As indicated in
'i‘able 18, GTP and GMP-P(NH)P at various concentrations, 0.1-100 uM,

did not significantly change the basal adenylate cyclase activity.
Indeed, the FSH stimulated adenylate cyclase aétivity (1.70 x) was also
not significantly altered by the presence of GTP or GMP-P (NH)P, whether
a homogenate or particulate membrane fraction was utilized. The lack

of a requirement of GTP for stimulation of the human testicular adenylate

cyclase might be due to the presence of endogenous GIP in the tissue

extracts (284).

4.3.5 Specific binding of native and deglycosylated gonadotropins to

the human testicular gonadotropin receptor

The ability of several gonadotropic hormones and their deglycosylated
derivatives to competitively displace radiolabeled 1251-hF5H and 125I--hCG
from their respective human testicular receptors 1s illustrated in
Figure 52. The displacement curves of the native and deglvcosylated
hormones were not significantly nonparallel. Removal of approximately

807 of the carbohydrate moieties from the native hormones did not impair
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IG. 51

Dependence of adenylate cyclase of the human testes (60 yr) on the
concentration of MgATP. Adenylate cyclase activity was assessed in
the preée ce (solid liﬁe) or abser.xce (dashed line) of  ug hFSH.
TheMQﬂJP

the indicated concentrations. Basal enzyme activity was set as 1 -for

was omitted from the assay mixture and added separately at

comparison,
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EFFECT OF GUANINE NUCLEOTIDES ON BASAL.AND FSH STIMULATED HUMAN
TESTICULAR ADENYLATE CYCLASE ACTIVITY
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%

Concentration .

Agditions (uM) Basal hFSH (1 ug) Stimulation
None - 81.71%4.51 137.99+2. 84 1.69
GTP 0.1 91..1413.‘62\ 158.04+1.90 1.73
1.0 98.03+3.28 161.19%4.71 1.64
. 16-0 94.8912.23 159.61%3.71 1.68
100.0 101.82i;¢.41 169.43%3.55 . 1.66
GMP-P (NH)P 0. 85.23%5.13 151.94+5.56 1.78
1. 93, 78%4.Q9 152,09£2,98 1.62
10.0 96.49%3.43 163.43%4.50 "1.69
100.0 104.11%3,22 1.73

179.65%8.23

Adenylate cyclase activity was assessed as stated in methods (section 4.2.10)

except that GTP was omitted from the assay mixture.

(60 g) was obtained from a 60 yr old man.
SEM of triplicate determinations of at least two separate. experiments. /

Basal enzyme activity was set as 1 for comparison.
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Testicular fraction Pl
The values represent the mean t
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FIG. 52
(A) TOP PANEL J
Comparison of the ability of the gonadotropic hormones and
125

its derivatives to displace I,I—hFSH from the.hgman
testicular (51 yr) FSH receptor (Pl). The amount of
hormone specifically bound (8% total binding) was set
as 1007 for all calculations. The average potency was
calculated from the amount (ng) of hormope required to
displace 507 of the radioact{vity.from the receptor.

Setting hFSH as 1, the potency of DGoFSH was 1.26 x
(1.17~1.36, 957 °C.L.), while oLH, DGoLH, hCG, and DGhCG

were less than 0.001 x as active. -

(B) BOTTOM PANEL N .
Comparison of the ability of the gonadotropic hormone;j

and its.derivatives to displace 125I-hCG from the human
testicular (50 yr) hCG recéptor (P1). The amount of
hormone specifically bound (8% total binding) was set a;
1007%Z for all calculations. Setting hCG as 1, the potency
of DGhCG was 3.34 x (2.29-4.80, 95%Z C.L.), while oLH, DGoLH,

oFSH, and DGoFSH were less than 0.001 x as active.
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the dose dependent interaction of these deglycosylated derivatives with
the human receptor. On the contrary, the binding potencies of DGoFSH
(1.17-1.36, 957 C.L.) and DGhCG (2.29-4.80, 957 C.L.) to their respective
receptors was enhanced. The specificity of this reaction was demonstrated

by the inability of DGoFSH and DGhCG to respectively displace lzsl—hCG

and 1251—hFSH, except at veryghigh (nonphysiological) concentrations.
Although deglycosylation of oL [ enhanced its potency in the rat LH
radioreceptor assay, DGoLH displayed only a slight enhancement of
activity in the human LH radioreceptdr assay. Radiolabeled 125I-DGhCG
was specifically bouwnd by the human and rat testes (data not shown).

This confirms the above observations that deglycosylation does not impair
the hormone receptor interaction. This is the first demonstration that
deglycosylation does not change the species specificity requirement of

the receptor.

4.3.6 Antagonistic effect of deglycosylated FSH on FSH-stimulated

adenylate cyclase activity

The human testicular adenylate cyclase enzyme can be equally
activated by -either 1 yg of the nonprimate hormones, ovine and equine
FSH, or the primate hormone, human FSH. As illustrated in Figure 534,
oFSH and eFSH gave identical dose response curves for stimulation of
adenylate cyclase activity in man. TLow, but significant stimulation was
obtained with DGoFSH. However, addition of an excess of DGoFSH (5 ug
DGoFSH) was ineffective in stimulation of adenylate cyclase activity to
levels obtained with an optimal dosce of native FSH (500 ng) in the human
(Fig. 53A) or rat testes (Fig. 53B). DGoOFSH was a potent antagonist of
the action of the native hon‘me. Addition of DGoFSH led to a dose 3
dependent inhibition of FSH stimulated adenylate cyclase activity in the
humdfi™pr rat testes (Fig. 53). At a concentration of 1 pg DGoFSH, the
effects of a saturating dose of oFSH (1 Ug) were completely abolished.
This inhibition was specific as demonstrated by the absence of any effect
of DGhCG (1 ug) or propranoloel (100 pM), a catecholamine inhibitor, on
FSH stimulated adenyla*te cyclase activity (Tabl? 19) . . *
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FIG. 53

Inhibition of FSH stimulated adenylate cyclase activity by

various concentrations of its deglycosylated derivatdve

(DGoFSH) in the human (A: t;p panel) and rat (B: bottom ,7

panel) testes. Testicular tissue was obtained from an
adult human (20 yr) and rat (34 days). Activity was
determined in the presence of FSH (o-0), and DGoFSEi (-8
alone or in wvarious combinations. Basal enzyme ‘activities
were 130.81 * 0.84 and 23.14 * 2.49 pmol cAMP (mg protein -

'

15 min)-l for the human and rat respectiwvely.
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TABLE 19

EFFECT OF VARIOUS AGENTS ON BASAL AND FSH STIMULATED ADENYLATE
CYCLASE ACTIVITY OF THE ADULT HUMAN TESTES (20 YR)

l Adenylate Cyclase Actrivity 1

’ pmol cAMP (mg protein - 15 min) = ¢

l Addition None hFSH (167 nM)2

None 8%;53;;72.91 171.81 + 1.65
l DGoFSH (208 nM) 95.89 + 3.95 100.33 + 3.16
l DGhCG (184 nM) 75.10 + 1.47 168.60 * 3.49°

hCG (136 nM) . 90.26 * 0.92 " 176.03 + 2.03°
l PRO (100 pm) » 76.95 + 2.11° 169.26 * 6.72°

| NaF (1 mM) 327.64 *10.83 396.30 + 6.66% .

! . NaF (10 mM) 1055.93 +51.22 1028.20 £20.00
' ’ FSK (1 pM) , 281.75 +12.86 392.02 + 6.749

FSK (50 M) 739.78 £20.56 856.75 £30.23%
I NaF (10 mM) + FSK (50 uM) 2181.63 +42.76 u —
, ® Hormone and the compounds to be tested were added together to the

membranes. Values represent the mean * SEM of triplicate determinations
of one of three experiments. Adenylate cyclase activity was determined
in the presence of 10 uM GTP.

g
Denotes not significantly different from basal value.

-

) € Denotes not significantly different from FSH stimulation.

dr d Denotes addition + FSH value is significantly different from addition +
basal value. . ,

DGoFSH = Deglycosylated ovine FSH (MW = 24,000); DGhCG = Deglycosylated
hCG (MW = 27,200); PRO = Propranolol; M§F = Sodium fluoride;
FSK = Forskolin. ,

£




——— [~ o P kit [

i i, & bk

157

4.3.7 Effect of sodium fluoride and forskolin on adenylate cyclase

activity .
Forskolin (FSK)” and sodium fluoride (NaF) stimulated the human

testicular adenylate cyclase activity 8 and 12 fold respectively, in a
concentration dependent manner (Fig. 54). Maximal stimulation of
adenylate cyclase activity occurred in fhe presence of either 10 uM
forskolin or 5-10 aM sodium fluoride. Forskolin was more potent, with
an Eé;o value of 2,5 pM compared to an EC50 value of 2.0 M for sodium
fluorjde. .In the testes, as in other tissues (285), GTP suppressed
forskolfn and sodium fluoride st;mulation of adenylate cyclase.
Forskolin has been shown'to directly poténtiate hormbnal stimulation
of adenylate cyclase in a number of tissues (285, 286). aTherefore, it

was of interest to study their effects in the human testis. The hormonal

response of the testicular adenylate cyclase to a saturatlng dose of
hFSH (1 jig) was augmented by forskolin. However, sodium fluoride only
augmented the FSH stimulated adenylate cyclasélactivity vhen given as
a subsaturating dose. Combination of an optimal saturati;g dose of
forskolin (50 yM) and sodium f%uoride (10 mM) resulted in a doubling of
adenylate cyclase activity kIable 19). Tﬂis suggests that these two
agents stimulate adenylaté cyqlase by distinct mechanisms.
Forskolin, which can actfvate adenylate cyclase by a receptor
independent mechanism (285) stimulated adenylate cyclase agtivity in
the gonadotropin unresponsive tissues. Thus the unresponsiveness to
gonadotropins by these tissues waézunlikely due to enzyuéfinac;;vation,

but most probably caused by an uncoupling of the catalytic subunit of

-adenylate cyclase.

¢
&1
¢ ]

4.3.8 Effect of steroids on the binding,@f 125I—hCG and 125I—hFSH to

the human testes .

)
The ability of several estrogenic compounds (Fig. 55) to directly

interfere with the gonadotropin—receptor interaction was investigated

by incubating the adult human testicular fraction P1 with either
125

b

I-labeled hCG or hFSH invthe presence of these estrogenic compounds.
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FIG. 54

Dose dependent stimulation of human testicular (20 yr) adenylate
cyclase by forskplin and sodium fluoride. Basal enzyme activity
was 7.83 *+ 0.28 ;mol cAMP (mg protein - 15 min)_l.

s

-




PR it P [ Y ] S i Srn - - —

* a4

. ,-%wagu e P T Y‘p.!’!,f;uwyk,}tﬁz‘lfwnﬁ}-?mmy’ SRS T ‘:‘0"{},%‘#“‘;(“‘{;@"{\1@;(:7.!1»“,(2 B e CLRRLUES *V",..’i‘d“ T s e, vy ey “‘pl’x"r-a -
‘ B ey

.
159
. ( N
OH
CH. oH
C 1]
HO
3 2Ms
MW =272 ESTRADIOL BEN20ATE
MWz 376
Cz“s
C2H5
DIETHYLSTH.BESTROL o
! MW= 268

Cz”s

OIETHYLSTILBESTROL SOD'UM DIPHOSPHATE
MW= 42 8 e

FIG. 55

)

Structure of the estrogenic 'compounds used in this study.
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Among the different compounds tested only the synthetic estrogen diethyl
sfilbestrol (DES) and its water soluble clinically used derivative,
diethyl stilbestrol sodium phosphate (DES-NaP) significantly interfered
with the binding of the labeled gonadotropins (Fig. 56). FSH binding

to the human ;eceptor was affected to a greater degree than the 125I—hCG
receptor -interaction (607 vs 307 inhibition) suggesting a preferential
inhibitory effect of the synthetic estrogens. Of the two synthetic
e;trogens, DES-NaP was the most potent. For example, a concentration
of 364 uM DESNaP was as effeétive as a much larger concentration,éf DES
(1193 uM) in inhibiting 125I—hFSH binding by 50%. The steroids
testosterone (T), androstendione (A), and progeste:one (P) were without
effect,at a concentration of 400 pg/ml. Preincubation of the human FSH
receptor with DES and DES—N;P, followed by washing, prevented subsequent
bindiﬁg of the radiolabeled hFSH, indicating a strong effect which is not
reversed by the washing proceduré (Fig. 57). Since DES-NaP is soluble
in aqueous buffers, the loosely bound component would be effectively

removed by washing. The water solubility of DES-NaP, and the negligible

a

effects of ethanol (1.27 ethanol) on gonadotropin binding confirms that

the interference of binding is due to the synthetic estrogens and not
ethanol. The greater inhibition observed when the human: FSH receptor

was preincubated with these synthetic estrogens suggests an effective

"alteration of gonadotropin binding sites on the membranes.

~
4.3.9 Interference of hFSH stimulation of adenylyl cyclase by synthetic

estrogens
In agreement with their ability to interfere with hFSH binding, DES

4

and DES-NaP competitivelx inhibited adenylate cyclase activity of the
human and rat testes (Fig. 58, Tables 20 and 21). At high concentrations
{greater ;hgn 100 ng) both synthetic estrogens were capable of causing
almost complete suppression of basal and FSH stimulated adenylate
cyclase activity, At lower concentrations (less than 10 ug) the FSH

stimulated adenylate cyclase activity of the human testes appeared to

be more sensitive to the effects of the synthetic estrogens. For example,

a
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-

Effect of DES and DES-NaP on I-hFSH (A: tdp panel) and
125I—hCG (B: bottom panel) binding to 100-200 ug of the

125

human testicular fraction Pl. The maximum binding (107
specific binding) to testicular tissue from adults (20-60
&r) was set as 100%Z. Data represents the mean * SEM of
triplicate determinations of at least three separate -
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FIG. 57 N

Reversibility of the inhibitory effects of DES (A: top rd
panel) and DES-NaP (B: bottom panel) on the binding
1251-hF§H to the human testicular fraction Pl.

maximum binding (107 and 77 specific binding beforw and
after washing respectively) to the human testes (20

was set as 100Z. Data represents the mean * SEM of

triplicate determinations of two separate experiments.
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D PREINCUBATION AT THE INDICATED DES-NaP
i CONC., WASHING AND REINCUBATION IN THE
ABSENCE OF DES-NaP
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FIG. 58 ] g

: i
Influence of varying concentrations of DES~NaP on the i
adenylate cyclase activity of the human (A: top panel) I é
and rat (B: bottom panel) testes. Adenylate cyclase . §

activity in the human (69 yr) and rat (34 days) testicular -
fraction Pl was assessed in the presence (solid line) or ti

absence (dashed line) of 1 ug of hFSH. Basal enzyme

Dy 1 ra N

activity of the human and rat testes were 114.0 = 2.0 and
10.2 + 0.9 pmol. cAMP (mg protein - 15 min)_lhrespectively.
The FSH stimulated adenylate cyclase activity of the human
and rat testes were 214.0 * 4.8 and 37.3«+ 0.3 pmol cAMP
(mg protein - 15 min).l respectively.
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' e TABLE 20
INFLUENCE OF ESTROGENIC COMPOUNDS ON BASAL AND FSH STIMULATED
1 HUMAN TESTICULAR ADENYLATE CYCLASE ACTIVITY
Concentration % basal 7ZhFSH % relative P
l Addition ug) activity activity stimulation f/
None ' - 100.00- 100.00 100.00
l DES~NaP 0.1 99.24+2.02 98.26+1.42 97.48+2.52
1.0 99.17+1.15 82.95+3.80 82.55%3.86
' 5.0 86.09%4.87 59.8745.19 67.96+3.12
10.0 80.69+2.15 53.97%1.58 65,.89+0.48
l 50.0 47.13%1.85 29.04%2.07 60.73+3.04
100.0 36.47+0.25 21.65%1.21 58.06%4.06
500.0 14.68%2.84 6.7610.80 56.98+5,27
l 1000-.0 8.343.12 5.25%2.65 60.50+5.34
0 DES 0.1 95.50+1.73 93.51+4.48 92.86+2.37
l 1.0 92.44+2.68 70.87+3.03 68.10%3.42
i- 10.0 83.51+1.35 40.59%4.77 55.24%+3.15
; °50.0 39.37+4.77 22,5it3.46 65.06+4.86
- 100.0 11.33#4.31 12.64+4.63 N.D.
; E2 ' 0.1 98.44%1. 49 93.33+1.30 92.45%5.18
1.0 93.95#0.65 99.7210.52 105.6341.57
1 10.0 93.90%1.48 82.?516.58 98.1745.26
100.0 92.57%1.52 89.1040.93 95.85%1.30
. E28 0.1 99.6610.35 162.65i2.33 105.54%1.73
% 1.0 100.09%1.74 97.4840.75 94.55%3.30
10.0 92.38%7.44 97.00%4.12 95.76%3.62
50.0 91.59%3.61 98.36%+3.92 107.88%5.47
Des-NaP = Diethyl stilbestrolnsodium phosphate
\ Des = Diethyl stilbestrol
E2 = Estradiol-178
E28 = Estradiol benzoate
N.D. = Not determined

' Adenylate cyclase activity was assessed in 50-100 ug fraction Pl obtained
from the human testes (27-70 yr). The basal adenylate cyclase activity,
hFSH (1 pg) stimulated adenylate cyclase activitygand percent relative
stimulation were set as 1007 for comparison. Data represents the mean *
SEM of triplicate determinations of four separate experiments.
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' TABLE 21
EFFECT OF ESTROGENIC COMPOUNDS ON BASAL AND FSH STIMULATED ‘'~ 3

l RAT TESTICULAR ADENYLATE CYCLASE ACTIVITY
l Concentration % basal 7 hFSH 7% relative

Addition (ug) activity activity stimulation
i None _ 100.00 100.00 100. 00

Des-Nap 0.1 100.10+2.75 93.01+2.51 93.15+4.67
l 1.0 ° 68.85+x5.98 86.17+£3.56 125.14+6.06
' 10.0 38.59+3.74 40.57+3.33 144.26+4.41

100.0 -12.74+2.75 46.06+2.73 43.39+4.43
l DES 100.0 14.Q7+5.01 7.34+2.19 52.16£5.47
l E2 100.0 98.79+2.15 \ 75.50%6.54 76.51+4.74
’ E28 50.0 104.20+3.89 95.19+3.65 91.38+5.69
X

. DES-NaP = Diethyl stilbestrol sodium phosphate ,
’ DES = Diethyl stilbestrol

E2 = Estradiol-17R8
’ E2R = Estradiol benzoate

& Adenylate cyclase activity was assessed in the'rat testes (34 days).'

The basal adenylate cyclase activity, hFSH (1 pg) stimulated adenylate
cyclase activity and percent relative stimulation were set as 1007 for
comparison. Data reprsents the mean * SEM of triplicate determinations
of two separate experiments. '
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.5 ug DES-NaP caused a pronounced decrease (approximately 40%) 1in hFSH
" stimulated adenylate®cyclase activity with only a slight inhibition

(about 15%) of basal enzyme activity (Table 20). DES-N&P was a more
potent inhibitor of adenylate cytlase activity than DES in the human

testes. Whereas the percent rela¥ive stimulation of the human
testicular adenylate c&clase declfned with increasing DES-NaP concentra-

tion, a significant increase in the QETcent relative stimulation of
3
the rat adenylate cyclase activity was observed at 1-10 ug DES-NaP.

This increase was due to a greater decline in basal than FSH stimulated
adenylate cyclase activity (Table 233 . Whether thisjresult was pecﬁiiar
to this experiment or represents a difference between these two species
awaits ébnfirmation of the data. It should be noted that ethanol

itself at high concentrations (greater than 1.5%7) leads to¢ a stimula-
tion of both basal and FSH stimulated adenylate cyclase activity.

This necessitated the addition of appropriate experimental controls
J
when using ethanolic solutions. The steroids E2, E28, T, A and P were

less active than the synthetic estrogens and only demonstrated

inhibitory activity at supraphysiological concentrations. 2

4.4 Discussion

The present study demonstrates the existence of a functional °

gonadotropin receptor coupled to the enzyme adenylate cyclase in the

human testes. The hormones human, equine and ovine FSH were all capable

of binding to the human testicular FSH receptor and activating the

enzyme adenylate cyclase indicating that the human testes is biolegically

responsive to primate and nonprimate hormones. However, a disparity

was observed between FSH bindihg to its receptor and FSH activation of

adenylate cyclase activity. Consistent with the spare receptor theory

(138), maximal Wmgtivation of adenylate cyclase occurred with low hormone

binding. It is not known if the failure of additional FSH binding to

increase FSH stimulated adenylate cyclase activity is due to umcoupled

receptor-cyclase units or a consequence of having attained the full

(maximal) biological response.
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Although hLH and hCG were bound well by the human testes, as
evidenced by significant binding of 125I-labeled hEG and hLH and the
presence of specific binding sites, they were poor stimulators of
adenylate cyclase. In contrast to the two fold stimulation seen ;ith
FSH, the response to hCG was low and inconsistent. In all but two of
the 29 gonadoiropin—adenylate cyclase responsive tissues, FSH was the
more potent stimulator of adenylate cyclase activity. Whether the
increased FSH responsiveness is due to the greater number of FSH
receptors, the higher proportion of Sertoli cells or the éreater
sugsceptibility of the Leydig cell adenylate cyclase enzyme to damage
and/or inactivation is unknown. Such a disparity in the response of
adenylate cyclase to LH &nd FSH is not unique to man (273), but has
been reported in the rat testes and ovary (270, 287). 1In the present
studies, the responsiveness of the adenylate cyclase enzyme to FSH
stimulation was greater in the rat (3-4 times basal activity) as
compared to the human (2 times basal activity). Huhtaniemi et al. (2745
have also reported that hCG stimulated cyclic AMP production is greater
in the rat than human testes suggesting a species related difference.

Gonadotropin stimuf%ted adenylate c%clase activity has been shown
to be age dependent in the testes and ovary of a number of laboratory
animals (270, 271). The small n;mber of gonadotropin-adenylate cyclase
responsive tissues precluded a%detailed study of the dependence of
adenylate gxplase activity on changes in age. The FSH responsive
adenylate cyclase activity was quite variable with enzyme activity
being detected in the full range of tissues studied (20-70 yr). ©No age
group appeared to be more responsive to gonadotropin stimulation. The
wide fluctuations in adenylate cyclase responsiveness is probably a
reflection of the clinical history of the patient. Damage of the enzyme
during tissue preparation or the assay procedure is unlikely since all
tissues were handled similarly and tissues assayed on the same day
gave variable responses to gonadotropin stimulatiom.

Sodium fluoride and forskolin directly activate the adenylate

cyclase system by a Feceptor: independent™mechanism (285, 288). The

+




biied h— N L S e paed <SR ——

[

]

L e ST . . . VT s e, pE T STRe . .
TRE L I e e ST 0 TN B o ey g 0 ol (] ix“;?:"?;’";" i - N

~

{ 168

:
ability of gonadotropin responsive and nonrespongsive tissues ;o:react
identically to a saturating dose of ‘forskolin suggests the presence
of a functional catalytic subunit. The impairment in the gonadotropin
unresponsive tissues could be due to an altered regulatory protein (N)
or an uncoupling of the regulatory protein (N) and the catalytic
subunit. Such an impairment is thought to account for the decreased
adenylate cyélase activity of desensitized Leydig cells (289).

The human testicular adenylate cyclase enzyme shares many of the
characteristics of the adenylate cyclase enzyme of the nonprimate testes
(290, 291) and other tissues (292, 293). The enzyme activity was
dependent on temperature, substrate concentration and metal ions. The
particulate testjicular adenylate cyclase activity is distinct from the
soluble adenylate cyclase activity reported in the supernatant fraction °
of rat and human testicular extracts (294, 295). The soluble enzyme .
being different with respect to its dependence on Mn+2 and its un- LT
responsiveness to gonadotropic hormomes. In the present studies GTPEIL.
or GMP-P(NH)P increased basal and FSH-stimulated adenylate cyclase v
activity of the human testicular subcellular fraction Pl but did noﬁfﬁ

change the degree of stimulation, A similar phenomenon was cbserved

utilizing testicular and corpora luteal tissue of the rat or pig (276,°L~w

296, 297). In these systems, GIP could not enhance hormonal stimulation
of adenylyl cyclase but did stimulate the catalytic efficiency'of the

r:l
system. Utilizing immature rat testicular extracts, Reichert et al.
> = i

(298) reported that GMP-P(NH)P augmented FSH stimulation of adenylate

cyclagse activity. This discrepancy in results from.the findings of
other investigators could be due to differences in membrane preparations,
variations in assay techniques or better coupling in. their system. The

poor responsiveness of the human adenylate cyclase system to GTP or

its analogue may be due to the presence of saturating levels of endogenous

GTP in the human testes.
Modification of the carbohydrate porﬁion of the gpnadotropins hCG
and oFSH enhanced their binding to the human testes. Previous studies

have shown that deglycosylation of gonadotropic hormones does not impair
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subunit interaction orureoceptor binding to testicular or ovarian tissues
(26, 299-302). Re’mn;val of 807 of the carbohydrate residues from these
gonadotropins, without damage or modification of the protein moiety,
did not change the hormone specificity exhibited by their respective
receptors. The human LH receptor, with its marked preference for
primate hormones provided us with a unique opportunity to assess the
role of the carbohydti'a(y:e moiety in determining its species specificity.
Using oLH, we found th;t removal of most of its carbohydrate moieties
did not alter the species selectivity of the human LH receptor. These
results suggest that specificity is determined not only by the hormone
but by the receptor as well. The protein backbone and/or the innermost
carbohydrate moieties of the beta chain are the factors which most
likely determine hormone specificity.

Although deglycosylation did not interfere with binding, a drastic
change occurred in the ability’of the deglycosylated derivatives to
initiate the cellular response, i.e. activate adenylate cyclase.
Deglycosylation of oFSH sharply decreased its ability to activate either
the human or rat testicular adenylyl cyclase above basal values. This
could explain the inability of DGoFSH and DGolH to stimulate cyclic
AMP production ian isolated rat seminiferous tubules (303) and Leydig

‘cells (35) respectively. Deglycosylated hCG similarly did not stimulate

adenyla}té cyclase in the rat testes (304) or ovary (305). The inability
of DGhCG to increase adenylate cyclase activity in the human testes

was not due to a failure to bind to the tissue (data not shown) but

likely due to a defect in coupling the receptor to adenylate cyclase.
Deglycosylated oFSH was a potent and specific inhibitor of FSH stimulation

of adenylate cyclase in: both the human and rat., The data suggest that

*DGoFSH by blocking the FSH receptor sites can prevent FSH activation

°

of adenylate cyclase.
It has long been recognized that administration of gonadal steroids

in intact animals .results in an inhibitory effect on the reproductive

system of male animals and the‘a‘t the mammalian testis can synthesize

o
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estrogens, albeit in smaller quantities than the ovary (306-308). At

first estrogens were thought to exert their effects solely by suppression °

of gonadotropin secretion by the anterior pituitary (307-309). Several
recent studies have now shown that estradiol administration to intact
males could result in decreased serum testosterone levels by directly .
inhibiting several testicular enzymes in the sterpidogenic pathway (310~
312). However, very few studies have been carried out regarding the
influence of estrogenic compounds on hormonal binding and hormonal
activation of adenylyl cyclase, ,

This study demonstrates that structurally unrelated hormones, such
as the synthelic ‘estrogens DES and DES-NaP, can directly affect the F
specific interaction of LH and FSH with their respective human testicular
receptors. It is .possible that DES or DES-NaP may bind to membrane
(receptor) components (313-315) ahd subsequently induce conformatioqal )
changes resulting in decreased binding ability of the gonadotropin }
recepto?s and loss of basal and FSH stimulated adenylate cyclase activity.,
Reports of estrogen receptors in the human testes need to be confirmed
(315-317 ). Preincubation of the human or nonprimate (219) gonadal !
memhrane preparations with the synthetic estrogens, followed-l;y washiing,
effectively blocked subsequent gonadotropin binding suggesting a direct
effect on the hmnar; gonadétropin receptor. The synthetic estrogens
mig};t also hinder formation of stable hormone-receptor complexes (21'9) .
Although effective inhibitors of testosteromne bios};nthesis by ratr(Z;IB,
319) or human (320; 321) Leydig cells, equivalent concentrations of E2
or E28 did not interfere with the gonadotropin receptor interaction or
suppress adenylate cyclase activity of the subcellular P1 fraction of .
the rat or human testes. The suppressive effects of E2 and E28 thus
appear to be distal 1':0 the activation of cyclic AMP formation.
Alternatively, greater concentrations or longer term incubations might
be required to observe any inhibitory effects. Exposure of gonadal
tissues in vivo to E2 for longer periodé (greater than 3 days) resulted
in suppression of the hCG binding capacity and LH stimulated adenylate
cyclase activity (322, 323). Kirchick et al. (323) suggest that both

the loss of LH receptors and alteration in the number or structure of
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the régulatory protein (N) contribute to the loss of gonadotropin

stimulated adenylate cyclase activity.

It may be noted that pharmacological concentrations of the syxi'thetic
eétrogens were required for inhibition of gonadotropifi binding and
adenylate cyclase activity (308). It is not known if high local
concentrations of estrogens sufficient to affect testicular function?
could be achieved. Conclusions regarding the role of estrogens in the
regulation of testicular cell function must take these into consideration.
It remains to be conclusively established whether estrogens in man
regulate testosterone production directly at the testes or indirectly

at the hypothalamic-pituitary level.
AN
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CHAPTER 5 -
” | SIMMARY ‘
5.1 Summary —

The purpose of this investigation was to gain a better understanding
of the molecular mechanisms involved in the action of the gonadotropic
hormones. Utilizing testicular tissue obtained from the human and four
nonhuman primate species, it was possible to identify and difectly
compare the properties of the testicular gonadotropin receptors of the
various primate species. As dikcussed ih the first two chapters the
primate and nonprimate gonadotropin testicular receptors shared many
biochemical features. In the last chapter the properties of the human
gonadotropin—adenylate cyclasel system were ipvéstigated. The data shodxed
that at least in the case of the human I-:S/H/aeceptqr, one is dealing with

a functional receptor-adenylate cyclase unit.
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Claims to Originality

Specific FSH binding sites .(receptors) were identified in the p}imate
testes. The characterization of both FSH and LH(hCG) receptors in
the same tissues allowed direct comparison of, the bioc cal
properties of the gonadotropin recept‘ors. The usiedfj/;j:ltng\ous
hormones in the study of binding characteristies t)f the human \)
gonadotropin receptor makes the data physiologic#ily relevant,

In the primate, age dependent changes in the tes)ticular gonadotropin
binding capacity and apparent binding affinity have been correlated.
Specific differences have been shown between primate and nonprimate
gonadotropin testicular receptors with respect to their species
specificity. In both the human and yellow baboon, the FSH receptor
could recognize heterologous hormones but the LH receptor was highly
specific to primate hormones:. s

Detection of an FSH soluble receptor—-like compohent and a receptor
binding inhibitory factor in the cytosolic fraction of tes?:'iculrar
extracts of primate as well as nonprimate species.

Characterization of an FSH responsive adenylate cyclase from human
testes .'

The carbohydrate portion of the gonadot'rOpins is not essential for
binding}:o the human testes. It is however important for the activa-
tion by FSH of ;he human and rat testicular adenylate cyclase.
Deglycosylated FSH uncouples the FSH receptgr—adenylate cyclase
system providing reprodugtive endocrinologists with an effective

and specific antagonist. /

The ‘synthetic estrogens, DES and DES-NaP, effectively interfered

with gonadotropin binding and activation of adenylate cyclase. The

use of high nonphysiological concentrations precludes it being a

specific or physiologically relevant effect.

1
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