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SUMMARY

The aim of the studies described in this thesis was to investigate

whether

1. LHRH (luteinizing-hormone-releasing hormone) modulates hCG release

from the syncytiotrophoblast through the mediation of specific

receptors and

2. chronic exposure to native LHRH or its more potent agonist

(D-ser-t-bu^ des-Gly-NH?10) LHRH ethylamide leads to a

reduction in hCG output.

To examine tissue for the presence of specific LHRH receptors

l,000g, 10,000g and 100,000g preparations of placental tissue from both

term and 8-12 weeks gestation were incubated with mono-iodinated LHRH

agonist and increasing concentrations of cold LHRH agonist. Specific

binding sites were shown to be present (Ka=5x10^M-^) both on

normal tissue and on hydatidiform mole. LHRH had the same affinity for

the receptors in these tissues as the agonist.

To determine whether the low affinity of the receptor was due to

degradation of the ligands, binding studies were carried out in the

presence of enzyme inhibitors. Contrary to expectation the inhibitors

decreased binding but did not increase the affinity. It appeared that

thiol and serine inhibitors blocked binding while carboxyl inhibitors

showed no effect. An enzyme substrate L-leucine ^3-naphthylamine
inhibited binding but when leucine and naphthylamine were examined,

naphthylamine alone reduced binding.

Degradation of native and agonist LHRH were compared and, as in

other tissues, the agonist was more resistant to degradation than

native LHRH.

iv



The effect of LHRH and the agonist on hCG production by cultures

of explants of 12 week trophoblastic tissue was studied during 5 days

of culture. No consistent stimulation of hCG secretion could be

demonstrated. Culture of term placental villi for 5 days showed no

overall synthesis of hCG and daily hCG secretion declined in a similar

manner to that shown by Siler-Khodr & Khodr (1979). Electron

microscopic studies of the term placental villi showed considerable

changes in morphology during culture. After only 1 day in culture the

nuclei were densely stained and the microvilli were no longer present

and while after 2 days the syncytium was becoming detached from the

basement membrane. During the following days of culture there was

further deterioration of the tissue.

To overcome the problem of tissue viability a second method of

culture was adopted. Minced chorionic villi or collagenase dispersed

cells were supported in Biogel columns and perfused with medium.

Hormones released in response to LHRH and its agonist were measured in

fractions collected every five minutes. With minced tissue LHRH

released more peaks of hCG than did the control (x2:p<0.05). However

80% of pulses resulted in no significant increase in hCG release.

The results suggested that although the presence of both LHRH-like

factors and specific LHRH receptors in the placenta have been reported^
LHRH does not appear to play a major role in the regulation of hCG

production by the placenta.
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GENERAL INTRODUCTION



CHAPTER 1

GENERAL INTRODUCTION

1.1 INTRODUCTION

The human placenta is a complex organ produced from the developing

blastocyst and persisting only for the duration of gestation when it is

essential for the well-being of the growing foetus. Not only does it

act as a barrier through which the foetus receives oxygen and

metabolites from the maternal circulation, but it is also a potent

endocrine system which provides the necessary hormonal environment for

maintenance of pregnancy. The story of how the function of this

important organ was discovered is an interesting one.

1.2 HISTORICAL BACKGROUND

As the afterbirth, the placenta has intrigued man for centuries.

It appeared to be neither part of the mother, as she discarded it at

birth, nor part of the child, which lived without it. The ancient

Egyptians believed it to be the seat of the "external soul" and

carefully preserved the Pharaoh's placenta (Boyd & Hamilton, 1970, for

historical review). Many superstitions arose concerning the placenta,

umbilical cord and foetal membranes and even today many African tribes

take care in disposing of the placenta as they believe that it will

influence the future of the young child (Long, 1963).

In 1559 Realdus Columbus first named the organ "the placenta", a

Latin word derived from the Greek word, plakous, meaning flat plate or

cake. A few centuries later its physiological significance was just

beginning to be understood. Harvey's description of the circulatory

system in the 17th century and Mayow's, Priestley's and Lavoisier's

understanding of oxygen led to the concept of the placenta as the



foetal respiratory system. Detailed investigations of the anatomical

structure of the placenta and decidua were carried out by William and

John Hunter. The chorionic villi were described in 1842 by Dalrymple

followed 40 years later by Langhan's description of two trophoblastic

layers, now known as the syncytiotrophoblast and cytotrophoblast.

However, it was not until the 1940's that the details of placental

development were extensively studied by Wislocki, Hertig and Rock.

Today the complex endocrine and secretory functions of the placenta are

being extensively studied. Many hormones and proteins secreted by the

placenta during pregnancy have now been identified (Lee & Chard, 1982;

Kreiger, 1982; Braunstein et_ al^, 1980; Demura et_ al_, 1982; Shibasaki

et al, 1982; Liotta et_ al_, 1977). One of the most important for the

maintenance of pregnancy is human chorionic gonadotropin (hCG).

However, the mechanisms involved in the control of placental hormone

production are not understood. The human placenta has been considered

to be autonomous in its synthesis and secretion of protein and steroid

hormones, but the patterns of individual hormone secretion vary during

pregnancy. Progestational steroids have been suggested as important in

the regulation of hCG production (Wilson ert^ al^, 1980). The most recent

hypothesis is that peptides may regulate production of larger secretory

proteins, in an analogous manner to the hypothalamo-pituitary axis.

Release of luteinizing hormone (LH) from the pituitary is mediated by

luteinizing-hormone-releasing-hormone (LHRH) from the hypothalamus

(Schally et_ al^, 1972) and it has been proposed that release of

placental hCG, which bears many similarities to LH, may be under

similar control (Khodr and Siler-Khodr, 1978a,b; Siler-Khodr and

Khodr, 1978).



The aims of' the present study were to determine (a) whether there

are LHRH receptors on the placenta through which the postulated

regulation of hCG may be mediated and (b) whether LHRH regulates hCG

production.

This chapter will be concerned firstly with the structure of the

placenta and the different proteins produced during gestation.

Secondly the evidence, both ^n vivo and In vitro, for the hypothesis

that an LHRH-like molecule may control hCG release will be reviewed.

Thirdly, the analogues used to investigate the actions of LHRH will be

described. The actions of LHRH and its agonist at other extra-pituitary

sites will also be examined and evidence that LHRH has other

extrapituitary functions will be discussed.

1.3 PLACENTAL DEVELOPMENT AND STRUCTURE

The placenta begins to develop at the time of implantation. The

zygote enters the uterus when it consists of about 12-16 cells and

begins to fill with fluid from uterine secretory glands to form a

blastocyst (Gardner and Dodds, 1976; Boyd and Hamilton, 1970). A

single layer of cells on the surface of the blastocyst, termed the

trophoblast, develops into the placenta and a group of cells at one

pole, called the inner cell mass, becomes the embryo. As implantation

proceeds, the trophoblast acts first as a pump responsible for active

transfer of fluid into the blastocyst. The trophoblast cells then

invade the endometrial epithelium and differentiate into 2 layers: (a)

the cytotrophoblast and (b) an outer syncytiotrophoblast (Fig.1.1). As

the trophoblast proliferates, finger-like processes (villi) are pushed

out from the surface of the blastocyst. Initially the trophoblastic



Fig. 1.1 A. Schematic representation of a section through a
human blastocyst recovered from the uterine cavity at
approximately 4£ days.
B. Schematic drawing of a section of a Macaque monkey
blastocyst at the ninth day of development. The
trophoblast cells located at the embryonic pole of the
blastocyst begin to penetrate the uterine mucosa. The
human blastocyst begins to penetrate the uterine mucosa
probably by the fifth or sixth day of development.
C. Drawing representing a 1\ day human blastocyst
partially embedded in the endometrial stroma. The
trophoblast consists of an inner layer with mononuclear
cells, the cytotrophoblast, and an outer layer without
distinct cell boundaries, the syncytiotrophoblast. The
embryoblast is formed by the ectodermal and endodermal
germ layers. The amniotic cavity appears as a small
cleft.

Adapted from Langman (1981)
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villi develop over the complete surface of the blastocyst but soon they

degenerate except at the embryonic pole where the villi towards the

decidua basalis grow, proliferate and become much more complex in

structure (chorion frondosum). The mature placenta consists of a

maternal uterine component formed from the decidua basalis and a fetal

placenta developed from the chorion frondosum (Fig.1.2). The maternal

surface is divided by depressions of varying depth into a number of

irregularly shaped areas, called cotyledons.

As the placenta grows and differentiates it produces many steroid,

peptide and glycoprotein hormones in different amounts at different

periods of gestation (Kreiger, 1982; Braunstein et 1980; Demura

et al, 1982).

One of the most important hormones elaborated by the placenta is

hCG (Hussa, 1980; Vaitukaitis, 1977).

1.4 HUMAN CHORIONIC GONADOTROPIN

The first recognition that only the fertilized oocyte could

trigger changes in the maternal organism characteristic of pregnancy

came in 1905 (Halban, 1905) and pointed to the placenta as the source

of the active substance invoking these changes. The active principle
h

in human pregnancy is human chorionic gonadotrophin (hCG) (Ascheim and
A

Zondek, 1927). The appearance of hCG in blood and urine signals the

differentiation of the trophoblast from the remainder of the

blastocyst. It can be detected approximately 8-12 days after presumed

ovulation (Braunstein et al_, 1973; Mishell et^ al^, 1974).

hCG belongs to the same class of protein hormones as LH, FSH and

TSH. It is a glycoprotein with a molecular weight of 45-50,000 daltons

- 7 -



Fig. 1.2 Diagram showing the relations to the uterus of a 5 month
fetus and its membranes. Copied from Patten (1968, p.126)

- 8 -
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consisting of 2 dissimilar subunits, and p (Swaminathan and Bahl,
1970; Morgan and Canfield, 1971) which are non-covalently linked in

the active hormone. The dissociated subunits can be purified by

electrophoresis or by gel filtration (Dufau al^, 1972; Catt et al,

1972). As free subunits they are both biologically inactive. The

O^subunits of the four human glycoproteins are similar in amino acid

structure and are interchangeable (Pierce e_t al^, 1971) though they

differ in their carbohydrate moieties. However the ft subunits are

different and confer the specific activity of each glycoprotein

hormone. There is extensive amino acid sequence homology for hCG and

LH and both hormones have similar biological activities. However, hCG

has a much longer half-life (12-24 hours) in the human circulation than

LH (20 minutes) (Yen et_ al_, 1968).

The exact role of hCG during pregnancy is still unclear. Early

studies recognised it as essential in maintaining the function of the

corpus luteum during the first 30 days after conception. Serum and

urinary hCG concentrations continue to increase during the first

trimester, rising to a peak at about 12 weeks of gestation and

thereafter declining (Vaitukaitis, 1974; Braunstein et al, 1973; 1976;

1980; Peters _et_ al^, 1976). This is in contrast to the pattern found

with two other important placental proteins, human placental lactogen

(hPL) (Beck _et_ al_, 1965; Samaan et^ al^, 1966) and pregnancy specific

^-glycoprotein (PSBG) (Home ejt al^, 1978; Tatarinov, 1978) which also

appear in the maternal bloodstream shortly after implantation, but

which increase in concentration as pregnancy progresses (Lin jrt al,

1974). Using immunofluorescence and immunoperoxidase techniques all

three proteins have been shown to be

- 9 -



present in the syncytiotrophoblast (Watkins, 1978; Currie et_ al_, 1966;

Ikonicoff & Cedard, 1973; Beck et aJ^, 1969; Sciarra ^t_ al_, 1963; Gau

& Chard, 1975; Midgely & Pierce, 1962; Pierce et_ aJ^, 1964; Gaspard

et al, 1980). Hybridization jji situ, using a labelled complementary

DNA probe to locate hPL mRNA confirmed its synthesis de^ novo and its

presence in the syncytiotrophoblast (McWilliams and Boime, 1980).

However, the different patterns of secretion followed by hCG and the

other two proteins suggest that the synthesis and secretion of hCG may

be regulated differently from that of hPL and PSBG.

The purpose of the present studies was to determine whether LHRH,

recently reported to be present in the placenta (Khodr & Siler-Khodr,

1979) regulated the production of hCG.

1.5 REGULATION OF hCG SYNTHESIS

The regulation of hCG synthesis is not understood. For some years

there was controversy as to its site of synthesis. It was thought that

hCG was produced by the cytotrophoblastic cells which decline in

numbers towards term, in parallel with the decrease in hCG synthesis

(Jones e_t al_> 1943) (Fig. 1.3). However, present data from

immunofluorescent (Gaspard et_ al^, 1980; Midgely & Pierce, 1962) and

immunoperoxidase staining (Dreskin et_ al^, 1970; Ikonicoff & Cedard,

1973) indicate that hCG originates in the syncytiotrophoblast cells.

It seems likely, therefore, that a regulatory factor would be produced

by the cytotrophoblast cells. Recently several peptides thought to

occur only in the hypothalamus have been extracted from placental

tissue. Corticotrophin releasing factor (CRF), thyrotropin releasing

hormone (TRH), LHRH (Gibbons et_ aJ^, 1975; Siler-Khodr and Khodr, 1978)

- 10 -



Hofbauer cell

Mesenchymal
cells

Syntrophoblast

Cytotrophoblast
(Langhans* layer)

Blood

Brush

Persisting
cytotrophoblast
cell

Syntrophoblast

Hofbauer
cell

Cells ot regressing
cytotrophoblast
layer

Brush border

Capillary

Cluster of
syntrophoblast
nuclei

Fig. 1.3 Transverse sections of chorionic villi from various states
of gestation.
A. Villi from a 4 week embryo showing two layers of

trophoblast - cytotrophoblast and syncytiotrophoblast
(syntrophobast)

B. Villi from a 6£ week embryo.
C. Villi from the placenta of a 14 week fetus showing the

regressing cytotrophoblast layer
D. Villi from a term placenta showing the diminished

cytotrophoblast layer

Copied from Patten (1968, p.118)
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and endorphin-like peptides (Liotta & Kreiger, 1980) have all been

reported to be present in the placenta. The role of hypothalamic LHRH

in controlling pituitary LH release has been well documented (Fink,

1976), but its role in the placenta is uncertain. LHRH has been

suggested as a possible candidate for an hCG regulating factor. The

syncytiotrophoblast may be thought of as analogous to the pituitary and

the cytotrophoblast to the hypothalamus: if so, we should predict that

the placental LHRH-like molecule would be secreted by the

cytotrophoblast cells.

Before considering the evidence for the control of placental

production of hCG by LHRH the action and the structure of LHRH and its

agonists will first be examined.

1.6 LUTEINIZING-HORMONE RELEASING HORMONE

The hypothalamic factor (LHRH) postulated to release FSH and LH

from the pituitary (Harris, 1948) was purified and sequenced (Matsuo et

al, 1971; Burgus et_ al_, 1972) and shown to be a decapeptide (Fig.1.4).

It was soon synthesised, and more than 500 analogues were prepared and

studied with a view to determining its mode of action and to obtaining

a peptide with an extended half-life that might be of greater

therapeutic value. The synthetic analogues fell into two categories:

(a) agonists which stimulate gonadotropin release and (b) antagonists

which inhibit release of LH and FSH. Such analogues have been useful

probes in elucidating the structural requirements for LHRH activity

(see Schally et al_, 1976; Marks, 1978; Sandow et_ al_, 1978; Ferland

et^ ad^, 1976; Coy et al^, 1979, for reviews).

Potential agonists are tested for their ability to release more LH

and FSH than LHRH using tests jji vivo in the rat and tests on



LHRH

PYRO-GLU-HIS-TRP-SER-TYR-GLY-LEU-ARG-PRO-GLY-NH2

LHRH AGONIST (Hoe 766)

PYRO-GLU-HIS-TRP-SER-TYR- D-SER

f t

But
_l

LEU-ARG-PRO- NHC 2H5

FIG. 1.4: Amino acid sequence of native LHRH and the LHRH agonist
(Hoe 766). The arrows show the sites of degradation.
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isolated pituitaries vitro (Sandow et al, 1978). Knowledge of the

sites of enzymic degradation (Fig.1.4) on native LHRH has been useful
modify in o

in deciding which positions on the molecule to •produce superactive
A

analogues.

Alterations to histidine (his) and/or tryptophan (trp) at

positions 2 and 3 results in loss of biological activity. All of the

inhibitory analogues (antagonists) have alterations to positions 2

and/or 3 and while they still retain their capacity to bind to the LHRH

receptor are devoid of biological activity. Changes in glycine at

positions 6 and 10 (Fujino et_ al^, 1974) leads to greater agonist

activity as a result of an increase in conformation stability.

Replacement of the glycinamide portion of LHRH (Fujino et_ al,

1972) with an alkylamide group results in analogues with greater

ovulation-inducing activity due to their resistance to degradation and

consequently prolonged action. One of the most widely studied agonists

is produced by Hoechst in which the glycine^ (gly) has been replaced

by D-ser-t- bu and the glycinamide^ is replaced by ethylamine
t<me*

(Fig.1.4). The agonist has an ovulatory activity 120,^ higher than that
of native LHRH (Sandow & Konig, 1979; Sandow et_ al^, 1976).

LHRH is released in a pulsatile manner from the hypothalamus and

controls both the tonic and cycli-c secretion of gonadotropins from the

anterior pituitary. LHRH can be measured in hypophyseal portal vessel

blood but is rapidly metabolized by the pituitary and never reaches

high enough concentrations in the peripheral plasma to be measured by

radioimmunoassay (Carmel ct_ ad^, 1976; Sarkar et^ al^, 1976; Eskay et al,

1977; Neill et^ a^, 1977; Clarke & Cummins, 1982).

- 14 -
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Like other neurotransmitter and peptide hormones evidence suggests

that LHRH exerts its trophic and regulatory effects at the pituitary

level by interacting with specific receptors located in the gonadotroph

plasma membrane (Clayton & Catt, 1981, for review).

The study of these receptors has been facilitated by the use of

synthetic LHRH analogues which have an increased binding affinity

in vitro (Clayton jet^ al_, 1979b), and resistance to degradation (Koch _et_

al, 1977; Clayton & Catt, 1980; Perrin, Rivier & Vale, 1980).

Increased pituitary uptake of D-ala and D-leu^ analogues has been

demonstrated (Reeves et_ al^, 1977). These characteristics contribute to

greater LH-releasing properties of the superactive agonists.

1.7 MECHANISM OF ACTION

The manner in which the binding of LHRH to receptors is coupled to

release of gonadotropin is still not clear. In common with the action

of other peptide hormone receptor interactions LHRH has been suggested

to mediate its effects through the action of cyclic nucleotides.

However, an unequivocal relationship between the binding of LHRH to

specific receptors on isolated pituitary plasma membranes and the

activation of adenyl cyclase has not yet been demonstrated. Dose

dependent activation of adenyl cyclase by LHRH has been shown (Spona et_

al, 1975) and LHRH has been observed to increase cAMP levels

concomitant with LH release (Borgeat et al^, 1972,1974), while others

have reported no increase in cAMP in response to LHRH stimulation

(Theoleyre _et_ al^, 1976; Clayton et_ al_, 1978).

Some authors have shown LH release in response to dibutyryl cAMP

while others have not (Naor et a^, 1975; Tang & Spies, 1976). Sundberg

and his colleagues (1976) showed release of growth hormone and

prolactin from the pituitary in response to dibutyryl cAMP while LH and



FSH remained unaffected. LH release may be observed in the absence of

cAMP (Naor, 1980).

An increase in cGMP is also observed following LHRH receptor

binding. However, inhibitors of cGMP synthesis do not block LH release

and elevation of cGMP levels does not cause LH release (Naor & Catt,

1980). Extracellular calcium has been shown to be necessary for LH

release but does not interfere with the binding of LHRH to its receptor

and appears to be required at a post-receptor site before cGMP

formation (Naor et al^, 1980). Lanthanum and verapamil, calcium uptake

blockers, inhibit LHRH stimulated LH release suggesting

that calcium uptake is required for LHRH-dependent release of LH from

the pituitary gonadotroph.

1.8 EVIDENCE FOR ROLE OF LHRH IN CONTROL OF hCG RELEASE

As discussed earlier there is increasing evidence from studies

in vitro suggesting that LHRH may regulate hCG secretion in a manner

similar to hypothalamic control of LH release from the pituitary.

LHRH-like molecules were reported to occur in the human placenta as

revealed by chromatography, immunoassay and bioassay techniques

(Gibbons et_ al^, 1975; Khodr & Siler- Khodr, 1978b, 1979, 1980;

Siler-Khodr & Khodr, 1978;1981). Methanol extracts of chorionic

membranes or placental cotyledons which had been incubated with

radio-labelled precursor amino-acid were separated by carboxymethyl

cellulose ion-exchange chromatography (Gibbons et al_, 1975). Peaks

which had the same mobility as -%-TRF and ^H-LHRH standards were

obtained whether %-proline, ^ C - glutamate or ^C-

histidine were used as precursor amino acid. Homogenisation of
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cotyledon tissue followed by centrifugation at 20,000 rpm for 1 hour at

0°C released LHRH-like substances into the supernatant: these were

capable of causing release of LH when injected into rats (Gibbons _et_

al, 1975). Using an LHRH antiserum directed against the LHRH

carboxy-terminus, LHRH-like immunoreactivity was measured at various

stages of gestation (Siler-Khodr & Khodr, 1978). The total content of

placental LHRH was low in early gestation, increased from 12-23 weeks

and from then until term appeared to plateau at about 6pg/placenta.
When expressed per mg of placental tissue the amount at 12 weeks (40

^ig/mg) was reduced by half at term. Comparison of LHRH concentrations
between normal trophoblast and hydatiform mole showed that molar tissue

contained relatively little releasing peptide (23.4 + 6.7 pg/g vs

12808 + 2931 in the placenta) (Osathanondh & Elkind-Hirsh, 1981).

The large amounts of LHRH activity found in the placenta argued

against a hypothalamic origin, since native LHRH secreted into the

hypothalamo-hypophyseal circulation was rapidly degraded by the

pituitary gland (Clayton et_ al_, 1979c) and never reached measurable

concentration in the general circulation. Therefore, it seemed that

the placenta itself was the probable site of production of LHRH.

This was tested by culturing placentae from pregnancies of 6 and 8

weeks post conception and measuring daily hCG and LHRH release by RIA

for 5 days (Khodr & Siler-Khodr, 1979). Daily hCG production declined

during the period of study whereas radioimmuno-assayable LHRH released

into the medium was many fold greater than the original tissue content.

Further studies showed that ^H-leucine was incorporated into an



immunoprecipitable LHRH-like compound (Khodr & Siler-Khodr, 1980)

indicating that it was synthesised by the placenta. The placental LHRH

had the same properties on carboxymethyl cellulose column as native

LHRH and increased LH release in male rats. Placental LHRH-like

activity was further characterised biochemically by high pressure

liquid chromatography of a methanol extract and had the same retention

time as synthetic LHRH (Lee et^ al_, 1981).

Similarly, Sephadex G150 chromatography of acetic acid extracts of

placenta revealed a major peak in the salt area, which corresponded to

the elution position of native LHRH (Siler-Khodr & Khodr, 1981a).

Further purification of this fraction on carboxymethyl cellulose

columns showed that the placental LHRH like material eluted in the same

area as native LHRH and had equivalent bioactivity (Siler-Khodr &

Khodr, 1981a).

There is some disagreement in the literature concerning the

specific localization of the LHRH activity within the placenta using

the technique of immunofluorescent staining. One group report that

activity is confined to the cytotrophoblast and surface of the

syncytiotrophoblast in the human placenta (Khodr & Siler-Khodr, 1978).

Similarly, in the rat placenta LHRH-like immunoreactivity has been

confined to the cytotrophoblast (De Palatis et_ al^, 1979). However,

others reported LHRH-like activity in the syncytiotrophoblast using

similar techniques (Seppala et_ al^, (1980).

The effect of exogenous LHRH on hCG production was studied in

vitro in both normal placentae and in a choriocarcinoma cell line.
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Release of hCG and hCS fell rapidly during 4 days culture of

villous tissue from two placentae of 8 weeks and 10 weeks gestation

(Khodr & Siler-Khodr, 1978b). LHRH specifically stimulated hCG

secretion in the first 2-3 days of culture but hCS was unaffected. In

one case, stimulation was achieved with 800 ng/ml LHRH. However in

another experiment 3200 ng/ml LHRH was required in order to obtain an

effect. These studies were later extended to examine the effects of

LHRH on the production of the two individual subunits of hCG

(Siler-Khodr & Khodr, 1981b). Using term placental explants release of

botho(-hCG and fi-hCG was stimulated by LHRH in a dose dependent manner.

However during the 8-day period studied, stimulation of o^hCG secretion

by LHRH occurred on days 1-3 of culture only, and stimulation was

dose-related only on days 2 and 3. The release of jlhCG was dose

related on days 1,2,3,7 and 8. Another group of investigators (Haning

et al, 1982b) reported stimulation of hCG production by LHRH which was

inhibited by both low density lipoprotein (LDL) and

dehydroepiandrosterone sulfate (DHEAS).

Addition of LHRH (0.25-50 ug/culture) to a human choriocarcinoma

cell line( JEG-3) ija vitro caused an increase in hCG levels within 5

minutes of stimulation (Teodorczyk-Injeyan et_ al_, 1979; 1981). Nakano

(1981) reported increased hCG secretion following administration of

LHRH to chorionic villi or BeWo cells. However, in a primary monolayer

placental culture LHRH (10~^M) failed to increase hCG release

(L*Hermite-Baleriaux et^ al^, 1980).

From the work carried out it is clear that an LHRH-like releasing
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factor is present in the placenta although it has yet to be established

whether it is identical to that described in the hypothalamus. This

will require purification and sequencing of the peptide.

The studies reporting a stimulatory effect of synthetic LHRH on

hCG secretion were not very extensive: moreover, the effects of more

potent agonists have not been investigated but the studies discussed

provided a basis for further experimentation in this area.

1.9 EFFECTS OF LHRH ON hCG LEVELS IN VIVO

Whilst there appear to be effects of LHRH on hCG production by

placental tissue _iia vitro, it is important to consider the effects on

cirulating levels of CG when LHRH or the agonist is administered in

vivo during pregnancy.

The work by Gibbons et_ al_ (1975) reporting the presence of LHRH-

like factors in the placenta prompted an investigation of the effects

of LHRH on hCG secretion _in_ vivo (Tamada et_ al^, 1976). Neither

injection of 200 jjg LHRH nor infusion of 20-180 ^pgLHRH/hr for 1-6 hours
was found to alter the plasma hCG levels in pregnant women (Tamada et_

al, 1976). A study designed to investigate the mechanism of

gonadotropin release from the anterior pituitary during pregnancy

showed that infusion of LHRH at a rate of 1 ^ig/min for 4 hours had no

effect on serum levels of hCG(Yoshida et_ ad^, 1981), and no change in

hCG levels was observed following injection of 100 pg LHRH either in
the first or second trimester (Rubinstein et^ ad_, 1978).

The potent agonists of LHRH have been administered _in_ vivo in an

attempt to interrupt pregnancy. Women of 5-8 weeks gestation were

given twice-daily injections of the LHRH agonist D-tryptophan-6-LHRH
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for a period of 5-10 days (Tolls et_ al^, 1981) and another group were

given 50-500 yg of LHRH agonist on 2 consecutive days (Casper e_t al,

1980). In both cases no change in plasma hCG level was noted.

In pregnant baboons implanted pellets of LHRH agonistic analogues

were used to investigate suppression of luteal function (Vickery et al,

1981). In all treated animals a decline in baboon chorionic
(bc&)

gonadotropkin^levels occurred.
It is not clear why baboons, but not women, should show a

suppression in chorionic gonadotropin levels in response to LHRH

agonists, though the differences may be due to differences in the

dosage regimen. In women, doses of LHRH were administered either by 1

or 2 injections or by infusion for a few hours, whereas in the baboon,

there was constant administration lasting for at least 2 weeks.

In view of the high concentrations of LHRH reported in the

placenta (Gibbons et al, 1975; Siler-Khodr & Khodr, 1978) it is likely

that the amounts of LHRH administered In vivo make little difference to

hormone control in the placenta. Moreover, it is not known whether the

peptide reaches the placenta, and other methods of administration and

higher doses may be required before an effect is seen in the human.

Extensive studies of the effects of LHRH and its agonists in the

non-pregnant animal, mainly in the rat, have been carried out both in

vivo and rn vitro with both males and females (Hsueh & Jones, 1981).

Many of these effects appearto be mediated at extra pituitary sites.

These follow in the next sextion.

1.10 PARADOXICAL ANTIFERTILITY EFFECTS

As LHRH and its analogues were studied extensively in vivo
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paradoxical antifertility properties of LHRH became apparent both in

the female and male rodent.

Inhibition of reproductive function in the female

Subcutaneous administration of 10-1000 ^ig LHRH/day
subcutaneouslyearly in the oestrous cycle of the rat caused a dose

related delay in proestrous of 5-8 days (Beattie & Corbin, 1977) while

chronic post-coital administration of synthetic LHRH during the first

weeks of pregnancy delayed the pre-implantational estrogen surge and

prevented implantation in the animals (Corbin and Beattie, 1975;

Beattie et_ al^, 1977). Agonist treatment resulted in cessation of

cycling, atrophy of the ovaries and uterine regression (Johnson,

Gendrick & White, 1976). In the rabbit repeated doses of 100 ug of

LHRH on days 8-13 post-mating caused multiple ovulation, severe

luteolysis of original corpora lutea and fetal survival to term was

highly variable (Hilliard et al, 1976).

Effects on male

As in the female continued administration of high doses of LHRH or

its agonists leads to inhibitory effects on various reproductive

functions in the male.

In the rat testicular LH and PRL receptor content decreased in

response to chronic administration of LHRH agonists (Cusan et_ al_, 1979;

AuClair, 1977a,b; Belanger et_ al^, 1979; Labrie et_ al^, 1980). After 2-8

weeks treatment with LHRH agonist (D-Ala^ ,des-Gly-NH2^) LHRH

ethylamide degenerative changes in seminiferous tubules and inhibition

of spermatogenesis ocurred (Pelletier et_ al^, 1978; Pelletier ert_ al,
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1980).

1.11 POSSIBLE CONTRACEPTIVE EFFECTS IN WOMEN

Although the majority of studies have been performed in the rat,

the antifertility properties of LHRH and, more importantly, of the

longer acting agonists clearly indicate their potential as human

contraceptives and clinical trials have supported this concept.

Chronic treatment with LHRH inhibits ovulation; intranasal

administration of 400-600 ^ig/day of D-Ser(T-But^) ethylamidel®
LHRH for 3-6 months beginning on the first day of menstrual bleeding

reduced serum oestradiol and progesterone concentration (Berquist

et al, 1980). Discontinuation of treatments resulted in a prompt,

return of ovulation and menstruation.

LHRH also inhibited luteal function and caused premature

luteolysis (Casper & Yen, 1979). Subcutaneous administration of 100

yug/day of LHRH during the post ovulatory period reduced plasma
progesterone levels and shortened the luteal phase (Koyama et al,

1978). Similar effects were demonstrated with 2 x 500 ug doses of the

D-Ser-t-bu^, des-Gly LHRH ethylamide during the luteal

phase of the cycle (Lemay _et_ al^, 1979).

However it is questionable whether high doses of LHRH agonist

would be successful luteolytic agents if conception had occurred as

hCG apparently overcame the luteolytic effects of the LHRH agonist

(Casper et ad^, 1980).

It would appear that the luteolytic action of LHRH and its

agonists is limited to a few critical days in the menstrual cycle prior
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to implantation: thereafter, hCG levels rise and maintain and protect

the corpus luteum against the inhibitory effects of LHRH.

1.12 EVIDENCE FOR DIRECT GONADAL EFFECTS

There are three possible sites of action where LHRH may exert its

antifertility effects:-

1. Decreased pituitary responsiveness may occur as a result of exposure

to high amounts of LHRH.

2. Gonadal desensitization may occur through exposure to high levels of

gonadotropins released from the pituitary in response to exogenous

LHRH.

3. In addition there is increasing evidence that LHRH may have a direct

effect at the gonadal level (Sharpe, 1980; Hsueh and Jones, 1981, for

reviews).

Rippel and Johnson (1976) were the first to report inhibition of

hCG induced ovarian and uterine weight gain in hypophysectomized rats.

Their work received little attention until 3 years later when LHRH or

its agonistic analogues were shown to inhibit the FSH-induced increase

of oestrogen and progesterone production in granulosa cells from both

intact and hypophysectomised diethylstilbestrol treated rats cultured

in vitro (Hsueh & Erickson, 1979). Ln vivo effects were studied in

hypophysectomised immature oestrogen treated rats by injecting with FSH

or FSH and LHRH and examining resulting ovarian weight.

LHRH was shown to inhibit FSH induced ovarian weight gain and FSH

stimulated oestrogen production in hypophysectomised immature oestrogen

treated female rats. An LHRH antagonist
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(D-pGlu^,D-Phe2,D-Trp8>8) LHRH was examined for its influence

on the synthetic capacity of granulosa cells In vitro (Hsueh & Ling,

1979). LHRH (10~8M) inhibited oestrogen and progesterone production

by FSH-treated granulosa cells in vitro, whereas the antagonist

(10-8M) did not affect FSH stimulation of steroidogenisis. When

the antagonist (10_8M) was added with LHRH (10-8M) and FSH it

blocked the LHRH inhibition of both FSH-induced steroidogenesis and

FSH-induced increase of LH receptor content.

In immature hypophysectomised male rats (Hsueh & Erickson, 1979)

concomitant treatment with FSH and LHRH agonist prevented increases in

testicular weight, LH-receptor numbers and steroidogenic responsiveness

induced by FSH treatment alone.

These studies demonstrated that LHRH and its agonists exert an

extrapituitary action and can affect ovarian and testicular function

directly in the absence of a pituitary suggesting that LHRH receptors

may be present on gonadal tissue.

1.13 GONADAL LHRH RECEPTORS

Like other hormones much evidence suggests that LHRH exerts its

effects through binding to membrane receptors in specific target cells.

Previously the pituitary had been shown to contain both high (Ka=3.2

x 108M~1) and low (Ka=108M~^) affinity binding sites

(Clayton & Catt, 1981 for review). Using l^I-LHRH as tracer, the

liver, renal cortex, testis, spleen, lung and cerebral cortex, ovary

and cardiac muscle were shown to possess specific binding sites of low

affinity (Marshall et_ al^, 1976; Heber et_ al^, 1978). Their

physiological role was uncertain and they were suggested to remove LHRH
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from the peripheral circulation.

125j-lhRH is rapidly degraded by peptidases and the use of

nondegradable iodinated LHRH agonist greatly improved radio-receptor

assays (Clayton et^ al^, 1979a,b). Following the reports on the direct

action of LHRH on gonadal tissue, several workers demonstrated

receptors on both ovarian and testicular tissue which had

characteristics in common with pituitary receptors.

Specific uptake of a radio-labelled LHRH agonist was demonstrated

in ovaries of intact and hypophysectomised female rats (Mayar, 1979).

Rat luteal cell membranes were found to contain binding sites of high

affinity (Ka=4.4 x lO^M-*) and specificity (Clayton et^ al,

1979a) for ^^I-LHRH agonists, similar to those observed for

pituitary LHRH receptors. Ovarian membrane fractions obtained from

immature hypophysectomised diethylstilbesterol treated female rats also

bound 125i_lhrh agonists with high affinity (K^=0.86+0.33 x

10-^M) and specificity in agreement with the previous findings

(Jones et al, 1980). The receptors were concentrated on the follicular

cells (Jones et_ al^, 1980) which had higher binding capacity than luteal

preparations (162 + 25 mol/mg). (Pieper et_ al^, 1981). Comparison

of rat pituitary and ovarian LHRH receptors using 15 LHRH analogues

showed that the two tissues exhibited similar affinity and specificity

(Reeves _et^ al^, 1980). Immunofluorescent localisation of the LHRH

hormone receptors in ovarian granulosa cells, obtained from PMSG

treated immature rats, using a bioactive rhodamine derivative of the

hormone indicated that the receptors were distributed uniformly on the

cell surface and formed patches that internalised, after 30 minutes
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at 37°C, into endocytotic vesicles (Hazum & Nimrod, 1982). These

binding sites were specific for the rhodamine labelled LHRH on the

granulosa cell. S.D.S - Polyacrylamide gel electrophoresis of

125i-iabelled LHRH covalently linked to granulosa cell membrane

preparations showed binding to specific bands of apparent molecular

sizes of 60,000 and 54,000 daltons. This pattern of receptor mediated

internalisation is similar to the pattern seen in pituitary cells

(Hazum et_ a1^, 1980). The 60,000 dalton component corresponds to the

pituitary LHRH binding component but the 54,000 dalton component only

occurs in the ovary and may be related to the different functional

effects of LHRH on the extra pituitary location. In some systems

receptor crosslinking is sufficient to trigger subsequent events of

hormonal action while in others internalisation and degradation of

hormone-receptor complexes is required (see Hazum, 1981 for review).

Neither clustering nor internalisation are necessary for LH release

from the pituitary. Whether internalisation is a prerequisite to LHRH

action in the ovary is unknown.

Ovarian LHRH receptors have also been examined in the prepubertal

rat and found to decline within hours before the first surge of

gonadotrophins, at a time when ovarian steroidogenic responsiveness to

gonadotropins and ovarian steroidal output were rapidly increasing

(White & Ojeda, 1981) suggesting that a reduction in LHRH inhibitory

function within the ovary may be a contributing factor to the pubertal

enhancement in ovarian secretory activity.

LHRH receptors have been demonstrated not only in the female but

also in the male rat. Specific high affinity LHRH receptors have been

- 27 -

ft



found in the rat testis (Perrin et_ al_, 1980; Lefebvre, 1980; Clayton

et al, 1980; Sharpe & Fraser, 1980; Bourne et_ al^, 1980) and are

localised in the Leydig cells where they are believed to mediate

hormonal effects observed in this tissue. Testicular LHRH receptors

were found to increase during sexual maturation in the male rat, being

highest at AO days of age and then falling to a steady level at 60 days

of age (Dalkin, 1981).

It is clear that gonadal tissue in the rat contains LHRH receptors

which are similar in many respects to pituitary receptors. The direct

action of LHRH on ovarian and testicular function may be mediated

through these receptors and it is of further interest to look for and

characterise LHRH or LHRH-like factors in gonadal tissue which could

play a role in local regulation and so represent an important

physiological mechanism rather than a pharmacological one. It was also

important to investigate the effects on primates in view of the fact

that the potent LHRH agonists may provide useful contraceptives.

However, the data on gonadal binding sites in primates are

disappointing. In the female rhesus monkey the absence of binding of

the agonist D-ala^-des-GlylO-LHRH ethylamide to corpora lutea at

mid-luteal phase has been documented (Asch et_ al^, 1981). In agreement

with this human gonadal tissue was also reported to contain no LHRH

receptors (Clayton & Huhtaniemi, 1982).

1.14 AIMS OF THE PRESENT STUDIES

The present studies were designed to examine further the role of

LHRH in regulation of hCG secretion by the placenta. It was important

to find out whether the placenta possessed receptors for LHRH (Chapter
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3) and to ascertain whether a "down-regulation" phenomenon (Catt et^ al,

1979) such as occurs in the pituitary, may also occur in the placenta.

The hypothesis was that short-term treatment with LHRH would stimulate

hCG production but longterm chronic treatment would inhibit hCG

production. Such an inhibition of placental function by LHRH and its

analogues might lead to their use as early abortifacients.

Various vitro techniques were employed to look at the effects

of LHRH and its agonist (D-Ser-t-bu^ f des-Gly LHRH

ethylamide) on placental function (Chapters 5 and 6). Attempts were

also made to extract the putative ligand and measure it in the

placental radioreceptor assay (Chapter 4).

e
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CHAPTER 2

MATERIALS AND METHODS

2.1 RADIO-IODINATION OF HORMONES

2.1.1 Radio-iodination of LHRH and its agonist

(D-Ser-t-bu6, des-Gly NH210) LHRH ethylamide (LHRH

agonist, Hoechst, U.K.) and LHRH were labelled with radio-iodine using

the lactoperoxidase method (Miyachi ejt al^, 1972,1973; Marshall &

Odell, 1975). The method is described fully.

(a) Reagents

The following reagents and buffers were used:-

Elution Buffer (0.01N Acetic Acid, 0.1% BSA)

Phosphate Buffered Saline (PBS) (0.05M), pH 7.4

Lactoperoxidase (Sigma)

Glucose Oxidase (Miles Laboratories)

Na^^I (Amersham) as carrier free solution in NaOH, specific

activity lOOmCi/ml

Sephadex G25 Fine, Pharmacia

(b) Lactoperoxidase method

To 5 ^ig hormone in a 63 x 11 mm polystyrene tube the following
additions were made at room temperature.

1. 40 ;il 0.05M PBS

2. 5 p.1 lactoperoxidase (100 jig/ml in 0.1M Sodium Acetate, pH 5.6)
3. 5 p.1 Glucose Oxidase (l,000U/ml)

4. 20 jjI (2mCi) Na^^I
5. 25 pi Glucose (0.1% in distilled water)

REACT FOR 5 MINUTES

6. 300 ^il 0.01N Acetic Acid to stop reaction.
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(b) Column Chromatography

Radio-iodinated hormones were purified by column chromatography

using Sephadex gel. Sephadex G-25 was equilibrated for at least three

hours in 0.01N acetic acid, 0.1% BSA. The swollen gel was then

decanted into a 60 cm glass column (internal diameter 1 cm) containing

a fixed porous plate. The column length was approximately 45 cm.

Prior to use, about 5 ml 0.01N Acetic Acid-5% BSA was run through the

column to coat the Sephadex with protein and thus minimise adsorption

of the radio-iodinated hormone to the gel.

After radio-iodination the reaction mixture was applied to the top

of the Sephadex column and allowed to run in before being topped up

with elution buffer. Fractions (2.5 ml) were collected in glass tubes

each containing 0.1 ml of 0.01N Acetic Acid-5% BSA.

The fractions were counted on a gamma counter, the elution profile

was examined (Figures 2.1 and 2.2) and tubes corresponding to the

active iodinated hormone were pooled and stored in 0.1 ml aliquots at

-20°C. The specific activity of the resulting 125j_lhrjj agonist

varied from 990-1150 mCi/mg as determined by self-displacement of

binding to isolated Leydig cells (Sharpe & Fraser, 1980).

2.1.2 Radio-iodination of other hormones

hCG and hPL were both radio-iodinated by the lactoperoxidase

method and purified on a Sephadex G-100 column. Rat LH was iodinated

by Chloramine-T method (Greenwood et^ al^, 1963) and purified on a

Sephadex G-100 column.
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Figure 2.1 Elution profile for 125I-1abelled LHRH agonist purified
on Sephadex G-25. Procedural details are given in the
text
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Figure 2.2 Elution profile for ^25j_iabe]-|ec] lHrh purified on
Sephadex G-25. Procedural details are given in the text
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2.2 RADIOIMMUNOASSAY OF PROTEIN HORMONES

(a) Reagents

The following antisera and reference preparations (standards) were

used :-

Anti-^hCG-SB6 ^-hCG CR119 hPL
Anti-rat-LH-S-3 rat LH-RP-1

Anti-hPL rat LH-I-1

The anti-hPL was raised in sheep and was obtained from Gamma-G,

Beaconsfield, Bucks., U.K. The hPL was from ICN Pharmaceuticals Inc.,

Life Sciences group, Cleveland, Ohio, U.S.A. All other materials were

obtained from NIAMDD, NIH, Bethesda, Maryland, U.S.A and remaining

antisera were raised in rabbits.

The following buffers were used:-

Assay buffer: 0.01M PBS, (0.01M Phosphate, 0.15M NaCl), 0.01%

thiomersalate, 1% BSA, pH 7.4

Special buffer: 0.01M PBS, 0.01% thiomersalate, 0.6% normal rabbit

serum, pH 7.4

The second antibody used for hCG and LH assays was donkey

anti-rabbit serum (Scottish Antibody Production Unit) diluted 1:15 with

assay buffer. For hPL assay the second antibody was donkey

anti-goat-sheep serum diluted 1:25 with assay buffer and 0.1% normal

sheep serum was included in the assay.

(b) General Procedure

Samples of medium were diluted in assay buffer such that they

could be measured within the limits of the standard curve. The

reference standards were made in assay buffer using a x2 dose interval.
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Known volumes of samples and standards were made up to a constant

volume with assay buffer and incubated in 63 x 11 mm polystyrene tubes

overnight at A°C in the presence of 0.1 ml of specific antiserum

diluted in special buffer and 0.1 ml of ^5 I-labelled hormone in

assay buffer. On the following day 0.1 ml of second antibody (1:15 in

assay buffer) was added to each tube and incubated overnight at 4°C to

precipitate the rabbit gamma-globulins. The bound and free labelled

hormones were separated by adding 1 ml of 0.9% saline to all assay

tubes and centrifuging at 1500g for 30 minutes. The supernatant was

decanted and the precipitate counted in a gamma counter.

The non-specific binding (NSB) was assessed by tubes containing

200 ^il assay buffer and 100 ^il special buffer (no antiserum) and 100 ^il
labelled hormone. The maximum binding (B0) was determined

with tubes containing 200 jil assay buffer, 100 yl antiserum and 100 ^il
IOC

Jl-labelled hormone. Tubes containing labelled hormone only

were included to determine total counts (TC).

All samples, standards and tubes for the assessment of total

counts, NSB and B0 were run in duplicate. Additions of medium,

standards and diluent buffer were made using either precision

dispensing pipettes (Eppendorf, Finpipette) or an automatic dispensing

system (Compupet). Additions of antiserum, labelled hormone and second

antibody were made using a 5.0 ml capacity, 0.1 ml graduated syringe

(Hamilton). The 1.0 ml of 0.9% saline used to dilute incubates prior

to centrifugation was added using an adjustable dispenser (Oxford

Laboratories pipetter).
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(c) Standards

Dilutions of the reference preparation were made using assay

buffer and stored at -20°C. When required, these were thawed and after

use were frozen at -20°C. The hCG standards were made in 10 ml and

were frozen and thawed about ten times. Freezing and thawing of hCG

standard solutions had no effect on the characteristics of the

radioimmunoassay.

(d) Assay analysis

The mean c.p.m. radioactivity in the NSB tubes was subtracted from

the c.p.m. in all other tubes (excluding the total counts) and the

remaining radioactivity was considered as specifically bound to the

first antibody. For each point on the standard curve, the c.p.m. bound

was expressed as a percentage of that bound in the BQ (i.e. B/B0%)

and a standard curve constructed. The percentages were transformed to

logits to allow a straight line to be fitted to the data. The straight

line of best fit was calculated by the method of least squares using a

programme package for a Commodore 4032 computer.

2.2.1 Radioimmunoassay of hCG

Dilutions of culture media (0.2 ml) or standards (7,(>pg/ml - 3900

pg/ml) were added to assay tubes followed in sequence by 0.1 ml of

1:20,000 dilution of antiserum (SB6 - specific for the p subunit of

hCG) and 0.1 ml ^^I-hCG (approximately 10,000 c.p.m.). The next

day second antibody was added (Vaitukaitis & Braunstein, 1972). The

detection limit was 30 pg/ml. The intra-assay coefficient of variation

was 7.5%.

- 37 -

<5



2.2.2 Radioimmunoassay of hPL

0.2 ml of culture media or standard (0.3 ng/ml - 200 ng/ml) was

incubated overnight with 0.1 ml antisera (1:20,000) and 0.1 ml

125i-hPL (approximately 10,000 c.p.m.) both diluted in assay

buffer. The following day 0.1 ml of 1:25 Donkey anti-goat serum and

0.1 ml of 1:1000 normal sheep serum were added to the assay tubes. The

detection limit was 2 ng/ml. The intra-assay coefficient of variation

was 7.4%

2.2.3 Radioimmunoassay of rat LH

Culture media (0.1) or standards (0.78 - 100 ng/0.1 ml) were added

to assay tubes followed by 0.3 ml assay buffer and 0.1 ml antiserum in

special buffer. After preincubation for one day 0.1 ml ^^I-rat lh

in assay buffer was added (15,000 c.p.m.). After overnight incubation

second antibody was added and the following day the assay was

terminated by addition of saline and centrifugation. The detection

limit was 8 ng/ml. The intra-assay coefficient of variation was 7.9%

2.3 RADIOIMMUNOASSAY OF PEPTIDE HORMONES

2.3.1.Reagents

anti-LHRH agonist (Hoe766), AS-9 LHRH agonist (Hoe766)

anti-LHRH agonist (Hoe766), R 103 LHRH

anti-LHRH, RO

Specificity characteristics of these antisera have been described

(Nett et_ al^, 1973; Sandow and Clayton, 1982; Jeffcoate et_ al^, 1976;

Fraser et_ al^, 1983). The anti-LHRH agonist AS-9 (Sandow and Clayton,

1982) and (D-Ser-t-bu6, des-Gly-NH?10) LHRH ethylamide
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(LHRH agonist, Hoe 766) were kindly provided by Dr. J. Sandow, Hoechst.

The R42 Nett antiserum was generously provided by Dr. T.M. Nett (Nett

et^ al^, 1973). The anti-LHRH serum (RO) (Jeffcoate e_t^ al^, 1976) and

LHRH agonist antiserum (R103) (Fraser et^ al^, 1983) were prepared by

H.M. Fraser. All antisera were raised in rabbits.

The following buffers were used:-

Assay buffer:- 0.01M PBS, 0.01% thiomersalate, 0.1% BSA pH 7.4

Special buffer:- 0.01M PBS, 0.37% EDTA, 0.2% BSA, 0.33% normal rabbit

serum.

2.3.2 Procedure for LHRH agonist assay

0.1 ml of sample or standards (0.39 - 400 pg/0.1 ml) were made up

to 0.2 ml with assay buffer and incubated with 0.1 ml of antisera AS-9

(1:3,000 in special buffer). After 2 days incubation 0.1 ml of

12^1-LHRH was added (approximately 15000 c.p.m./tube). After a

further overnight incubation 0.1 ml of second antibody, donkey anti-

rabbit serum (1:20 in assay buffer) was added. The following day 1 ml

of saline was added to each tube and centrifuged at l,000g for 30

minutes. The supernatant was poured off and the bound hormone measured

on a gamma counter. Preincubation of standards and samples with

antisera R103 (1:6,000) was only for one day before addition of

labelled hormone. On the third day of incubation the antibody-bound

hormone was precipitated by addition of 1.5 ml ice-cold ethanol and

spun for 15 minutes at l,000g. The supernatant was poured off and the

pellets counted on a gamma counter.
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2.3.3 Procedure for LHRH assay

This assay was carried out as with R103. RO antiserum was used at

a dilution of 1:15,000 while Nett's R42 antiserum was used at

1:20,000.

2.4 THIN LAYER CHROMATOGRAPHY

The solvent chosen for thin-layer chromatography (T.L.C.) was

butanone:pyridine:water:acetic acid (70:15:15:2, by vol.) (Sandow

et^ al_, 1979a,b). The glass tank was filled with 150 ml of solvent and

left for at least an hour prior to running the chromatograph. The

origin was drawn in pencil 2 cm from the bottom edge of the silica

plate (60 F - 254 Merck), and samples were applied with a

microcapillary tube and dried gently with a cool hairdrier before being

placed in the tank. After 2j hours the plate was removed and dried and

either sliced and counted on a gamma-counter or used to make an

autoradiograph.

2.5 AUTORADIOGRAPHY Before exposing the plate the origin was

marked with labelled hormone.

2.5.1 Exposing the film

In the dark room the silica-coated side of the dry T.L.C. plate

was placed in contact with the X-ray plate (Kodak X-Omat S) and wrapped

in silver foil, placed in an envelope and kept in a black plastic bag,

placed between 2 sheets of glass for approximately 7 days.

2.5.2 Developing the film;

The film was subsequently developed for 3 minutes in a solution of

Kodak developer (400 ml Kodak developer plus 1200 ml water), washed,

fixed for a few minutes in Kodak fixer (400 ml plus 1200 ml water),

washed for more than 10 minutes and dried.
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2.6 HISTOLOGY

Tissue specimens were fixed in buffered formol-saline for a

minimum of 24 hours and processed in a Shandon tissue processor. 5 yu

paraffin sections were cut and stained with haematoxylin and eosin.

These preparations were kindly carried out by Mr. K. Donachie.

2.7 PROCESSING SAMPLES FOR TRANSMISSION ELECTRON MICROSCOPY

(a) Reagents

Cacodylate Buffer: 10.7g sodium cacodylate (Analar BDH) in 1 litre

distilled water. pH adjusted to 7.3 with HC1

Buffered Sucrose: 10% sucrose (Analar BDH) in cacodylate buffer

Glutaraldehyde: 5% glutaraldehyde (Analar BDH) in cacodylate

buffer

Osmium tetroxide (Johnson Matthey Chemicals Ltd). 1% in cacodylate

buf fer

Propylene Oxide (BDH)

Araldite

(b) Method

Pieces of tissue were cut into approximately 1 mm^ cubes and

fixed by immersion in cacodylate-buffered 5% glutaraldehyde, pH 7.3.

After fixation for a minimum of 2 hours the tissue was rinsed in 10%

buffered saline (2 x 10 minute changes) before post-fixation for 1 hour

in osmium tetroxide (1%). The tissue was then dehydrated by washing

for 2x5 minutes and then for 10 minutes in 10% ethanol, and

successive 1 x 10 minute washes in 30,50,70 and 95% ethanol, followed

by 3 x 10 minute washes in 100% ethanol and 2 x 10 minute washes in

propylene oxide. The tissue was transferred to a thin layer of

araldite overnight, then heated to 60°C
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for 35 minutes before being transferred to embedding araldite and

heated to 60°C for 3 days.

Sections of approximately 60nm thick were cut on an LKB 3

Ultramicrotome and stained by immersing for 30 minutes in saturated

Uranyl Acetate made up in 50% ethanol. Sections were then washed

successively in 50%, 25% ethanol and distilled water followed by 15

minutes in Lead Citrate and a final wash in distilled water. Sections

were viewed in a Philips 300 electron microscope. Photographs were

taken on 3k, x 4in Ilford Plate Film which was developed in PQ Universal

(llford) for 4 minutes, washed in water and fixed for 7 minutes in 1:3

Kodafix (Kodak).

2.8 PROTEIN ASSAY

Protein was assayed by the method of Lowry et^ al (1951).

2.9 DNA ASSAY

DNA was assayed by the method of Burton (1956).
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STUDIES ON LHRH BINDING SITES AND DEGRADATION OF THE LIGANDS
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CHAPTER 3:

STUDIES ON LHRH BINDING SITES AND DEGRADATION OF THE LIGANDS

3.1 INTRODUCTION

In order for a hormone to initiate a response the presence of

receptors is required in the target tissue (Ryan & Lee, 1976; Bradshaw

& Frazier, 1977). Since recent evidence suggests that an LHRH-like

peptide may control secretion of protein hormones from the

syncytiotrophoblast of the placenta in a similar manner to that in the

pituitary (Khodr & Siler-Khodr, 1979), the presence of specific

binding sites for LHRH and an LHRH agonist in the human placenta was

examined. Receptors were also examined in rat and marmoset placentae.

The stabilities of the native hormone and the agonist were compared in

the presence of human placental tissue.

LHRH receptors have been demonstrated previously on rat Leydig

cells and rat luteal cells. Firstly binding to rat luteal cells was

repeated to test the validity of the receptor assay. Binding sites for

LHRH agonist were also sought using bovine and human corpora lutea.

3.2 MATERIALS AND METHODS

3.2.1 COLLECTION AND PREPARATION OF TISSUE

(a) Bovine luteal cells

Bovine ovaries were collected from the local abattoir. Corpora

lutea were excised, minced with scissors, suspended in 0.2% Collagenase

(Sigma, Type I) in 20 ml Hank's Balanced Salt Solution (Flow

Laboratories) and shaken for 20 minutes in a water bath at 37°C. The

cells were then sucked up and down a syringe and then filtered through

2 layers of gauze. The filtrate was centrifuged at 500g for 5 minutes

at 20°C and the resultant pellet resuspended in assay buffer(25 mM Tris
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HC1, 0.2% BSA, 0.02% Bacitracin).

(b) Rat luteal cells

Eighteen immature female Sprague Dawley rats, approximately 25

days old, housed under conventional conditions (lights on at 0500h and

off at 1900h) were injected with 50 I.U. of PMSG (Folligon, Intervet)

in 0.2 ml saline, followed 48 hours later with 25 I.U. of hCG

(Chorulon, Intervet) in 0.2 ml saline. The rats were killed 8 days

later by anaesthetising with CO2 (dry ice). The ovaries were

immediately removed and immersed in Medium 199, 0.2% BSA. The tissue

was minced and incubated in medium 199, 0.2% collagenase, 0.2% BSA for

10 minutes at 37°C followed by centrifugation at 500g for 5 minutes at

20°C. The resultant pellet was resuspended in Medium 199 0.1% BSA,

25mM Hepes, 0.5mM Bacitracin.

(c) Preparation of a homogenate of rat luteinised ovary

The ovaries of 12 immature female rats treated with PMSG and hCG

as above to induce luteinisation were homogenized in 5ml 0.01M PBS

using a glass homogenizer. The homogenate was passed through gauze to

remove connective tissue and the filtrate used in the LHRH agonist

receptor assay.

(d) Human corpus luteum

Human corpora lutea were obtained from the Edinburgh Royal

Infirmary from women undergoing hysterectomy and homogenized using a

buffer
loose fitting glass homogenizer in cold 25mM Tris HC1, pH 7.4

A
containing 0.3M Sucrose and 1 mM EDTA and assayed for binding

immediately.

(e) Placentae

Human term placentae were collected from the Simpson Memorial
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Maternity Hospital, Edinburgh, following normal vaginal delivery or

Caesarian section and placed on ice. Placentae of 10-12 weeks

gestation and a single hydatidiform mole were obtained from suction

curettage. Trophoblastic villi were dissected free of the membrane in

the case of 10-12 week placentae and vesicles were removed from the

hydatiform mole. In term placentae, cotyledons from different regions

were dissected free from the membranes and weighed. Histology showed

the placentae to be normal healthy tissue in all cases. Tissue was

homogenized in 25mM Sodium Potassium Phosphate buffer containing ImM

Magnesium Chloride (pH 7.4) using a Polytron Homogeniser (2ml buffer/g

tissue). The homogenate was filtered through gauze and the filtrate

centrifuged for 20 mins at l,000g. The pellet was resuspended or

frozen until further use. The l,000g supernatant was further

centrifuged at 10,000g for 15 minutes and the resultant pellet

resuspended in 5ml buffer. The 10,000g supernatant was then

centrifuged at 100,000g for 60 minutes and the pellet resuspended in 2

ml buffer.

Aliquots of the above preparations were assayed for LHRH agonist

binding using the methods described below.

In one case a marmoset (Callithrix jacchus) placenta was obtained
from a spontaneous abortion at 110-120 days' gestation and treated as

above.

3.2.2 MEASUREMENT OF LHRH BINDING

(a) Measurement of binding of ^^I-LHRH agonist to bovine and rat

luteal cells

200 ul of cell preparation containing approximately 1 million
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cells was incubated in duplicate in 63 x 11 mm polystyrene tubes with

50 pi of 25mM Tris HC1 buffer containing 0.2% BSA and 0.2% Bacitracin

or cold LHRH agonist (10-^M) for assessment of non-specific

binding. All tubes received 50 pi of iodinated agonist (1000 jiCi/pg)
containing about 100,000 cpm. For bovine luteal cells incubations were

performed in triplicate at 4°C and 20°C for 15,30,45,60 and 120

minutes. Rat luteal cells were incubated with 125i_lhrh agonist

for 80 minutes at 22°C. At the end of the incubation period 2 ml ice

cold PBS was added to all tubes followed by centrifugation at 2,000g

for 15 minutes at 4°C. Supernatants were poured off and pellets

containing bound labelled hormone were counted on a gamma counter,

(b) Measurement of binding of ^^I-LHRH agonist to homogenates of

luteinised rat ovaries

0.25 ml aliquots of homogenates of luteinised rat ovary containing

approximately 2500 jig protein were incubated with 0.05 ml of
1^I-LHRH agonist ( 100,000 cpm) in a total volume of 0.5 ml.

Non-specific binding was measured in the presence of 10~^M LHRH

agonist. Incubations were performed in duplicate at 0°C and at 20-22°C

for various time periods.

After incubation at 0°C and at 22°C for increasing periods of time

1 ml of ice-cold phosphate buffered saline was added to each tube, and

the contents filtered under vacuum (using a Millipore filtration unit)

through glass fibre filters (Whatman GF/C) which had been soaked for

more than 8 hours beforehand in PBS containing 1% BSA. The filters

were washed twice with buffered saline and radioactivity measured in a

gamma counter. The displacement curve was obtained by measuring

binding with increasing concentrations of unlabelled LHRH agonist after
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incubation for 45 minutes at 0°C.

(c) Measurement of binding of ^^I-LHRH agonist to human luteal

tissue

Binding to a homogenate of human luteal tissue was carried out as

described above for the luteinised rat ovarian homogenate. Incubations

were performed in duplicate at 37°C and 20°-22°C for increasing time

periods up to 150 minutes. Some of the suspension was stored at -20°C

overnight before being assayed for specific ^^I-LHRH agonist

binding sites to see if freezing and thawing affected the binding.

(d) Measurement of the binding of ^^I-LHRH agonist to human

placental tissue

Unlabelled LHRH agonist or other hormones were dispensed into 63

x 11mm polystyrene tubes followed by ^^I-LHRH agonist (100,000

cpm) in a volume of 0.05 ml. Aliquots of 0.25ml of placental

preparation were then added to the tubes to give a final volume of

0.5ml. Non-specific binding was determined in the presence of lO-^

unlabelled LHRH agonist. All additions and dilutions were made using

25mM Sodium Phosphate buffer, ImM Magnesium Chloride (pH 7.4). Hormone

solutions also contained 0.5% BSA. Initially incubations were carried

out for different periods of time to determine when maximal binding

occurred. Thereafter for the l,000g placental fraction all incubations

were performed in triplicate for 90 minutes at 20-22°C and terminated

by adding 1ml of ice-cold phosphate buffered saline and centrifuging

for 30 minutes at l,000g. Radioactivity in the pellet was measured in

a gamma counter.

The 10,000g and 100,000g membrane preparations were incubated in
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duplicate for 60 minutes at 20-22°C. 1ml ice-cold phosphate buffered

saline was then added to each tube and the contents filtered under

vacuum through pre-soaked Whatman glass fibre filters.

Affinity and specificity of binding was examined. The amount of

LHRH agonist bound versus protein and DNA concentration was

determined.

(e) Calculation of results

The radioactivity bound when tissue was incubated with an excess

of unlabelled LHRH or its agonist was considered to represent

non-specific binding (NSB). The NSB was subtracted from the amounts

bound in both the absence (BQ) and presence of increasing doses of

unlabelled LHRH or its agonist to give a measure of the specific

binding (B). The percentage of total counts bound in the absence of

unlabelled LHRH was noted. All other values of specific binding were

expressed as a percentage of the amount bound in the absence of

unlabelled hormone (% B/BQ).

3.3 RESULTS

(a) Binding of LHRH agonist to rat luteal cells

Binding sites for LHRH agonist were demonstrable on rat luteal

cells. 50% displacement occurred with 3.4 x 10~^M LHRH agonist.

(b) Binding of ^^I-LHRH agonist to a homogenate of rat luteinised

ovaries

Binding of the l^I-LHRH agonist to an homogenate of rat

luteinised ovaries at 4°C rose to 11-14% of total counts bound after

30-40 minutes. Binding remained steady for the period of study (240

minutes). At 22°C binding rose sharply to 12% of total counts after

only 8 minutes of incubation and then decreased rapidly (Fig.3.1).
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PERIOD OF INCUBATION(MINUTES)

Fig. 3.1 Binding of 125I-LHRH agonist to total rat luteal
homogenate at 4°C (•) and at 22°C (o). Each point
represents the mean +_ range of duplicate incubations.
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50% displacement of binding occurred in the presence of 8 x

10~^M LHRH agonist (the same order of magnitude as with the

dispersed whole luteal cells) (Fig. 3.2).

(c) Binding of LHRH agonist to collagenase dispersed bovine luteal

cells

Binding reached 1.4% of total counts bound after 60 minutes at

20-22°C. At 4°C binding reached 3.2% at 45 minutes. However, when the

experiment was repeated under the same conditions only 0.8% of total

counts were bound after 45 minutes (Table 3.1). These differences may

be due to the time taken in obtaining the tissue from the abattoir.

Furthermore, the stage of the luteal phase was unknown and it is likely

that receptor numbers change throughout the luteal phase. The optimal

binding conditions were not examined, and altering metal ion

concentrations or pH, or preparing tissue in another way may have

revealed higher specific LHRH agonist binding. It is likely that

treatment of the bovine luteal tissue with collagenase which contains

traces of trypsin activity may denature the component of the cell which

specifically binds the LHRH.

(d) Binding of LHRH agonist to human luteal tissue

No binding was detected to an homogenate of a human corpus luteum

obtained from a menstruating woman nor to an homogenate of ovarian

tissue from a post-menopausal woman.

Binding to a mid-luteal phase corpus luteum was detectable. At

37°C, 6% of the total counts was bound specifically after 10 minutes.

Thereafter binding fell sharply. At 20 -22°C binding occurred more

slowly reaching a maximum of between 3 and 5% in both fresh and frozen

tissue (Fig. 3.3).
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TABLE 3.1

BINDING OF 125I-LHRH AGONIST TO BOVINE LUTEAL CELLS AT 22°C AND 4°C

Percentage of total counts bound

\. Temp.

Time \.

22°C 4 °C

Experiment 1 Experiment 1 Experiment 2

15 0 1.0 -

30 0.6 3.1 0.27

45 0.1 3.2 0.82

60 1.4 - -

120 0 1.9 0.59

—-
- no+
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%B'/Bo

10'" 10 10

LHRH AGONIST(M)

Fig. 3.2 Displacement of specific binding of 125j_lhrh agonist to
total rat luteal homogenate at increasing concentrations of
LHRH agonist. The incubation period was 45 minutes at 4°C.
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BINDING OF 1Z5I-LHRH AGONIST TO HUMAN CORPUS LUTEUM

Fig. 3.3 Specific binding of 125j_lhRH agonist to a homogenate of
human corpus luteum at 37°C and at 20-22°C. Binding was
measured in both fresh (»,A) and frozen (A) tissue. Each
point represents the mean +_ range of triplicate
incubations.
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Due to limitation in tissue availability, the human corpus luteum

was not studied extensively. The main aim of the project was to

examine the occurrence of LHRH receptors in the human placentae. The

results obtained are detailed in the following sections.

(e) Preliminary studies with l,000g human placental preparation

When the l,000g human placental preparation was incubated with

125i_lhrH agonist, binding increased with time reaching 4% of total

counts bound after 90 minutes incubation at 20°C. Freezing for a few

hours did not affect the binding properties (Fig. 3.4). Further

studies showed that even after 30-32 days at -20°C there was no

significant loss of binding (Table 3.2).

Displacement of binding of ^^I-LHRH agonist with increasing

concentrations of LHRH agonist showed that 50% displacement occurred

with 3 x 10~^M indicating a receptor of low affinity in comparison

to the rat luteal receptors. The displacement curve was not altered in

tissue which had been stored for 4 weeks at -20°C.

(f) Comparison of binding to subcellular fractions of placental tissue

at different temperatures

The l,000g placental preparation (nuclei and unbroken cells), the

10,000g preparation (mitochondria, lysosomes and plasma membrane

fragments) and the 100,000g preparation (ribosomes and endoplasmic

reticulum fragments) were all studied for specific LHRH agonist binding

sites. Oswtej"ib o-^ pt^-jpf^jToJhcrnS c\£>g>>j/-r\£>_r( -^vowi (

The binding of ^^I-LHRH agonist to the l,000g and 10,000g

preparation was studied at 4°C, 20°C and 37°C (Fig. 3.5). At 4°C

specific binding to the l,000g preparation was less than 1% of the

total counts added after 170 minutes while specific binding to the

- 55 -



TABLE3.2 BINDINGOF125I-LHRHAGONISTTO1,DQOqAND1Q,OOOqPREPARATIONSAFTERPERIODSOFSTORAGEAT-20°C 1,OOOg

10,000g

No.ofdays

125
?oI-LHRH

No.ofdays

125
sI-LHRH

Placentae

at-20°C

agonistbinding
Placentae

at-20°C

agonistbinding

1

0

5.7

5

0

10

1

6.5

12

7.8

2

4.4

13

10.7

3

30

5.4 6.6

6

0 3

19.6 19.0

2

0

4.6

5

14.0

3

4.9

6

18.9

4

4.4

7

0

15.9

3

0

4.9

10

16

7

5.0

15

16

13

4.4

8

0

13

4

0

3.3

26

12.2

3

3.1

37

11.0

12 13 32

2.7 3.3 2.6

9

0 3

13 12.6

10

0 7

16.8 17.1

11

0 7

15.4 15.9



BINDING OF 125J-LHRH AGONIST TO FRESH(O) AND FROZEN (•)
1000g PLACENTAL PREPARATION

Fig. 3*4 Specific binding of 125j_lhRH agonist to fresh (o) and
frozen (•) l,000g placental preparation. Each point
represents the mean +_ range of duplicate incubations.
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INCUBATIONPERIOD(min)
Specificbindingof125I-LHRHagonisttothel.OOOgfraction(lefthandpanel)and10,000gfraction(righthand panel)oftermplacentaatdifferenttemperatures.Each pointrepresentsthemean _+rangeofeitherduplicateor triplicateincubationsandtheresultsarerepresentativeof severalexperiments.



10,000g placental preparation was 4% of total counts added. After 24

hours incubation 18-20% of total counts added were bound specifically

to the 10,000g fraction. At 20°C binding to the l,000g preparation

reached equilibrium after 90 minutes whilst binding to the 10,000g

fraction reached equilibrium after 60 minutes. Binding at 37°C

occurred rapidly but fell thereafter. Non-specific binding to the

l,000g fraction, measured in the presence of lO-^^ LHRH agonist,

was 2-7% of the total counts added. The 10,000g and 100,000g placental

fractions bound less than 5% of the total counts non-specifically. Up

to 5% of the total counts could be bound specifically to the l,000g and

100,000g fraction whilst the 10,000g fraction bound specifically 13-20%

of the total counts added. Expressed as pM/mg protein, the levels of

125i_lhrh agonist bound specifically to the l,000g, 10,000g and

100,000g fractions of placentae were 16.9 + 5.8 (n=6), 41.2 + 8.2 (n=3)

andll.3 + 5.9 (n=2) respectively (mean + S.D.)

As with the l,000g preparation there was no loss of binding in the

10,000g preparation after storage at -20°C (Table 3.2).

(g) Affinity of binding

The characteristics of binding of l^I-LHRH an(j 125j_mg£

agonist to both the l,000g and 10,000g membrane preparation from human

term placentae were investigated.

The specific binding of ^5j-LHRH agonist to the 10,000g

placental membrane preparation in the presence of increasing quantities

of 125i_LHRH was examined (Fig. 3.6). The percentage of total

counts bound did not change with addition of increasing radiolabelled

hormone (Fig. 3.7). Even at the highest number of counts which could

be added, i.e. 700,000 cpm equivalent to 1750pM the receptor was not
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L-9 AGONIST

HORMONE CONCENTRATION (M)

Fig. 3.6 Specificity of the binding of 125I-LHRH agonist to the
10,000g fraction of term placenta. Each point is the mean
of duplicate incubations. The l,000g fraction gave similar
results.
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SPECIFIC BINDING AT INCREASING CONCENTRATIONS
OF LABELLED HORMONE
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Fig. 3.7
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TOTAL COUNTS ADDED (x 10~3)

Binding of 125j_lhrh agonist at increasing
concentrations of labelled hormone shown as c.p.m.
specifically bound (•) and as % of total counts bound (A),
Each point is the mean +_ range of duplicate incubations.
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saturated. The affinity constant (Ka) and the total hormone bound

were calculated by the method of Scatchard (1949) from the displacement

curve with increasing concentrations of LHRH agonist (Fig.3.8). The

free hormone was assumed to be total LHRH agonist minus the bound LHRH

agonist. The insert in Fig.3.8 shows a Scatchard plot relating the

Bound/Free ratio to pM Bound. The slope of the line gives a measure of

the affinity (Ka) of the LHRH receptor for Similar

calculations were performed for the native LHRH.

The straight line obtained indicates a single class of binding

sites with the same affinity. For the l,000g fractions the of

binding of the LHRH agonist in three experiments was 4.3 + 0.7 x

10^M~1 (mean + S.D.). Using the 10,000g fraction the was

5.5 x 107 M~* (Fig. 3.8) for the LHRH agonist and 6.2 x 107

M-^ for native LHRH.

(h) Specificity of binding

The specificity of binding was examined using the 10,000g

preparation as this bound the highest percentage of total counts. The

binding sites were specific for LHRH agonist and native LHRH. The 6-9

fragment of LHRH agonist inhibited binding by 20% at 5 x 10-^M

(Fig. 3.6). Oxytocin and somatostatin gave slight displacement to

85% of maximal binding at 10~^M, whereas TRH and the 4-9 fragment

of the LHRH agonist were inactive.

(i) Binding vs DNA and Protein Concentration

Using similar incubation conditions specific binding of

125i_LHRH agonist to preparations of 10-12 week placentae was

demonstrated. There was little difference between binding to the

l,000g fraction with term or 10-12 week placentae when expressed as pM
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Fig. 3.8 Binding of 125i_LHRH agonist to the 10,000g fraction of
term placenta at increasing concentrations of the LHRH
agonist. The inset shows the data as a Scatchard plot.
Each point is the mean of duplicate incubations. The graph
is representative of several experiments.
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125x-LHRH agonist bound/mg protein. However, when binding was

expressed relative to DNA content there was a significant difference

(p < 0.05). Term placentae bound 355.8 + 138 pH (mean + S.D.)

125i-lhRH agonist bound/mg DNA (n=5) whereas tissue from 10-12 week

trophoblast bound 163.7 + 49pM 125i_lhrh agonist/mgDNA (n=4).

Binding to the 10,000g fraction of 10-12 week placenta with

respect to protein was half that found in term placentae. However

binding did not increase linearly with increasing protein concentration

in different placental preparations (Fig. 3.9). The plateau observed

suggested either enzymic degradation of the radio-ligand at high

protein concentrations, or that only a small fraction of the tracer

was capable of binding to the receptors.

(j) Binding of -^^I-LHRH agonist to hydatidiform mole

Specific binding of ^^I-LHRH agonist to hydatidiform mole was

demonstrated in the 10,000g preparation with 50% displacement occurring

at a concentration of 3 x 10~*'M LHRH agonist. However, the amount

of binding was only 16% of that binding to term placentae (6.6 pM/mg

protein) (Fig. 3.10).

(k) Binding of -^^I-LHRH agonist to marmoset placenta

The binding of ^^I-LHRH agonist to fresh marmoset placental

tissue, obtained from a spontaneous abortion at 110-120 days gestation

was also studied. Because of limitations in the availability of this

material only a time course at 20°C was studied. Each assay tube

contained 1600 ^ig protein. The results showed (Fig. 3.11) that
specific LHRH agonist binding to the l,000g preparation rose to 8% of

total counts and then fell after an hour to 3% of total counts.

Non-specific binding measured in the presence of 10~5 ^ cold
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PROTEININASSAY(jjg)
Fig.3.9Specificbindingofagonisttol,000g,10,000g and100,000gpreparationsoftermplacentaatincreasing proteinconcentrations.Eachpointrepresentsthemean+_ rangeofduplicateincubations.



HORMONE CONCENTRATION(M)

Fig. 3.10 Displacement of 125i_lhrh agonist binding to 10,000g
preparation of a hydatidiform mole by unlabel led LHRH
agonist. Incubation was for 1 hour at 23°C (o) and 24
hours at 0°C (•). Each point represents the mean + range of
duplicate incubations.
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BINDING OF 125I-LHRH AGONIST TO MARMOSET PLACENTA AT 20°C

Fig. 3.11 Specific binding of 1251-LHRH agonist to the 1,000g
fraction and 10,000g fraction. Each point represents the
mean _+ range of duplicate incubations.
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agonist was very high in the l,000g fraction (approximately 20% total

counts). Specific binding to the 10,000g fraction rose to 10% of total

counts after 30 minutes and remained steady during the period of

incubation studied. The non-specific binding to the 10,000g fraction

was only 3% of the total counts.

Unfortunately, marmoset placentae are not easily obtained since

the mother eats the placenta immediately following parturition and this

experiment has only been performed once.

(1) Binding of l^^I-LHRH agonist to rat placenta

Incubation of rat placental tissue with ^ ^5j_hjrh agonist at

22°C for 1 hour resulted in specific binding of 2.4% of the total

counts added.

No binding was detectable to the l,000g preparation which had been

frozen. The 10,000g preparation bound 1.2% of the total counts at 0°C

for 90 minutes (Table 3.3).

3.4 DISCUSSION

These results confirm the demonstration of specific binding of

LHRH agonists to rat luteal cells (Clayton et_ al_, 1979a). High

specific binding was detectable to rat luteal homogenates. Low

specific binding was detectable on one preparation of bovine luteal

cells but not another. This may have been due to the time taken for

tissue to be brought from the abattoir to the lab but may reflect a

change in receptor number during the luteal phase. Conditions used in

the assay may not have been optimal for observing binding in the bovine

tissue. Luteal homogenates have previously been used to demonstrate

specific binding of LH, hCG, FSH and prolactin to human corpora lutea

(Cole et^ a]^, 1973; Rao et al_, 1977; Halme et al^, 1978; McNeilly _et_ al,
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TABLE 3.3

BINDING OF 125I-LHRH AGONIST TO RAT PLACENTAE

% total counts

Preparation Temperature Time specifically bound

Total homogenate,
fresh 22 C 60 2.4

1,000g frozen 22°C 15 0
30 0
60 0
75 0
90 0

«

10,000g fresh 0°C 30 0
60 1
90 1.2

10,000q fresh 22°C 30 0
60 0
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1980). These preliminary results demonstrated that receptors for LHRH

were also present in homogenates of the human corpus luteum.

Specific high affinity binding sites for LHRH were demonstrated in

human placental tissue, both at 10-12 week's gestation and at term.

Specific binding sites were also present in hydatidiform mole, marmoset

placenta and rat placenta.

In the normal human placenta native LHRH had the same affinity for

placental LHRH receptors as for LHRH receptors in rat pituitary cell

membranes (Clayton ei^ al^, 1979a), rat luteal cells (Clayton et_ al,

1979b) and rat Leydig cells (Sharpe & Fraser, 1980). However, the LHRH
lo-

agonist had an affinity^lOO times higher in these other tissues than in
the placenta where its activity was indistinguishable from that of

native LHRH.

Native LHRH has five sites for enzymic degradation as discussed in

1.6. The LHRH agonist Hoe 766 has three of these sites modified to

protect them from degradation. These changes are thought to increase

its affinity for the LHRH receptor in rat pituitary, ovarian and

testicular tissue. LHRH degrading activity varies markedly between

tissues (Swift & Crighton, 1979) although the placenta itself has not

yet been studied. The results suggested that placental tissue may

contain a protease which degrades LHRH and LHRH agonist predominantly

at the unmodified sites resulting in similar degradation of native

hormone and agonist. Experiments were performed to determine whether

this explanation was correct. These are described in the following

sections

Section 3.5: degradation

3.6: effects of enzyme inhibitors

3.7: degradation rates and loss of binding ability of LHRH and
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its agonist.

3.5 DEGRADATION OF EXOGENOUS LHRH BY PLACENTAL PREPARATIONS

3.5.1 METHOD

5 jil (500 ng) LHRH agonist was added to each of 6 tubes containing
5 ml of 10,000g placental preparation (5000pg protein/ml), 3 of which

had previously been heated to 95°C for 10 minutes to denature enzymic

activity (heated control).

Two tubes, one of which was 'heated control' were incubated at

0°C, 22°C and 37°C. After incubation for different times, 100 jil was

removed, diluted 10 fold in assay buffer, placed immediately in a water

bath at 95°C for ten minutes to inactivate proteases and thus prevent

any further enzymic degradation of the ligand. These samples were

frozen and stored at -20°C until assayed for LHRH agonist using the

R103 antiserum.

3.5.2 RESULTS

As expected LHRH agonist was degraded by the placental preparation

in a time and temperature dependent manner (Fig. 3.12). If no

degradation had occurred the aliquot removed and diluted would have

been expected to contain 1000 pg/O.lml. However the controls contained

more than 1600 pg/O.lml indicative of endogenous material which cross

reacts in the RIA.

After 25 minutes at 37°C levels of LHRH agonist were no longer

detectable ( 1.5pg/0.1ml). Loss of immunoassayable LHRH agonist was

slower at 22°C with no detectable LHRH agonist present after 45 minutes

incubation. After 4 hours at 0°C 400pg/0.1ml was measurable in the

suspension.

It is likely that the degradation was due to enzymic action, as
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Fig. 3.12 Degradation of LHRH agonist at 4°C (A ,A ), 22°C (a,«) and
37°C (o3# ) by 10,000g placental preparation. The solid
symbols represent the heated control.
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boiling of the placental preparation to denature large proteins

prevented the loss of immunoreactive LHRH agonist from the placental

suspension.

3.5.3 DISCUSSION

If the low affinity of the LHRH receptor was indeed due to an

extensive degradation of the ligand, inhibition of the degrading enzyme

should prevent ligand inactivation, and result in a greatly increased

binding affinity. The specificity of the degrading enzyme by the use

of selective protease inhibitors was therefore investigated.

3.6 STUDIES WITH ENZYME INHIBITORS ON 125I-LHRH BINDING

3.6.1 METHODS

(a) Effect of enzyme inhibitors on l^I-LHRH binding

Binding of LHRH agonist to the 10,000g placental preparation after

60 minutes was measured in the presence or absence of protease

inhibitors (Sigma) (Table 3.4) specific for the essential catalytic

group of the enzyme , i.e. serine, thiol and carboxyl. An

aminopeptidase substrate was also tested for its effect on binding.

Aminopeptidase substrates L-leucine ^-naphthylamine, arginine

^-naphthylamine and alanine ^-naphthylamine were also tested for their
effect on binding.

(b) Assay for L-leucyl-g-naphthylamidase activity

An enzyme assay was used to measure placental L-leucyl-

^-naphthylamidase actity. The enzyme reaction cleaves L-leucine fi-
naphthylamine into two products leucine and naphthylamine. The

measurement of enzyme activity depends on formation of a dye with the

naphthylamine component.
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TABLE3.4 ENZYMEINHIBITORSSPECIFICFDRDIFFERENTCLASSESOFPROTEINASEREDUCEDBINDINGOF125I-LHRH AGONISTTOTHE1Q,OOOqPLACENTALPREPARATION
Classof proteinase

Inhibitor

Concentration

%B/BO

Control

-

-

100

Thiol

p-Chloromercuriphenylsulfonate p-Chloromercuribenzoate N-EthylMaleimide Dithiothreitol

1mM 1mM
0.1mM 2mM

47.99 35.4 10.7 30.3

Serine

Antitrypsin Aprotinin LimaBeanTrypsinInhibitor. SoyaBeanTrypsinInhibitor N<x-Benzoyl-DL-Arginine 3-Naphthylamide

250ug/ml 2500ug/ml 100ug/ml 100ug/ml
1mM

51.27 20.78 107.15 107.49 22.0

PhenylmethylSulphonylFluoride
1mM 0.5mM 0.1mM 0.01mM 0.001mM

3.14 2.16
96 101.5 87.1

Carboxyl

Pepstatin

1ug/ml

106.9

Amniopeptidase Substrate

L-Leucine3-Naphthylamine

0.5mM

8.7



The following reagents were added to glass tubes:-

0.5ml Piperazine HC1 (0.2M) buffer pH 8.7

0.1ml Magnesium Acetate (0.03M) - the reaction is metal ion dependent

0.2ml Glycylglycine (0.8M) - acts as an acceptor for leucine

0.2ml L-leucine jl-naphthylamine (2mM) - the enzyme substrate
Aliquots (20jal) of 10,000g placental membrane preparation diluted in
Tris HC1 Buffer pH7.4 (containing 0.3M sucrose and ImM EDTA) were added

to these tubes which were then incubated at 37°C for 60 minutes. After

the incubation period the reaction was stopped by addition of 1ml of

10% trichloracetic acid to each tube . The precipitated proteins were

then removed by centrifugation at 2,000 rpm for 10 minutes.

1 ml aliquots of the supernatant containing the free naphthylamine

were added to clean tubes followed by 0.5ml ice-cold NaN02 (0.2%) and

mixed quickly. After 3 minutes at room temperature 1.0ml of Ammonium

sulfamate (0.5% w/v) was added (to remove the nitrite) followed after a

further 3 minutes by 2.0ml of Alcoholic Dye Base solution

(N-(1-Naphthyl)-ethylene diamine, lmg/2ml in 95% ethanol). The

contents were mixed well. After 45 minutes the O.D of the resulting

azo-dye was read at 580nM.

3.6.2 RESULTS AND DISCUSSION

If a single protease was involved in LHRH degradation, protease

inhibitors specific for that class should abolish activity. This may

then result in increased specific binding and increased apparent

affinity. However, inclusion of different class-specific enzyme

inhibitors in the binding assay (Table 3.4) decreased the specific

binding of LHRH rather than increased binding. There was no

correlation between inhibitor specificity and the percentage of



inhibition of binding which occurred. Both thiol and serine group

inhibitors decreased binding of 125j_lhrh agonist to the 10,000g

human placental preparation. The thiol group inhibitors

p-Chloromercuriphenylsulfonate and p-Chloromercuribenzoate do not

affect serine groups but block the thiol group by formation of a

mercaptide. N-ethyl maleimide irreversibly alkylates thiol groups.

The serine group inhibitors have specificities embracing both

serine and thiol groups. However lima bean and soya bean trypsin

inhibitors are specific for serine proteases containing the 'charge

relay system' at the active site, i.e. trypsin-like proteinases. These

highly specific inhibitors did not interfere with binding indicating

that LHRH agonist is not binding to a trypsin-like peptide.

Pepstatin is a powerful inhibitor of all carboxyl proteinases with

little or no effect on other classes of proteinase and it did not

inhibit binding.

Few inhibitors are sufficiently effective and specific enough to

allow clear cut decisions in every case even when purified enzyme

preparations are available for test. In the case of the placental

receptor assay many different enzymes will be present. The activities

of several proteinases may be superimposed and the inhibitors may be

bound or destroyed by other components of the mixture (Barrett, 1977).

The enzyme inhibitors had no effect on the apparent affinity of the

LHRH agonist binding site but did affect the percentage of total counts

which bound specifically.

L-leucine ^-naphthylamine (L-leu NA) (0.5mM) reduced binding by
more than 90%. This substance was investigated further, since
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inhibition by this aminopeptidase substrate suggested that LHRH and its

agonist may be binding to an enzyme rather than a receptor. The

10,000g placental membrane preparation degraded L-leu NA (Fig.3.13)

indicating the presence of a naphthylamidase enzyme. Moreover binding

of 125i_lhr.H agonist to the 10,000g placental preparation was

displaced in a dose dependent manner by increasing concentrations of

several naphthylamide compounds (arylamidase substrates) namely L-leu

NA, arginine jl-naphthylamine and alanine J5-naphthylamine. Fifty
percent displacement of binding occurred at a concentration of 4 x

10~^M of the inhibitor (Fig. 3.14). No

significant difference in the affinity of LHRH agonist binding was

observed in the presence of 4 x 10~^M L-leu NA (Fig. 3.15) and the

presence of LHRH agonist in the assay did not affect the hydrolysis of

L-leu NA (Fig.3.16). Moreover when the products of hydrolysis of L-leu

NA, leucine and p-naphthylamine were included in the binding assay,

^-naphthylamine alone appeared to inhibit binding while leucine had no
effect (Fig. 3.17). Although only two points were obtained 50%

displacement occurred at approximately 4 x 10-^M: this is in

agreement with the value found for L-leu NA.

3.7 DEGRADATION OF LHRH AND ITS AGONIST BY PLACENTAL TISSUE

3.7.1 METHODS

Iodinated native LHRH or the agonist were incubated with placental

preparations for different periods of time and bound and free labelled

hormone were separated by dilution and filtration on GF/C filters.

Filters were counted and filtrates immediately reassayed by incubating

aliquots with fresh placental preparation for 60 minutes at 20°C. The

amount of ligand bound in the second incubation was calculated as a

percentage of the amount of unincubated label which bound. In addition
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Hydrolysis of L-leucine jl-naphthyl ami ne increases with
increasing protein concentration of the 10,000g placental
preparation. Each point is the mean of duplicate
incubations.
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DISPLACEMENT OF LHRH AGONIST BINDING

BY NAPHTHYLAMINE COMPOUNDS

CONCENTRATION OF INHIBITOR(M)

Fig. 3.14 Displacement of 125j-LHRH agonist binding by L-leucine
£-naphthylamine (t). L-alanine £-naphthylamine (A),
L-arginine ^-naphthylamine (o). Each point represents the
mean + range of duplicate incubations.
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Fig. 3.15 Specific binding of 125j_lhrh agonist to 10,000g
placental preparation in the presence (o) and absence (•) of
4 x 10"^M L-leucine p-naphthylamine. Each point
represents the mean _+ range of duplicate incubations.
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PLACENTAL NAPHTHYLAMIDASE ACTIVITY ± LHRH AGONIST

Fig. 3.16 Placental naphthylamidase activity in the presence (o) and
absence (•) of lCT^M LHRH agonist. Each point
represents the mean _+ range of duplicate incubations.
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DISPLACEMENT OF LHRH AGONIST BINDING

BY LEUCINES) AND NAPHTHYLAMINE( O )
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Fig. 3.17 Displacement of LHRH agonist binding by the products of
hydrolysis of L-leucine B-naphthylamine, leucine (•) and
naphthylamine (o). Each point is the mean + range of
duplicate incubations.
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aliquots of filtrate were spotted onto thin layer chromatographic (TLC)

plates and chromatographed as described in 2.4.

3.7.2 RESULTS AND DISCUSSION

The results showed that a higher percentage of the LHRH agonist

bound to the 10,000g placental preparation than native LHRH. At 20°C

LHRH agonist binding reached a maximum of 17-20% of total counts added

at 40-60 minutes and remained high while that of native LHRH reached a

maximum of between 6 and 9% of total counts bound at about 30 minutes

and then decreased until very little remained bound at 2 hours (Fig.

3.18). When the fractions of LHRH in the filtrate was measured in a

second binding assay, it was clear that the longer the label had been

incubated with placental tissue the lower the fraction still capable of

binding when expressed as a percentage of tracer bound after incubation

in the absence of placental tissue. It was also clear that the LHRH

agonist was more resistant to degradation than the native hormone;

after 2 hours preincubation the agonist retained 50% of the binding

ability of controls whilst less than 5% of the native hormone bound.

At 4°C, a similar pattern emerged (Fig. 3.19). The LHRH agonist

retained most of its binding ability at 24 hours, whereas the fraction

of LHRH capable of binding was reduced to 10% at 14 hours.

Autoradiographs of thin layer chromatographs showed the presence

of intact LHRH agonist after 2 hours preincubation at 20°C but intact

LHRH was completely degraded within the first 30 minutes (Fig. 3.20).

3.8 CONCLUSIONS

The characteristics of binding to rat luteal cells were confirmed.

Binding to bovine luteal cells was demonstrable in one case but not in

a second. Human corpus luteum from midluteal phase also bound LHRH
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BINDING AT 20°C

BINDING REMAINING AFTER PREINCUBATION

Fig. 3.18 The upper panel shows specific binding of native
i^I-LHRH and ^25i-LHRH agonist with time.
The lower panel shows the percentage of residual binding in
the filtrate after preincubation at 20°C at these times.
Each point is the mean of duplicate incubations.
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Fig. 3.20 Representation of an autoradiograph following TLC of native
LHRH and LHRH agonist both before and after incubation with
10,000g placental preparation at 20°C.

- 86 -



agonist specifically whilst binding to tissue from a menstruating and

post menopausal woman was undetectable.

Binding sites for LHRH and the agonist (Hoe 766) were demonstrated

and characterised on human placentae from 10-12 week's, 17 week's

gestation and term. Significant specific binding was also detected

in a marmoset placenta. However, binding to rat placentae was

negligible.

Binding sites for LHRH agonist on the placenta had an affinity of

5.5 x lO^M-!. This value is low compared to values reported in

the rat pituitary, ovarian and testicular tissue. It is interesting

that the human placental binding site has a similar affinity for the

native LHRH as the rat receptors previously examined. Whilst the

reason given for the greater affinity of the agonist for the rat LHRH

receptors is its increased resistance to degradation, it is possible

that in the human the agonist does not have a higher affinity due to

being modified or degraded. Human tissue has not previously been

examined with regard to LHRH receptors and little is known about

species differences in receptor affinity.

Addition of enzyme inhibitors to the binding assay in an attempt

to inhibit any enzymic degradation gave equivocal results. The

inhibitors used did not alter the affinity of the receptor, but instead

reduced the amount of label bound, suggesting that the binding site for

LHRH may be the active site of an enzyme. It was of particular

interest that L-leu NA inhibited binding since placental tissue

contained an aminopeptidase which was active with L-leu NA as a

substrate. High levels of this enzyme are present in the serum of
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pregnant women (Lampelo & Vanha-Perttula, 1980) and in the placenta

(Lampelo & Vanha-Perttula, 1979; 1982). The placental preparations

used in this study were shown to have the capacity to cleave L-leu NA.

However, further investigations showed that naphthylamine (one of the

products of enzymic degradation) could inhibit binding as effectively

as the peptidase substrate. It seems likely that the aminopeptidase

enzyme is separate from the LHRH binding site but that the product of

its reaction interferes non-specifically with binding.

Due to the similar affinity of LHRH and its agonist it was

hypothesised that perhaps the placenta contained high concentrations of

degrading enzymes and that the agonist was degraded to the same extent

as the native hormone. The binding of both native LHRH and LHRH

agonist to placentae after preincubation with placental membranes was

investigated.

The ability of native LHRH and its agonist to bind to fresh

placenta membranes after preincubation with placental tissue was

compared. Enzymic degradation was confirmed by thin layer

chromatography. Both techniques revealed that LHRH was indeed more

susceptible to degradation than the agonist, as expected from studies

in other tissues and Ln vivo.

If these placental binding sites represent LHRH receptors with a

physiological role similar to that in the pituitary gonadotrophs then

treatment of placental tissue in culture with LHRH or the agonist

should cause a change in hCG secretion. Continued treatment with the

releasing hormone may lead to down-regulation of LHRH receptors

resulting in lack of stimulation of placenta to release hCG.
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It was thought that the putative endogenous ligand for the

placental LHRH receptors may differ from the decapeptide and possess a

higher affinity for the receptors described. The next chapter

discusses attempts to extract an LHRH-like factor from the human

placenta and measure it using the radioreceptor assay.

In the following two chapters the effect of LHRH and its agonist

on hCG production in both 12 week and term human placentae are

investigated in_ vitro.
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CHAPTER 4

ATTEMPTS TO EXTRACT HUMAN PLACENTAL LHRH-LIKE MATERIAL-

PROBLEMS ENCOUNTERED
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CHAPTER 4

4.1 INTRODUCTION

Attempts were made to extract the LHRH-like material previously

described in human placentae (Khodr & Siler-Khodr, 1978; Lee et al,

1981; Gibbons et al, 1975; Osathanondh, 1981) and to measure its

ability to compete with LHRH agonist binding to the placenta.

In gonadal tissue there is evidence of LHRH-like factors which are

not identical to hypothalamic LHRH (Ying et^ al, 1981; Dutlow & Millar,

1981). Recently an ovarian peptide factor has been isolated, which has

LH and FSH-releasing properties in a pituitary monolayer culture system

(Ying et^ al^, 1981). However, although an LHRH antagonist (D-Phe2>

D-Trp^-LHRH) competitively inhibits the activity of the ovarian

factor it is not recognised by 2 antisera against the decapeptide LHRH

and it appears to be non-identical to LHRH. Another group extracted

LHRH-like activity from 390 rat testes (Dutlow & Millar, 1981) and

while it appeared to have C terminal immunological homology with the

hypothalamic decapeptide they found differences towards the N terminus

of the peptide. They reported that the testicular LHRH-like activity

was chromatographically distinguishable from the decapeptide LHRH, and

of higher molecular weight.

From our results, and those of other groups, it seemed likely that

the endogenous ligand was dissimilar to the hypothalamic decapeptide,

and that it probably had a greater affinity for the receptor than

native LHRH or its agonist.

4.2 METHODS

4.2.1 Extraction of LHRH-like factor

(a) Placentae were collected within 20 minutes of delivery and taken

immediately to the laboratory where tissue was homogenized (50g in
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50 ml 0.1N acetic acid) and centrifuged at l,000g for 15-20 minutes at

4°C. The supernatant was lyophilized and then mixed with 2 ml cold

ethanol and 50 ul of 0.1N acetic acid and allowed to stand for 1-2

hours at 4°C. The mixture was centrifuged at l,000g for 5 minutes, the

supernatant dried under nitrogen and then resuspended in 5 ml 0.05M

PBS. Controls were included containing no tissue.

Preliminary studies were carried out to assess whether the

endogenous LHRH-like factor from placenta had a higher affinity for the

receptor described than LHRH or the agonist.

(b) lOg tissue was homogenized in 100ml EtOH containing 600 ul 0.IN

acetic acid and heated at 95°C for 10 minutes to denature protease

activity. Following centrifugation the supernatant was dried on a

rotary evaporator, washed with 50 ml of EtOH, centrifuged, dried again

using rotary evaporator, nitrogen, and finally vacuum oven. The

residue was resuspended in 5 ml 0.05M PBS, centrifuged to remove any

insoluble debris and stored at -20°C until assayed.

4.2.2 Fat extraction

Diethyl ether (10 ml) was added in 2 ml of the sample in a clean

vial. After shaking well the aqueous layer was frozen in a

cardice/methanol bath and the non-polar solvent was discarded. Any

excess ether remaining was evaporated under nitrogen.

4.4.3 Methods used for desalting

(a) Amicon ultrafiltration

Ultrafiltration is a process of selective molecular separation

employing membranes with defined pore diameters (in the range of 0.001

to 0.005 ^im) which retain solutes and particles of larger molecular

- 92 -



dimensions whilst passing solvent and solutes of smaller size.

Pressure is provided by compressed nitrogen.

For desalting, the ultrafilter membrane of choice was Diaflo UM05

which has a molecular weight cut off around 500 daltons. Before use

the membranes were rinsed in distilled water for at least an hour, with

several changes to remove glycerin (added to prevent drying in

shipment). Continuous dilution of the solution with fresh solvent

(dialysate-phosphate buffered saline) washes the permeating species

through the membrane while the sample volume is kept constant.

Diaflo membranes are made of inert synthetic polymers: however,

all show finite adsorbtive losses. When only small amounts of

adsorbable solute are present adsorption may be significant.

The system used was multi-micro-UF system (MMC) in which 8

samples can be simultaneously desalted.

(b) Butanol

2 ml of n-butanol was added to an equal volume of sample and

shaken well. The aqueous layer was frozen in a cardice/methanol bath

and the organic butanol layer was carefully pipetted off, dried on a

rotary evaporator and resuspended in 0.05M PBS.

(c) Sep-Pak

Sep-Pak columns (Millipore, Waters Associated, Massachusetts) are

disposable 1 cm columns packed with octadecasilyl-silica, a useful

solid phase for peptide purification (Bennett et^ al^, 1977, 1978).

Before use the Sep-Pak column was washed with 5 ml methanol

followed by 5 ml distilled water before application of 5 ml of the

sample. (The peptide is adsorbed to the octadecasilyl-silica). Salt
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was washed out by flushing the column with 5 ml of distilled water.

Finally the columns were eluted with 3 ml ethanol, dried under nitrogen

and the residue resuspended to 5 ml with 0.05M PBS (pH 7.A).

4.3 RESULTS

4.3.1 Problems encountered with the radioreceptor assay

Preliminary studies using extraction method (a) were encouraging

and showed that the placental extract displaced binding from both to

10,000g and l,000g placental preparations in a dose-related manner

(Fig.4.1). 50g seemed a reasonable amount to extract.

In further studies, controls were included. Two methods of

extraction were compared in an attempt to recover greater activity.

Tissue was extracted once or twice with hydrochloric or acetic acid

(0.01M) and adjustment to pH7 was carried out with NaOH (0.1M) before

lyophilisation; pH values of the final redissolved lyophilised material

were adjusted to pH7 before inclusion in the receptor assay. Fat

extraction had no effect on LHRH activity recovered as measured by its

ability to compete with 125j_lhrh agonist binding to the placenta.

Those samples extracted with acetic acid in which the pH was

adjusted prior to lyophilisation displaced binding more than those left

at an acid pH (Fig.4.2). At first it was thought that the LHRH-like

peptide was more stable at pH 7.0 than under acid conditions. However,

it became apparent that acetic acid or hydrochloric acid extracts alone

(controls) displaced binding of the ^^I-LHRH tracer. It was

possible that concentrating the tissue to 10 fold led to high salt

concentrations and hence, non-specific inhibition of LHRH agonist

binding.

In an attempt to overcome this problem several methods were used
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pi extract
2.5 5,0 1,00

CONCENTRATION OF LHRH AGONIST(M)

Fig. 4.1 The open circles shov/ binding of 1251-LHRH agonist to
10,000g placental preparation at increasing concentrations of
LHRH agonist while the closed circles represent the
displacement activity in the placental extract. Points
represent the mean +_ range of duplicate incubations.
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jj| extract
5,0 1.00 2,00

LHRH AGONIST(M)

Fig. 4.2 The open circles show binding of 1251-LHRH agonist to
10,000g placental preparation at increasing concentrations of
LHRH. Data from control extracts at pH7 (H) and pH3 (n)
before lyophi1ization is shown. Placental extracts at pH7
(a) and pH3 (A) are shown also.
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to try and eliminate salts. The methods employed were (a) amicon

filtration, (b) butanol extraction and (c) sep-pak columns.

(a) Amicon filtration

Filtration of placental extracts through an Amicon filtration unit

resulted in reduction of activity in the binding assay. However it was

noted that 125i-labelled LHRH agonist was adsorbed by the Amicon

filter. When 14,000 cpm were added to the filtration well 38% of the

tracer adsorbed in the filter. This may account for some loss of

activity.

(b) Butanol extraction

Samples were extracted with Butanol, which should dissolve LHRH

and LHRH-like factors, leaving the ionic salts in the aqueous phase.

Butanol extraction of both lOg extracts and acetic acid controls

indicated that the aqueous phases had higher osmolarities, as

predicted, but they also showed greater activity in the LHRH binding

assay than the organic phases. If the placental LHRH-like factor is

butanol extractable, the aqueous phase should be depleted of any

LHRH-like peptides and so the displacement effect shown by the aqueous

phase is likely to be non-specific (Fig.4.3).

Another possibility that cannot be ruled out is that the LHRH-like

factor is of larger molecular weight and unlike the decapeptide LHRH

cannot be extracted by butanol.

(c) Sep-Pak columns

Placental tissue was homogenized in 0.1N acetic acid (0.5g/ml

0.01N acetic acid) and centrifuged. The supernatant was then heated in

a water bath at 95°C for 10 minutes to denature any proteolytic

activity and recentrifuged to remove insoluble material. Half of the
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/jI extract
5,0 1,0 0 2,0 0

LHRH AGONIST(M)

KEY: □—□ = control extract ibutanol organic
■—■ = control extract.
A—A = tissue extract i butanol organic
A—A = tissue extract.

□—□ - extracts : butanol aqueous

100-p-

Fig. 4.3 The open circles represent binding of 1251-LHRH agonist
to 10,000g placental preparation at increasing concentrations
of LHRH agonist. Control and tissue extracts are shown both
before and after desalting with butanol as indicated in the
key.
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supernatant was adjusted to pH7 and the other half left at pH3 prior to

lyophilization. Aliquots of the resuspended lyophilates were passed

through Sep-Pak columns to reduce the salt concentrations (Fig.4.4).

Again adjustment to pH7 prior to lyophilization resulted in

greater ligand displacement. Sep-pak columns reduced osmolarity but

also resulted in decreased activity. Those samples which were not

neutralized but which remained at pH3 before lyophilization did not

possess significant displacement ability. Procedures which increased

salt concentration (i.e. adjustment to pH7) before lyophilization also

increased the displacement activity in the receptor assay, whilst

treatments which reduced the salt concentrations (such as butanol

extraction or passing through Sep-Pak) also reduced binding

displacement activity (Fig.4.5). Moreover, these effects were similar

in tissue extracts and controls; there was no consistent difference

between control and tissue extracts with any treatment regime.

4.3.2 Extraction by method (b)

Placental cotyledon, amnio-chorion, amnion and chorion were

extracted by the procedure described for method (b).

RIA of placental extracts as described in 2.3 gave little

cross-reactivity with controls using either the Nett antiserum

(specific for LHRH) and RO antiserum directed towards the C-terminus of

of LHRH. However, with R103 (antiserum raised against the LHRH

agonist) the control did show some cross reactivity suggesting that

this assay may be more sensitive to interfering factors such as salt.

Extracts of placental tissues indicated significant activity, with more

activity in the chorion than the amnion. The amount of LHRH-like

activity differed from one placenta to another (17881 vs 28881) (Figs.
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A.6, A.7 and A.8).

A.A DISCUSSION

The highest reported estimate of placental LHRH content is 25

pg/mg (Siler- Khodr & Khodr, 1978). In their study no data given

for LHRH content of acid extracts of control tissue or of the

extraction reagents. On column chromatography they found that the LHRH

immunoactive substance eluted with the salt-peak (Siler-Khodr & Khodr,

1981) but no steps were taken to reduce the salt concentration or to

determine whether high salt concentrations interfered non-specifically

with the RIA. If the placental LHRH-like factor is identical to

hypothalamic LHRH and therefore of the same affinity then even levels

as high as those estimated by Siler-Khodr and Khodr (1978) would not

be detectable in the placental radioreceptor assay with extraction of

50g of placenta. However, it may be possible to detect this level in

the more sensitive rat testis or ovary receptor assay.

In the previous chapter it was shown that LHRH is rapidly degraded

by placental tissue. It is possible that the LHRH-like factor is also

rapidly degraded. Proteases are most active under acid conditions and

their activity may be responsible for failure to measure LHRH-like

activity. Higher molecular weight forms of LHRH have been found in the

placenta (Gautron e_t a^, 1981). It is not clear whether or not these

are precursor molecules or whether they represent the putative

placental ligand. Whichever is the case, it is likely that they would

neither be extracted in butanol or eluted from Sep-pak under the

conditions employed in the present study.

It was apparent that the radio receptor assay was sensitive to

changes in salt concentration showing that substances other than

- 100 -

ft



LHRH-like peptides may cause technical problems in the

radioimmunoassays and interfere with binding.

These preliminary studies suggest that a number of technical

difficulties need to be overcome before progress can be made in the

extraction of endogenous LHRH-like ligands from the placenta, the chief

one being the lack of a sufficiently robust, sensitive and specific

assay for these ligands.

These experiments served to illustrate the pitfalls of extracting

extra hypothalamic LHRH-like material and the importance of

incorporating the appropriate controls.

Other techniques may be more helpful in elucidating whether or not

LHRH-like material is present in the placenta and whether it is the

true ligand for the receptor. Future methods may involve the use of

RNA probes and iii vitro cell free translation systems (Curtis & Fink,

1982). HPLC could be used to identify LHRH in placental extracts.

However, the facilities required were not available for these studies.
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p\ extract
1,2.5 2,5 5,0 1,00 2,00

Fig. 4.4 The open circles represent binding of 125I-LHRH agonist
to 10,000g placental preparation. Control and tissue
extracts are shown before (o,A) and after (n,A) desalting
by sep-pak. All extracts were adjusted to pH7 prior to
lyophilization.
' ".NtV"cvv.of v/irori oot\c.v> =- T, <o /o
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Fig. 4.6 Cross-reactivity of LHRH and an acid/ethanol extract of human
placenta in a conformational LHRH radioimmunoassay.
"T>vc_ oth-o*_ c^e^c^-O- VccrusWrN

Key;-

o Control 17.8.81

■ Amniochorion r-H00•00•H

A Placental extract 17.8.81

□ Amniochorion 28.8.81

A Placental extract 28.8.81

♦ Amnion 28.8.81

O Chorion 28.8.81
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Fig. 4.7 Cross-reactivity of LHRH and acid/ethanol extracts of human
placenta in an LHRH radioimmunoassay based on an antisera
directed towards the C-terminal sequence of LHRH.

Key: —

o Control 17.8.81

■ Amniochorion 17.8.81

A Placental extract 17.8.81

□ Amniochorion 28.8.81

A Placental extract 28.8.81

♦ Amnion 28.8.81

o Chorion 28.8.81
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Fig. 4.8 Cross-reactivity of LHRH agonist and acid/ethanol extracts of
human placenta in an RIA based on antiserum 103.

Key;

o Control 17.8.81

■ Amniochorlon 17.8.81

A Placental extract 17.8.81

□ Amniochorlon 28.8.81

A Placental extract 28.8.81

♦ Amnion 28.8.81

o Chorion 28.8.81
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CHAPTER 5

CULTURE OF TROPHOBLASTIC EXPLANTS
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CHAPTER 5

CULTURE OF TROPHOBLASTIC EXPLANTS

5.1 INTRODUCTION

The aim of the following studies was (1) to investigate whether

hCG release was stimulated in a dose-dependent manner by native LHRH

and the agonist and (2) to examine the effects of chronic exposure to

the releasing hormone to find out whether it leads to down-regulation,

i.e. will previous exposure to LHRH reduce hCG stimulation in response

to more LHRH.

The method chosen for culturing explants of trophoblastic tissue

preserves tissue integrity and the relationship between cells in

trophoblastic villi and had been suggested by Khodr and Siler- Khodr

(1978a) as a suitable method for demonstrating stimulation of hCG

production by LHRH.

5.2 MATERIALS AND METHODS

5.2.1 Method for the culture of explants of trophoblastic villi for 5

days

Trophoblastic tissue was obtained from women undergoing suction

termination of pregnancy at the the Royal Infirmary, Edinburgh, and

immersed in Hank's balanced salt solution (HBSS) and immediately

transported to the laboratory. Term placentae were obtained from the

Simpson Maternity Hospital following normal deliveries within 20

minutes of birth and taken immediately to the laboratory. Cultures

were performed as follows.

(a) Trophoblast from 8-12 week's gestation

In the culture laboratory, trophoblastic villi were dissected free

of the membranes and blotted on Whatman No. 1 filter paper to remove

excess fluid. Care was taken to ensure that all materials used were
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sterile. Portions of villi were weighed on a torsion balance

(5-20mg/culture) and then placed on strips of Whatman No.l filter paper

supported on steel grids in a petri dish (Fig. 5.1). 3 ml of medium

199 containing 20mM Hepes, 2mM glutamine, 100 I.U. penicillin and lOOug

streptomycin was added using a syringe. The petri dishes were placed

in a modular incubation chamber, gassed with 5% CO2, 95% O2 and

incubated at 37°C. The medium was changed daily for 5 days and spent

media frozen at -20°C until assayed for hCG. Tissue was examined

histologically as described in 2.6.

(b) Term placentae

Sections of placentae of 2 cm^ were excised from midway between

the centre and margin of the placenta and placed in phosphate buffered

saline. Villous tissue was removed by teasing with forceps. Villi

were weighed and placed in petri dishes as described above for 8-12

week tissue (5.2.1a).

5.2.2 Incubation of trophoblastic villi in shaking water bath

Portions of trophoblastic villi (mean weight 30.74mg + 5.23)

(S.D.) (n=30) were placed in Falcon tubes containing medium 199

supplemented with 0.25% BSA, 2mM Glutamine and incubated at 37°C for 3

hours. One group of 10 tubes acted as control, another 10 tubes

received 10~^M native LHRH (lOjig/ml) and the remaining tubes

received 10~^M LHRH agonist (lOpg/ml). At the end of the

incubation period the tubes were centrifuged at l,000g at 4°C for 15

minutes and the medium was removed and assayed for hCG as described in

2.2.1.
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CULTURE OF PLACENTAL EXPLANTS

FILTER PAPER
(Whatman No. 1)

TISSUE

f
PETRI DISH

■STEEL GRID

CULTURE MEDIUM

Fig. 5.1 Shows the method of culture of explants of trophoblastic
villi.
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5.3 RESULTS

5.3.1 Results to explant culture

The results from five different experiments are shown in Figs.

5.2-5.9. hCG released was expressed as ng hCG/mg wet weight of tissue.

Values were plotted as both daily and cumulative release. In one case

there was a significant increase (p <^0.05) in tissue treated with

5ug/ml (5 x 10~6M) LHRH agonist on days 3 and 4 compared to

controls (A.B). (Figs. 5.8 & 5.9). In all other cases no significant

difference was seen between controls and tissue treated with 10-5^

LHRH agonist. There was great variability between dishes. In one

experiment progesterone was measured on days 1 and 2 of culture but

again, no significant difference was observed between controls and

tissue treated with (10~^M) LHRH agonist.

5.3.2 Results of shaking water bath experiment

There was no significant difference in hCG concentration between

the three groups (Fig. 5.10). There was great variability between

pieces of tissue. When expressed as pg/mg tissue (mean + S.D.) the

control explants produced 3.7 + 1.9, those treated with native LHRH

(lOug/ml) produced 3.5 + 2.0 while those receiving LHRH agonist

(lOug/ml produced 2.72 + 0.8. In each case n = 10.

5.4 DISCUSSION

If the rates of production of hCG in these experiments were

maximal due to maximal stimulation by endogenous factors then exogenous

LHRH would be expected to have no further stimulatory effect. It was

therefore decided to repeat these experiments with term placentae since

they produce small amounts of hCG and so may be capable of increasing

production on receiving the correct stimulatory signal.

The survival of tissue explants during culture was first

investigated. Term placental explants were cultured and each day,
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Fig. 5.2 Shows daily and cumulative release of ]3hCG (ng/mg) from
trophoblastic tissue of 12 week's gestation. Each bar
represents the mean _+ S.D. of 10 individual culture dishes.

Key □ Control
B 10"5m LHRH agonist
E3 10"^M LHRH agonist
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McA DAILY RELEASE
1 6n

3 . 4

DAYS OF CULTURE

McA CUMULATIVE RELEASE

DAYS OF CULTURE

Fig. 5.3 Shows daily and cumulative release of jlhCG (ng/mg) from 1st
trimester trophoblastic villi during 5 days in culture.
Each bar represents the mean +_ S.D. for 10 individual
culture dishes.

Key □ Control
E3 10~5M LHRH agonist
□ 10_6M LHRH agonist
■ 10"7M LHRH agonist
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Fig. 5.4 Shows daily release of RhCG (ng/mg) from 1st trimester
trophoblastic villi during 4 days of culture. Each bar
represents the mean + S.D. of 5 individual culture dishes.
The open bars represent the controls while the stippled bars
represent treatment with 10~^m LHRH agonist.
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Fig. 5.5 Shows cumulative release of jlhCG (ng/mg) from 1st trimester
trophoblastic villi during 4 days of culture. Each bar
represents the mean +_ S.D. of 5 individual culture dishes.
The open bars represent the controls while the stippled bars
represent treatment with 10"^M LHRH agonist.
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Fig. 5.6 Shows daily and cumulative release of /5hCG (ng/mg) from 1st
trimester trophoblastic villi during 5 days of culture. The
bars represent the mean + S.D. of 10 individual culture
dishes.

Key □ Control
B 10"5M LHRH agonist
Q 10"®M LHRH agonist
■ 10"5M LHRH
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I.M. DAILY RELEASE



I.M.

DAYS OF CULTURE

Fig. 5.7 Shows progesterone output (ng/mg) during the first two days
in culture. Each bar represents the mean +_ S.D. of 10
individual culture dishes.

Key □ Control
H 10~5m LHRH agonist
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A.B. DAILY RELEASE
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Fig. 5.8 Shows daily release of JlhCG (ng/mg) during 4 days of
culture. Each bar represents the mean + S.D. of 10
individual culture dishes.

Key □ Control
E3 10~5M LHRH agonist
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Fig. 5.9 Shows cumulative release of BhcG (ng/mg) during 4 days in
culture. The bars represent the mean + S.D. of 10
individual culture dishes.

Key □ Control
□ 10"5M LHRH agonist
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Fig. 5.10 Shows the amount of jlhCG released into medium by
trophoblastic villi during 3 hours incubation in a shaking
water bath. Each point represents the mean + S.D. of 10
individual culture tubes.
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Fig. 5.11 Shows amount of £hCG produced daily by term placental villi
during culture for 5 days. The results are the mean jT S.D.
of 10 individual culture dishes. On each day of culture
representative samples were taken for examination by
electron microscopy.
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representative samples were removed and prepared for examination by

electron microscopy. The results are discussed below.

5•5 Results to culture of term placental villi

(a) hCG production

The concentration of hCG in the medium declined rapidly from

400ng/mg on day 1 to 15ng/mg on day 5 (Fig.5.10). The pattern of hCG

release was in agreement with that previously observed (Siler-Khodr &

Khodr, 1981 a & b) although they reported smaller amounts of hCG

ranging from llOng/mg on day 1 to less than 5ng/mg on day 5. The total

amount of hCG released was not significantly greater than the total

tissue content of hCG before culture.

(b) Morphology by electron microscopy

Examination of cultured term placental villi by electron

microscopy revealed gross morphological changes occurring throughout

the five days of culture. Uncultured term placental villi possessed a

distinct brush border along the outer edge of the syncytiotrophoblast

(Plate 1). A few cytotrophoblast cells could be seen. Below the

trophoblast lies the basal lamina or basement membrane on the inner

side of which was a thin layer of collagen fibres and beyond this the

thin wall of a blood vessel containing fetal red blood cells. The

syncytial nuclei appeared granular with few densely staining patches of

condensed chromatin. The mitochondria were quite distinct and cristae

could be seen. The rough endoplasmic reticulum appeared swollen and

circular (Plate 2) indicating that the tissue was synthesising large

amounts of protein. However after only one day in culture the brush

border had disappeared, syncytial nuclei appeared densely stained, the

nuclear membrane was no longer visible and cell organelles were
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PLATE 1. A is a view of the chorionic villi from term placenta
cultured for 0 days showing the syncytiotrophoblast with
its distinctive microvillous brush border. A
cytotrophoblast is seen next to the basement membrane
beneath which is a capillary containing red blood cells.
The fetal mesenchyme is visible.

B is a portion of the tissue in A at a higher
magnification. It clearly shows rough endoplasmic
reticulum, numerous mitochondria and microvilli; intact
nuclear membrane is visible.
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Plate 1
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PLATE 2. A is another view of the syncytiotrophoblast after 0
days in culture showing the cytotrophoblast cell in
close proximity to the basement membrane. A
syncytiotrophoblast nucleus is visible. Mitochondria
and rough endoplasmic reticulum are abundant.

B shows a cytotrophoblast cell in close proximity to a
syncytial nuclei, again after 0 days of culture.
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PLATE 3. A shows a view of chorionic villi after 1 day of
culture. The nuclei appear dense and pycnotic. The
microvillous brush border is no longer apparent. Gaps
have appeared between the syncytiotrophoblast and the
basement membrane. Few cells are present in the fetal
mesenchyme which now appears to be mainly collagen
fibrils.

B shows a syncytiotrophoblast nucleus at higher
magnification. There is no intact nuclear membrane and
cell organelles are indistinct.
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A is another view of the syncytiotrophoblast after 1 day
of culture. There are large gaps between the
syncytiotrophoblast and the basement membrane.

B shows the basement membrane (after 2 days in culture)
dividing the syncytiotrophoblast and the fetal
mesenchyme which is now collagen fibrils.

- 134 -



- 135 -

0



PLATE 5. A shows the syncytiotrophoblast on day 2 of culture
close to a cytotrophoblast. Cell organelles appear
indistinct.

B shows the syncytiotrophoblast breaking away from the
basement membrane on day 2 of culture.
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A shows villous tissue after 3 days in culture. The
syncytiotrophoblast has become completely detached from
the basement membrane.

B is a view of the organelles at the edge of the
syncytiotrophoblast. There is not any microvillous
brush border.
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PLATE 7. A shows that after 4 days in culture there are regions
of the basement membrane where there is no attachment of
syncytiotrophoblast.

B shows detachment of the syncytiotrophoblast from the
basement membrane. It is not certain whether the
densely staining bodies of approximately 1 ;jm are nuclei
or bacteria which have invaded the dying tissue.

L
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PLATE 8 Shows that after 5 days of culture all that remains of
the tissue is the basement membrane surrounding only
collagen fibrils.
The densely staining bodies are likely to be bacteria
which have invaded the dead tissue.
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Plate 8
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indistinct. The syncytiotrophoblast was becoming detached from the

basement membrane and more collagen was seen. Fetal mesenchyme was

beginning to break up (Plate 3 and 4A).

On day 2, the syncytium was detaching from the basement membrane.

Some of the nuclei showed some remains of the nuclear membrane (Plate

4B and 5).

By the third day of culture the syncytium was completely detached

from the basement membrane and the fetal mesenchyme contained only

collagen. Remains of cell organelles could be seen. The rough

endoplasmic reticulum was no longer swollen and mitochondria were not

easily identified (Plate 6).

On day 4, there was no syncytium on the basement membrane (Plate

7).

Day 5, the final day of culture, showed only the presence of the

basement membrane and many collagen fibres. Bacteria had invaded the

" tissue at this stage (Plate 8).

5.6 DISCUSSION

From the studies reported in this chapter it was shown that:-

(a) Neither LHRH nor its agonist had any effect on hCG production in

first trimester trophoblastic tissue. Tissue appeared viable by light

microscopic examination. It had been planned to study a dose-related

response of trophoblastic but as no consistent response could be

demonstrated under the conditions used this proved to be impossible.

(b) An electron microscope study of term placental villi carried out in

parallel with the measurement of hCG revealed cell death and tissue

degradation occurring as measurable hCG in the culture medium rapidly
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declined. No net synthesis of hCG occurred.

LHRH has been shown to stimulate hCG secretion in some systems but

not in others (Hussa, 1980) and has been shown to suppress progesterone

production (Wilson & Jawad, 1980).

Khodr & Siler-Khodr (1978a) first showed that, although secretion

rate of both hCG and hCS decreased progressively during culture of

trophoblastic explants for 4 days, LHRH did stimulate hCG production

during the first two days at a concentration of 800 ng/ml in a single

experiment using material from 10 week's gestation. In the same study

using a single 8 week placenta no effect was observed on hCG production

with an LHRH dose of 1600 ng/ml. A dose of 3200 ng/ml LHRH increased

release of hCG on day 1. In neither the 10 week nor the 8 week

placenta was any effect on human chorionic somatomammotrophin (hPL)

reported. It was suggested that the difference in response of the two

placentae to LHRH was due to their stage of gestation but in my opinion

the date of conceptus at this early stage is inaccurate and only one

placenta from each stage was examined making statistical treatment of

data impossible. Term placentae were also reported to increase hCG

output in response to LHRH but again levels were declining and were 20%

of that observed in the present study. In another study they examined

the levels of both the and o4 subunits of hCG in response to doses of

1000, 2000 and 5000 ng/ml LHRH in first trimester tissue were also

investigated. Again, the production of hCG declined during the first

five days of culture but began to rise again on the sixth day of

culture. No assessment of viability of the tissue was made.

LHRH (1.6 - 6.4 ^ig/ml) has been shown to stimulate hCG production

in placental explants (Haning et^ al^, 1982a) cultured for 6 days in 95%
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O2 and 5% CO2 with daily medium changes. However addition of DHEAS

or LDL to the culture medium inhibited the hCG response to LHRH

although explants were still able to respond to dbcAMP. They concluded

that DHEAS or LDL blocked the effect of LHRH but not dbcAMP. A four

hour incubation of placental explants in the presence of DHEAS again

showed that cAMP but not LHRH stimulated hCG output (Haning et^ al,

1982). Both dbcAMP and LHRH stimulated prostaglandin F2CK. (PGF2C^ )

accumulation but failed to demonstrate the reported inhibition of

progesterone on hCG production (Wilson et^ al^, 1980; Goodyer &

Branchaud, 1981). Many studies have been carried out to define

suitable systems in which to investigate the regulation of hormone

production in static cultures of placental explants or cells. However,

the pattern of iji vitro hCG output from placental cells (Hall et^ al,

1977; Stromberg et^ al^, 1978) and placental explants is variable (Huot

et al, 1979; Wilson et_ a^, 1980; Golander et al^, 1978) with late

increases (Huot et al, 1979; Wilson et^ al^, 1980; Hall et^ al^, 1977;

Golander et^ al_, 1978) steady declines (Huot et al^, 1979; Khodr & Siler-

Khodr, 1978a; Stromberg et al_, 1978; Haning et al^, 1982) and delayed

increases followed by a decrease (Franchimont et al_, 1972) all being

described. It appears that the pattern of hCG output may be more

influenced by cultural conditions such as oxygen concentration (Huot et^

al, 1979) and addition of fetal calf serum than by the stage of

gestation from which the tissue was obtained.

Culture of placental explants for long periods of time may result

in loss of hormone receptors and viability of the tissue. In addition

to cell death during long term static cultures it is likely that

degradation of the exogenous LHRH occurs (See Chapter 3) and so
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exposure to the putative stimulatory agent may last for only a short

period of time.

In an attempt to overcome these problems it was decided to try a

shorter period of culture in which tissue was more likely to remain

viable. The method of perfusing tissue with medium and recording

immediate changes in hCG was chosen as an alternative to static explant

culture and is discussed in the following chapter.
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CHAPTER 6

STUDIES ON PERFUSED PLACENTAL TISSUE

6.1 INTRODUCTION

To overcome the difficulties encountered with long term culture

a method of perfusion was adopted where placental tissue is supported

in a biogel column through which there is a constant flow of medium.

Biogel is a porous polyacrylamide resin for high resolution gel

filtration and can be used as an inert matrix for the continuous

perfusion of isolated cells or minced tissue with incubation medium to

which test substances can be added. Its advantages over a static

culture system are:-

(a) removal of secretory products of the cells and products of broken

or damaged cells and therefore absence of end product inhibition.

(b) it allows tissues or cells, whilst being continuously perfused, to

recover from the trauma of isolation, before any stimulation is

commenced leading to lower background levels and greater sensitivity.

(c) each cell column can be used as its own control since many

substances can be pulsed through the system and tested.

Its disadvantages are:-

(a) removal of important metabolites and cofactors necessary for tissue

maintenance may occur.

(b) cells are not attached and so may behave differently to cells in a

solid tissue or cell monolayer.

The method was first developed by Lowry to study the dynamics of

adrenocorticotrophic hormone (ACTH) activity in isolated adrenal cells

and has subsequently been utilised for the measurement of

corticotrophin releasing factor using a perfused pituitary cell column
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(Lowry et_ al^, 1973; Lowry & McMartin, 1974; Lowry, 1974; Gillies &

Lowry, 1978; Speight & Fink, 1981) and also to measure the output of

LH from isolated pituitary cells (Yeo et^ 1979; Yeo et^ al^, 1981) in

response to releasing factors.

It is proposed to use this system to study the effects of LHRH and

its agonist on the release of hCG from trophoblastic tissue.

6.2 MATERIAL AND METHODS

6.2.1 Preparation of Biogel

Biogel P2 (200-400 mesh; Biorad) was preswollen overnight at room

temperature in 0.9% Sodium Chloride. The saline was then poured off

and the swollen Biogel equilibrated in Medium 199 (Flow) containing

20mM Hepes buffer, 0.25% bovine serum albumin and 2mM glutamine for 3-4

hours.

6.2.2 Preparation of column

The columns were constructed from the barrel of disposable plastic

2ml lock syringes. A No.l gauge disposable needle was placed through

the rubber top of the plunger and broken off flush with the surface.

Teflon tubing was connected to the needle. The surface of the plunger

was covered with 10pm nylon gauze and the plunger replaced in the

barrel (Fig.6.1).

6.2.3 Perfusion medium

The column was perfused with medium 199 containing bovine serum

albumin (0.25%) and glutamine (2mM). Test substances were diluted in

the same medium.

For cells dispersed by method (b) (Butzow, 1982) the perfusion

medium was Ham's F10 supplemented with 10% newborn calf serum, 2mM
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NEEDLE

TUBING TO
■ FRACTION
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Fig. 6.1 Diagrammatic representation of a Riogel column. Full details
assembly are given in the text.
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glutamine and antibiotics (100 I.U. penicillin/ml, 25pg
Streptomycin/ml).

6.2.4 Apparatus

The column of tissue or cells was clamped vertically in a water

bath at 37°C and pumped with medium 199 at a flow rate of about

0.5ml/minute (Fig.6.2). Unless otherwise stated, 5 minute fractions

were collected in 5ml Sarstedt graduated vials. The volume of each

fraction was noted for all experiments.

6.2.5 Preparation of Trophoblastic tissue

(i) Minced tissue

All material from suction termination of pregnancy was collected

and the trophoblast was separated from non-trophoblastic tissue and

immersed within 30 minutes in medium 199. Trophoblastic villi were

minced finely with scalpel blades. Pieces were blotted on Whatman No.l

filter paper and wet weight(approximately 45 mg/column) determined

using a torsion balance. The tissue fragments were then placed in

wells in a multiwell dish (Flow) containing 1 ml of medium and 1 ml of

preswollen Biogel suspension (containing approximately 0.5g Biogel).

The mixture was drawn up into a prepared column and the excess medium

allowed to drain out of the tubing while the tissue and biogel settled.

The plunger was pushed up to allow only 0.1 or 0.2 ml of medium between

it and the syringe nozzle, and the nozzle was connected to tubing

carrying the flow of medium from the pump. The column was clamped

vertically, nozzle upwards, in a 37 °C water bath. The column was

perfused at a flow rate of 0.5ml/minute. Fractions were collected

using an automatic fraction collector and were stored at -20°C until

assayed.
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Fig.6.2

Diagrammaticrepresentationoftheapparatususedfor perfusionoftrophoblastictissuesupportedintheBiogel column.



(ii) Dispersed trophoblast cells (a)

Tissue was collected from suction termination and immersed in

Hank's balanced salt solution (HBSS) containing no calcium or

magnesium. After shaking, the HBSS was poured off and replaced with

40ml HBSS containing 0.1% deoxyribonuclease (DNase I, Sigma) and 20 mg

collagenase (Type I, Sigma) at 37°C and stirred with a teflon magnetic

stirrer for 10 minutes. The medium was filtered through gauze and the

resultant filtrate centrifuged at 200g for 5 minutes. The pellet was

resuspended in perfusion medium, spun for a further 5 minutes and the

pellet resuspended in perfusion medium. The cells were counted using a

haemocytometer and viability assessed by trypan blue exclusion (90%

viable). An aliquot of cells (0.2-0.9 million cells) was then mixed

with preswollen Biogel and drawn into the syringe as before. At the

end of the experiment the viability remained high (80-90%).

(iii) Dispersed trophoblast cells (b)

Tissue was collected from suction termination and washed in

sterile Dulbecco's buffered saline. Membranes and blood clots were

removed and villous tissue minced, and immersed in 20 ml Ham's F10

medium containing 10 mg collagenase (Type IV, Sigma), 4 mg

hyaluronidase (Type V) and 4 mg soyabean trypsin inhibitor (Biitzow,

1982). The mixture was gassed with 5% CO2 in air in a conical flask

and stirred for 10 minutes at 37°C. After 10 minutes the mixture was

filtered through cotton gauze. The filtrate was filtered through nylon

gauze (10 ^im/mesh) and the cells remaining on the gauze were suspended

in 3 ml Ham's F10 medium and used in the experiments. Viability was

assessed by trypan blue exclusion. 80-90% of cells were viable by this

criterion (cell count = 16 x 104 cells/placenta).

The cells were then mixed with the Biogel, drawn into the column
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and immersed in Ham's F10 medium supplemented with 10% newborn calf

serum (NCS), 2mM glutamine, antibiotics (100 I.U. penicillin/ml, 25 yg

streptomycin/ml). After 4-6 hours in a 5% CO2 atmosphere at 37°C to

allow stabilization, the columns were connected to the perfusion

apparatus.

The perfusion medium was supplemented with Ham's F10 medium as

described above and the flow rate was 0.3 ml/min. Each column

contained approximately 5 x 10^ cells.

6.2.6 Preparation of rat pituitary cells

Rat pituitary cells were prepared by the method used for adrenal

cells (Lowry £t^ al_, 1973; Lowry, 1974). Anterior pituitary glands

were removed from 12 adult Sprague-Dawley female rats at random stages

of the oestrous cycle, chopped into pieces and immersed in 10 ml 0.5%

collagenase in Hank's balanced salt solution containing no calcium or

magnesium (Flow).

After 20 minutes in a shaking water bath the supernatant was

removed and kept at room temperature, 10 ml of a fresh solution of

collagenase was added to the remaining tissue. This procedure was

carried out four times. The harvests were pooled and centrifuged at

lOOg for 30 minutes. The cells (200,000/pituitary) were resuspended in

perfusion medium, filtered through 100 jam gauze, packed into previously

swollen Biogel P2 in a column (0.5 x 1 cm) and perfused at a flow rate

of 1 ml/min for 2h at 37°C. Each column contained about 1 million

cells. Two minute fractions of the effluent were collected and LH

measured by radioimmunoassay as described in 2.2.3. Every 20 minutes

the cells received a 2 or 4 minute pulse of LHRH (10 ng/ml)

as indicated in Fig.6.5.
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6.2.7 Definition of a peak

The individual values for hCG in each fraction for one column were

summed. Any point which lay above the mean + 2 x S.D. was defined as a

peak.

6.3 RESULTS

6.3.1 Constant release of hCG by 12 week trophoblast during perfusion

If biogel columns are to be used in the study of hCG release from

trophoblastic tissue it is important to ensure that sufficient hCG is

released to be measured by RIA in each fraction. Preliminary studies

perfusing minced trophoblastic tissue from 12-13 week's gestation (mean

weight 45.1mg + 1.7 S.D.) at two different flow rates indicated that

the tissue was producing large quantities of hCG at a relatively

constant rate and suggested that 40-50 mg of minced trophoblastic

tissue was a reasonable amount to employ in assessing the response to

LHRH and its agonist (Fig.6.3). However, the amounts/fraction showed

considerable variation as indicated by the error bars.

6.3.2 hCG was not retained on the column

When iodinated hCG was passed through the column 94% of counts

added appeared within 3 fractions following administration of the label

(Fig.6.4). The peak was 18,000 counts per 10 seconds. The Biogel

itself and all other parts of the perfusion apparatus retained less

than 0.3% of the total counts.

Similarly native ^^I-LHRH and ^^I-LHRH agonist were not

retained on the column. Over 85% of native and more than 90% of the

agonist appeared in the two fractions following administration of the

label. No other component of the perfusion system bound more than 0.2%
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Fig. 6.3 The amount of hCG (mean + S.E.M.) (n=5) in 10 minute fractions
of medium perfused through minced trophoblastic tissue of 12
weeks gestation at two different pump speeds
(0/40=approximately 2ml/5 minutes; 0/20=approximately 4ml/5
minutes).
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Fig. 6.4 Elution profile for 125j_hCG perfused through Biogel
apparatus. Administration of the labelled hCG to the column
is represented by the solid bar (■ ).
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of the label.

6.3.3 Rat Pituitary Cells

To find out if pulses of LHRH would reach the tissue and be

capable of eliciting a response dispersed rat pituitary cells were

pulsed with LHRH (10 ng/ml) for 2 min and 4 min periods. A

corresponding release of LH was obtained (Fig.6.5). Both columns were

treated in the same way and both responded in a similar fashion. The

amplitude of the LH peaks decreased, probably due to desensitization by

the relatively high dose of LHRH which was administered. This

experiment demonstrated the validity of the technique in our laboratory

and can be compared to the responses found in trophoblastic tissue.

6.3.4 Results with minced trophoblastic tissue

Preliminary studies with minced tissue indicated that hCG was

released in response to LHRH. Experiment I showed a response only to a

second pulse of native LHRH in two treated columns (Fig. 6.6) while the

controls showed no peaks of hCG release. In experiment II a response to

a second pulse of LHRH was observed in only one column. The other

columns showed no peaks of hCG release (Fig. 6.7). In experiment III

peaks of hCG in response to LHRH were associated with concomitant peaks

of hPL suggesting that this may be non-specific release or that LHRH

regulates hPL release too (Fig. 6.8). Experiment IV showed no specific

effect of LHRH agonist. Only in one column was a large release of hCG

observed which was unassociated with treatment (Fig. 6.9). In

experiment V the control columns showed no peaks of hCG release and the

agonist had no effect on release. However column A showed a peak of

hCG in response to the first pulse with native LHRH (10 pg/ml) but not

to the second pulse whereas column B treated in the same way appeared

to be no different from the control (Fig. 6.10).
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Fig. 6.5 Release of LH from perfused rat pituitary cells in response to
pulses of LHRH (lOng/ml) (■). Each point represents the
amount of LH measured in each fraction. Two columns were

used, represented by closed and open circles.
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Fig. 6.6 The figure shows the amount of JlhCG measured in 5 minute
fractions of medium 199 perfused through minced trophoblast
tissue (experiment I). The upper panel shows the data for 2
control columns while the lower panel shows the data for 2
colum^ treated with LHRH (lO^ig/ml) (■). Roth treated columns
released hCG in response to the second pulse of LHRH but not
to the first.
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Fig. 6.7 Shov/s the amount of ^hCG measured in 5 minute fractions of
medium perfused through minced trophoblast tissue (experiment
II). The upper panel shows data from 2 control columns and
the lower panel shows data from columns treated with LHRH
(lO^g/ml). Only one of the treated columns responded to the
second LHRH bolus (■).
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6.8 The figure shows the amount of £hCG (o) and hPL (•) released
in response to LHRH (10|jg/ml) (■) (experiment III).
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Fig. 6.9 Shows the amount of jlhCG released by minced trophoblastic
tissue in response to LHRH agonist (lOpg/ml) (■) using two
treatment regimens (experiment IV). The middle panel shows a
pulse of hCG non-coincident with LHRH agonist administration.
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:ig. 6.10 Shows the amount of ^hCG released by minced trophoblastic
tissue in response to LHRH (lOjjg/ml) and LHRH agonist
(lO^g/ml) (experiment V).
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6.11 Shows the amount of £hCG (o,») and hPL (□ ,■ ) (ng/ml) in 5
minute fractions collected from perfused minced trophoblastic
tissue. Columns were treated with LHRH agonist (lO^ig/ml) and
LHRH (10>jg/ml) (experiment VI). The arrow represents addition
of 50mM KC1 to the system.

- 166 -



3-i

2-

1-

LHRH AGONIST lOpg/ml

4n

3-

D) O.
c

0

£ 1-

LHRH 10pg/ml

3

2

1H

CONTROL

o-o

60 120 180

TIME(MINUTES)

240 300

Fig. 6.12 Shows the amount of ^hCG in 5 minute fractions from six
columns containing minced tissue. The 2 columns in the top
panel received LHRH agonist (lOpg/ml). Those in the middle
panel received LHRH (10|ig/ml) and the two columns in the
bottom panel acted as controls. The arrow represents addition
of 50mM KC1 (experiment VII).
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Fig. 6.13 Shows JShCG (o,») and hPL (□,■) measured in 5 minute
fractions from perfused minced tissue.
The top panel received LHRH agonist (lOjjg/ml) (■ ), the middle
received LHRH (10jjg/ml) and the bottom panel served as a
control. The arrow represents addition of 50mM KC1
(experiment VIII).
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Fig. 6.14 Shows £hCG measured in 5 minute fractions collected from
perfused trophoblast tissue. The upper panel received LHRH
agonist (lOpg/ml) (■■), the middle received LHRH (lO^g/ml) and
the bottom panel acted as control (experiment IX).
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Three perfusion studies were carried out using term placentae.

Only in one case was hCG release measurable but no specific effect of

LHRH could be demonstrated.

It was noted that disturbances in flow contributed to sudden

releases of hCG. Initially changing of medium had been carried out by

tranferring tubes from medium into another vessel containing LHRH, its

agonist or control medium and this tended to introduce some air into

the system. Hence, a three-way tap was introduced by which the

perfusion medium could be changed with minimal disturbance to the

system and preventing any possibility of cross contamination.

Following this modification the results consistently showed no increase

in hCG following LHRH or agonist administration (Figs. 6.11-6.14; Table

6.1). In experiments VI and VIII hPL was measured and followed the same

pattern of release as hCG (Fig. 6.11 and 6.13). KC1 was administered at

the end of some experiments to depolarize cell membranes and induce

release of hCG, as a measure of cell viability and content. A small

amount of hCG was released in response to this treatment but it did not

satisfy the definition of a peak. However, it is not known whether hCG

is released by depolarization of cell membranes in the same way as LH

release from the pituitary. Analysis of the number of peaks of hCG

release which coincided with LHRH or agonist pulses, and the number of

pulses administered indicated that there were significant differences

between control and hormone treatments. With minced tissue using

technique (i) there was evidence for an association between LHRH

treatment and hCG release (X^: p 0.001) (Table 6.2). LHRH treatment

caused a marked rise in coincident hCG pulses, whereas agonist

treatment was without significant effect. Using technique (ii) (in

which the only difference was the inclusion of the three-way tap) there
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was no significant correlation between hCG release and the different

treatment groups (Table 6.2). However, when results using both

techniques were pooled there was still a significant association

between LHRH treatment and hCG pulses (X^: p<0.05). However, 80% of

LHRH pulses resulted in no immediate significant increase in hCG

release.

The results were grouped depending on the treatment that the

patient had received prior to termination, i.e. (1) those receiving

prostaglandin pessaries on the previous night and (2) those not

receiving pessaries. The data indicate that the placental tissue was

unresponsive to LHRH when prostaglandins were administered whereas

native LHRH appeared to increase coincident episodes of hCG secretion

in those placentae from women receiving no prostaglandin treatment

(X2:p<0.025) (Table 6.2).

These experiments were performed initially with minced placental

tissue to preserve the ultrastructural integrity of the placenta.

However, if the cytotrophoblast cells were producing LHRH-like material

then the endogenous peptide may have been stimulating normal hCG

release by the syncytiotrophoblast maximally, so that the effect of

exogenous LHRH was obscured and could produce no further stimulation.

Therefore the effects of LHRH on hCG secretion by dispersed

syncytiotrophoblastic cells were studied. The next two sections

discuss the results.

6.3.5 Response of dispersed cells (a) to pulses of LHRH and its

agonists

No specific release of hCG by syncytium was demonstrated in

response to administration of LHRH or its agonists (Table 6.1).
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Treatments

Agonist Agonist
Tissue Stage of Control LHRH HOE 766 Syntex
preparation gestation P.G. c nc lr c nc lr c nc lr c nc lr

(i)
(weeks)

Minced (I) 10 - 0 0 2 1 1 1

0 0 2 1 0 1

(II) 12 - 0 0 2 1 0 1

0 0 2 0 0 2
" (HI) 13 - 0 0 3 3 0 0

1 0 2

(IV) 9 + 0 0 2 0 1 2
0 0 2 0 0 2

(V) 12 - 0 0 2 0 0 2 0 0 2

0 0 2 1 0 1 0 0 2

. (ii)
Minced(VI) 13 + 0 0 3 0 0 3 0 0 3

0 0 3 0 0 3 0 0 3
" (VII) 10 - 0 0 3 0 0 3 0 0 3

0 0 3 0 0 3 0 0 3
" (VIII) 10 - 0 0 3 0 0 3 0 0 3

0 1 3 0 0 3 0 0 3

(IX) 11 + 0 1 3 0 0 3 0 0 3
1 0 2 0 1 3 0 1 3

(a)
Dispersed(X) 10 - 1 0 2 1 0 2 1 0 2 0 1 3

1 0 2

(XI) 10 - 0 0 3 0 0 3 0 3 3
0 1 3 0 0 3

(XII) 12 + 0 1 3 0 1 3
0 0 3 0 0 3

(XIII) 12 + 1 0 1

0 0 2

(b)
Dispersed(XIV) 8 + 0 0 3 0 0 3

0 0 3

(XV) 10 + 1 0 3 0 1 3

0 0 3

(XVI) 9 - 0 0 3 0 0 3

0 0 3

TABLE 6 • 1

The table shows coincident (c) and non-coincident ( nc ) peaks of hCG in
response to LHRH or its agonists. Lack of response ( lr ) was also noted.
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Technique (i) Control LHRH Agonist

Pulses 1 10 1 12

No Pulses 19 10 8 37

20 20 9 49

x3 =18.44

p <0.001

Technique (ii) Control LHRH Agonist

Pulses 3 1 1 5

No Pulses 23 24 24 71

26 25 25 76

Technique Control LHRH Agonist
(i) and (ii)

Pulses 4 10 2 16

No Pulses 42 34 32 108

46 44 34 124

No Prostaglandin Control LHRH Agonist

Pulses 2 9 0 11

No Pulses 27 22 16 65

29 31 16 76

X2=8.67

p <0.025

Prostaglandin Control LHRH Agonist

Pulses 2 1 2 5

No Pulses 15 12 10 37

17 13 12 42

TABLE 6.2

Number of pulses and lack of pulses of hCG in perfused minced placental
tissue in response to control, LHRH or LHRH agonist. Technique (ii)
included use of three way tap to adminster treatment while Technique (i)
did not.

'Chi-squared' (X3) and probability (p) are shown beside each contingency
table. No significant effect is denoted by N.S. In each case there were

2 degrees of freedom.
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In experiment X pulses of hCG correlated with treatment with LHRH

or its agonist in some cases (Fig. 6.15). However there was a large

peak of hCG release in the control and hPL was released concomitantly

with hCG indicating that these peaks may represent non-specific release

of hormone possibly due to cell damage caused by a short interruption

in flow prior to sampling. In experiment XI, hCG release fluctuated

with no specific effect of LHRH agonists, Hoe 766 (10 jig/ml) or Syntex

agonist (0.5^ig/ml) (Fig.6.16). In experiment XII the largest peak was

seen in the treatment column before administration of the agonist and

one of the control columns exhibited release of hCG (Fig. 6.17). These

peaks were obviously not in response to LHRH or its agonist. In

experiment XIII column A released hCG following a 5 minute pulse of

LHRH (10 ^g/ml). However column B, which was run in parallel, showed

little response (Fig. 6.18). From these results it would appear that

some columns of syncytial units release hCG at a steady rate while

others release randomly fluctuating amounts of hCG. Thus, a peak may

seem to follow the stimulus of LHRH but in view of the fact that random

pulses of hCG release occurred without obvious stimulation it must be

borne in mind that such peaks may simply coincide with the application

of LHRH to the column and therefore not represent a genuine specific

effect.

6.3.6 Dispersed cells (b)

When cells were dispersed as in (b) and perfused in biogel columns

there was no effect on hCG production in response to LHRH agonist (10

^pg/ml). In experiment XV a peak of non-specific release of hCG was

observed in the control while one of the treated columns showed a peak
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Fig. 6.15 Shows £hCG (o,«) and hPL (□,■ ) concentrations in 5 minute
fractions collected from perfused dispersed cells
(experiment X).
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18 Shows concentration of £hCG in 5 minute fractions collected
from perfused dispersed cells (experiment XIII).
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of hCG release prior to exposure to LHRH (Fig.6.19). In experiment XVI

no peaks of hCG were observed until 50mM KC1 was applied (Fig. 6.20).

This was in contrast to the results reported by Biitzow (1982) using the

same technique. The results are summarized in Table 6.1.

6.3.7 Effect of 50mM KC1 on hCG assay

To check that KC1 itself did not interfere with the hCG assay 18^il

of standard was added to tubes in 200 ^il of medium alone or medium

containing 50mM KC1 was added and compared in the radioimmunoassay as

described in 2.2.1. 50mM KC1 was found not to interfere with the hCG

assay.

6.A CONCLUSION

Using minced tissue and dispersed syncytiotrophoblastic cells

neither LHRH nor its agonist had consistent specific effects on hCG

secretion by trophoblast from 10-12 week's gestation.

However, analysis of the data using minced tissue indicated that

native LHRH pulses were followed on a significant greater number of

occasions by a coincident pulse of hCG release. Moreover, the data

suggested that prostaglandin suppositories abolished any responsiveness

of trophobast to LHRH.

Recently work has been published showing that LHRH (10 ^ig/ml) had

an effect on hCG production (Biitzow, 1982) both in dispersed cells from

normal trophoblast and from a choriocarcinoma cell line. Using the

same technique I failed to demonstrate an effect of LHRH agonist on hCG

secretion. However, due to the constraints of time this experiment was

performed only three times. Possibly further experimentation would

have revealed a tendency for LHRH to increase hCG production. The

exact role of LHRH in the placenta remains unresolved by these studies.

It is clear from the experiments reported that the placenta does not
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respond in the same way as the pituitary gland (i.e. does not release

hormone in the absence of exogenous releasing hormone, but responds

immediately and unequivocally to LHRH or LHRH agonist).

The LHRH-like factor in the placenta is probably not LHRH itself

and the consistently negative effects of the LHRH agonist on hCG

release suggest that its conformation is not mimicked by the agonist.

Effects of LHRH agonist on hCG production have not been reported.
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CHAPTER 7

GENERAL DISCUSSION AND CONCLUSIONS

7.1 DISCUSSION

The aim of the studies described in this thesis was to investigate

the role of LHRH in the regulation of hCG release by the human

placenta. Until recently no-one has defined an agent which controls

hCG synthesis and release. There has been much speculation as to

whether hCG is autonomously regulated and the placenta genetically

programmed to produce hCG (Ross, 1977). Secretion of hCG reaches a

peak at around 12 weeks gestation and thereafter declines. In the late

1970's high concentrations of radioimmunoassayable LHRH were reported

in the human placenta (Siler-Khodr & Khodr, 1978) and it was speculated

that LHRH may control hCG release in a manner analogous to LH release

from the anterior pituitary gland. Cultured placental explants were

shown to produce more hCG when exposed to LHRH (Khodr & Siler-Khodr,

1978a; Siler-Khodr & Khodr, 1981a & b).

Down regulation occurs in the pituitary where continued exposure

to LHRH results in a loss of sensitivity to the peptide (Roth e_t al,

1975; Catt et^ al_, 1979; Zilberstein ert al^, 1983). It was important

to investigate whether a down regulation phenomenon occurred also in

the placenta. Continued stimulation of the placenta with high doses of

LHRH would cause an initial increase in hCG release followed by a loss

of responsiveness and a subsequent decrease in hCG secretion. Thus

LHRH and/or its agonists could have a possible abortifacient action in

the early stages of pregnancy.

Firstly, it was of interest to identify and characterize specific

receptors for LHRH and its agonist on placental tissue. These were

demonstrated to be present in the human placenta (Currie et^ al_, 1981)
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TABLE7.1 THEAFFINITYOFLHRHANDITSAGONISTFORLHRHBINDINGSITES INVARIOUSTISSUES Tissue

.Ka

LHRHagonist
-M1

LHRH

Reference

ratleydigcells
1.2x109

1.2x107

Sharpe&Fraser(1980)

ratpituitary

4.6x109

3x108

Heberetal(1978)

ratlutealcells
4.4x109

2.5x108

Claytonetal(1979a)

humanplacenta

5.5x107

6.2x107

Currieetal(1981)

humanlutealtissue
3x107

1x106

Popkinetal(unpublished)



and the marmoset placenta (Chapter 3). Binding of native LHRH had the

same affinity (Ka 'V 10~^M) as rat pituitary and gonadal LHRH

receptors previously described by other groups (Table 7.1). However,

in the human placenta the binding affinity of the LHRH agonist was the

same as that of LHRH, in marked contrast to rat Leydig cells, rat

luteal cells and rat pituitary tissue, where the agonist had a higher

affinity (Ka=10^M~l) than the native peptide. The higher

affinity of the agonist has been attributed to its increased resistance

to degradation by these tissues (Clayton ert al^, 1979b; Clayton & Catt,

1980). In addition, specific binding of LHRH to bovine, rat and human

luteal tissue was demonstrated. The demonstration of LHRH binding

sites in human luteal tissue contrasted with a recent publication in

which the lack of LHRH agonist binding to human luteal tissue (Clayton

& Huhtaniemi, 1982) was reported. We have extended these studies on

LHRH agonist binding to human luteal tissue (Popkin et_ al_, 1983) and

the human luteal receptor has been shown to have an affinity for LHRH

agonist (Ka=3x10^M~^) similar to that found in the human

placenta (Ka=5.5xlO^M~^). As in the placenta, there is no

marked difference in the apparent affinities of the agonist and the

native LHRH (Table 7.1).

In order to detect the presence of such a relatively low affinity

receptor, it is necessary to use both a sufficiently high concentration

of radiolabelled ligand, and a high concentration of unlabelled hormone

(10~^M-10~^M) to measure non-specific binding (NSB). In their

study, Clayton and Huhtaniemi (1982) used a low level of radiolabelled

ligand, and a level of unlabelled hormone (10~^M) for assessment of
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NSB that consequently resulted in their failure to detect these

relatively low affinity specific binding sites. However, it remains to

be determined what role LHRH plays in the direct regulation of

steroidogenesis in gonadal tissue in both human and non-human

primates.

There are several possible explanations for such low affinity

binding sites for the LHRH agonist in human corpus luteum and

placenta

1. species difference;

2. degradation of the ligands may occur leading to a lowering of the

apparent affinity;

3. LHRH (or LHRH-like peptides) may have no physiological role in the

modulation of ovarian or placental cell function in the human;

4. endogenous LHRH-like molecules may have a higher affinity for their

receptors than either LHRH or the agonist themselves;

5. local concentrations of LHRH or LHRH-like peptides in the placenta

may be similarly high.

7.1.1 Species Difference

Of the two human tissues studied (placenta and corpus luteum) the

binding affinity for both LHRH and the agonist was similar and of lower

affinity than binding of the agonist to rat pituitary and gonadal

tissue (Table 6.1). The data may reflect a species difference in the

structure of the receptor. Although binding of LHRH agonist to the

human pituitary has been demonstrated (Clayton & Huhtaniemi, 1982), the

affinity of the receptor has still to be determined.

7.1.2 Degradation

If the apparent Ka represents the true affinity of the binding

site and LHRH is synthesized endogenously by the placenta, doubt must
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be cast on its physiological role as a receptor due to the relatively

high concentrations which would be required to activate the receptor

(although the local concentration within the vicinity of the receptor

is not known). Attempts to use enzyme inhibitors to inhibit

proteolytic degradation (in the hope that this would result in

increased specific binding and a higher apparent affinity of the

receptor for the LHRH agonist) gave somewhat equivocal results. Most

of the enzyme inhibitors actually decreased the total specific binding

and caused no change in the binding affinity suggesting that binding of

LHRH and its agonist involved thiol and serine groups but not carboxyl

groups.

Thus, either

(a) LHRH and its agonist bind to a receptor with molecular groups at

its active site similar to those on an enzyme, or

(b) LHRH and its agonist bind to an enzyme(s), not to a receptor.

Of particular interest were the aminopeptidase substrates,

L-leucine ^-naphthylamine and related compounds: these compounds

inhibited binding, implying that LHRH may be binding to an

aminopeptidase-like enzyme. Interestingly, an aminopeptidase similar

to oxytocinase is found in high amounts in the serum of pregnant women

and has been shown to be produced by the placenta (Lampelo &

Vanha-Perttula, 1979;1980;1982). However, when the products of

proteolytic degradation of L-leu NA, leucine and naphthylamine were

studied for their effect in the binding assay it was clear that

naphthylamine alone caused inhibition of binding. Naphthylamine is

similar in molecular structure to tryptophan and tyrosine,

suggesting that one of these amino acids may be involved in the binding

- 188 -



of LHRH to the binding site/receptor. As tyrosine is the residue which

is iodinated in labelled LHRH and its

agonist it may be that this amino acid is unimportant in binding as the

introduction of the large iodine atom would result in a labelled

hormone with little binding ability. Conversely, iodination may render

the binding reaction virtually irreversible so that very high levels of

LHRH or agonist are required to displace binding. In addition, the

receptor and a degrading enzyme may be closely associated as has been

shown in the pituitary where enzyme substrates compete for LHRH binding

sites.

L-cystine-bis-(4-nitro-anilide) competed with 125I-LHRH for

LHRH receptors on rat pituitary plasma membranes as effectively as the

agonist (Kuhl & Baumann, 1981). It is thought that the LHRH binding

sites are closely related to an enzyme system capable of both splitting

L-cystine-bis-(4-nitro-anilide) and of degrading LHRH (Kuhl & Taubert,

1975a; Kuhl et^ al^, 1979). In adult male and female rats, intravenous

injection of 10 ug LH increased hypothalamic L-cystine-arylamidase

activity (Kuhl & Taubert, 1975b). There are many examples where

proteolytic enzymes play a role in regulation (Neurath & Walsh, 1976

for review) and this enzyme may play a role in the regulation of

gonadotrophin release by acting as a functional part of the LHRH

degrading enzyme (Kuhl et al, 1977). Rapid degradation of a regulatory

peptide would be expected so that hormone action would be rapidly

terminated on removal of the stimulus.

7.1.3 Physiological Effects

Effects of LHRH on chorionic gonadotrophin levels during pregnancy

No effect of LHRH on chorionic gonadotrophin secretion has been

demonstrated in vivo (Table 7.2).
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TABLE7.2 EFFECTOFLHRHADMINISTRATIONOFCHORIONICGONADOTROPHSLEVELSDURINGPREGNANCY a)LHRHadministrationtopregnantwomen References

Stageof gestation

Treatment

Periodof study

Result

Tamadaetal.(1976)
14-38weeks

200ugLHRHintravenously(i.v.) 20-180ug/hr.infusion
2hours 4hours
NochangeinhCG tl

Rubinsteinetal.(1978)
1stand2nd trimester

100ugLHRHi.v.

3hours

II

Seppalaetal.(1980)
8-18weeks

100-300ugLHRHi.v.
2hours

fl

Casperetal.(1980)
5-8weeks

50ugi.v.for2days 500ugi.v.for2days 500ugi.v.every8hoursfor 3doses

1week 1week 28hours

II II II

Yoshidaetal.(1981)
1sttrimester
60ug/hr.infusion

4hours

If

Tolisetal.(1981)
1sttrimester
100ugD-trp^LHRHtwice daily,5-10days

5-10 days

If

b)LHRHadministrationtopregnantbaboons Vickeryetal.(1981)
14-21days

125ug/Kg 3xcontrol

Until

NormalbCG&P levels-0aborted

4xDTrp6LHRH

delivery

LowerbCG&P
1-aborted

2xDNal(2)6LHRH

LowerbCG&P
1-aborted



Administration of native LHRH either by injection or infusion

causes no significant change in circulating levels of hCG (Tamada et^

al, 1976; Rubinstein et^ al^, 1978; Seppala et^ al^, 1980; Caspar et

al, 1980; Yoshida £t al^, 1981) and administration of a potent

analogue D-trp^ LHRH (100 ug twice daily for 5-10 days) failed to

alter hCG, prolactin or progesterone secretion (Tolis et_ al^, 1981).

In pregnant baboons, levels of bCG and progesterone were lowered

by administration of D-trp^LHRH or D-Nal(2)^LHRH and some animals

aborted (Vickery et_ al_, 1981). These effects were seen using implants

of potent LHRH analogues. In the human higher doses of the more potent

analogues may invoke a response but to date no such response has been

demonstrated. This could be due to failure of LHRH to reach its

placental receptors. This could be tested by administration of

radiolabelled LHRH to the mother, followed by suction termination and

assessment of the amount of peptide reaching the proposed site of

action. Such an experiment is unlikely to receive approval from the

ethics committee, but should be feasible in primates.

Cultures; In vitro effects of LHRH on hCG production in the human

placenta

Although reports of a stimulatory effect of LHRH on hCG release

have been published (as discussed in 1.5 and 1.8) a lack of effect has

also been reported (L*Hermite-Balerieux e_t al^, 1980; Hussa, 1980;

Demura et_ 1982) (Table 7.3).

Our experiments failed to demonstrate a consistent effect of LHRH

or its agonist on hCG release (Chapters 5 and 6). The lack of effect

may be due to rapid degradation of the ligand. It was demonstrated

that the placenta degraded both the native LHRH and LHRH agonist
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TABLE7.3 THEEFFECTOFLHRHONCHORIONICGONADOTROPHINSECRETIONBYTROPHOBLASTICTISSUEINVITRO StudiesinwhichLHRHhadnoeffectonhCGsecretion
StudiesinwhichLHRHwasshowntostimulatehCGsecretion

References

Concentration ofLHRH(M)
Methodof Culture

References

Concentration ofLHRH(M)

Methodof Culture

L'Hermite Baleriauxetal. (1980)

10"7

Primarymonolayer culture.Tissue5-11 weeksgestation

KhodrandSiler- Khodr(1970)
1.6x10"6 - 3.2x10"6
Staticexplantculture. Tissue8-10weeks gestation

Hussa(1980)

BeWoandJarChorio¬ carcinomacells.
Siler-Khodrand Khodr(1981)

II

Staticexplantculture. Tissueatterm.

Demuraetal. (1982)

10"6,10~8
Perfusionofexplants oftrophoblastic tissueof9wks gestation.

Teodorcyzk- Injeyanetal. (1979)

1.5x10~3
Jeg3choriocarcinoma cellsandR3230AC experimentalratmammary adenocarcinoma.

Nakano(1981)
—*

o

1

—*

o

1

CO

Explantsofchorionic villiof7-9weeks gestationandBeWochorio¬ carcinomacellline.
Haningetal. (1982)

1.6x10"6- 6.4x10~6
Staticexplantcultures oftermplacenta.LDL andDHEASinhibitedthe responsetoLHRH.

Butzow(1982)
10~5

Perfusionofdispersed cellsfromnormal trophoblastictissue, 10-12weeksgestation andBeWocells.



(Chapter 3) although the agonist was less susceptible to degradation.

It is possible that the agonist is inactive in the placenta as the

perfusion experiments indicated. Death of the tissue or damage to the

receptors and coupling mechanism during culture Is another possibility

for the lack of effect.

Perfusion Cultures

Two recent studies examining hCG secretion in response to LHRH in

perfused tissue have produced contradictory data. One of these studies

employed explants of trophoblastic tissue from 9 weeks gestation

challenged with 10_6M and 10~8M LHRH (Demura et_ a^. 1982).

There was no response to either dose. However a second

study perfused dispersed cells from both normal trophoblastic tissue of

10-12 weeks gestation and BeWo choriocarcinoma cells, and showed

increased hCG secretion in response to 10~^M LHRH (Biitzow, 1982).

Physiological effect of LHRH on progesterone production by human luteal

cells in vitro

Although we can show specific receptors on human luteal tissue no

effect of LHRH on isolated human luteal cells has been demonstrated

(Tan & Biggs, 1983). At concentrations of 10_10-10~-'M, LHRH

failed to affect basal or hCG stimulated progesterone production by

human luteal cells during 3 hours of culture. However, its effects on

steroidogenesis over different periods of time remain to be

determined.

Mechanism of Action

As previously discussed in 1.7 the mechanism of action of LHRH on

LH release from the pituitary remains unresolved. An unequivocal

relationship between the binding of LHRH to specific receptors on



isolated pituitary plasma membranes and the activation of adenyl

cyclase has not yet been demonstrated. However, in the placenta dbcAMP

and theophylline either alone or in combination have been shown to

raise hCG secretion by cultured villi from term (Handwerger et_ al,

1973) and 1st trimester placental tissue (Huot ^t_ al^, 1979). Increased

hCG secretion in response to dbcAMP has also been shown in the

malignant trophoblast cell lines BeWo (Story et^ al^, 1974) and Jar cells

(Story et al, 1974; Hussa et al^, 1974; Hussa et^ al^, 1975; Hussa et^

al, 1977). This implies that factors regulating hCG production may act

via cAMP.

In the pituitary evidence points against the coupling of LHRH

binding to adenylate cyclase activity. Thus if hCG secretion is

regulated via cAMP, the mechanism of action of LHRH in the placenta

must be quite different from its action in the pituitary.

7.1.4 LHRH-Like Molecules

It is possible that the physiological ligands which bind to

placental and luteal receptors have a greater affinity than either

native LHRH or LHRH agonist.

LHRH-like molecules have been detected in extracts of rat

testicular tissue (Sharpe £t_ 1981; Dutlow & Millar, 1981) and in

rat ovarian tissue (Ying et^ a^, 1981) and shown to be non-identical to

LHRH.

The presence of LHRH-like and TRH-like factors (Shambaugh ert al,

1979; Tuominen et_ al^, 1981; Lee, 1982) in the placenta has attracted

much interest. TRH has been shown to be non-identical to hypothalamic
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TRH (Youngblood et^ a2^, 1980). Many workers have measured LHRH-like

material in human placental tissue: the amounts reported range from

0.25 pg/mg (Tan & Rousseau, 1982) to 36 pg/mg (Khodr & Siler-Khodr,

1978) (Table 7.4). The high values obtained by Khodr and Siler-Khodr

may be due to the presence of a larger molecule which is recognised by

the antibody used in their radioimmunoassay (Gautron et^ al^, 1981).

Interestingly a comparison of normal and molar tissue of 16 weeks

gestation (Osathanondh et al, 1981) showed that normal placental tissue

contained considerably more LHRH-like material (12.8 + 2.9 pg/mg) than

did molar tissue (0.02 pg/mg) (Vaitukaitisj^ 1976). Molar tissue
produces high amounts of hCG and such data might be interpreted to

suggest that endogenous LHRH-like material exerts an inhibitory rather

than a stimulatory effect of hCG production.

Placental LHRH-like material has been shown to be immunologically,

physiochemically and biologically like hypothalamic LHRH (Gibbons et_

al, 1975; Khodr & Siler-Khodr, 1978b, 1979, 1980; Siler-Khodr &

Khodr, 1978, 1981) and recently it was shown to have the same

amino-acid sequence as hypothalamic LHRH (Tan & Rousseau, 1982). These

workers separated LHRH from placentae by HPLC and measured levels of

0.25 pg LHRH/mg tissue.

However, the values found are low and the role of these factors

in vivo is unclear. The actual local concentration may be higher than

the total amount estimated. Factors which might contribute to much

lower levels being measured are:-

(a) degradation of the ligands

(b) non-ideal extraction and isolation conditions

(c) non-cross reactivity in the assay
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TABLE 7.4

CONTENT OE LHRH-LIKE MATERIAL MEASURED IN HUMAN PLACENTAL TISSUE

References Stage of LHRH
gestation pg/mg

Khodr and Siler— 12-23 weeks 36.6 - 13.6

Khodr, (1978) 24-29 " 31.6 - 4.8

30-36 " 15.7 - 4.7

Term 25.7 - 8.6

Imakita et al. 1st 0.2 - 1
(1979) trimester

Osathanondh et al. 8-16 weeks 12.8 - 2.9

(1981) normal

Molar 0.023 - 0.0067

Tuominen et al. V

(1981) Term 1.4

Lee et al. approximately
(19817 Term

■i
18

Tan and Rousseau,
(1982) Term 0.25
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(d) compartmentalisation

7.2 CONCLUSION

From the results presented in this thesis it is evident that:-

1. placental tissue contains binding sites specific for LHRH and its

agonists - these are of lower affinity than those described on rat

pituitary^ovarian and testicular tissue.
2. a coincident pulse of hCG can be demonstrated in perfused minced

tissue in response to 20% of the LHRH pulses administered. No effect

was seen in response to the agonist.

3. prostaglandin pretreatment abolishes LHRH-responsiveness.

7.2.1 Receptors

The reasons for the lower affinity of the LHRH receptors have been

discussed.

Future aspects to investigate are outlined below.

(a) It would be interesting to examine the effects of the enzyme

inhibitors on the receptors described on the rat pituitary, testicular

and ovarian tissue; this would reveal whether inhibitors that decrease

binding of the iodinated LHRH agonist to human placental

tissue would also reduce binding to the receptors found in rat tissue.

Comparison of the binding sites on human corpora lutea with those on

human placenta would show whether they share the same properties.

(b) To investigate whether the LHRH binding site and the enzyme

inhibitor binding site are on the same molecule, detergent

solubilization and purification of the receptors could be carried out.

Assays for both binding and degradation of LHRH and its agonist carried

out at each stage of purification would indicate whether the binding

site and the receptor were the same or different molecule. The
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affinity of the purified receptor for the LHRH agonist may be greater

due to removal from any steric hindrance due to incorporation in the

membrane and depletion of ligand degradation activity.

7.2.2 Perfusion Studies

Unlike LH secretion by the pituitary under the influence of

hypothalamic LHRH there is no evidence to suggest a pulsatile release

of hCG. From the perfusion studies it appeared that (a) in 20% of

cases LHRH caused a significant response in increased hCG secretion

compared to the control (x2;p<^o.05).

(b) no effect was ever seen in response to the agonist and

(c) Tissue from women treated with prostaglandins suppositories prior

to termination lost responsiveness to the peptide.

Possibly synergistic effects of LHRH with other hormones are

important in the regulation of release of protein hormones from the

placenta. Constant perfusion of the placenta with chosen substances

with intermittent pulses of LHRH may reveal synergism. However, such

procedures would be difficult and lengthy. Various combinations of

substances in different treatment regimes (plus the appropriate

controls in each case) would need to be tested: moreover, in view of

tissue variability, and the sporadic responsiveness of placental tissue

to LHRH pulses, a large number of experiments would need to be

performed for each treatment to enable the detection of sufficient

numbers of coincident pulses for statistical analysis.

Indeed, tissue variability and the sporadic response of placental

tissue to LHRH may explain the conflicting results of other authors

(Table 7.3).

The treatment received prior to termination must also be

considered and the effects of other agonists extensively studied. It
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appears that the Hoechst agonist used for most of these studies is not

effective, and may even be an antagonist for the placental receptor.

This could be tested by perfusing with the agonist and pulsing with

LHRH. Again, such an experiment would need to be repeated several times

to yield statistically valid results.
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