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ABSTRACT

A cell immunoblot technique originally designed for

the study of prolactin secretion by rat pituitary cells

has been modified and evaluated for the study of relaxin

and prolactin accumulation and secretion from individual

human decidual cells in vitro. Prolactin has been

studied extensively in the human decidua, however nothing

is known about the regulation of relaxin secretion.

Macrophages were shown to make up 25% and chorionic

cytotrophoblasts 10% of the cells in the decidual cell

preparation. The decidual cells analyzed were selected

by size and absence of immunostaining with macrophage and

cytotrophoblast cell markers. Relaxin and prolactin

intracellular accumulation and secretion were detected

immunocytochemically as intracellular and extracellular

staining respectively and were quantitated with an IBAS

Kontron image analysis system. Relaxin secretion was

detected after 15 min of incubation and was unaffected by

cycloheximide suggesting release of preformed hormone.

Prolactin on the other hand was only detected

intracellularly up to 18 h and this was decreased by

cycloheximide suggesting new production synthesis.

Relaxin intracellular accumulation and secretion were
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significantly increased when the cells were incubated

with added porcine relaxin, H2 synthetic human relaxin

and Hl recombinant human relaxin. Porcine relaxin was

slightly more potent than human H2 relaxin, which was

more potent than the Hl synthetic peptide in increasing

its own synthesis and secretion in vitro. Human and

porcine insulins also significantly increased relaxin

intracellular and extracellular staining. Preliminary

results of added IGF-l and EGF showed stimulatory effects

on relaxin intracellular and extracellular staining, but

these results were not dose-dependent and are therefore

questionable. Exogenous prolactin had both stimulatory

and inhibitory effects on relaxin accumulation and

secretion, and caused a significant increase in prolactin

accumulation without affecting its secretion.

The results suggest that relaxin and prolactin may

be autocrine hormones in the human decidua, and the

effects of relaxin treatment provide indirect evidence

for the presence of relaxin receptors on the decidual

cells. Preliminary results of treatment with insulin,

IGF-l and EGF also suggest that these hormones may act as

paracrine regulators of decidual relaxin synthesis and

secretion.
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CHAPTER I

INTRODUCTION

HISTORICAL PERSPECTIVE

The first documented studies of the uterus appeared

many years ago in the Golden Age of Greece, sometime

around the fourth century B.C •• Hippocrates and his

contemporaries described the uterus as consisting of a

number of cavities having horns and angulations, and a

lining studded with tentacles and suckers. The ovaries

and Fallopian tubes were not yet identified. Aristotle

continued anatomical studies in this field, but since all

of his work was based on animals, his final conclusions

presented the uterus as a bicornuate structure. He

described it as containing cotyledons similar to that

found in cattle, agreeing with the theory of Hippocratic

"tentacles".

Around the beginning of the Christian era,

Alexandria became the new intellectual center of the

Mediterranean region. This attracted many Greek

physicians such as Herophilus, Rufus and Soranus,

especially since dissections of the human body were being

permitted there. They were now able to identify the
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ovaries and tUbes, but the traditional concept of a

bicornuate uterus was still maintained. This was mainly

because the tubes were identified as separate structures

from the uterus. There was disagreement as to whether

these tubes entered the bladder or not. The function of

the ovary was not yet known, but Soranus conceptually

described it as the female testis.

The next era of study moved from Alexandria to Rome

where Galen's work on the human body, both normal and

pathol~gical, became well known. He did not spend much

time studying the female reproductive system, but

advanced the field somewhat by definitively describing

the tubes as being functionally associated to the uterus,

stating that their function was to carry ova to the

uterine cavity. He however still perpetuated the concept

that the uterus contained multiple compartments.

This theory of the mUlticompartmental uterus was

still popular a thousand years later in the Dark Ages of

Europe, where the most favored opinion was that the

uterus contained seven chambers (seven was a magical

number at the time). Male fetuses were believed to

develop in the three right hand chambers, females in the

left three, and hermaphrodites in the center. Overall
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this period led to very little advancement in the medical

sciences, especially in the area of gynecology.

with the passing of the Middle Ages in the late 12th

century and the emergence of the Renaissance period, the

establishment of universities and medical facilities

throughout Europe allowed for renewed investigations of

the human body. New ideas emerged as more detailed

anatomical studies were pursued. These were complemented

by artistic drawings of the times. Leonardo da Vinci's

drawings are some of the best known anatomical recordings

of this era. He depicted the uterus as lobular in

structure, and also showed the ovaries, tubes and

ligaments. Vessels connecting the uterus to the mammary

glands are also depicted; these were thought to bring

menstrual blood from the uterus to the breasts, where it

was then converted into milk during pregnancy. da Vinci

however, in disagreement with sever?- of his

contemporaries, believed the uterus to consist of a

single chamber as is shown in his drawing of a fetus in

utero. The current ideas of his time as well as his own

are reflected in his sketches (da Vinci 1513).

Vesalius however, was the most notable anatomist of

the Renaissance period, made famous by his historical

work De humanis corpis fabrica (Vesalius 1543). It

included illustrations of the female genital tract, and
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it is in this work that the terms 'uterus' and 'pelvis'

were first used. The ovaries however were still

referred to as the female testis. His pupils went on to

describe the labia and the vagina, the vasculature of the

pelvic region and the aqueous humor of the ovary known

today as the follicle. Detailed descriptions were also

made of the uterine tubes, the hymen and clitoris, as

well as the ligaments preventing uterine prolapse.

The seventeenth through early twentieth centuries

brought scientific advances such as those made by de

Graaff on the ovary, and by Harvey who brought forward

the concept that all life comes from the egg. John and

William Hunter forged the way to understanding maternal

fetal communication via the placenta (Hunter 1774), and

Adler and Hitschmann were the first to describe the

cyclical activity of the endometrium (Adler and

Hitschmann 1908). The last century however has seen the

greatest leaps in our discoveries with the invention and

the development of tissue fixation techniques,

immunohistochemistry, and methods in endocrinology and

molecular biology. Volumes of data now exist in the

field of female reproductive anatomy and physiology, with

little likelihood of this trend diminishing in the

future.
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THE ENDOMETRIUM

with the maturation of 4-5 oocytes every month and

the subsequent ovulation of one of these, the endometrium

of the uterus prepares itself structurally and

endocrinologically for the processes of fertilization and

implantation. The endometrium forms the innermost layer

of the uterus and undergoes cyclical shedding and

regrowth in response to the ovarian hormones estrogen and

progesterone. The preovulatory or follicular phase of

the ovarian cycle is characterized by the secretion of

estradiol-17beta from the dominant follicle. The corpus

luteum takes over in the postovulatory or luteal phase,

secreting high levels of progesterone in addition to

estradiol-17beta. The last phase or premenstrual phase

of the cycle marks the regression of the corpus luteum,

causing a sharp decrease in progesterone and estradiol

17beta production.

During the follicular phase of the endometrial

cycle, the endometrial cells are highly responsive to

estrogen (Williams Obstetrics). Estradiol-17beta

diffuses into the endometrial cells where' it binds to its

nuclear receptors, initiating gene transcription and

thereby protein synthesis. One of the functions of
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estrogen is the induction of progesterone receptor

synthesis as well as the further production of the

estrogen receptor (Leavitt et al., 1983). Estrogen

therefore acts to prepare the endometrial cells to

respond to progesterone in the postovulatory or luteal

phase of the cycle.

Progesterone also enters the endometrial cells by

diffusion and binds to its nuclear receptors. Its

actions however cause the down-regulation of the

estradiol-17beta receptor (Tseng, Gurpide 1975), and

induce an increase in estradiol-17beta dehydrogenase

(Tseng, Gurpide 1974) and in estrogen sulfotransferase

activity (Tseng, Liu 1981). Estradiol-17beta

dehydrogenase converts estradiol-17beta to estrone which

is biochemically a weaker estrogen. Estrogen

sulfotransferase is responsible for the sUlfurylation of

estrogen, thereby inactivating it. An important function

of progesterone is therefore to decrease the overall

activity of estrogen.

The endometrium undergoes a very definitive

morphological transformation caused by the changing

hormonal environment during the cycle. The endometrium

is basically composed of a superficial portion, the

functionalis, and a deeper portion, the basalis. The

functionalis is the portion which undergoes changes
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during the ovarian cycle. The basalis is in contact with

the myometrium and is composed of the bases of glands and

compact stroma. During the latter part of the secretory

phase, the functional is develops into the zona compacta

and the zona spongiosa. The developing functionalis is

initially characterized by short narrow glands in a

compact stroma. By the late proliferative phase the

glands become elongated and tortuous, and their

epithelium becomes columnar. Extensive mitotic activity

is present in both the glandular epithelial cells and in

the stellate fibroblast cells of the stroma (Wynn 1989).

The secretory phase is characterized by very little

mitotic activity, extensive intraluminal secretion and

stromal edema. The zona spongiosa contains large,

dilated, tortuous glands with little intervening stroma.

The zona compacta and uppermost layer is made of compact

hypertrophied stromal cells sitting between narrow necks

of the glands (Wynn 1989).

In the cyclic, non-pregnant woman, the corpus luteum

regresses in the absence of fertilization, causing a

marked reduction in progesterone production. This

withdrawal of progesterone then leads to shedding of the

endometrial lining or menstruation. The glandular

epithelium becomes serrated and regresses in size, and

cytoplasmic cell borders become indistinct (Wynn 1989).
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This tissue is broken down further, sloughed off and

passed through the cervix and vagina.

If fertilization takes place however, the

maintenance of progesterone secretion by the corpus

luteum is essential for the implantation and full

decidualization process. Withdrawal of progesterone

before eight weeks of gestation will result in abortion.

THE DECIDUA OF PREGNANCY

THE MATERNAL-FETAL COMMUNICATION SYSTEM

Once pregnancy is established, its maintenance is

highly dependent on a sophisticated communication system

established between the mother and fetus. This

communication system begins with fertilization and the

formation of' the zygote, and persists through

parturition. The maternal-fetal communication system has

been classified by MacDonald into two anatomical and

functional components: 1) the placental arm, and 2) the

paracrine arm (Fig.1.1) (MacDonald et al., 1980, Williams

Obstetrics) .
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arms of the maternal-fetal communication system.
( MacDonald et al., In: Williams Obstetrics 18th edition

1990)
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The placental arm is based on the placental

connection between the mother and fetus and essentially

functions via blood-borne exchanges. Its anatomical

components therefore are made up of: 1) the placenta and

umbilical cord, 2) the maternal blood in the intervillous

space which bathes the fetal villous trophoblast, and 3)

the fetal blood in the intravillous space. Its functions

are that of providing nutrients and oxygen to the fetus,

as well as precursors for fetal steroid hormone

production.

The functions of the paracrine arm include pregnancy

maintenance, acceptance of the fetal graft, fetal

protection and parturition. It is proposed that it is

based on paracrine 'cell to cell' communication between

the amniotic fluid, the fetal membranes, the maternal

decidua and the myometrium (Fig.1.2). As pregnancy

progresses, the fetal membranes (amnion and chorion)

develop as avascular structures surrounding the fetus.

The amnion, or inner fetal membrane, encloses the

amniotic fluid and lies adjacent to the chorion on its

external surface. The amniotic fluid is rich in fetal

secretions and excretions. By week 20 of gestation it is

largely composed of fetal urine, but also'contains fetal

lung secretions from fetal breathing. The chorion, or

outer fetal membrane, is a protective membrane adposed to



11

AMNION

CHORION

~;. d.nolu eonn.ell.... l!81ue-rleh 'Iy.r'

Figure 1.2
Structural relationships of the fetal membranes

and decidua parietalis.

(from E. Koay, 1986)



12

the decidua on its outer surface by the end of pregnancy.

The decidua forms the specialized endometrial lining of

the pregnant uterus and lies directly adjacent to the

myometrium. Fetal products in the amniotic fluid can

therefore cross the fetal membranes to communicate with

the decidua and myometrium, and in the reverse direction

decidual or myometrial products can enter the amniotic

fluid, and subsequently the fetus by its swallowing

movements (Fig.1.3). This process is called trafficking.

MICROSCOPIC ANATOMY OF THE DECIDUA

The deci~ua of pregnancy is a specialization of the

endometrial lining of the uterus and is of maternal

origin. The implanting blastocyst and the continuous

ovarian steroidal influences stimulate the

decidualization process; decidual prolactin is also

produced during this time frame (Maslar et al., 1986).

The decidual cells develop from endometrial stromal of

cells the cycle rather than the glandular epithelium.

The endometrial stromal cells enlarge to form polygonal

decidual cells with a clear, slightly basophilic

cytoplasm. In early pregnancy (8-16 weeks) large as well

as intermediate-sized decidual cells are present. Large,
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and decidua. A: fetal membranes, B: placenta.

(from MacDonald et aI, Williams Obstetrics, 16th edition)
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mature cells are completely surrounded by a laminin-rich

basement membrane, while the intermediate cells are

characterized by intracellular or pericellular basement

membrane proteins (Wewer et al., 1985) . Because the

decidua contains most of the basement membrane components

it can be classified as a membrane (Damjanov et al.,

1985).

The decidua also consists of three zones: the zona

compacta, the zona spongiosa, and the zona basalis. The

decidua passes through morphological changes with the

progression of pregnancy. During the early stages of

pregnancy it is approximately 5-10 rom thick, at which

time numerous glands are present. By the fourth month

however, distention of the uterus causes thinning of the

endometrial lining to 1-2 rom; it remains at this

thickness until term. It is primarily the functionalis

which is shed with the fetal membranes at parturition,

while the basalis, which is in contact with the

myometrium, remains to regenerate the new cyclic

endometrium (Wynn 1989).

The zona compacta of the decidua consists of closely

packed polygonal, epithelioid cells. Many of the

decidual cells are stellate in appearance and communicate

with neighboring cells via long protoplasmic extensions.

Very small cells are scattered abundantly in this layer
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and are thought to be the decidual precursor cells.

Glandular ducts which are present early on in pregnancy

become less obvious in the later stages.

The zona spongiosa is formed of large distended

glands, separated by very little stroma. The epithelial

cells of the glands are initially cylindrical and are

actively secretory, possibly to provide nourishment for

the implanting blastocyst before the placental

circulatory system is established. During later stages

of pregnancy, the glandular epithelium becomes cuboidal

and flattened, and then degenerates. The stroma of this

layer however goes through very little change •

. The decidual tissue located directly beneath the

placenta is referred to as the decidua basalis, while

that surrounding the developing blastocyst becomes the

decidua capsularis. The decidual tissue lining the

uterine cavity forms the decidua vera or parietalis.

with the progression of pregnancy and fetal growth, the

uterine cavity becomes occluded by the fourth month and

the decidua capsularis then merges with the decidua

parietalis.
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MACROPHAGE-LIKE PROPERTIES OF THE DECIDUA

The decidua has also been described as "macrophage

like" in function and in its regulatory activity as a

tissue (Casey et al., 1988). The decidua is known to

contain T cells (8%), large granular lYmphocytes (3%), B

cells (2%) and a significant population of macrophages

(18%) (Vince et al., 1990), many of which are in direct

contact with the decidual cell (C.Jones, unpublished).

During early pregnancy these bone marrow-derived cells

are believed to play a role in regulating the maternal

immune response to the fetal allograft through an

immunosuppressive action (Daya et al., 1985). At term

however, it has been suggested that they produce

prostaglandins together with the decidual cells (Norwitz

et al., 1991) and could thereby activate the labor

process (Mitchell et al., 1984).

L. Casey and P. MacDonald argue that the decidual

cell itself posses many properties similar to those of

macrophages. The similarities of these two cell types

include: 1) an enriched arachidonic acid content, 2)

production of beta-endorphin, 3) expression of the gene

for the receptor for colony stimulating factor (CSF-1),

4) response to bacterial endotoxin by the production of

prostaglandins and cytokines, such as tumor necrosis
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factor and interleukin-1, 5) biosynthesis and metabolism

of platelet activating factor, and 6) critical

involvement in the implantation reaction (Casey et al.,

1988).

The response of the decidua to parturition involves

the synthesis of arachidonic acid, prostaglandins,

platelet-activating factor and cytokines (Casey and

MacDonald), including interleukin-1 alpha and beta

(Romero 1989). Bacterial endotoxin (LPS) evokes a

simila~ response in decidual macrophages, while the

response of the "decidua" to LPS includes a stimulation

of prostaglandin synthesis, and an increase in IL-1 alpha

mRNA levels and interleukin-1 production (Casey and

MacDonald, Perinatol Press).

II-1, which is generally produced by macrophages,

has been shown to stimulate prostaglandin synthesis in

the amnion, in endometrial stromal cells and in

myometrial cells. The levels of IL-1 beta increase in

amniotic fluid during spontaneous labor (100 to 5000

ng/ml) simultaneously with arachidonic acid, PGF2alpha

and PAF (Cox et al., 1989), suggesting a coordinated

response of the macrophage-like tissue. Since IL-1 beta

has been shown to be produced by the decidua (Cox et al.,

1988), it has been suggested that it may serve as
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'intermediate modulator' of parturition, stimulating

arachidonic acid, prostaglandin and PAF synthesis.

Macrophage-colony stimulating factor (M-CSF), which

is a glycoprotein regulating the formation of mature

macrophages from progenitor cells (Stanley et al., 1986),

is also present in amniotic fluid during labor, and

receptors for M-CSF are present in both decidual and

trophoblastic tissue (Casey 1988).

These authors therefore hypothesize that the

decidual response to LPS is responsible for initiating

preterm labor in cases of bacterial infection, and

propose that the mechanisms involved in the immunologic

response may also play a very important role in

parturition at term with the withdrawal of fetal support

of the fetal-maternal paracrine system (Casey and

MacDonald 1988). However, in many studies carried out

using human decidua, this heterogeneous tissue is used

without regard to its composition and macrophage content.

The macrophage content of the decidua is not surprising

since this is a possible point of entry into the body.
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THE ROLE OF THE DECIDUA IN PARTURITION

Parturition can be divided into three phases. The

first phase involves preparation of the uterus for labor

and ripening of the cervix, while the second consists of

forceful uterine contractions, cervical dilation and

effacement, and finally delivery of the fetus. The third

or postpartum phase involves expulsion of the placenta,

contraction of the uterus and a return to its nonpregnant

state (Williams obstetrics). The initiation of

parturition can basically be defined as the withdrawal

from pregnancy maintenance. In most mammalian species

the onset of labor is preceded by a decrease in

progesterone levels in maternal plasma. This however

does not occur in women (Smit et al., 1984), and the

factors initiating parturition in the human as well as

their source, still need to be identified.

The physiology of parturition has been studied

extensively in the sheep. Close to term the fetal

adrenal glands become more responsive to fetal pituitary

adrenocorticotropin (ACTH) and secrete cortisol at an

increased rate (Liggins et al., 1973). cortisol in turn

acts on the trophoblast to augment the activity of 17

alpha-hydroxylase which acts to 17-alpha hydroxylate C21

steroids (France et al.,1988). This process redirects
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steroid biosynthesis in the placenta to decrease

progesterone and increase estrogen formation.

Pregnenolone is converted to 17-alpha hydroxypregnenolone

which is eventually converted to androstenedione and then

to estrogen. Progesterone is converted to 17-alpha

hydroxyprogesterone, thereby also contributing to the

process of progesterone withdrawal. Increased levels of

estrogen then stimulate prostaglandin production (Challis

et al.,1985), gap junction formation between myometrial

cells (Garfield et al., 1980) and cervical ripening

(Garfield et al., 1990). Progesterone is considered to

be the essential hormone for pregnancy maintenance due to

its inhibitory action on decidual prostaglandin formation

and release (Abel et al., 1980). Interruption of the

fetal pituitary/adrenal system will result in delayed

onset of labor. The fetus in the sheep is therefore

recognized as providing the signal to initiate

parturition (Liggins et al., 1977). It is still a matter

of controversy as to how much or whether the human fetus

has any role in the timing of parturition.

Administration of cortisol or ACTH to women or their

fetuses does not initiate parturition (Liggins et

al.,197?). Intravenous infusion of oxytocin will

initiate labor, but there is very little evidence

demonstrating increased levels of this hormone in
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maternal blood prior to or during the early stages of

labor (Glatz et al., 1981). And although oxytocin

induces prostaglandin formation, the levels are much

lower than those produced with spontaneous labor

(padayachi et al., 1986). oxytocin and its uterine

receptors are therefore believed to play a more important

role in the later stages of labor by enhancing the force

of uterine contractions, preventing blood loss after

delivery, and promoting milk letdown during lactation

(Williams obstetrics).

Although progesterone withdrawal has not been

demonstrated systemically in women at term, estrone

sulfatase which converts estrone sulfate to estrogen (E1

& E2), has been shown to be present and active in the

amnion, chorion and decidua (Mitchell et al., 1984,

Chibbar et al., 1986). Since estrogen can inhibit

pregnenolone formation in the chorion (Mitchell et al.,

1982), it has been suggested that the estrogen formed

locally in the chorion and decidua could alter the local

progesterone:estrogen ratio. This may then stimulate

prostaglandin production, promote gap junction

communication in myometrial cells and increase the number

of receptors for oxytocin and prostaglandins (Challis et

al.,1985). Clearly the parturition process in women is

very different from that in sheep.
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The origin of some of the signals triggering the

labor process in humans are likely to originate in the

fetus and pass via the fetal membranes to the maternal

decidua in a paracrine manner. The amniotic fluid, fetal

membranes and decidua thus form an effective paracrine

communication system and may function to maintain

pregnancy, but then at term may also allow for effective

transmission of signals which would lead to the onset of

labor. Casey and MacDonald present the hypothesis that

withdrawal of fetal support from the maternal-fetal

paracrine system results in 'decidual activation', which

then leads to the initiation of parturition. Decidual

activation has been defined as the release of restraint

imposed on the decidua, and is marked by

glycerophospholipid hydrolysis, prostaglandin synthesis

as well as cytokine formation (Casey and MacDonald 1988).

Since several bioactive compounds, including

prostaglandins (Redi et al., 1984), arachidonic acid

(Okita et al., 1981), platelet activating factor (PAF)

(Billah et al., 1983) and interleukin-1 beta (Cox et al.,

1988) accumulate in the amniotic fluid during labor,

Casey and MacDonald argue that the activation of the

decidua and stimulation of the macrophages are similar

processes. They suggest that the mechanisms involved in

infection-induced preterm labor are similar to normal
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decidual activation of term labor, and that an increase

in prostaglandin formation results then leads to

myometrial contraction.

Increased prostaglandin formation is strongly

correlated with the initiation of parturition, which

target the myometrium and stimulate uterine contraction

(Novy et al., 1980). Both PGE2 and PGF2alpha rise in

amniotic fluid during labor. This is accompanied by a

concomitant increase in PGFM, a PGF2_alpha metabolite,

but not PGE2 in maternal blood and urine (Satoh et al.,

1979). Since PGF2_alpha can be produced by the decidua

and the myometrium but not the amnion and chorion

(Okazaki et al., 1981), the decidua is believed to be the

likely source of this prostaglandin during labor. The

amnion and chorion almost exclusively produce PGE2

(Okazaki et al., 1981).

The half-lives of PGE2 and PGF2_alpha are about 6-8

min in blood but range from 4-6 hours in amniotic fluid

(Williams Obstetrics). This indicates that amniotic fluid

may serve as an important storage site for these

peptides. There is also a 5-10 fold increase in

arachidonic acid in the amniotic fluid during labor

(Keirse et al., 1977), to which the chorion laeve, amnion

and activated decidual macrophages all contribute (Okita

et al., 1982, Casey et al 1988). Free arachidonic acid



24

is generally considered to be the rate-limiting reaction

in prostaglandin formation. PGF2-alpha promotes gap

junction formation in the myometrium (Garfield et al.,

1980) and stimulates myometrial contraction (Novy et

al.,1980), while both PGE2 and PGF2_alpha enhance

cervical ripening (Garfield et al., 1980). However, it

is still highly questionable whether prostaglandins and

interleukins in amniotic fluid are an accompaniment of

parturition rather than its cause (MacDonald and Casey et

al.,1990).

Therefore, although the actual factors signaling the

commencement of labor in the human at this time are still

unknown, prostaglandins appear to be the final common

mediators in promoting the process of parturition.

Decidual cells and decidual macrophages produce

significant levels of prostaglandins at term (Norwitz et

al., 1991) and thereby play an important role in the

labor process.

THE DECIDUA AS AN ENDOCRINE TISSUE

The decidua functions as an important endocrine

component of the maternal-fetal communication system

(Williams Obstetrics) and produces a variety of hormones.
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These are summarized in Table 1.1, together with the

method used in their identification. The field is still

in an observational phase, the paracrine:paracrine

interactions of these hormones are beginning to be

explored as well as their roles in human pregnancy and

parturition.

Two of the principal hormones involved in decidual

paracrine function, relaxin and prolactin, will be

discussed in detail below since the regulation of their

synthesis and secretion is the topic of this

dissertation.
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Table 1.1

Human Decidual Hormones and their Identification

Hormone Method of Detection* Reference

1- Hypothalamic-like

CRH

Somatostatin-like peptide

PRL-Inhibitory Factor

Beta-endorphin

2- Pituitary-like

Prolactin

Human Placental Lactogen

Human placental growth

hormone variant

IC Jones et al., 1989

IF Kumasaka et al., 1979

Purif. Markoff et al., 1983

Ie Wahlstrom et al.,1985

IC, RIA Frame et al., 1979

IC, NB Sakbun et al., 1990

Cooke et al., 1988

3- Gonadal-like

Estrogen EnzAct Mitchell et ale , 1984

Progesterone EnzAct Mitchell et ale , 1982

Relaxin BioA Bigazzi et al., 1980

Inhibin IC, NB Petraglia et al.,1990
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Table 1.1 (continued)

4- Binding Proteins

IGFBP-1 (PP12)

IGFBP-2,IGFBP-3

5- Prostaglandins

PGF2 alpha, PGE2

Leukotriene

6- Inter1eukins

IL-1 alpha,beta

IL-6

IL-8

7- Immune Factors

TNF-alpha

M-CSF

PAF

EC

LBA,IB

BioA

BioA

BioA

IA

BioA, NB

NB

BioA

Rutanen et al., 1985

Clemmons et al., 1990

Okazaki et al., 1981

Saeed & Mitchell 1982

Romero et al., 1989

Kelly et al., 1992

Casey et al., 1988

Azuma et al., 1990

Ban et al., 1986
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Table 1.1 (continued)

a-Others

EGF

Renin RIA

Hoffman et al., 1991

Poisner et al., 1990

* IC=immunocytochemistry with avidin-biotin complex or

immunofluoresence, Purif.=purification,

RIA=radioimmunoassay, NB=Northern blot, EnzA=enzyme

activity, BioA=bioassay, EC=explant culture, LBA=ligand

blotting analysis, IB=immunoblotting.
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RELAXIN

GENERAL BACKGROUND

Relaxin was first discovered in 1926 as a result of

Dr. Frederick Hisaw's interest in the process of

relaxation of the pelvic girdle at birth. He injected

serum from pregnant guinea pigs and rabbits into virgin

guinea pigs just after estrus and observed a lengthening

of the pUbic ligament (Hisaw et al., 1926). Shortly

thereafter, this same substance was identified in corpora

lutea and rabbit placentas (Hisaw et al., 1927). In 1930

it was isolated from sow corpora lutea and called

"relaxin" (Fevold et al., 1930».

After its discovery, there was little interest in

relaxin throughout the 1930's & 40's. The methodology

for its isolation and purification were not yet

developed, and it was not until the late 1940's that

specific biological effects of relaxin were clearly

identified. These included elongation of the pUbic

ligament in estrogen-primed mice (Hall et al., 1946),

inhibition of myometrial contraction in estrogen-primed

guinea pigs (Krantz et al., 1950) and cervical ripening

in cows (Graham et al., 1952).
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It was not until the mid-1970's and early 80's that

highly purified relaxin was obtained from the ovari~s of

pregnant pigs (Sherwood & O'Byrne 1974). Relaxin was

extracted using acidic solvents or 60-70% acetone, followed

by gel-filtration, ion-exchange chromatography and

bioassay. A purified preparation of relaxin then made it

possible to examine the various roles of relaxin as a

peptide hormone and to identify its target tissues.

Human relaxin isolated from the corpus luteum,

decidua and placenta were shown to have an approximate

molecular weight of 6000 (Yamamoto et al., 1981) and to

have biological activity in the pUbic ligament bioassay

(Field and Larkin 1981).

The structure of relaxin from various species

including pig, rat and shark were initially determined by

peptide sequence analysis (James et al., 1977, John et

al., 1981, Gowan et al., 1981) and subsequently the amino

acid sequences of two forms of human relaxin, HI & H2,

were deduced from nucleotide sequences (Hudson et al.,

1984). Although evolutionary divergence has resulted in

a nucleotide sequence homology of only 40-48% between

species, highly conserved regions of cysteine, glycine

and arginine residues are present in the different forms

of relaxin (Schwabe 1990). Differences in biological

activity observed by relaxins from different species are



31

believed to be due to the high degree of variability in

amino acids on the surface of the molecule (Sherwood

review, 1988).

The structure of relaxin is similar to that of

insulin and the insulin-like growth factors (IGF-I & IGF

II), and has therefore been classified as a member of the

insulin family (Bedarkar et al., 1977) (Fig.1.4). The

pre-active form of these peptides consists of an A and a

B chain linked by a connecting C-peptide and two

disulfide bonds; the active molecule is then formed by

the cleaving of the C-peptide. Relaxin, insulin, IGF-I

and IGF-II are believed to have evolved from a primitive

insu~in-like molecule which then underwent gene

duplication and gene mutation (Bedarkar et al., 1977,

James et al., 1977). Although computer graphics have

shown the 3 dimensional structure of relaxin and insulin

to be similar in terms of the chain folding pattern,

different residues on the outside surface of the two

peptides prevent biological cross-reactivity (Isaacs et

al., 1978).
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Figure 1.4 Structural homology of relaxin, insulin and IGF.

(from Kemp and Niall 1981)
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THE HUMAN RELAXIN GENES

Two relaxin genes, H1 (310 bp) and H2 (311 bp), are

present in the human genome (Hudson et al., 1984), and

both are located on the short arm of chromosome 9

(Crawford et al., 1984). The presence of two genes has

not been found in any other species examined to date,

including two species of monkey (Crawford et al., 198Q).

The H1 relaxin gene was initially identified by Hudson

(1984) .who used a radiolabeled oligo-probe derived from

the cDNA structure of porcine relaxin, in a region of the

C-peptide considered to be most homologous between

species. Using this approach these authors screened a

human genomic. library and were able to identify the H1

relaxin gene and obtain its complete nucleotide sequence

(Hudson et al., 1983). The H2 relaxin gene was

sUbsequently identified by screening a cDNA library from

pregnant human corpus luteum of pregnancy with cDNA

probes to the H1 preprorelaxin gene (Hudson et al.,

1984) .

Translation of human relaxin mRNA results in the

formation of the preprorelaxin peptide consisting of an A

chain (24 a.a), a B chain (32 a.a), a connecting C

peptide (105 a.a) and a signal peptide (25 a.a) at the B

chain terminus (Kemp & Niall 1984). Cleavage of the
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signal peptide produces the prorelaxin molecule, cleavage

at Lys-Lys or Lys-Arg residues then gives rise to the

biologically active relaxin molecule (Fig.1.5). The H1

and H2 relaxin genes have 90.5% homology, but the derived

peptides vary in 13 out of a total of 56 amino acids

(Fig.1.6). Based on previous studies, these regional

differences in amino acid sequences are considered to be

important in the expression of the biological activity of

the relaxin molecule (Tregear et al., 1983), as well as

the kinetics of the binding to its receptor (Hudson et

al., 1984). The H2 gene is expressed in the human ovary

during the cycle (Ivell et al., 1989)and in pregnancy

(Hudson et al., 1984), but has also been shown to be

expressed together with the H1 gene in the placenta and

the decidua (Hansell et al., 1990), the breast (Tashima

et al., in press) and the prostate (Hansell et al.,

1990). Development of the polymerase chain reaction

(peR) allowed the demonstration of expression of the H1

relaxin gene; before that it was considered to be a

pseudogene (Hudson et al., 1984). A summary of the

tissues transcribing H1 & H2 mRNA is presented in

Table 1.2.
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A CHAIN

ArgPro ·Val PheGlu LeuIle LysTyr

GlnLeuTyrSerAlaLeuAlaAsnLysCysCysHisValGlyCysThrLysArgSerLeuAlaArgPheCys

B CHAIN

Lys LysAspAsp

AspSerTrpMetGluGluValIleLysLeuCysGlyArgGluLeuValArgAlaGlnIleAlaIleCysGlyMetserThrTrpSerLys

ArgSerLeu

Figure 1.6 Amino acid sequences of the Hl and H2 relaxin genes.

superscript amino acids denote differences in the Hl gene.
W
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Expression of H1 and H2 Relaxin Genes
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Tissue Relaxin Genes Expressed

Corpus Luteum H2

Preovulatory Follicle H1 & H2

Cyclic Endometrium H1 & H2

Decidua H1 & H2

Chorionic Cytotrophoblast NA

Placenta H1 & H2

Breast H1 & H2

Prostate H1 & H2

* Modified from Bryant-Greenwood 1991, The Human

Relaxins: Consensus and Dissent;

NA=not available
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SOURCES OF HUMAN RELAXIN

Relaxin was initially identified as a hormone

associated with pregnancy due to its biological

activities and its presence in peripheral plasma. The

major source of relaxin during pregnancy varies amongst

different species, and can be the corpus luteum as in the

pig (Larkin et al., 1977), the placenta in the horse and

rabbit (stewart et al., 1982, Zarrow et al., 1953), and

the endometrium in the guinea pig (Pardo et al., 1982).

In the human, the corpus luteum is believed to be the

major source of systemic relaxin during pregnancy. This

was demonstrated by measuring relaxin immunoactivity in

the veins dra~ning the ovaries. The vein draining the

corpus luteum was shown to have higher levels of relaxin

than the contralateral ovarian vein or peripheral blood

(Weiss et al., 1976). In addition, luteectomy resulted

in the disappearance of relaxin from the peripheral blood

(Weiss et al., 1976). Blood levels of relaxin are

highest in the first trimester of pregnancy, declining in

the second and third trimester (Eddie et al., 1986), as

measured with an homologous human relaxin RIA.

Small amounts of relaxin have been demonstrated in

the placenta (Yamamoto et al 1981, Fields et al., 1981)

and in the decidua (Bigazzi et al., 1980), but these
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sources do not appear to contribute to peripheral levels

of relaxin. The intrauterine sources are probably the

most important physiologically for pregnancy maintenance

and parturition since women in IVF programs, pregnant and

without ovaries are able to have a normal labor and

delivery. In the male relaxin has been identified in the

prostate gland (Yki-Jarvinen et al., 1983) and in seminal

plasma (Loumaye et al., 1980). Relaxin has however not

been detected in the systemic circulation in men (Lucas

et al., 1989). A summary of the identification of

relaxin sources in the human using immuno-Iocalization is

presented in Table 1.3.

BIOLOGICAL ROLES OF RELAXIN

The major biological effects of relaxin are

classically related to pregnancy and parturition (Bryant

Greenwood, 1982). Relaxin has been shown to induce

lengthening of the pubic ligaments (Hisaw et al., 1926),

cervical ripening (Eichner et al., 1956) myometrial
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Identification of Tissues Containing Relaxin

in the Human by Immunolocalization
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Tissue Reference

Ovary

Preovulatory Follicle

Granulosa Cells

Luteal Cells

Cyclic Endometrium

Glandular Epithelium

(proliferative and secretory)

stroma

Fetal Membranes

Amnion

Chorion

Decidua

Placenta

Cytotrophoblast

Syncitiotrophoblast

Lee et al., 1991

Yki-Jarvinen et al., 1983

"

Rutanen et al., in press

"

Sakbun et al., 1990

"
"

Sakbun et al., 1990

"
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Breast

Lobular/Ductal Epithelium

Myoepithelium

Metaplastic Apocrine Epithelium

(breast cyst disease)

Benign and Atypical Hyperplasia

(ductal epithelium)

Fibroadenomas

(myoepithelial cells)

Carcinoma Cells

(infiltrating ductal, lobular,

and intraductal)

Prostate Gland

Glandular Epithelium

(normal/hyperplastic)

Mazoujian & Bryant

Greenwood 1990

II

II

Mazoujian & Bryant

Greenwood 1990

II

II

Sokol et al., 1989
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relaxation (Wiquist et al., 1985), and breast development

(Wright & Anderson 1982). During pregnancy, relaxin is

believed to act together with proge~terone to maintain

uterine quiescence by inhibiting myometrial activity. The

inhibition of myometrial activity has been associated with

an increase in cyclic AMP levels (Sanborn et al., 1981) and

a decrease in myosin light chain kinase activity (Hsu et

al., 1986). In the human however the role of relaxin in

inhibiting myometrial contractility in vivo is questionable

(MacLennan et al., 1986). In addition, relaxin may act

centrally to inhibit the release of oxytocin in order to

maintain uterine quiescence (Summerlee et al., 1984).

cervical softening is believed to be both an estrogen

and a relaxin-dependent process(MacLennan et al., 1980).

During late pregnancy the cervix changes from a firm and

inextensible structure to one of great distensibility.

This takes place by rearrangement of the collagen fibrils

from dense parallel bands surrounded by little matrix to

randomly dispersed collagen in a large bed of matrix

(Calder et al., 1981). During the last 8 weeks of

pregnancy there is a slow but controlled loss of collagen

in the amnion and chorion , allowing the membranes to

stretch as they are subject to greater tensile strength

with rapid fetal growth (Koay et al., 1986). Relaxin is
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believed to induce cervical softening and remodeling of the

fetal membranes by stimulating the release of collagenases

and tissue plasminogen activator (Bryant-Greenwood 1982).

A summary the biological roles of relaxin in the human

female reproductive tissues have been summarized in

Table 1.4.

Little is known about the mechanisms of regulation of

relaxin synthesis or secretion in the human for any t~ssue.

Studies suggest that hCG may stimulate relaxin production

by the .corpus luteum during early pregnancy (Quagliarello

et al., 1980), but little is known about the regulation of

relaxin synthesis or secretion by the corpus luteum during

late pregnancy. Administration of PGF2-alpha, oxytocin,and

PGE2 were shown to be capable of inducing labor but failed

to alter serum relaxin levels (Hochman et al., 1978).

Measurement of systemic relaxin levels however would

not reflect decidual and chorionic cytotrophoblast relaxin

secretion. Relaxin from these tissues is believed to act

locally in an autocrine/paracrine fashion in the remodeling

of the cervix and fetal membranes at term (Bryant-Greenwood

1982). The presence of relaxin receptors in the fetal

membranes has been shown as well as the ability of added

relaxin to increase the secretion of collagenase and tissue

plasminogen activators (tPA) from amnion and chorion cells

in vitro (Koay et al., 1986). Relaxin added to decidual
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Table 1.4

Biological Effects of Relaxin in Women

Tissue

Pelvic

Ligaments

Effect

separation induced

by porcine relaxin

Reference

Decamillis et al.,

1961

Pelvic pain associated MacLennan et al., 1986

with decreased relaxin

production

Myometrium Reduction in amplitude

of spontaneous

contractions by human

corpora lutea extracts

"Little or no effect

of human relaxin in

reducing myometrial

contractility in vivo

Beck et ai, 1982

Szlachter et al.,

1980

MacLennan et al.,

1991
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Table 1.4 (continued)

Cervix

Fetal

Membranes

Systemic administration

of porcine relaxin

lacks effect

Topical application

of porcine relaxin

induces softening

Increased secretion of

tissue plasminogen

activator and active

collagenase in vitro

Slate et al., 1961

Eichner et al., 1956

Stone et al., 1959

MacLennan et al.,1980

Evans et al., 1983

Koay et al., 1986

Inhibition of PGE2 Lopez-Bernal et al.,

production in amnion 1987

during pregnancy, but

stimulation during labor
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cells in vitro caused the stimulation of renin release

(Poisner et al., 1990) in addition to two forms of IGF

binding protein (Thrailkill et al., 1990). The dynamics

and biological effects of relaxin will be better understood

with the precise localization of its receptor types within

the various tissues discussed above. At this stage

however, considerable work still needs to be conducted on

the regulation of relaxin synthesis and secretion, both in

the corpus luteum and in the intrauterine tissues.
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PROLACTIN

GENERAL BACKGROUND

Prolactin, growth hormone (GH) , and placental lactogen

(PL) are believed to have evolved from a common ancestral

gene by gene duplication and sequence divergence (Niall et

al., 1971 VT). Prolactin is a 23 Kd polypeptide hormone,

consisting of 199 amino acids with three disulfide bridges.

It has 26% and 27% amino acid sequence homology with GH and

PL respectively (Owerbach et aI, 1981). During pregnancy,

prolactin in the human is produced in significant

quantities by both the pituitary and the decidua (Tomita et

al., 1982). They have identical chemical, biological and

immunological properties (Hwang et al., 1971 aI, Tyson et

al., 1972 ), and more recently based on cDNA analyses have

been shown to have identical nucleotide sequences.

Regulation of the synthesis and the secretion of pituitary

and decidual prolactins are however markedly different

(Golander et al., 1988).
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PITUITARY PROLACTIN

Initial attempts to isolate prolactin from primate

pituitaries proved difficult since preparations were found

to be contaminated with GH (Lyons et al., 1961). Prolactin

was first purified successfully from primate pituitaries in

1971 (Guyuda et al., 1971) by affinity chromatography.

SUbsequently it was also isolated by gel filtration, ion

exchange chromatography (Hwang et al., 1972) and specific

radioimmunoassays (Bryant and Greenwood 1972).

Prolactin-producing cells in the anterior pituitary

are called lactotrophes and are scattered throughout the

pituitary gland without any special localization.

Functional heterogeneity has been demonstrated between the

various lactotrophes in terms of their rates of prolactin

synthesis and secretion (Luque et al., 1986, Neill et

al.,1987). Prolactin is best known for its role in

preparing and maintaining the secretory activity of the

mammary gland during lactation. In the presence of low

levels of progesterone, prolactin acts in concert with

estradiol 17beta and glucocorticoids to initiate and

maintain lactogenesis (Tucker et al., 1979). Specific

effects of prolactin on cultured mammary cells include the

appearance of Golgi vacuoles containing casein micells
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(Mills et al., 1970) and the induction of synthesis of

casein (Rosen et al., 1975, Hallowes et al., 1973), lactose

(Delouis et al., 1972) and milk fat (Forsyth et al., 1972,

Collier et al., 1977).

Pituitary prolactin is stored in large secretory

granules (Racadot et al., 1971, Pasteels et al., 1972),

and is secreted in both glycosylated and non-glycosylated

forms (Pelligrine et al., 1990). Its secretion is

inhibited by dopamine (MacLeod et al., 1976) and

stimulated by vasoactive intestinal peptide (VIP) (Nagy

et al., 1987) and thyrotropin-releasing hormone (TRH)

(Martin) .

DECIDUAL PROLACTIN

Prolactin first appears in the endometrium during

the luteal phase of the ovarian cycle (Maslar et al.,

1979, Daly et al., 1981). with implantation and

decidualization of the endometrium, prolactin production

increases dramatically (Maslar et al., 1980) and is

believed to be progesterone-dependent (Daly et al., 1983,

Maslar et al., 1986). At 14-18 weeks of gestation

prolactin levels peak in the amniotic fluid at a

concentration of 2-3 ugjml (McCoshen 1988) and then
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decline to 200-500 ng/ml by term. Blood levels of

prolactin increase from less than 25 ng/ml before

conception to 150-250 ng/ml by term. (Tyson et al., 1972,

Riddick et al., 1982).

Amniotic fluid prolactin was initially thought to be

of maternal pituitary or fetal origin. It was then shown

by Riddick and Kusmick to be synthesized by the decidua,

but not by the amnion and chorion (Riddick and Kusmick

1977). Studies demonstrating a lack of an effect of

maternal hypophysectomy or fetal death on amniotic fluid

prolactin levels further confirmed the decidua as the

source of extra-pituitary prolactin (Walsh et al., 1977).

Dual-compartment perifusion experiments were then used to

show the transport of newly synthesized decidual

prolactin from the maternal side of the fetal membranes

across to the fetal side (McCoshen et al., 1984).

Interestingly, decidual prolactin production was shown to

have no effect on circulating levels of maternal

prolactin (McCoshen 1988). Decidual prolactin content

was estimated to be approximately 300-500 ng/gm of tissue

in comparison to 400 ug/gm in the pituitary (Tomita et

al., 1982).

Prolactin in the human has been immunolocalized in

the amnion (Healy et al.,1977), the chorion (Sakbun et

al.,1991), the decidua (Frame et ale 1979) and the
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placental trophoblast (Tomada et al., 1983). These

studies were confusing because the antisera used cross

reacted in many cases with placental lactogen giving

false positive results. Subsequent detection of

prolactin mRNA by Northern analysis recently demonstrated

high levels in the decidua, and lower levels in the

chorion and the placental basal plate (Ali et al., 1991)

but none in the placental trophoblast. In situ

experiments in the same study however revealed mRNA for

prolactin in the decidua but not in the chorion; basal

plate specimens were not examined. These data suggest

that prolactin is produced mainly by the decidua and to a

lesser extent by the chorion and placental basal plate.

Prolactin identified in the amnion is likely to be bound

prolactin.

Studies of the biological roles of decidual

prolactin have focused on its activities as an

intrauterine, paracrine hormone. The biological roles

which have been suggested sofar for decidual prolactin

are summarized in Table 1.5.

In contrast to relaxin, the regulation of decidual

prolactin synthesis and secretion has been studied

extensively. As mentioned above, the factors regulating

pituitary and decidual prolactin synthesis and secretion

are distinctly different. Whereas the main regulators



52

Table 1.5

Suggested Biological Roles of Decidual Prolactin

Observed Effect Reference

Regulation of amniotic

fluid osmolality

1) Net decrease in unidirectional Leontic & Tyson 1977

water flow from maternal to

fetal surface of amnion

2) Injection of high concentrations Josimovich et al.,

of ovine prolactin into amniotic 1977

sac of rhesus monkeys decreased

amniotic fluid volume

3) Amniotic fluid prolactin De Bakker-Teunissen

but not exogenous human or et al., 1988

ovine prolactin increased

fetal-maternal water flow

Fetal Lung Maturation

1) Amniotic fluid prolactin Johnson et al., 1985

could gain access to lung

via fetal breathing
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Table 1.5 (continued)

2) Prolactin and cortisol act

synergistically on pneumocytes

to induce maturation and

stimulate phosphotidylcholine

production

3) Prolactin in umbilical cord

plasma and fetal distress

syndrome are inversely

correlated

Parturition

1) Decidual prolactin production

in women is higher after labor

than at C-section prior to labor

2) Ovine prolactin in culture

significantly decreases

choriodecidual PGE2 production

Mendelson et al.,

1981

Smith et al., 1978

Gluckman et al., 1978

Krug et al., 1983

Tyson et al., 1985
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currently recognized for pituitary prolactin secretion

appear to be dopamine and TRH, these have been shown to

have no effect on decidual prolactin secretion (Golander

et al., 1979).

Decidual prolactin is however influenced by

placental prolactin-releasing factor (PRL-RF) (Handwerger

et al., 1983), decidual prolactin-inhibitory factor (PRL

IF) (Markoff et al., 1988), relaxin (Huang et al., 1987),

insulin (Thrailkill et al., 1988), insulin-like growth

factor-I (IGF-1) (Thrailkill et al., 1989), arachidonic

acid (Handwerger et al., 1981) and lipocortin (Pihoker et

al., 1991). The responsiveness of the decidua to these

factors argues strongly for the paracrine regulation of

decidual prolactin secretion. The studies examining the

regulation of decidual prolactin secretion and production

are summarized in Table 1.6.
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Table 1.6

Regulation of Decidual Prolactin Synthesis and Secretion

STSC, STSYN

Arachidonic Acid INSC, INSYN

Lipocortin INSC, INSYN

cAMP INSC

Phorbol Ester(PMA) INSC

Diacylglycerol INSC

(stimulants of

protein kinase C)

Factor

PRL-RF

PRL-IF

IGF-1

Insulin

Relaxin

hCG

oxytocin

Estrogen

Progesterone

Observed Effect

Initial STSC

Delayed STSC

and STSYN

INSC

STSC, STSYN

STSC, STSYN

STSC

STSC

NE

NE

STSC, STSYN

NE

Reference

Handwerger et al., 1983

Golander et al., 1988

Markoff et al., 1988

Thrailkill et al., 1988

Thrailkill et al., 1989

Huang et al., 1987

Rosenberg,Bhatnagar 1984

Krug et al., 1983

Daly et al., 1981

Rosenberg et al., 1984

Rosenberg et al., 1984

Daly et al., 1981

Handwerger et al., 1981

Pihoker et al., 1991

Handwerger et al., 1987

Handwerger et al., 1987

"
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TABLE 1.6 (continued)

Regulation of Decidual Prolactin Synthesis and Secretion

Factor Observed Effect Reference

NE

INSC

Osmotic Environment

-hyperosmotic media

(280-336 mosm/kg) NE

(387 mosm/kg) STSC

-hypo-osmotic media NE

(280-224 mosm/kg)

Calcium

-addition of

-deficient media

Markoff et al., 1982

Andersen et al., 1984

Markoff et al., 1982

Markoff et al., 1982

"

STSc=stimulation of secretion, STSYN=stimulation of

synthesis, INSC=inhibition of secretion, INSYN=inhibition

of synthesis, NE=no effect.

All factors were tested on decidual cells in culture, and

prolactin levels were determined by RIA.
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RESEARCH FOCUS OF THE DISSERTATION

The regulation of parturition in the human is

believed to occur on a paracrine level within the

intrauterine tissues rather than to be systemically

controlled on the maternal side as it is in the sheep

(Liggins 1985, Casey & MacDonald 1988, Challis review) .

The origin of the signals initiating the labor process is

still unknown but is likely to originate in the fetus

(Casey & MacDonald 1988) and to act locally to induce

endocrine changes within the placenta, fetal membranes

and the decidua to promote prostaglandin synthesis which

then leads to myometrial contraction (see section 3 for a

more detailed discussion of events leading to the onset

of parturition).

The endocrinology of parturition is a complex system

involving the production and interaction of various

steroid and peptide hormones (Challis review, Bryant

Greenwood 1982), growth factors (Bell et al., 1991,

Lundin-Schiller et al., 1991), products of the immune

system (Casey et al., 1987, Romero et al., 1989),

neuropeptides (Petraglia et al., 1991), prostaglandins

(ref) and collagenases (Koay et al., 1986). The theme of

this thesis is to examine relaxin and prolactin as
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autocrine/paracrine hormones of the decidua and to look

at the regulation of their synthesis and secretion by

other paracrine hormones and growth factors of the

placenta, fetal membranes and the decidua. This was

accomplished by using a modified version of the cell

immunoblot system, originally developed by Kendall et

al., to assess prolactin secretion from rat pituitary

cells in vitro. By culturing decidual cells on Immobilon

membrane and then immunostaining for intracellular or

extracellular secreted relaxin or prolactin, it was

possible with the use densitometric image analysis to

assess the time course of secretion of these two hormones

as well the effects of various secretagogues on their

synthesis and release.

RELAXIN

The two genes for human relaxin relaxin, H1 and H2,

have been shown to be transcribed in the decidua and

placental trophoblast (Hansell et al., 1990).

Immunocytochemical studies using a monoclonal antibody to

human H2 relaxin (provided by Genentech Inc.) have also

localized relaxin to these tissues (Sakbun et al., 1990).

The regulation of decidual prolactin synthesis and
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secretion has been studied extensively (Handwerger et

al., 1992), but very little is known about the regulation

of decidual relaxin secretion. The main purpose of this

work was therefore to start to examine the effects of

potential secretagogues on relaxin synthesis and

secretion from individual decidual cells in vitro. An

AIM V serum-free medium developed by Gibco was used for

cell culture to avoid possible biological effects of

serum factors on hormone synthesis and release. In

addition, relaxin antibodies were assessed for the

immunocytochemical staining, a monoclonal antibody (Mab)

to H2 human relaxin (Genentech Inc.) and a sheep

antiporcine relaxin antibody (Hoechst Inc.).

PROLACTIN

In the human, the decidua parietalis is considered

to be the main source of prolactin within the amniotic

fluid. Immunocyotchemical studies have localized

prolactin predominantly to the decidua and fetal

membranes (Sakbun et al., 1987). It was also shown using

in situ hybridization and Northern analysis that mRNA for

prolactin was expressed in the highest concentration in
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the decidua and to a much lesser extent in the chorionic

cytotrophoblast and basal plate (Sakbun et al., 1987),

therefore agreeing with the immunol~calizationof the

protein. As mentioned above the regulation of decidual

prolactin synthesis and secretion have been studied in

some depth (Handwerger et al., 1992). The main purpose

of including prolactin in this study was therefore to use

it as a comparative hormone to relaxin, thus validating

the immunoblot methodology specifically modified for the

short-term culture of decidual cells. It also allowed

the concomitant study of prolactin secretion and

synthesis from individual cells rather than from

confluent decidual cell cultures which had been

previously used (Handwerger et al., 1992).
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ORGANIZATION OF THE DISSERTATION

The body of this dissertation is composed of two

papers to be submitted for pUblication.

An extensive introduction (Chapter I) is therefore

presented to provide the background for an overview on

the endocrinology of pregnancy and parturition with

extended discussions on the decidua, relaxin and

prolactin which are the major foci of this dissertation.

The title of Chapter II "Relaxin and Prolactin

Secretion from single Decidual Cells", has been submitted

for pUblication to Biology of Reproduction, and is

therefore presented in their requested format. My

contribution as first author of this pUblication included

conducting all the experimental, analytical and

statistical work, as well as preparation of all

photographs and figures. I also provided initial drafts

of the pUblication which were then edited by my advisor,

Dr. Gillian Bryant-Greenwood.

The title of Chapter III is "Paracrine:Paracrine

Interactions in the Fetal Membranes and the Decidua Using

the Cell Immunoblot Method". This stUdy will be

published as part of a manuscript, to be presented and

published by Parthenon Publishing Co., UK, in the

Proceedings of the 9th International Congress on
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Endocrinology to be held in Nice, France, September of

1992. My contribution to this pUblication includes all

of the experimental work, the densitometric and

statistical analysis, preparation of the figures and

participation in preparation of the manuscript.

Chapter IV presents a brief summary of the results

and the overall conclusions of both chapters 2 and 3.
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ABSTRACT

The cell immunoblot technique developed for rat

pituitary hormones has been modified and applied to the

study of relaxin and prolactin secretion by individual

human decidual cells in vitro. Macrophages were shown to

make up 25% and chorionic cytotrophoblasts 10% of the

cells in the decidual cell preparation. The decidual

cells analyzed were selected by size and absence of

immunostaining with macrophage and cytotrophoblast cell

markers. Relaxin and prolactin accumulation and

secretion were detected immunocytochemically as

intracellular and extracellular staining respectively and

were quantitated with an IBAS Kontron image analysis

system. Relaxin secretion was detected after 15 min of

incubation and was unaffected by cycloheximide suggesting

release of preformed hormone. Prolactin on the other

hand was only detected intracellularly up to 18 hand

this was decreased by cycloheximide suggesting new

production synthesis. The addition of porcine and human

relaxins significantly increased the secretion of relaxin

without affecting prolactin accumulation and secretion.

Exogenous prolactin caused a significant increase in the

intracellular accumulation of prolactin without affecting
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its secretion, but had both inhibitory and stimulatory

effects on relaxin intracellular accumulation and

secretion. The results suggest that relaxin and

prolactin may be autocrine hormones in the human decidua.
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INTRODUCTION

The human decidua of pregnancy is of maternal

origin, arising as a specialization of the endometrial

lining of the uterus. By term it attains a thickness of

5-10 mm and each cell is surrounded by its own

extracellular matrix [1]. The decidua functions as an

endocrine tissue and produces a number of hormones

including relaxin [2], prolactin [3], somatostatin [4],

CRH [5]., IGFBP-I [6], renin [7], inhibin [8], cytokines

[9], and prostaglandins [10].

Relaxin is a peptide hormone structurally related to

insulin and the insulin-like growth factors [11]. The

human genome ~ontains two genes for relaxin, HI and H2,

both located on chromosome 9 [12]. The processed

relaxins consist of A and B chains linked by disulfide

bonds. The corpus luteum is the source of systemic

relaxin during pregnancy and only expresses the H2

relaxin gene [12]. However, both the HI and the H2

relaxin genes are transcribed into mRNA by the decidua

and placental trophoblast [13]. Relaxin has been

localized immunocytochemically in the decidua and

syncytiotrophoblast with a monoclonal antibody to H2

human relaxin [14], but it has yet to be determined
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whether this antibody is detecting either or both

relaxin peptides.

The decidua is also a source of intrauterine

prolactin, accounting for the high levels of this

hormone in amniotic fluid [15]. Several factors

controlling human decidual cell prolactin secretion have

been identified [16, 17, 18, 19, 20], but nothing is

known about the regulation of relaxin secretion from the

decidual cell. The purpose of this study was to gain

some insights into this using a cell immunoblot system,

originally developed for the study of rat pituitary cell

prolactin secretion [21]. Immunocytochemical localization

of relaxin and prolactin in the human decidua identified

these hormones as products of the same cell [22]. Hence,

parallel experiments with the immunoblot system have

allowed the study of relaxin and prolactin secretion, as

well as allowing the opportunity to seek an effect of one

hormone upon the secretion of the other.
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MATERIALS AND METHODS

CELL CULTURE

Elective term Cesarean section placentas (38-40

weeks) with the attached fetal membranes were obtained

from Kapiolani Medical Center for Women and Children

(Honolulu, HI.) after institutional human experimentation

committee approval. The tissues were collected and

transported on ice to the laboratory within 45 min of

delivery. The fetal membranes were removed from the

placenta, and the decidual cell layer was gently scraped

from the chorion laeve and rinsed (5 times) with

predispersal media (Hank's Balanced Salt Solution (HBSS)

(Gibco BRL, Gaithersberg, MD), 0.5% bovine serum albumin

(Sigma, st. Louis, MO), 100 units penicillin/ml, 100 ug

streptomycin/ml). For cell dispersal, the tissue was

finely minced and placed in a solution of 0.2%

collagenase Type I (Worthington, Freehold, NJ) in HBSS

for 90 min. The resultant cells were filtered, rinsed

several times in AIMV serum-free medium (Gibco-BRL) and

collected by centrifugation (3000 rpm for 5-7 min). AIMV

serum-free medium was used in order to avoid addition of

endogenous hormones in serum. Harvested cells were

counted and viability determined by trypan blue
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exclusion. Viability ranged from 65-95%; only

preparations with cell counts of 75% viability and above

were used for subsequent cell plating.

The cells were diluted to a concentration of 25x10 3

cells/ml in AIMV medium to which the hormone to be tested

was added. Control cells were incubated in medium only.

A concentration of 25X103 cells/ml was determined to be

the optimal plating density to allow analysis of hormone

secretion by individual cells. Immediately after

dilution and addition of the experimental hormone, cells

were plated on precut squares of Immobilon transfer

membrane (PVDF, Millipore, Bedford, MA) placed in culture

well~ (1 ml/well), and incubated in 95% air/5% C02. They

attached to the Immobilon membrane and released their

secretory products which became firmly bound, due to the

properties of the Immobilon membrane. After the

incubation period the medium was aspirated without

disturbing the cells. The membranes were then submerged

in Bouin's fixative for 5 min, thereby fixing the cells

and their secretory products to the membrane. The dead

or dying cells became detached during the initial

incubation period and were therefore excluded from the

data analysis. This was confirmed by trypan blue

exclusion viability analysis.
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IMMMUNOCYTOCHEMISTRY

Immobilon membranes with attached cells were

immunostained for relaxin or prolactin, or for the

identification of macrophages or cells of the chorionic

cytotrophoblast, using the avidin-biotin immunoperoxidase

method and the appropriate antibodies [23]. The

Immobilon membranes with attached cells were pretreated

with 5% ovalbumin for 1 h to saturate non-specific

binding sites for immunoglobulin G (IgG), and then

immunostained with one of the following antibodies: 1)

monoclonal antibody (Mab) to human relaxin (5-1989,

Genentech Inc., San Francisco, CA, 100 ug/ml) or a

control Mab at the same concentration to HIV (antiGP 120,

10F6, 8974-44, Genentech Inc., San Francisco, CA) made

and purified by the identical procedure, for 18 h at 4 C;

2) sheep antiporcine relaxin (Hoechst Inc., Germany,

1:1500) or normal sheep serum (NSS) at the same

concentration (Cappell, Durham, NC) as a control for 1 h

at 22 C; 3) rabbit antihuman prolactin (NIH/NIADDK IC-4,

1:500) or normal rabbit serum (NRS) at the same

concentration (#161, prepared in our laboratories) for 1

h at 22 C; 4) Mab CD45 (Dako, Carpenteria, CA, 1:25)

which labels the leukocyte common antigen and reacts with

macrophages, incubated for 1 h at 22 C; 5) Mab to
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cytokeratin (Zymed, San Francisco, CA, prediluted) which

labels chorion cells, incubated for 1 h at 22 C. For Mab

CD45 and Mab to cytokeratin, ascities fluid (Cappell

Inc.) was used as the control at equivalent

concentrations.

Incubation with each of the primary antibodies was

followed by the respective biotinylated secondary

antibody, (horse antimouse, rabbit antisheep, or goat

antirabbit) (Vector Laboratories, Burlingame, CA) for 30

min, followed by the avidin-biotin peroxidase complex

(Vectastain ABC reagent) for 45 min, both at 22 C. PBS

rinses (3 times) were performed between each step.

Immobilon membranes were then exposed to peroxidase

substrate containing diaminobenzidine tetrahydrochloride

(Polysciences, Warrington, PA, 0.5 mg/ml) with 0.01%

peroxidase in Tris buffer (0.1 M, pH 7.2). After rinsing

in distilled water, they were air-dried and mounted on

slides with Pro-Texx (Baxter Scientific, Honolulu, HI).

The slides were analyzed densitometrically with the

Kontron IBAS-II AT image analysis system (software

version 2.0, Munich, Germany).

For the study of relaxin secretion, since the amount

of human relaxin Mab available was limited, a comparison

was made between the results obtained with the

antiporcine and antihuman antibodies before the
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experiments based on the sheep antiporcine relaxin

antiserum were carried out.

IDENTIFICATION OF CELL POPULATIONS

The average yield of decidual cells from a single

patient was between 2.5-3.0 x 10 6 cells. In order to

evaluate the number of macrophages and chorionic

cytotrophoblast cells present, immunostaining with

specific antibodies for each cell type was performed.

There is no specific decidual cell marker available,

therefore the number of decidual cells was estimated by

subtraction. The specificities of the CD45 macrophage

marker and the Mab to cytokeratin were initially checked

by staining amnion-chorion decidua sections fixed in

Bouin's solution. The two cell types identified from

their staining were counted and their size ranges

measured, Table 2.1. Macrophages were smaller in size

(50-125 uM2 ) than the decidual cells (250-550 uM 2 ) and

represented approximately 25% of the total cell

population. Chorionic cytotrophoblast cells were

intermediate in size (100-430 uM2 ) and accounted for 10%

of the total cells present. Since macrophages could be

readily distinguished from decidual cells by size, they
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were not included in the subsequent studies. Chorionic

cytotrophoblast cells however overlapped in size with

decidual cells and some may therefore have been included

in the staining analysis. Cells in all size groups

stained for relaxin and prolactin. In subsequent

studies, cells in the size range of 250-550 uM2 were

analyzed for relaxin and prolactin staining and

secretion.

IMAGE ANALYSIS QUANTITATION

The quantitation of relaxin or prolactin secreted by

decidual cells was assessed directly with the

densitometric image analysis system IBAS-II.

Immunostaining was recorded with a light microscope and

video camera (MTI Dage CCD72) interfaced to the IBAS

system. sp~cific decidual cells were chosen as described

below, outlined and measured densitometrically for

intracellular and extracellular staining. All

measurements consisted of grey level readings on a linear

scale of 0-250, where 0 indicates a total white and 250 a

total black reading. The light supply to the microscope

was kept constant throughout the analysis. Since

staining intensity varied from experiment to experiment,
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cells from specific treatment groups were compared to a

control group from within the same experiment. In those

experiments where relaxin and prolactin were added and

then stained with the relaxin and prolactin antibodies

respectively, background staining on the Immobilon

membrane from added relaxin/ prolactin was measured in

each treatment group and compared with the AIM V control.

Differences in background staining between the AIM V

control and each treatment group were then subtracted

from the data within each group before statistical

analysis.

STATISTICS

Intracellular and extracellular staining data was

collected from 30 to 40 decidual cells from each

treatment group within a given experiment. Cell area

measurements were also made with the IBAS system. These

data were analyzed statistically with SPSS/PC+ (4.0)

statistics software. Analysis of variance (Anova) and

TUkey's mUltiple range test were used to measure

significant differences. Variability between patients

was not examined statistically.
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RESULTS

STAINING PATTERNS FOR RELAXIN AND PROLACTIN

The intracellular and extracellular staining

patterns for decidual cell relaxin and prolactin were

compared after 2 h of incubation. Extracellular staining

when present showed as a zone surrounding the cell and

was less dense than the intracellular staining. The

results of the numbers of cells from three different

tissues which immunostained intracellularly and

extracellularly for relaxin and prolactin are summarized

in Table 2.2. For relaxin the majority of cells (95.8%)

showed both intracellular and extracellular staining,

while a few (4.2%) showed only. intracellular staining.

There were no cells which showed only extracellular

staining. The staining patterns with the Mab to human

relaxin and the polyclonal antibody to porcine relaxin

were very similar and are shown in Figs.2.1-A,C. Cells

incubated with the control Mab to HIV and NSS

respectively showed only light background staining as

demonstrated in Figs. 2.1-B,D.

The staining pattern for prolactin was markedly

different from relaxin in that most cells (90.0%) stained

only intracellularly for (Fig.2.1-E) while relatively few
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(10.0%) showed any additional extracellular stain. Cells

incubated in control NRS stained very lightly and are

shown in Fig.2.1-F.

RELAXIN SECRETION: TIME-COURSE WITH DIFFERENT ANTIBODIES

staining patterns for intracellular and

extracellular relaxin were compared over an 18 h

incubation period with the two antibodies which detect

relaxin. Results are shown in Fig.2.2, where the average

intra- or extracellular staining density (grey scale

reading) for 30-40 cells is plotted for each time point.

From 30 min through 18 h of incubation

extracellular staining values were close for both

antibodies and showed no significant increase over this

time-frame. Intracellular values showed more variation

with the antibodies but followed a similar pattern. There

was a significant increase (p<O.05) in intracellular

staining with the Mab between 30 min and 4 and 8 h. This

was evident with the polyclonal antibody only at 18 h.

Based upon these results subsequent experiments were

performed with the antiserum to porcine relaxin.
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COMPARATIVE TIME COURSES OF INTRACELLULAR ACCUMULATION

(IC) AND SECRETION (EC) OF RELAXIN AND PROLACTIN

Results of short (15-120 min) and long (2-18 h) time

courses of incubation on relaxin and prolactin

accumulation and secretion were plotted as staining

density versus time, and are shown in Figs.2.3 & 2.4

respectively. Decidual cell relaxin secretion and

intracellular accumulation were both detected at 15 min

of incubation as seen in the short time course (Fig.2.3).

In these detailed experiments, relaxin secretion

increased significantly (p<0.01) from 15 min to 30 min,

from" 30 to 90 min, and from 90 to 120 min of incubation.

The extended time course data showed no further change in

extracellular relaxin secreted from 2 to 18 h (Fig.2.4).

Intracellular staining for relaxin showed no change from

15 min to 2 h (Fig.2.3), but increased significantly by

18 h in comparison to the 2 h incubation time point

(p<O.Ol) (Fig.2.4).

In comparison, extracellular secretion of decidual

prolactin was only minimal throughout the experiment and

was close to background at 18 h of incubation (data not

shown). Intracellular staining of prolactin was apparent

at 15 min of incubation, increasing significantly

(p<0.01) from 30 min to 45 min and from 45 to 60 min
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(Fig.2.3). In the extended time course, intracellular

prolactin staining increased significantly (p<0.05)

between 2 hand 18 h of incubation {Fig.2.4). However

from 2 to 18 h intracellular staining for prolactin

showed marked variation; some cells stained very darkly

while others showed only a light-medium brown stain.

This pattern persisted up to 48 h with minimal

extracellular secretion (data not shown). In contrast to

the variability of prolactin staining between cells,

relaxin intracellular staining was uniform even at 18 h.

THE EFFECT OF RELAXIN TREATMENT ON RELAXIN AND PROLACTIN

ACCUMULATION AND SECRETION

Decidual cells were incubated for 2 h with recombinant

H2 human relaxin (Genentech Inc., San Francisco, CAl or

porcine relaxin, purified CM-a' fraction, prepared in our

laboratories from pregnant sow ovaries by the method of

Sherwood and Q'Byrne [24] at doses of 10, 100, 500 & 1000

ng/ml. Cells were then fixed and stained for relaxin or

prolactin. Human relaxin treatment caused a significant

increase (p<O.Ol) in intracellular relaxin staining

between 0 and 100, and 500 and 1000 ngjml, Fig.5. A

significant increase (p<O.Ol) in extracellular relaxin
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staining was seen between 0 and 100, 100 and 500, 500 and

1000 ng/ml, Fig.2.5. However, with cells from 2 other

patients a significant increase (p<O.Ol) in intra- and

extracellular staining was only detected at 1000 ng/ml.

Porcine relaxin treatment also significantly

(p<O.Ol) stimulated both relaxin intra- and extracellular

staining at concentrations of 100-1000 ng/ml using cells

from 2 patients, in addition to causing a significant'

increase over the range of 10-1000 ng/ml in cells from

another patient. In the latter experiment a significant

increase (p<O.Ol) in relaxin intracellular staining was

seen between 0 and 10, 10 and 500, and 500 and 1000

ng/ml, Fig.2.6. Relaxin extracellular staining on the

other increased significantly (p<O.Ol) between 0 and 10,

10 and 100, 100 and 500, and 500 and 1000 ng/ml, Fig.6.

Prolactin staining was only assessed after treatment with

human relaxin over the same dose range. There was no

effect on either intra- or extracellular prolactin

staining at any dose (data not shown).
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THE EFFECT OF PROLACTIN TREATMENT ON RELAXIN AND

PROLACTIN ACCUMULATION AND SECRETION

Decidual cells were incubated with human prolactin

(NIH/NIADDK-I-7) over the dose range 100, 500 & 1000

ng/ml for 2 h and after fixation the cells were stained

for relaxin or prolactin. This treatment had a more

variable effect on intracellular and extracellular

relaxin staining. Prolactin (500 ng/ml) caused either a

significant increase (p<0.05) and or a significant

decrease (p<0.05) in relaxin intracellular and

extracellular staining in cells derived from 3 different

patients (data not shown). However, intracellular

prolactin staining increased significantly (p<0.05) with

500 ng/ml of human prolactin in cells from 2 patients

(Fig.2.7), and with 1000 ng/ml in cells from another. It

had no significant effect on prolactin released from the

cells at these doses, as measured by extracellular

staining.
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THE EFFECTS OF CYCLOHEXIMIDE OR CALCIUM CHLORIDE

TREATMENT ON RELAXIN AND PROLACTIN ACCUMULATION AND

SECRETION

Cycloheximide treatment in vitro should prevent the

synthesis of new protein [25]. Therefore decidual cells

were treated for either 2 or 18 h with cycloheximide

(Sigma, 5 ugjml) either alone or in combination with

porcine relaxin (500 or 1000 ng/ml), which had previously

been shown to stimulate the intracellular accumulation

and the secretion of relaxin. The cycloheximide

treatment alone had no effect on relaxin accumulation or

secretion at either time point, however when given.

together with either dose of relaxin, relaxin

accumulation and secretion were still significantly

stimulated (p<0.05) by the exogenous relaxin treatment.

The treatment of the decidual cells with

cycloheximide (5 ugjml) did however significantly

decrease (p<0.05) the amount of prolactin accumulated

intracellularly at both 2 and 18 h.

The treatment in vitro of cells with CaCl2 has been

used to demonstrate a role of calcium in the secretory

pathway [26]. Therefore in an attempt to assess whether

calcium has such a role in the secretion of relaxin and

prolactin from the human decidual cell, and to try to
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cause secretion of the intracellularly accumulated

prolactin over an 18 h period in vitro, cells were

treated with CaC12 (O.S roM) for 2 or 18 h. This

treatment caused a significant increase (p<O.OS) in the

secretion of relaxin at both 2 and 18 h without affecting

the intracellular relaxin levels. However, it

significantly decreased (p<O.OS) the intracellular

accumulation of prolactin at both time points and has.no

effect on the secretion of prolactin.



83

DISCUSSION

This study shows that the immunoblot system, based

upon that developed for rat pituitary hormones [21], can

be used to study hormone accumulation and secretion by

individual human decidual cells. It presents a method of

direct assessment of hormone released, unlike the more

indirect method used in the hemolytic plaque method [27]

However, the disadvantage of either of these methods is

that they disrupt the connections between cells and their

surrounding extracellular matrix, as well as the

connections between decidual cells and their associated

macrophages. These contacts may be important for the

synthesis and release of the decidual hormones, however

the immunoblot system affords a relatively simple and

direct method to assess the acute effects of potential

secretagogues on hormone accumulation and release by

individual cells over short periods in vitro. Two

hormone products, relaxin and prolactin, from human

decidual cells have been simultaneously studied in order

to verify the experimental system on the one hand and to

show whether there are indeed differences between them on

the other.

The original system [21] was modified by the use of

AIM V medium in order to eliminate any influence of serum
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factors on the accumulation and secretion of either

hormone. This medium, developed for the serum-free

culture of lymphocytes [28], was considered to be

sUfficiently supportive for the cells to function in

these short term in vitro studies.

The human decidua contains a significant population

of macrophages [29], many of which are in direct contact

with via specialized junctions with the decidual cells

(C. Jones, personal communication). Pervious studies,

using Percoll gradient separation of and flow cytometric

analysis, have shown that 47% of the cells from decidual

tissue obtained after spontaneous deliveries at term

expressed the leukocyte common antigen. Of these 18%

were shown to be tissue macrophages, 8% T cells, 3 %

large granular lYmphocytes, 2% B cells and the rest were

granulocytes [30].

staining results with the macrophage cell marker

(CD45) in the experiments reported here indicated that

25% of the total cell preparation consisted of

macrophages. This agrees with pervious reports. Our

use of decidual tissue obtained prior to labor and

delivery rather than after spontaneous delivery may be

the reason why our macrophage content was somewhat lower

since after labor and delivery there is an infiltration

of the tissue by macrophages and/or leukocytes [31]. The
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chorion cells detected in our decidual cell preparations

were probably a contaminant obtained by the scraping of

the decidual cells from the chorion leave. It was not

surprising to find that the chorionic cytotrophoblast

cells immunostained for both relaxin and prolactin,

since we have shown them to immunostain these cells in

tissue sections [32]. However it was unexpected to find

that the macrophages immunostained with antibodies to

relaxin and prolactin. This should be further

investigated by in situ hybridization histochemistry in

order to show whether there is indeed production of

hormones by these cells or that bound hormone was being

detected immunocytochemically. In any event, with the

appropriate cell markers, individual cell types could be

identified in the immunoblot system and decidual cells

could be selected by differences in staining for the

subsequent analyses.

The time course comparison of intracellular and

secreted relaxin by individual cells using human and

porcine relaxin antibodies showed similar but not

identical staining patterns. The relaxin released by the

cells and bound to the Immobilon membrane was detected

equally by both antibodies, however the intracellular

relaxin was detected slightly better by the polyclonal

antibody to porcine relaxin at all time points tested.
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This may be due to a differential detection of relaxin

antigenic determinants within whole cells, as might be

expected with a single epitopic Mab. versus a polyclonal

antibody, which probably detects more than one epitope.

The staining patterns were sUfficiently similar to

warrant the use of the more readily available porcine

relaxin antibody for the sUbsequent experiments.

In these experiments using specific antibodies to

detect relaxin and prolactin inside the cells or secreted

and attached to the Immobilon membrane, considerable

differences over time were noted between these two

hormones. There appears to be a continuous increase in

the amount of prolactin accumulated within the cells for

30 min to 18 h, although at no time within this period

could secretion be detected. Relaxin on the other hand,

was released rapidly from the cells and was first

detectable after the cells had been on the Immobilon

membrane for 15 min. It's intracellular accumulation

however, was less rapid than that of prolactin with

significant increases in the amounts of intracellular

relaxin detectable only after 18 h of culture. This

agrees with their respective levels of mRNA in the human

decidua, with relaxin being a relatively low copy message

[32]. Greater heterogeneity was noted in the amount of

intracellular staining with prolactin antiserum between
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the decidual cells. This agrees with prolactin

immunostaining patterns in pituitary cells [33].

The lack of any effect of cycloheximide treatment on

the secretion or intracellular accumulation of relaxin

suggests that the hormone detected as secreted hormone

over the first 2 h of incubation is preformed stored

relaxin. As this becomes exhausted a slow intracellular

accumulation occurred possibly due to new synthesis.

Cycloheximide had no effect on this, but this may be due

to the' low rate of synthesis and limits of sensitivity of

the system. The secretion of the relaxin produced over

the 18 h period was however stimulated by the addition of

exogenous relaxin. Porcine and human relaxins did

however cause the intracellular accumulation as well as

the release of relaxin. The porcine hormone was

slightly more effective than the human hormone, this may

be due to the self-association of recombinant H2 human

relaxin recently reported [34]. It appears that

prolactin may also have an autocrine effect upon the

synthesis of prolactin as assessed by an increase in

intracellular accumulation of prolactin when the cells

were treated with exogenous hormone. Thus relaxin

appears to regulate its own secretion in an autocrine

manneL f probably mediated by specific receptors

previously inferred, since relaxin causes the release of
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renin and two forms of IGF binding proteins from the

human decidual cells [35,36]. However, whether this

autocrine effect occurs in vivo is not known.

The treatment of the decidual cells with

cycloheximide did significantly decrease the levels of

intracellular prolactin. This confirms such an effect on

de novo prolactin synthesis by decidual cell explants

[15]. However, the pattern of secretion of prolactin by

the individual cells was different from that previously

reported for decidual explants [15]. Indeed, treatment

with CaCl2 decreased the intracellular levels of

prolactin at both 2 and 18 h of treatment, whereas it had

the reverse effect on the secretion of relaxin with no

effect on the intracellular levels of this hormone.

Little is known about the mechanisms involved in either

relaxin or prolactin accumulation and secretion from

human decidual cells, and further work is necessary in

order to interpret these results. Although decidual and

pituitary prolactin have identical chemical and

biological properties, the factors that regulate the

synthesis and release of the two hormones are different

[38]. As suggested by these authors it is likely that

decidual prolactin is regulated, at least in part, by

autocrine/paracrine factors. These results suggest that
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relaxin is also regulated in part by autocrine/paracrine

signals.

Exogenous treatment with porcine relaxin has been

shown to stimulate prolactin secretion from human

endometrial cells in short-term culture [39] and from the

pituitaries of monkeys in vivo [40]. In our studies

human relaxin had no such effect on decidual cell

prolactin accumulation or secretion. This may be a

reflection of the different cells being used and/or the

system used for testing the effect.

In summary, the cell immunoblot system designed for

the direct assessment of rat pituitary prolactin

secretion from individual cells has been assessed and

used for the study of the intracellular accumulation and

the secretion of two hormones from the human decidual

cell. It is a system with potential for assessing the

acute autocrine/paracrine relationships of these cells in

human pregnancy.
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Figure 2.1

Immunostaining of decidual cell blots for relaxin

and prolactin.

Dispersed decidual cells on Immobilon membrane after

2 h of incubation were immunostained with the avidin

biotin immunoperoxidase method using antibodies for

relaxin and prolactin. Ic=intracellular stain,

EC=extracellular stain.

A) IC and EC relaxin staining with the Mab to human

relaxin (100 ug/ml)

B) control Mab to HIV (100 ug/ml)

C) IC and EC staining with the polyclonal antibody

to porcine relaxin (1:1500)

D) control NSS (1:1500)

E) IC staining only with the antibody to human

prolactin (1:500)

F) control NRS (1:500)
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Figure 2.2

Comparison of relaxin intracellular (IC) and

extracellular (EC) staining with the Mab to human relaxin

(AIC andAEC) and the polyclonal antibody to porcine

relaxin (eIC and OEC) •

A significant increase (p<0.05) in relaxin IC

staining at 4 hand 18 h was seen with the Mab to human

relaxin, and with the porcine relaxin antibody only at 18

h in comparison to 30 min. IC and EC average staining

densities are plotted at each time point as a grey scale

reading ± SO, (*~<O.05), (N=35-40 cells/time point).
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Figure 2.3

Short time course (15-120 min) comparing decidual

cell relaxin and prolactin immunostaining.

Relaxin was detected with the polyclonal antibody to

porcine relaxin and is shown as IC levels (e) and EC

staining (0). Prolactin was only detected IC over this

time frame (A). When compared to the 15 min time point,

a significant increase (p<O.OI) in relaxin EC staining

was evident by 30 min, with a further significant

increase (p<O.Ol) at 90 and at 120 min. Prolactin IC

levels increased significantly (p<O.OI) between 15 and 45

min, and betwee~ 45 and 60 min. IC and EC average

staining densities ± SD are plotted as grey scale

readings at each time point (*,* p<O.OI), (N=35-40

cells/time point) •
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Figure 2.4

Extended time course (2-18 h) comparing relaxin and

prolactin staining.

Relaxin was detected with the polyclonal antibody to

porcine relaxin and shown as IC levels (e) and EC

staining (0). Prolactin was only detected IC over this

time frame and shown as (.). There was a significant

increase (p<O.Ol) in relaxin IC staining between 4 and

18 h, and in prolactin IC staining from 4 to 18 h

(p<O.05). IC and EC average staining densities ± so are

plotted as grey scale readings at each time point

(*p<O.05,*p<0.01), (N=35-40 cells/time point).
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Figure 2.5

Effect of H2 recombinant human relaxin on decidual

cell relaxin intracellular accumulation and secretion.

Decidual cells were incubated for 2 h with a

concentration range of H2 human recombinant relaxin and

the effects on relaxin IC levels (e) and EC staining or

secretion (0) secretion are shown. Human relaxin

treatment caused a significant increase (p<O.Ol) in IC

relaxin staining between a and 100, and 500 and 1000

ng/ml, but not 100 and 500 ngjml. A significant increase

(p<O.Ol) in EC relaxin staining was seen between a and

100, 100 and 500, 500 and 1000 ng/ml. IC and EC average

staining densities are plotted for each dose as grey

scale readings :l:. SD, (., *,*, p-co , 01), (N=35-40

cells/dose) •
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Figure 2.6

Effect of porcine relaxin on decidual cell relaxin

intracellular accumulation and secretion.

Decidual cells were incubated for 2 h with a

concentration range of porcine relaxin and the effects on

relaxin IC levels (e) and EC staining (0) are shown. A

significant increase (p<O.Ol) in relaxin IC staining was

seen between 0 and 10, 10 and 500, and 500 and 1000

ng/ml. Relaxin EC staining on the other increased

significantly (p<O.Ol) between 0 and 10, 10 and 100, 100

and 500, and 500 and 1000 ng/ml. IC and EC average

staining densities are plotted for each dose as grey

scale readings ± SO, (., * ,*, p<O. 01), (N=35-40

cells/dose).
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Figure 2.7

Effect of prolactin on decidual cell prolactin

intracellular accumulation and secretion.

Decidual cells were incubated for 2 h with a

concentration range of human prolactin and the effects on

prolactin IC (~) levels are shown. Prolactin IC staining

increased significantly (p<0.05) at 500 ng/ml human

prolactin in comparison to control cells. EC prolactin

staining was minimal and close to background (data not

shown). IC average staining densities are plotted for

each dose as grey scale readings ± SO, (.p<0.05), (N=3S

40 cells/dose).
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Table 2.1

Identification of cell populations in a

representative decidual cell preparation, based upon

their immunostaining with CD45 for macrophages and

cytokeratin for chorionic cytotrophoblasts. The decidual

cell population was estimated by subtraction.

Decidua

Macrophages

Chorionic

cytotrophoblasts

Percentage of total

Cell Population

65 %

25 %

10 %

Approx.

Size Range (uM2 )

250-550

50-125

100-430
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Table 2.2

Results of intracellular (IC) and extracellular (EC)

staining for relaxin and prolactin after 2 h of

incubation. Cells were from 3 different patients.

(% cells staining, number of cells (N) sampled from 3

different tissues) •

Relaxin

Prolactin

IC

4.2% (34)

90.0% (728)

IC & EC

95.8% (777)

10.0% (81)

Total

100% (811)

100% (809)
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ABSTRACT

Regulation of relaxin secretion from individual

human decidual cells was examined using a modified

version of the cell immunoblot method originally

developed for the assessment of prolactin secretion from

rat pituitary cells. Relaxin accumulation and secretion

were detected as intracellular and extracellular staining

respectively and were analyzed densitometrically using

the IBAS Kontron image analysis system. The human

genome contains two separate genes, H1 and H2, for

relaxin, but only the H2 gene has been shown to be

translated. Addition of H1 synthetic human relaxin or H2

recombinant human relaxin significantly increased relaxin

intracellular accumulation and secretion from dispersed

human decidual cells in vitro. The stimulatory effect of

H2 relaxin was however more potent than that of Hl

relaxin. Both human and porcine insulins also

demonstrated· a significant stimulatory effect on decidual

cell relaxin intracellular and extracellular staining.

IGF-l and EGF induced significant increases in relaxin

accumulation and secretion, but these effects were not

dose-dependent and are therefore preliminary.

The results suggest an autocrine role for relaxin in

the regulation of its own secretion in the decidua, and



116

demonstrate biological activity for the synthetic H1

relaxin peptide. The results also suggest possible

paracrine interactions for insulin, IGF-l and EGF in the

regulation of decidual relaxin synthesis and secretion.



117

INTRODUCTION

The human decidua and placenta are active

intrauterine endocrine tissues, both producing and

responding to a number of systemic and local hormones.

There is increasing evidence for paracrine trafficking

between these two tissues via the amniotic fluid and

fetal membranes. For example, a prolactin-releasing

factor has recently been identified from the human

placenta and decidua as well as a prolactin-release

inhibitory factor from the decidua [1]. These types of

paracrine:paracrine interactions may be important for

pregnancy maintenance as well as the onset of human

parturition, now recognized to be a predominantly

intrauterine phenomena [2,3,4].

The major biological roles of relaxin are

classically related to pregnancy and parturition [5].

These include myometrial relaxation [6], lengthening of

the pUbic ligaments [7] and cervical ripening [8]. Two

genes for relaxin, H1 and H2, are expressed in the human

genome, both of which are located on chromosome 9 [9].

Relaxin is a 6 Kd peptide and is structurally similar to

insulin and the insulin-like growth factors [10]. The

prorelaxin molecule consists of an A and a B chain linked

by a connecting peptide which is subsequently cleaved to
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form the fully processed active relaxin molecule. The

H1 and H2 genes are both transcribed into mRNA in the

placental trophoblast and in the decidua [11]. The corpus

luteum, which is the source of relaxin in maternal plasma

during pregnancy, however only expresses the H2 gene

[9,11]. Immunocytochemical studies with an antibody to

H2 human relaxin have shown relaxin to be present in the

cells of the decidua decidua and the syncytiotrophoblast

[12]. This antibody may be detecting only the H2 or both

relaxin peptide molecules. An antiserum to detect the H1

relaxin is not yet available. The factors regulating

relaxin synthesis and secretion in the decidua are

however still unknown.

Insulin, insulin-like growth factor 1 (IGF-1) and

epidermal growth factor (EGF) influence the processes of

cell growth, cell division and differential regulation of

protein synthesis and secretion [13,14,15,16,17,18] ••

IGF-1 and insulin have been shown to stimulate decidual

prolactin synthesis and secretion [19,20], enhance the

release of placental lactogen from trophoblast cells

[13,14] and promote progesterone synthesis in granulosa

cells [21]. EGF is able to stimulate prostaglandin

synthesis by amnion [22] and decidual cells in vitro

(unpublished observations, from Riley 1991), and is

present in amniotic fluid in increased concentrations
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during spontaneous labor [23]. Relaxin, another member

of the insulin and insulin-like growth factor family, has

been shown to affect the secretion of relaxin from the

human decidual cell [24]. The recent availability of

some highly purified synthetic H1 human relaxin allowed a

comparison to be made between the autocrine activity of

the two relaxin hormones H1 and H2. The H1 and H2

sequences differ in 9 out of 24 amino acids in the A

chain and in.4 out of 33 amino acids in the B chain [9].

These differences are considered to be important in terms

of receptor binding characteristics [9] and could

therefore influence the biological activities of the

relaxin molecules [25].

Relaxin [26], IGF-1 [27] and EGF [23] are all

products of the placenta, decidua and/or fetal membranes

and are therefore potential candidates as autocrine or

paracrine hormones in the local regulation of decidual

relaxin synthesis and secretion. Therefore, the cell

immunoblot system validated and studied for relaxin and

prolactin secretion [24] has been used to evaluate ~he

actions of these hormones on the control of decidual cell

relaxin accumulation and secretion in vitro.
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MATERIALS AND METHODS

CELL CULTURE

Elective term Caesarean section placentas (38-40

weeks) with the attached fetal membranes were obtained

from Kapiolani Medical Center for Women and Children

(Honolulu, HI.) after institutional human experimentation

committee approval. The tissues were collected and

transported on ice to the laboratory within 45 min of

delivery. The fetal membranes were removed from the

placenta, and the decidual cell layer was gently scraped

from the chorion laeve and rinsed (5 times) with

predispersal media (Hank's Balanced Salt Solution (HBSS)

(Gibco BRL, Gaithersberg, MD), 0.5% bovine serum albumin

(Sigma, st. Louis, MO), 100 units penicillin/ml, 100 ug

streptomycin/ml). For cell dispersal, the tissue was

finely minced and placed in a solution of 0.2%

collagenase Type I (Worthington, Freehold, NJ) in HBSS

for 90 min. The resultant cells were filtered, rinsed

several times in AIMV serum-free medium (Gibco-BRL) and

collected by centrifugation (3000 rpm for 5-7 min). AIMV

serum-free medium was used in order to avoid addition of

endogenous hormones in serum. Harvested cells were

counted and viability determined by trypan blue
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exclusion. Viability ranged from 65-95%; only

preparations with cell counts of 75% viability and above

were used for subsequent cell plating.

The cells were diluted to a concentration of 25X10 3

cellsjml in AIMV medium to which the hormone to be tested

was added. Control cells were incubated in medium only.

A concentration of 25x10 3 cellsjml was determined to be

the optimal plating density to allow analysis of hormone

secretion by individual cells. Immediately after

dilution and addition of the experimental hormone, cells

were plated on precut squares of Immobilon transfer

membrane (PVDF, Millipore, Bedford, MA) placed in culture

wells (1 mljwell), and incubated in 95% airj5% C02. They

attached to the Immobilon membrane and released their

secretory products which became firmly bound, due to the

properties of the Immobilon membrane. After the

incubation period the medium was aspirated without

disturbing the cells. The membranes were then submerged

in Bouin's fixative for 5 min, thereby fixing the cells

and their secretory products to the membrane. The dead

or dying cells became detached during the initial

incubation period and were therefore excluded from the

data analysis. This was confirmed by Trypan blue

exclusion viability analysis.
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EXPERIMENTAL GROUPS

The biological agents added to the incubation media

to assess decidual relaxin synthesis and secretion

include the following: a) H1 synthetic human relaxin

(6300 M.W.), made by chemical synthesis of the A and B

chains, their recombination and purification in the

manner reported for the synthesis of human relaxin H2

[28], (highly purified and provided by Dr. C. Schwabe,

university of South carolina); b) H2 recombinant human

relaxin (6300 M.W.) (Genentech, San Francisco, CA.); c)

human insulin (6000 M.W.) (Eli Lilly & Co.,Indianapolis,

IN) or porcine insulin (6000 M.W.) (Eli Lilly & Co.); d)

IGF-1 (7640 M.W.) (recombinant, Chemicon, Temecula, CA);

and e) EGF (6054 M.W.) (mouse submaxillary gland,

Chemicon). H1 and H2 relaxins, human and porcine

insulins and IGF-1 were reconstituted in PBS/0.5% BSA,

and EGF in ddH20. Decidual cells were incubated

immediately after plating for 2 h with the test hormone

at 10, 50, 100, 500 and 1000 ng/ml (human relaxins 1.59

158.7 nM, human and porcine insulins 1.7-166.7 nM, IGF-1

1.3-130.8 nM, EGF 1.6-166.7 nM), or the appropriate

control with the equivalent concentration of buffer or

ddH20.
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IDENTIFICATION OF CELL POPULATIONS

The average yield of decidual cells from a single

patient was between 2.5-3.0 x 106 cells. There is no

specific decidual cell marker available, therefore the

decidual cells chosen for densitometric analysis were

distinguished by size. Previous studies showed,

macrophages are smaller in size (50-125 uM2 ) than the

decidual cells (250-550 uM2 ) and represented

approximately 25% of the total cell population [24].

Chorionic cytotrophoblast cells were intermediate in size

(100-430 uM2 ) and accounted for 10% of the total cells

present. Since macrophages could be readily

distinguished from decidual cells by size, they were not

included in the sUbsequent studies. Chorionic

cytotrophoblast cells however overlapped in size with

decidual cells and some may therefore have been included

in the staining analysis. Cells in all size groups

stained for relaxin. In these studies, cells in the size

range of 250-550 uM2 were analyzed for relaxin staining

and secretion.
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IMMUNOCYTOCHEMISTRY

Immobilon membranes with attached cells were

immunostained for relaxin using the avidin-biotin

immunoperoxidase method [29]. The Immobilon membranes

with attached cells were pretreated with 5% ovalbumin for

1 h to saturate non-specific binding sites for

immunoglobulin G (IgG) , and then immunostained with the

sheep antiporcine relaxin antibody (Hoechst Inc., ,

Germany, 1:1500) or normal sheep serum (NSS) at the same

concentration (Cappell, Durham, NC) as a control, for 1 h

at 22 C. The sheep antiporcine relaxin antiserum had

been evaluated and shown to be comparable with the Mab to

H2 relaxin from Genentech Inc. [24], and was therefore

used for these studies.

Incubation with the primary antibody was followed by

the rabbit antisheep biotinylated secondary antibody

(Vector Laboratories, Burlingame, CA) for 30 min,

followed by the avidin-biotin peroxidase complex

(Vectastain ABC reagent) for 45 min, both at 22 C. PBS

rinses (3 times) were performed between each step.

Immobilon membranes were then exposed to peroxidase

substrate containing diaminobenzidine tetrahydrochloride

(Polysciences, Warrington, PA, 0.5 mgjml) with 0.01%

peroxidase in Tris buffer (0.1 M, pH 7.2). After rinsing
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in distilled water, they were air-dried and mounted on

slides with Pro-Texx (Baxter Scientific, Honolulu, HI).

The slides were analyzed densitometrically with the

Kontron IBAS-II AT image analysis system (software

version 2.0, Munich, Germany).

IMAGE ANALYSIS QUANTITATION

The quantitation of relaxin secreted by decidual

cells was assessed directly with the densitometric image

analysis system IBAS-II. Immunostaining was recorded

with" a light microscope and video camera (MTI Dage CCD72)

interfaced to the IBAS system. Specific decidual cells

were chosen as described below, outlined and measured

densitometrically for intracellular and extracellular

staining. All measurements consisted of grey level

readings on a linear scale of 0-250, where 0 indicates a

total white and 250 a total black reading. The light

supply to the microscope was kept constant throughout the

analysis. since staining intensity varied from

experiment to experiment, cells from specific treatment

groups were compared to a control group from within the

same experiment. In the experiment where Hl and H2

relaxin were added, relaxin background staining on the



126

Immobilon membrane was measured in each treatment group

and compared with the AIM V control. This was considered

essential because relaxin is known to adsorb to glass and

plastic [30]. Differences in background staining between

the AIM V control and each relaxin treatment group were

then subtracted from the data within each group before

statistical analysis.

STATISTICS

Intracellular and extracellular staining data were

collected from 30 to 40 decidual cells in each treatment

group within a given experiment. These data were

analyzed statistically with SPSS/PC+ (4.0) statistics

software. Analysis of variance (Anova) and Tukey's

multiple range test were used to measure significant

differences. Variability between different patients was

not examined statistically.
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RESULTS

THE EFFECTS OF HI AND H2 RELAXIN, INSULIN, IGF-l, AND EGF

ON RELAXIN ACCUMULATION AND SECRETION

HI and H2 Relaxins

Decidual cells from one patient were incubated for 2

h with synthetic H1 or recombinant H2 human relaxin at

doses of 10-1000 ng/ml (1.6-158.7 nM). After fixation

the cells were immunostained for relaxin. Human relaxin

H2 when added ln vitro significantly increased (p<0.05)

the secretion of relaxin from the decidual cells at 100

ng/ml (15.9 nM) and over the range of 100 and 500 ng/ml

(79.4 nM). Figure 3.1 shows that H1 relaxin was less

active and required 500 ng/ml (79.4 nM) to significantly

influence (p<0.05) the secretion of relaxin. This

difference was also reflected in the intracellular

accumulation of relaxin with H2 again showing greater

potency with a significant increase (p<0.05) at 500 ng/ml

(79.4 nM) and H1 at 1000 ng/ml (158.7 nM) (Fig.3.1).

Human and Porcine Insulins

Decidual cells were incubated with porcine insulin

over the dose range of 10-1000 ng/ml (1.7-166.7 nM) and

with human insulin from 100-1000 ng/ml (16.7-166.7 nM).
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The cells were then fixed and immunostained for relaxin

accumulation and secretion, and the results are shown in

Fig.3.2. In decidual cells from one patient, porcine

insulin (Eli Lilly & Co.) caused a significant increase

(p<0.05) in relaxin intracellular staining between 0 and

100 ng/ml (16.7 nM) with no further increase up to 1000

ng/ml (166.7 nM). Extracellular relaxin staining was

also significantly increased (p<0.05) between a and 100

ng/ml (16.7 nM) and showed a further increase between 100

and 1000 ng/ml (166.7 nM) (Fig.3.2). In a second cell

preparation pIns increased relaxin intra- and

extracellular staining between 0 and 500 ng/ml (83.3 nM)

with no further increase up to 1000 ng/ml (166.7 nM).

Human insulin (Eli Lilly & Co.) was only tested in

decidual cells from one patient. It significantly

increased (p<0.05) relaxin intracellular staining between

a and 100 ng/ml (16.7 nM) but failed to have a

significant effect at either 500 (83.3 nM) or 1000 ng/ml

(166.7 nM) when compared to the control cells. Relaxin

extracellular staining was significantly increased

(p<0.05) between 0 and 100 ng/ml (16.7 nM) but showed no

further increase up to 1000 ng/ml (166.7 nM) (Fig.3.2).
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Insulin-like Growth Factor (IGF-l)

Decidual cells were incubated for 2 h with IGF-1

(Chemicon Inc.) over the dose range of 10-1000 ng/ml

(1.3-130.8 nM). Cells were then fixed and stained for

relaxin. IGF-1 had the effect of increasing relaxin

intracellular and extracellular staining in decidual

cells obtained from three different patients. In

decidual cells from one patient, IGF-1 caused a

significant increase (p<0.05) in intracellular relaxin

staining between a and 10 ng/ml (1.3 nM) but showed no

further increase up to 1000 ng/ml (130.8 nM), shown in

Fig.3.3. Relaxin extracellular staining showed

significant increases (p<0.05) at 10 (1.3 nM) and 500

ng/ml (65.3 nM) when compared to control cells but this

stimulatory effect was not seen at the other doses

(Fig.3.3). In another cell preparation, there was a

significant increase (p<0.05) in relaxin intracellular

staining with 100 (13.1 nM) and 1000 ng/ml (130.8) and in

relaxin extracellular staining at 100 and 500 ng/ml when

compared to control cells. In cells from a third

patient, IGF-1 had no effect on relaxin intracellular

staining but caused a significant increase (p<0.05) in

relaxin extracellular staining between 0 and 100 ng/ml

(13.1 nM) with no further increase up to 1000 ng/ml

(130.8 nM).
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Epidermal Growth Factor (EGF)

Decidual cells were incubated with EGF (Chemicon

Inc.) over the dose range of 10-1000 ng/ml (1.7-166.7

nM). The cells were then fixed and immunostained for

relaxin. Cells from one patient showed a significant

increase (p<0.05) in relaxin intracellular staining at

100 ng/ml (16.7 nM) when compared with control cells and

1000 ng/ml (166.7 nM) when compared with 100 ng/ml.

Relaxin extracellular staining increased significantly

(p<0.05) at 100 ng/ml (16.7 nM) but showed no further

increase up to 1000 ngjml (166.7 nM) (results not shown).

Similar trends were seen in cells derived from two other

patients. Relaxin accumulation and secretion were

increased over the dose range 50-1000 ngjml (6.5-130.8

nM) and 50-500 ng/ml (6.5-65.3 nM) respectively.

The results of treatment with H1 and H2 relaxins,

human and porcine insulins, IGF-1, and EGF are summarized

in Table 3.1. Table 3.2 depicts percentage changes in

relaxin secretion for each treatment group at the

different doses when compared to the control cells.
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DISCUSSION

The results of this study show. that the accumulation

and release of relaxin from human decidual cells can be

influenced by a number of secretagogues. The immunoblot

system, based upon that developed for rat pituitary

hormones [31], has been used to assess the acute effects

of a number of candidates on relaxin accumulation and

secretion by individual decidual cells over a short term

in vitro. This methodology allows a relatively simple

and direct assessment of the influence of an added

hormone on intracellular accumulation of relaxin or its

secretion in vitro. The d1sadvantage of the syste~ is

that the original connections between the cells and their

extracellular matrix are disrupted. These contacts may

be important for the normal synthesis and release of

decidual hormones in vivo.

The or~ginal system [31] was modified by the use of

AIM V medium in order to eliminate any influence of serum

factors on the accumulation and secretion of relax~n.

This medium, developed for the serum-free culture of

lymphocytes, was considered to be SUfficiently supportive

for the cells to function in these short term in vitro

stUdies.
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Results of experimental treatments with H1 and H2

synthetic human relaxins were consistent with previous

results for H2 recombinant human relaxin and for porcine

relaxin [24]. Both H1 and H2 relaxins increased relaxin

intracellular and extracellular staining in the dispersed

decidual cell cultures. Human H2 relaxin was more potent

than H1 in causing a significant increase in relaxin

accumulation (500 ng/ml) and in relaxin secretion (10~

ng/ml) in comparison to H1 (1000 and 500 ng/ml

respectively). This result agrees with preliminary

studies being carried out by Dr. A. McLennan, Univ. of

Adelaide, S. Australia, which show that H1 synthetic

relaxin is less active in causing myometrial quiescence

than H2 rela~in, using human myometrium in vitro (to be

published). The biological roles for relaxin in

pregnancy may be due to primarily the H2 relaxin

molecule, since translation of H1 mRNA in any tissue has

not yet been demonstrated. The results of these

experiments do however demonstrate a biological effect of

the synthetic H1 human relaxin molecule, albeit less

potent than H2 relaxin. However the two basic

bioactivities of relaxin on the myometrium (rapid effect)

and on the cervix (a slower effect) need to be examined.

From the results presented here, it is not known whether

the H1 relaxin has a separate receptor on the decidual
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cells or whether it is interacting less effectively with

the H2 relaxin receptor.

Insulin, like IGF-1, is known to regulate

differentiated functions in various cell types such as

hormone synthesis and secretion [13,14,21] and

steroidogenesis [32]. It has also recently been shown to

stimulate decidual prolactin synthesis and secretion

[20]. Results of our experiments using both porcine and

human insulins, also demonstrate a stimulatory action of

insulin on relaxin intracellular accumulation and

secretion. Results of the porcine insulin treatments

demonstrated a significant increase in relaxin

intracellular accumulation at doses of 100, 500 and 1000

ng/ml, while human insulin only showed an effect at 100

ng/ml but not at the other doses. This may possibly be

due to inconsistencies in staining within the given

experiment or may reflect a different biological action

of the human insulin on intracellular accumulation of

relaxin in the decidual cells. Only one experiment was

conducted with human insulin and it would therefore need

to be repeated to give a clear indication of its effect

on relaxin intracellular accumulation. Relaxin

extracellular staining data is however similar with the

porcine and human insulins, showing a stimulation of

secretion at 100, 500 and 1000 ng/ml. A dose response
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effect on relaxin secretion was evident with the porcine

but not with the human insulin treatment.

IGF-1 is believed to be involved in the autocrinej

paracrine regulation of hormone production in several

tissues including the pituitary [33J, the placenta [14J

and the gonads [34,35J. It is synthesized and released by

the placenta [27J, but not by the decidua. The decidua

however does produce IGFBP-1 [36]. Recently IGF-1 has

been shown to stimulate prolactin synthesis and release

by decidual explants at physiologic doses of 25-50 ngjml,

with maximal stimulation occurring at doses greater than

100 ngjml [19J. This stimulatory effect was blocked

using a monoclonal antibody to the IGF-I receptor,

suggesting that the actions of IGF-1 are mediated via the

IGF-I receptor.

The results of our experiments using dispersed

decidual cells show that IGF-1 had an effect of

increasing relaxin intracellular and extracellular

staining in cell preparations examined from three

different patients. This stimulatory effect was seen at

doses as low as 10 ngjml, but a clear dose-response

pattern was not demonstrated with increasing levels of

IGF-I. The stimulatory response observed was not present

at all doses within a given experiment. In two of the

experiments, IGF-l had an effect of increasing relaxin
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intracellular staining at the highest dose of 1 ug/ml,

but did not affect relaxin secretion at this dose. A

stimulation of relaxin secretion was seen at doses of 10,

100 and 500 ng/ml. Because of the inconsistencies of

IGF-1 on relaxin intracellular accumulation and secretion

at the different doses examined, the results at this

stage are still questionable. Additional experiments are

needed to state a definite action of IGF-1 on relaxin

synthesis and secretion in the decidual cell.

The insulin and IGF-1 receptors do not exhibit

absolute specificity, and IGF-1 interacts with a 1% lower

affinity than insulin with the insulin receptor [37].

The IGF-1 receptor is structurally homologous with the

insulin receptor and is composed of a heterotetramer of

two alpha and two beta subunits. Further studies using

antibodies to the insulin and IGF-1 receptors are

therefore needed to determine whether these observed

effects of insulin and IGF-1 are mediated exclusively

through their own receptors.

The biological actions of EGF include stimulation of

cell division and differentiation, as well as the

regulation of hormone synthesis and secretion

[18,38,39,40]. The EGF receptor has been localized in

the villous syncitiotrophoblast and cytotrophoblast cells

of the placenta, in the amnion, the chorion and in the
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stromal cells of the decidua, particularly in the

superficial zones [41,42]. In early pregnant human

decidua EGF was shown to have a stimulatory action on

decidual cell proliferation and an inhibitory action on

decidual prolactin secretion [38]. The results of our

experiments demonstrate a stimulatory effect of EGF on

relaxin intracellular accumulation and secretion. In one

of the experiments there appeared to be a dose response

for intracellular but not for extracellular staining. As

with IGF-1, the stimulatory effect of EGF on relaxin

secretion was not consistent at the various doses tested.

This may be due to differences in expression of the EGF

receptor or the available intracellular pools of relaxin

in the different cell preparations. The more consistent

effects of EGF on intracellular staining suggest that it

could be activating relaxin peptide synthesis.

In summary the results indicate that several factors

involved in the endocrinology of pregnancy may influence

relaxin intracellular accumulation or synthesis and its

secretion from decidual cells in culture. It is likely

that these peptides/hormones exert their actions in an

autocrine or paracrine fashion since they are produced

locally in the intrauterine tissues. The local

modulation of the production and secretion of these
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various hormones by the placenta, fetal membranes and the

decidua at term in vivo and their influence on relaxin

synthesis and secretion still need to be determined.
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Figure 3.1 (a,b).

Effects of H1 synthetic and H2 recombinant human

relaxins on decidual cell relaxin intracellular

accumulation and secretion.

Decidual cells were incubated for 2 h with a

concentration range of 10-1000 ng/ml (1.6-166.7 nM) H1

synthetic and H2 recombinant human relaxins and the

effects on relaxin intracellular accumulation and

secretion are shown. Human relaxin H2 significantly

increased (p<O.05) the IC accumulation of relaxin at 500

ng/ml (83.3 nM) whereas H1 relaxin showed a significant

increase (p<0.05) at 1000 ng/ml (166.7 nM) of added

hormone (Fig.1a). This was also reflected in the

secretion of relaxin with a significant increase with H2

at 100 ng/ml (16.7 nM) and H1 at 500 ng/ml (83.3 nM)

(Fig.1b). IC and EC average staining densities are

plotted for each dose as grey scale readings ± SO,

(*,*, p<O. 05), (N=35-40 cells/dose).
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Figure 3.2 (a, b).

Effect of human and porcine insulins on decidual

cell relaxin intracellular accumulation and secretion.

Decidual cells were incubated for 2 h with a

concentration range 100-1000 ng/ml (16.7-166.7 nM) of

porcine or human insulin and the effects on relaxin IC

levels and EC staining are shown. Porcine insulin caused

a significant increase (p<O.OS) in IC relaxin staining at

100 ng/ml (16.7 nM) with no further increase up to 1000

ng/ml (166.7 nM). Human insulin significantly stimulated

relaxin IC staining at 100 ng/ml (16.7 nM) but not at the

other doses (Fig.2a). A significant increase with

porcine insulin (p<O.OS) was seen in relaxin EC staining

at 100 (16.7 nM) and 1000 ng/ml (166.7 nM) when compared

to control cells. Human insulin significantly increased

(p<O.OS) relaxin EC staining at 100 ng/ml (16.7 nM) but

showed no further change up to 1000 ng/ml (166.7 nM)

(Fig.2b). IC and EC average staining densities are

plotted for each dose as grey scale readings ± SO,

(*,*, p<O. OS), (N=3S-40 cells/dose).
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Figure 3.3

Effect of IGF-1 on decidual cell relaxin

intracellular accumulation and secretion.

Decidual cells were incubated for 2 h with a

concentration range 10-1000 ng/ml (1.3-130.8 nM) of IGF-1

and the effects on relaxin intracellular staining levels

and extracellular staining or secretion are shown. IGF-1

caused a significant increase (p<0.05) in IC relaxin

staining at 10 ng/ml (1.3 nM) with no further significant

increase up to 1000 ng/ml (130.8 nM). A significant

increase (p<0.05) in relaxin EC staining was seen at 10

and 500 ng/ml (65.3 nM), but not any other dose. IC and

EC average staining densities are plotted for each dose

as grey scale readings ± SD, (*p<O.05), (N=35-40

cells/dose).



Rl.x Ie

*

IGI'-l '.rX
& EC Staining Data

151

200

.-f
G)

> 160
G)
~

120

80
a 10 50

Dose

100

(nqlml)

500 1000

• IGJ'-l IC

[3 IGlI'-l EC



152

Table 3.1

Summary of the results of the effects of H1 and H2

relaxins (H1/H2 Rlx), porcine insulin (pIns), human

insulin (hIns), IGF-l and EGF on decidual cell relaxin

intracellular accumulation and secretion. Results of

average staining densities are presented for each dose as

grey level readings (± SD). IC=intracellular staining,

EC=extracellular staining; (*p<O.05 when compared to

control cells, + p<O.05 when compared to previous

significant dose).



Dose stain 0 10 50 100 500 1000

(ng/rol)

H1 Rlx IC 179.1:UO.9 181. 8±12. 4 180.6t. 9.4 178.7+ 8.1 181. 5± 9.0 195.4+10.3*

EC 130.2± 6.1 132.0+ 5.3 134.3± 5.4 136.8± 5.1 142.8+ 8.0* 143.2± 5.5*

H2 R1x IC 177.8± 8.7 161.0± 9.0 176.8±10.0 181.9+ 7.9 194.6± 7.4* 196.2± 9.3*

EC 128.9± 3.9 131.3i" 5.4 133.0± 5.5 140.8±, 5.0* 152.2± 5.9+ 149.7± 9.2

hIns IC 161. 7± 8.7 --- --- 173.8± 5.8* 165.2± 7.8 164.4± 6.8

EC 112.3± 7.7 117.9± 4.6* * *--- --- 12l.7± 4.9 117.6± 5.5

pIns IC 161. 5±16. 3 --- --- 182.2±12.5* 175.7+18.4* 180.5±14.9*

EC 110.5±10.4 125.6t 7.3 * 133.3± 8.2+--- --- 129.8± 8.1

IGF-1 IC 175.0±14.4 190.1±12.8* 187. 3±ll. 2* 190. 8±ll. 2* 19l.0±10.2* 186.7±14.4*

EC 123.3± 6.6 * 126.9+ 6.3 125.5± 5.8 * 128.0± 6.713l.7± 7.1 135.7± 9.3

EGF IC 162 .1±ll. 8 --- --- 171.7±13.0* 170.4+12.2* 179.5±13.9+

EC 98.1± 9.5 * 109.5+ 8.3* *--- --- 107.6± 7.6 107.4±. 8.3

.
U1
W



Table 3.2

Percentage change in relaxin secretion (EC staining) from decidual cells

with HI and H2 relaxins (Hl/H2 Rlx) and human (hIns) and porcine (pIns) insulins.

Baseline level of relaxin EC staining in control cells is referred to as 100%.

(*p<o.OS when compared to control cells, +p<o.OS when compared to previous

significant dose) .

Dose (ng/ml) 0 10 50 100 SOO 1000

H1 Rlx 100% 101. 5% 103.3% 105.2% 109.8% 110.0%*

H2 Rlx 100% 103.2% 103.2% 109.2% 118.1%* 116.1%*

hIns 100% -- -- 10S.0%* 108.4%* 10S.0%*

pIns 100% -- -- 113.7%* 117.S%* 120.6%+

....
V1
.l:>-
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CHAPTER IV

SUMMARY OF RESULTS AND CONCLUSIONS

OVERALL SUMMARY OF RESULTS

A cell immunoblot technique originally designed for

the study of prolactin secretion by rat pituitary cells

has been modified and evaluated for the study of human

decidual cell relaxin and prolactin accumulation and

secretion. Nothing is known about the regulation of

relaxin secretion from the human decidua. The results

presented in this dissertation therefore provide the

first insights into aspects of control of decidual cell

relaxin accumulation and secretion and provide

preliminary evidence for some of the secretagogues which

may influence its intracellular storage and release from

human decidual cells in vitro. A summary of the results

obtained is presented in Figure 1.

* Identification of cell types in the decidual

preparations indicated that 25% of the total cells

harvested consisted of macrophages, 10% chorion cells and

65% decidual cells. All cell types immunostained for

relaxin and prolactin.
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* Time course experiments showed considerable

differences in the patterns between relaxin and prolactin

intracellular accumulation and secretion. There was a

continuous increase in the amount of prolactin

accumulated inside the decidual cells between 30 min and

18 h, with only very minimal prolactin secretion over

this time frame. In contrast, relaxin was rapidly

released from the cells and could be detected

extracellularly within 15 min of incubation, and this

secretion continued to increase up to 2 h. The

intracellular accumulation of relaxin was however less

rapid than that of prolactin, and was only evident after

18 h in vitro.

* Relaxin intracellular accumulation and secretion were

significantly increased when the cells were incubated

with added porcine relaxin, H2 synthetic human and Hi

recombinant. human relaxins. Porcine relaxin was slightly

more potent than human H2 relaxin, which was more potent

than the Hi synthetic peptide in increasing its ow~

synthesis and secretion in vitro.

* Human and porcine insulins significantly increased

relaxin intracellular accumulation and secretion.
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* IGF-1 and EGF also showed effects of increasing

relaxin intracellular accumulation and secretion, but

these were not dose-dependent and are therefore

questionable.

* Prolactin had both inhibitory and stimulatory effects

on relaxin production and secretion, but had a

significant effect of increasing intracellular prolactin

accumulation. Treatment of the decidual cells with

cycloheximide or CaCl2 significantly decreased the amount

of prolactin which could be detected intracellularly.

Prolactin intracellular accumulation and secretion were

unaffected by treatment with relaxin in vitro.
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CONCLUSIONS

Results presented in this dissertation are the first

to describe the secretion and intracellular accumulation

of relaxin from individual human decidual cells. This

work conducted in the past few years in our laboratory

therefore supports the hypothesis, that relaxin is an

autocrine/ paracrine hormone in the decidua and fetal

membranes. Local production of relaxin in these tissues

has been previously demonstrated (Sakbun et al., 1990,

Hansell et al., 1990).

The results of the time course study comparing

relaxin and prolactin intracellular accumulation and

secretion patterns demonstrated that there are

significant differences in the two decidual hormones.

The data suggests that relaxin may be a constituitively

secreted as well as a regulated hormone whereas prolactin

is only regulated. The immunoblot system therefore has

the potential to be used for the assessment of acute

autocrine/paracrine relationships of human decidual cells

in pregnancy.

There is evidence for relaxin (Koay et al., 1986 ),

insulin and IGF (Bell et al., 1991) receptors on human

decidual cell. The presence of the relaxin receptor in

the decidua has also been inferred indirectly from
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studies showing that added relaxin stimulates the

secretion of renin (Poisner et al., 1990) and two forms

of IGF binding proteins from decidual cells in vitro

(Thrailkill et al., 1990). Our results demonstrating an

effect of human H1 and H2 relaxins on decidual cell

relaxin release, is additional evidence for the presence

of relaxin receptors on these cells. Thus, these results

demonstrate an autocrine role for relaxin in the

regulation of its own secretion.

The preliminary results of the stimulatory actions

of insulin and IGF-1 on relaxin intracellular

accumulation and secretion in vitro suggest that these

factors may also regulate decidual relaxin in vivo.

However the potential cross-reactivity of relaxin,

insulin and IGF-1 with each others receptors would

require further studies to determine whether the observed

effects are mediated exclusively by the specific receptor

for each hormone.

The stimulatory effects of the H1 and H2 relaxin

peptides on decidual relaxin production and secretion,

provide evidence for a positive autocrine/paracrine

feedback system in the decidua for the regulation of

relaxin secretion just prior to the onset of parturition.

Relaxin output from the decidua may reach maximal levels

just prior to and during the early stages of labor to



160

allow for rapid and progressive dilatation of the cervix.

This positive feedback system could be further stimulated

by increased relaxin receptor expression as well as

enhanced binding kinetics of relaxin to its receptors.

The next step in continuing this work would then be to

pursue studies to investigate relaxin receptor expression

in the cervix and decidual cells at this critical stage

just prior to labor.



Figure 4.1.

Summary of results for decidual relaxin intra-

cellular accumulation and secretion.

(+ve=stimulatory effect, NE=no effect, I/s=inhibitory/

stimulatory effect).
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