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ABSTRACT

The human placenta, fetal membranes and decidua can be classified
as endocrine glands because of their abilities to produce hormones which
maintain and ensure the success of a pregnancy. These hormones may enter
the maternal and/or the fetal circulatory systems to act upon distant
targets while others may be produced and act locally within the
intrauterine compartment.

This study was designed to look at three circulatory hormones,
relaxin, prolactin and placental lactogen, as bipolar hormones, local
and distant. The sources of their production were studied in five
different intrauterine tissues at two physiological time frames, before
and after labour.

The corpus luteum is the source of circulating relaxin during
pregnancy. To determine whether this hormone is produced locally in
intrauterine tissues, two techniques have been used, immunocytochemistry
and Northern analyses. An antiserum to a synthetic l4-amino acid
sequence of the connecting peptide of human relaxin and two monoclonal
antibodies to human relaxin were used to immunostain fetal membranes
with adherent decidua and placental trophoblast. Poly(A)'RNA prepared
from five separate tissues, the amnion, chorionic membrane, decidua
parietalis, basal plate and the placental trophoblast were hybridized to
a 48-mer oligoprobe to human relaxin. Results from both techniques
showed that the decidua parietalis and basalis, the chorion and the
placental trophoblast synthesize and produce relaxin. The mRNA species

in the placental trophoblast was shown to be 1.1kb, about 100 base pairs



vi
smaller than the mRNA species in other tissues, suggesting different
processing mechanisms for these two mRNA species for relaxin.
Comparative quantitation of mRNA levels showed that the decidua
parietalis expressed the gene for relaxin more than the other tissues.
Also all tissues obtained after normal spontaneous delivery had a lower
capability for relaxin synthesis than tissues obtained from term
elective Cesarean section.

It is generally accepted that the decidua parietalis is the
primary source of amniotic fluid prolactin. Whether this hormone is a
product of other intrauterine tissues has not been thoroughly defined.
Two polyclonal and four monoclonal antibodies were used to localize
human prolactin (hPRL) in human intrauterine tissues. Northern analyses
using a 48-mer oligoprobe and a 712 base pair cDNA probe for hPRL were
performed to distinguish synthesized from sequestered hormone. Results
showed that the decidua parietalis is indeed the major source of
amniotic fluid prolactin and that the chorion laeve and the basal plate
are additional sources. There was no significant difference in hPRL mRNA
levels between Cesarean section and normal vaginal delivery tissues.

Human placental lactogen (hPL) is one of the major hormones
secreted by the placental syncytiotrophoblast and is readily detected in
the maternal circulation. In this study, a specific polyclonal antibody
to hPL, a 48-mer oligoprobe and a 540 base pair cDNA probe to hPL were
used to investigate and determine other possible intrauterine sources of
this hormone. Results showed unequivocally that the syncytiotrophoblast
is the classical source of hPL. In addition, some cells of the chorionic

cytotrophoblast and the basal plate also synthesized hPL. Quantitative
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analysis on Northern blots showed that the mRNA levels for hPL in these
extra-sources were less than one percent of that in the classical source
syncytiotrophoblast. It is not known whether these small amounts of hPL
by these ectopic sources stay and function locally in the intrauterine
tissues or whether they contribute to maternal circulation.

The differential production of the three hormones by intrauterine
tissues presented in this dissertation provide further definition of a

paracrine/autocrine system within these tissues.
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CHAPTER 1

INTRODUCTION

1. Gross examination of the normal term placenta and the fetal

membranes

Shortly after the delivery of the fetus, the placenta with the
torn fetal membranes adhering to its margins and the attached umbilical
cord are expelled from the uterus. Parts of the decidua parietalis
remain attached to the chorionic membrane to which it becomes closely
associated in the last weeks of gestation.

The fetal membranes are composed of two major structures, the
amnion and the chorion laeve. The amnion, the innermost of the
membranes enveloping the fetus in utero, is a thin transparent layer of
about 0.2 mm thick but contains tensile strength. It has no direct
blood supply and can be readily peeled away from the adjacent chorion
which is a layer of about 0.5 mm. Adposed to the chorion laeve are the
decidua cells. The decidua at term is divided into two portions based
on its location; the portion that adheres to the fetal membranes is
called decidua parietalis and the portion that lies directly beneath
the placenta is called decidua basalis (Fig. 1.1).

The human placenta (from the Greek plakous, meaning cake) at term
is disk-shaped, about 4 cm in thickness and 18 cm in diameter and
averages about 1/6 to 1/7 the weight of the fetus. Its fetal face is
smooth being formed by the adherent amnion, with the umbilical cord
attached, normally, near its center. The maternal face of a detached

placenta usually has a film of loosely attached blood clots which when
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Figure 1.1. Full term placenta in utero.
A and B: sections for immunocytochemistry.

from: Williams Obstetrics, 16th edition, 1980.




removed, discloses a thin, grayish layer of decidua basalis. The basal
plate is formed by the anchoring trophoblast and the decidua basalis,
thus representing the interface of maternal and fetal tissues. The
maternal surface of the placenta is divided into cotyledons or lobes by
septa which are composed of projections of connective tissue elements
which are in direct contact with the decidual cells and cellular
trophoblast. On sectioning, the dark red villous tissue reflects the
content of fetal blood and the loosely structured areas surrounding

them represent intervillous space which contains trapped maternal

blood.

2. Development

The ovum is fertilized in the Fallopian tube and reaches the
uterine cavity as a morula, which rapidly converts into a blastocyst
and loses its surrounding zona pellucida. A thin cellular layer called
trophoblast develops to surround the blastocyst which normally attaches
to the uterine mucosa about 6 days after fertilization and penetrates
into the highly vascular endometrial commective tissue and becomes
enclosed by it (Hamilton and Boyd, 1960). The embryo is completely
implanted when it is 11 days of age. The endometrium goes through
profound changes known as decidualization. The endometrial stromal
cells enlarge and accumulate glycogen and lipid; then after this
stromal edema occurs, polygonal or round decidual cells are formed
within 3 or 4 days. Decidualization in the human, unlike that in the
many animals studied, is a spontaneous phenomenon that occurs in the

presence of a functional corpus luteum or in the presence of luteal




hormones, estrogen and progesterone (DeFeo, 1967). In human, in the
absence of the embryo, the endometrium is sloughed during menstration,
but if the implanted embryo is present, the decidual reaction persists.
During this early stage of pregnancy the decidua is divided into three
portions. The portion lying between blastocyst and myometrium is the
decidua basalis; the portion covering the developing blastocyst and
separating it from the rest of the uterine cavity is the decidua
capsularis which eventually degenerates as pregnancy progresses; and
the remainding endometrium is the decidua parietalis or decidua vera
(Fig. 1.2).

The trophoblast rapidly differentiates into two layers. The inner
layer is composed of mononuclear cells and is known as the
cytotrophoblast whereas the outer layer consists of multinucleated
cells and is known as the syncytiotrophoblast. This latter layer has
been shown to be derived from the cytotrophoblast by different studies
(Midgley et al., 1963; Enders, 1965; Kliman et al., 1986). The
syncytium possesses spaces called lacunae that contain maternal blood.
During the third week of pregnancy, the cytotrophoblast and the
syncytiotrophoblast invade the surrounding decidua as solid cellular
columns known as primary villi. Then the mesenchymal core is formed
within these villi and converts them into secondary villi. By the end
of the third week, the mesenchymal cells within the villi differentiate
into blood capillaries and the resulting villi are termed tertiary
villi.

The villi in association with the decidua basalis rapidly

increase in number, branch profusely and form the chorion frondosum,
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the definitive fetal component of the placenta. Each of the main stem
villi and its ramifications constitutes a placental cotyledon. The
villi associated with the decidua capsularis become compressed and
their blood supply is greatly reduced. These villi subsequently
degenerate, producing a smooth relatively avascular area known as the
chorion laeve. As the conceptus continues to enlarge, the decidua
capsularis degenerates and disappears leaving the associated chorion
laeve to fuse with the decidua parietalis, thus obliterating the
uterine cavity (Fig. 1.2).

Two extraembryonic membranes not involved in the formation of the
human placenta, the amnion and the yolk sac, also differentiate. The
human yolk sac is the initial site of the fetal blood cell formation.
The amnion develops into a small amniotic sac that covers the dorsal
surface of the embryo. By the end of the first trimester, the amnion
sac 1s fully expanded and this rapid growth brings the amnion into
contact with the interior of both the chorion frondosum and laeve and
results in obliteration of the chorionic sac (Fig. 1.2). The amnion
never completely grows together with the chorion, however, so that in

term placenta, it may be dislodged from the chorion rather easily.

3. Microscopic aspects of term placenta, fetal membranes and decidua

A. The amnion

At term, the human amnion is comprised of three layers: the
epithelium, the basement membrane and the conmnective tissue. The
amniotic epithelium consists of a single layer of nonciliated,

cuboidal cells. On the basis of their ultrastuctural characteristics,

———— e ——- —_— - - — -




the human amniotic epithelial cells may be divided into two types
(Thomas, 1965). One type was named the "Golgi type" since it exhibits a
cytoplasm which shows membrane-bound vacuoles, a highly developed Golgi
complex and distended cisternae of rough endoplasmic reticulum. This
"Golgi type" cell has been suggested to have a role in secretion. The
second type has a cytoplasm filled with coarse fibrils and few
organelles and is named "fibrillar type®. It has been suggested that
this fibrillar cell type might be the "Golgi Type" cell at a resting
physiological phase or it may have a role in absorption (Thomas, 1965).
Wynn and French (1968) could not find such sharply defined types,
instead they described the amniotic epithelium to consist of dark and
light cells. The light cells differ from the dark cells principally in
content of ribosomes, which is higher in the latter. The number of
light cells increases as the amnion ages, these cells are probably more
often inactive and are commonly degenerate. The amniotic epithelium and
its basememt membrane are derived from the ectoderm. The connective
tissue of the amnion has been described as a compact layer and a loose
thin fibroblastic layer with some macrophages. The amount and structure
of collagen of the compact layer, shown to be primarily types III and
IV (Dieron and Bryant-Greenwood, 1989), probably determine the
elasticity and strength of the amnion (Aplin et al., 1985). At any
stage of development, the amnion is free of blood capillaries and nerve
endings (Fig. 1.3).

B. The chorion_laeve

The chorion laeve is separated from the amnion by a spongy

intermediary zone of connective tissue where separation may take place.
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The chorion can be described as three layers: fibroblast layer, pseudo-
basement membrane and chorionic cytotrophoblast (Fig. 1.3). The
fibroblast layer under the amnion is a loose layer and contains
fibroblasts and some macrophages. The collagen of this layer is types
II1I (Aplin and Campbell, 1985; Dieron and Bryant-Greenwood, 1989). The
pseudo-basement membrane is a layer of extracellular matrix and is
named after its thin thickness and its location as a barrier between
the fibroblast layer and the chorionic trophoblast (Bourne, 1960). The
extracellular matrix fibrils extend from the pseudo-basement membrane
up into the fibroblast layer and down to in between chorionic
trophoblast cells in all layers (Ben-Resly et al., 1981). The external
aspect of the chorion is the chorionic trophoblastic layer which is mot
homogenous in terms of its thickness and which is made of two to five
irregular layers of cytotrophoblast cells. These cells possess abundant
rough ER and Golgi membranes and are believed to synthesize and secrete
extracellular matrix found in the cell layers (collagen types I and IV)
and the pseudo-basement membrane (collagen type III and IV) (Aplin and
Campbell, 1985; Dieron and Bryant-Greenwood, 1989). The chorion laeve
is also free of blood vessels and nerve endings.

GC. The placental syncytiotrophoblast

The chorionic villi form the major portion of the mature
placenta. Their syncytiotrophoblastic covering layer is irregularly
thinned and attenuated. The syncytial nuclei are dispersed and often
appear aggregated to form multinucleated protusions from the villous
surface known as syncytial knots (Fox, 1965). Cytotrophoblastic cells

are still present in many villi though they are fewer in number and
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less prominent than in the immature placenta. They tend to be flattened
between the syncytiotrophoblast and the basement membrane and they do
not form a continuous layer. Within the villi are numerous dilated
fetal capillaries and some of them are situated towards the villous
periphery in close approximation to the villous trophoblast. The
villous stromal tissue is usually reduced to a thin compressed layer
‘between the dilated villous capillaries and contains fibroblast, few
Hofbauer cells and collagen (Fox, 1967).

D. The decidua

Fetal trophoblastic cells come into close association with
maternal decidual cells at a number of points within the uterus. These
cells can be distinguished from each other at the light-microscopic
level by the stronger cytoplasmic basophilia of the cytotrophoblastic
cells. After delivery, the decidua parietalis and basalis which are
closely associated with the fetal membranes and the placenta
respectively represent only a thin layer of these cells since the
majority are left behind within the uterus.

D.1. Decidua parietalis

The decidua parietalis is composed of three layers: a surface
layer or zona compacta that is in direct contact with the trophoblast
of the chorionic laeve; a middle portion or zona spongiosa with glands
and numerus small blood vessels; and a basal zone or zona basalis that
lies along the myometrium. The zona compacta and spongiosa together
form the functional zone and they are destined to be shed following
parturition. The zona basalis, however, remains and gives rise to new

endometrium.
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The decidual cells are epithelioid and polygonal (Fig. 1.3). The
lightly stained cytoplasm of these large cells contains numerous rough
ER and Golgi membranes suggesting a role in protein secretion. They are
separated from each other by extracellular matrix which consists of
collagen types III, IV and V (Dieron and Bryant-Greenwood, 1989).

Within the decidua parietalis, many leucocytes are present. A
high proportion are irregular in shape and found to be macrophages,
while a few leucocytes are small and rounded and believed to be T and B
lymphocytes (Bulmer and Johnson, 1984). Monoclonal antisera to cell
surface antigens have been used extensively to identify numbers of
maternal bone marrow derived cells within the decidua, however no
definitive decidual cell marker has been reported yet. It has been
shown that among the leucocyte cell populations in the first trimester
decidua, there were 45% large granular lymphocytes, 19% macrophages, 8%
T cells and that the other 28% did not stain to any cell marker
(Starkey et al., 1988). Among the T lymphocytes, decidual suppressor
cells were found to be present throughout normal pregnancy (Daya et
al., 1985).

D.2. Decidua basalis

Unlike the decidua parietalis, the three layered structure of the
decidua basalis is not well described, presumely due to trophoblastic
invasion. However, histologically, the decidua basalis differs from the
decidua parietalis in two respects. First, the decidua basalis has more
arteries and dilated veins which have direct contact with the placental
trophoblast by penetrating the basal plate, and second, it is invaded

extensively by the trophoblast of the placenta.
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Within the decidua basalis, there is a leucocyte population. The
predominant maternal leucocytes at term are class II MHC-positive
macrophages (Bulmer et al., 1988) which often extend processes around

decidual cells and placental trophoblast cells.

4. Endocrinology of the placenta, fetal membranes and decidua

The placenta, the fetal membranes and the decidua are responsible
for establishing effective communication between the mother and the
developing fetus while maintaining the immune and genetic integrity of
both individuals. They function as an alternative hypothalamic-
pituitary-gonadal axis and form a network of endocrine, paracrine and
autocrine systems within the fetal-placental-decidual unit. Ascheim and
Zondek (1927) initially detected human chorionic gonadotropin (hCG) in
urine of pregnant women and since then, many hormones have been shown
to be produced by the human placenta, fetal membranes and decidua.
Table 1.1 summarizes these. It should be noted that although the
presence of these hormones in specific tissues is being rapidly
established, an understanding of their physiology is still wvery
limited. Three hormones have been specifically addressed in this

thesis: relaxin, prolactin and placental lactogen.

5. Relaxin

A. General background

In 1926, Dr. Frederick Hisaw showed that a substance with the
ability to relax the pubic ligament of the guinea pig was present in

pregnant sow corpus luteum; and later, it was named "relaxin" (Fevold
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Hormones of the human placenta, fetal membranes and decidua
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Hormone Tissue™ Method™ Reference
1- Hypothalamic-like
GnRH P. cytotroph. RIA Siler-Khodr and Khodr, 1978a
Siler-Khodr and Khodr, 1978b
C. cytotroph. BioA  Poisner and Poisner, 1985
CRH Placenta BioA  Shibasaki et al., 1979
Dec., Amn. ABC Saijonmaa et al., 1988
TRH Placenta BioA  Gibbons et al., 1975
C. cytotroph. BioA Mitnick et al., 1974
Somatostatin P. cytotroph. 1IP Watkins and Yen, 1980
Decidua IF Kumasaka et al., 1979
PRL-RF Placenta Purif. Handwerger et al., 1987
2- Pituitary-like
heCG Syncytiotroph. IP Midgley and Pierce, 1962
C. cytotroph. BioA Polsner et al., 1983
hPL Syncytiotroph. IA Grumbach and Kaplan, 1964
hccC Placenta IA Opsahl and Long, 1951
hCT Placenta BioA Hershman and Starnes, 1969
ACTH Placenta RIA Rees et al., 1975
hGH-variant Placenta RIA Hennen et al., 1985
hPRL Decidua IF Frame et al., 1979
C. cytotroph. IF Frame et al., 1979

* P. cytotroph.: placental cytotrophoblast, C. cytotroph.: chorionic
cytotrophoblast, Amn.: amnion, C.: chorion, Dec.: decidua.

**%RIA: radioimmunoassay, BioA: bioassay, IF: immunofluorescence, ABC:
immunolocalization by avidin-biotin complex, IP: immunoperoxidase,
Purif.: purification, IA: immunoassay, EnzA: enzyme activity.
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Table 1.1 (cont’d)

Hormones of the human placenta, fetal membranes and decidua

Hormone Tissue™ Method™* Reference
3- Gonadal-like
Estrogen Placenta BioA Siiteri and MacDonald, 1966
Amn., C., Dec. EnzA Gibb et al., 1988
Progesterone Placenta ISP Bolte et al., 1964
Amn., C., Dec. EnzA  Gibb et all., 1988
Inhibin P. cytotroph IF Petraglia et al, 1987
Relaxin Decidua BioA  Bigazzi et al, 1980
Basal plate Purif. Yamamoto et al., 1981
Placenta Purif. Fields et al., 1981
4- GI-1ike
Gastrin, VIP Placenta IA Attia et al., 1976
5- Growth factors
Nerve GF Placenta BioA  Goldstein et al., 1981
TNF Placenta, Dec. RIA Jaattela et al., 1988
PDGF Placenta NA Taylor and Williams., 1988
Fibroblast GF Placenta Purif. Gospodarowicz et al., 1985
Transforming GF Placenta BioA  Stromberg et al., 1982
Placenta Purif. Frolik et al., 1983
Troph. derived GF Placenta BioA  Roy-Choudhury et al., 1982

* P. cytotroph.: placental cytotrophoblast, Amn.: amnion, C.: chorion,

Dec.: decidua.

"RIA: radioimmunoassay, BioA: bioassay, IF: immunofluorescence, IP:
immunoperoxidase, IA: immunoassay, EnzA: enzyme activity, ISP: in
situ perfusion, Purif.: purification, NA: Northern analysis.
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Table 1.1 (cont’d)

Hormones of the human placenta, fetal membranes and decidua

Hormone Tissue® Method™ Reference

6- Prostaglandins

Prostaglandin E, Amn., C., Dec. BioA Okazaki et al., 1981

Prostaglandin F, Decidua BioA  Okazaki et al., 1981
Thromboxane B, Placenta EnzA  Mitchell et al., 1981 (b)
Leukotriene Placenta, BioA  Saeed and Mitchell, 1982

Amn., C., Dec.

7- Opiate peptides

POMC, Endorphin, Placenta 1A Liotta and Krieger, 1980
encephalin

Neuropeptide gamma P. cytotroph. RIA,IF Petraglia et al., 1989

8- Others
Renin Chorion BioA  Skinner et al., 1968
Angiotensin Placenta, EnzA VWarren et al., 1984
Amn., C.
1,25-di0H vit.D, Placenta BioA Whitsett et al, 1981
Atrial natriuretic Placenta RIA Craig and Beveniste, 1987
peptide

* P. cytotroph.: placental cytotrophoblast, Amn.: amnion, C.: chorion,
Dec.: decidua.

**BioA: bioassay, EnzA: enzyme activity, IA: immunoassay, RIA:
radioimmunoassay, IF: immunofluorescence.
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et al., 1932). Research on relaxin was "at a low ebb" for the first 40
years after this initial discovery (Bryant-Greenwood, 1982) because of
the general lack of technology for isolation and purification of
peptides. Significant advances in the relaxin field were made after a
sensitive bioassay was developed (Steinetz et al., 1960), however it
was the publication of the procedure for the purification of porcine
ovarian relaxin (Sherwood and O’Byrne, 1974) which allowed the field to
fully develop. The primary amino acid sequence of porcine relaxin was
then, for the first time, shown to consist of two peptide chains (A and
B chains) of 22 and 31 amino acids respectively, covalently linked by
two interchain disulfide bonds with an intradisulfide link in the A
chain (Schwabe et al., 1976; James et al., 1977; Schwabe et al., 1977).
The locations of these disulfide bonds are homologus with those of
insulin and some insulin-like growth factors (James et al., 1977). A
three dimensional model of relaxin based on computer graphics showed
similarities between this hormone and insulin (Bedakar et al., 1977;
Isaacs et al., 1978), especially their closely packed hydrophobic core
and their overall pattern of folding (Bedarkar et al., 1982). It has
been proposed that these two hormones have evolved by a process of
divergent evolution involving an early gene duplication (Gowan et al.,
1981; Kemp and Niall, 1984). However, it appears that, during the
evolution, the structures of relaxins of different species have
diverged more than have insulins. For example, while the primary
sequences of pig and rat relaxins show low degree of homology (John et
al., 1981), those of pig and rat insulins have high degree of homology

(Blundell and Humbel, 1980). Isolation of relaxin from ovaries, corpora
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lutea, uterus and placentas of different species is summarized
chronologically in Table 1.2.

B. Biological activities of human relaxin

Since the observation by Hisaw on the relaxation of the pubic
ligament of the guinea pig by relaxin, this hormone has been
demonstrated to have other biological effects in a number of tissues in
‘the reproductive tract: the uterus, the cervix, the pelvic ligament and
the fetal membranes. Table 1.3 summarizes its biological roles.

It has been proposed that human relaxin functions as a paracrine
hormone as well as a classical endocrine hormone (Bryant-Greenwood,
1982). The corpus luteum appears to be the source of systemic relaxin
while the decidua and perhaps the placenta are the source(s) of relaxin
used in a paracrine mode (Koay et al., 1985a).

C. Sources of human relaxin

The primary source of systemic relaxin in pregnant women is the
corpus luteum and it has been shown by a porcine RIA that its
concentration is 4 times higher in the ovarian vein, draining the ovary
containing the corpus luteum of pregnancy, than in either the
peripheral vein or the contralateral vein (Weiss et al., 1976). An
homologous RIA for synthetic human relaxin derived from the H2 gene
sequence has been recently used to show that low serum levels of
relaxin (systemic) are not causatively related to the onset of labour
before term (Eddie et al., 1986) in contrast to a previous report using
heterologous RIA (Szlachter et al., 1982). However, the mean levels of
relaxin in normal pregnancy measured by both assays showed similar

pattern ( Bell et al., 1987).
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Isolation of relaxin in different species

Species Tissue source Methods™ Reference
Pig ovary AAE, GF, IEC, IEF Sherwood et al., 1974
Rat ovary AAE, GF, IEC, AAA Sherwood, 1979
Cow corpus luteum AAE, GF, IEF Fields et al., 1980
Shark ovary AAE, GF, HPLC, AAA Reinig et al., 1981
Guinea pig uterus AE, GF, RIA Nagao and Bryant-
Greenwood, 1981
Human placenta AAE, GF, IEF Fields and Larkin, 1981
basal plate AAE, GF, IEC Yamamoto et al, 1981
Dogfish ovary AE, IEC, GF, Bullesbach et al., 1986
HPLC, AAA, SA
Horse placenta AAE, GF, IEC, AAA Stewart and Papkoff, 1986
Cat placenta AE, RIA Addiego et al., 1987
Skate corpus luteum AAE, GF, HPLC, Bullesbach et al., 1987
AAA, SA
Hamster placenta AE, BA Steinetz et al., 1988
Sheep placenta AAE, GF, IEC, RIA Wathes et al., 1988
Whale corpus luteum AAE, GF, IEC, Schwabe et al, 1989
HPLC, AAA, SA
Dog placenta TCA, GF, RIA, HPLC Stewart, 1989

* AAE: acid acetone extraction, GF: gel filtration, IEC: ion-exchange
chromatography, IEF: isoelectric focusing, AAA: amino acid analysis,
HPLC: high performance liquid chromatography, AE: aqueous extraction,
RIA: radio immunoassay, SA: sequence analysis, BA: bioassay,

TCA: trifluoroacetic acid extraction.
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Biological roles of relaxin in human

Organ or tissue

Effects of relaxin

Reference

Uterus

Cervix

Pelvic joint

Fetal membranes

Uterine quiescence
- alone
- with progesterone

Uterine collagen content

Cervical ripening in
women at term by purified
porcine relaxin

Corpus luteal extracts from
women possessed bioactivity
on the guinea pig pelvic
ligament

Inadequate increase of
relaxin related to pelvic
pain and pelvic laxity in
late pregnant women

Increase plasminogen and
collagenolytic activities

Influence prostaglandin E,
production by the amnion

Wigvist and Paul, 1958
Beck et al., 1982
Schwabe et al., 1978

MacLennan et al., 1980
Evans et al., 1983
MacLennan et al., 1986a

0’Byrne et al., 1978

MacLennan et al., 1986b

Koay et al., 1986

Lopez-Bernal et al.,
1987
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In recent years, evidence that relaxin is a product of non-corpus
luteum tissues has accumulated. Bioactivity of relaxin was demonstrated
in human decidual extracts (Bigazzi et al., 1980). Crude relaxin was
extracted from human placenta and shown to be biologically active
(Fields and Larkin, 1981). The basal plate of the placenta was used as
a starting tissue for the demonstration of bio/immunocactive relaxin
(Yamamoto et al., 1981; Schmidt et al., 1984).

A summary of the immunohistochemical localization of relaxin in
human intrauterine tissues is presented in Table 1.4.

The presence of relaxin in the reproductive tissues of non-
pregnant women has also been investigated. This hormone has been
localized by immunoperoxidase staining in the non-pregnant corpus
luteum, in the secretory phase endometrium (Yki-Jarvinen et al., 1983)
and in the syncytiotrophoblast of a term placenta after removal of the
corpus luteum (Yki-Jarvinen et al., 1984) using antiserum to porcine
relaxin and by immunofluorescent staining in the granulosa cells of
human follicles (Balboni et al., 1982).

Relaxin has been shown also to be a hormone of the male human. An
homologus RIA for porcine relaxin identified high levels of relaxin in
human seminal plasma (Loumaye et al., 1980), the source of which was
shown to be the prostate gland (Essig et al., 1982). It has recently
been shown that the human seminal relaxin is a product of the H2 gene,
the same gene as human luteal relaxin (Shih et al., 1989)

D. The genes for relaxin

Relaxin belongs to a family of structurally related molecules

representing the products of structurally related genes. The study of
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Table 1.4

Immunolocalization of relaxin in human
intrauterine tissues

Reference Antiserum Amnion Chorion Decidua PT BP
Fields and rabbit anti- NE NE NE +ve +ve
Larkin, 1981 pRLX: R19. con. occ.
Yki-Jarvinen 2 rabbit anti- NE NE +ve +ve NE
et al., 1983 pRIX: R6 and
NIH RXN-P1.
Koay et al., 4 rabbit anti- -+ve +ve +ve +ve +ve
1985 pRLX: R6, R19, occ. con. con. weak. con.
Gg and Fk.
Bryant- rabbit anti- -ve +ve +ve NE NE
Greenwood PRLX, Gg. C: 4/4 C: 0/4
et al.,, 1987 S: 5/10 s: 2/10
Abbreviations:
PT: placental trophoblast, BP: basal plate, pRLX: porcine relaxin, NE: not
examined, +ve: positive, -ve: mnegative, con.: consistently, occ.:

occasionally, weak.: weakly, C: tissue from Cesarean section, S: tissue
from normal spontaneous delivery.
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human relaxin genes has been achieved by the two traditional techniques
of molecular biology, cloning and sequencing, and based on prior
elucidation of the studies of the rat and the pig relaxin genes. The
study of the human relaxin genes required a different strategy from
that of the rat and pig shown in Table 1.5, because the amino acid
sequence of human relaxin was not available. Attempts at the isolation
of human relaxin from human placenta and decidua (Yamamoto et al.,

1981; Biggazi et al., 1980) demonstrated that its concentrations were
too low to permit purification and sequencing of the peptide. The
general approaches to the cloning of relaxin cDNA in the rat (Hudson et
al., 1981) and the pig (Haley et al., 1982), based on amino acid
sequence analysis of the peptide hormones, are summarized in Table 1.5.
When comparing rat and pig relaxins, some regions of the connecting
peptides (C peptide) were found to possess a higher degree of
nucleotide sequence homology than the A and B chains (Haley et al.,
1982).

Hudson and his colleagues had identified a region of the pig
relaxin cDNA (corresponding to amino acids 45-84 of the C peptide) that
showed a reasonably high degree of homology (71% at the nucleotide
level) with rat relaxin cDNA. A 150 base pair probe was constructed
from this fragment and was used to screen a human genomic library
(Hudson et al., 1983). The isolated genomic clone lambda H7 was
analyzed to provide the complete coding sequence of a human relaxin
gene designated as Hl, from which the preprorelaxin amino acid and mRNA
sequences were deduced. Unlike the rat and porcine relaxin genes, the

human gene Hl contains an extra 3.7 Kb intron within the C peptide
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Table 1.5

General approaches used in the study of rat and pig
relaxin genes

Major steps™:

1. Amino acid sequence of the peptide hormones.
2. Predict mRNA sequences from amino acid sequences.

3. synthesize oligodeoxyribo-nucleotide primers to the predicted
mRNAs sequences.

4. Isolate mRNA from rat ovaries and pig corpora lutea of pregnant
animals.

5. Make single stranded cDNA from mRNA by reverse transcriptase then
convert it to double stranded cDNA by polymerase I.

6. Insert double stranded cDNA into plasmid and clone the plasmid.

7. Detect cDNA clones containing relaxin gene sequence by
radiolabelled oligonucleotide primers from step 3.

8. Clone the positive plaques and sequence them.

* Developed from Hudson et al., 1981; Haley et al., 1982,
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coding region. Human relaxin mRNA codes for preprorelaxin which
consists of a signal peptide of 25 amino acids, B chain of 32 amino
acids, C peptide of 25 amino acids and an A chain of 24 amino acids
(Fig. 1.4). The following year, Hudson and his colleagues used the same
150 basepair probe to screen a cDNA clone bank prepared from human
pregnant ovarian tissue, and a second relaxin gene was reported (Hudson
et al., 1984). This new gene was designated as human relaxin gene H2.
Extensive comparison of the nucleotides within exon sequence of the two
relaxin genes showed 90.5% homology (Fig. 1.5), however, the predicted
amino acids sequences of these relaxin peptides contained considerably
more variation (9 out of 56 amino acids are different). The two human
relaxin genes were shown to be non allelic and to be present within the
human genome on chromosome 9 (Crawford et al., 1984). In contrast, the
human insulin gene has been located on the short arm of chromosome 11
(Owerbach et al., 1980).

The relaxin molecule synthesized from the predicted relaxin gene
Hl amino acid sequence has been shown to possesss relaxin-like
biological activity in the rat uterus (Tregear et al., 1982). This
suggests that human relaxin gene Hl is a potentially active gene, but
the expression of this gene has not yet been shown in any tissue. Human
relaxin gene H2, however, is a functional gene since it was shown to be

expressed in the human corpus luteum tissue of pregnancy (Hudson et

al., 1984).
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6. Prolactin

A. General background

Human pituitary prolactin is a polypeptide hormone with a
molecular weight of approximately 23,000 daltons. The molecule contains
199 amino acids with three disulfide bridges and has 26% homology with
hGH and 27% homology with human placental lactogen (hPL) (Owerbach et
al., 1981).

In 1961, it was shown that highly purified human growth hormone
(hGH) possessed intrinsic lactogenic activity (Lyons et al, 1961.), and
since many attempts to isolate a separate hPRL had failed, the
existence of this hormone in primates was in doubt. All preparations
from primate pituitary glands possessing lactogenic activity were shown
to be contaminated by GH to varying degrees. This observation had led
some investigators to suggest that perhaps in primate species, GH and
PRL were one and the same hormone (Bewley and Li, 1970). However
biological, immunological and clinical evidence steadily accumulated in
favor of a search for a separate human pituitary PRL. In the isolation
of primate PRL, the major problem was that GH was present in pituitary
extracts at levels known to be 20-50 times those of PRL and it was
impossible to use bioassays based upon lactogenic activity to monitor
the fractionation procedures.

The first isolation of a primate PRL (monkey) was finally
achieved through the use of an affinity chromatography technique (Guyda
and Friesen, 1971). Shortly thereafter, hPRL was isolated by the same
group by gel filtration and ion exchange chromatography (Hwang et al.,

1972). Independently, the purification of hPRL by a procedure based
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upon polyacrylamide gel electrophoresis was published (Lewis, 1971).
Rapidly following these studies, specific RIAs were reported by Hwang
et al. (1971) and by Bryant and Greenwood (1972) (who used hPRL
isolated by Pasteels and his colleagues in Belgium).

B. Biological roles of pituitary prolactin

The functions of pituitary PRL vary in different species and will
not be considered in detail here. PRL has wide-ranging actions either
by itself or in synergism with steroid hormones. Some examples of the
effects of PRL are related to reproduction (mammary development,
lactation, luteotropic), growth (hair, gland, feather), osmoregulation
(especially in lower vertebrates) and parental behavior (nest building
in rabbits and birds) (Nicoll, 1974). In the human, the roles of
maternal systemic PRL in breast development, synthesis and secretion of
milk have been well studied.

GC. Decidual prolactin

Following the development of the specific RIAs for hPRL, it was
found to be present in large amounts in the amniotic fluid. This
amniotic PRL was chemically, biologically and immunologically
indistinguishable from pituitary PRL (Hwang et al., 1971; Tyson et al.,
1972). The biological effects of amniotic fluid prolactin have not been
well established although a variety of physiologic functions have been
suggested as shown in Table 1.6. Recently, it has been shown that only
amniotic fluid PRL could increased fetomaternal water flow, not
exogenous pituitary PRL or ovine PRL (De Bakker-Teunissen et al.,
1988). This is the first report suggesting that biological differences

between pituitary and amniotic fluid PRL. The concentrations of
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Suggested biological roles of decidual prolactin

Observation

References

. Regulations of electrolyte and water in
amniotic fluid

Human or bovine pituitary PRL did not
cross the chorion from the maternal
side to the fetal side.

Exogenous human or bovine pituitary
PRL caused a decrease in fetomaternal
water flow and in membrane
permeability.

Exogenous human or bovine PRL did not
have any effects on membrane
permeability, but PRL extracted from
amniotic fluid increased fetomaternal
water flow.

Low amniotic fluid prolactin in
patients with chronic polyhydramnios.

Defective receptor for PRL in the
chorionic cytotrophoblast in patients
with chronic polyhydramnios.

. Fetal lung surfactant production

PRL stimulated phosphatidylcholine
production in human fetal lung
explants when added with cortisol
and/or insulin.

Correlation between tracheo-bronchial
PRL and amniotic fluid PRL and lung
surfactant in rhesus fetus.

. _Parturition

PRL was hypothesized to have a role
in the control of human labor.

Riddick and Maslar, 1981

Tyson et al., 1972

Holt and Perks, 1975
Leontic and Tyson, 1977
Stray-Peterson, 1982
MaCoshen and Barc, 1985

De Bakker-Teunissen
et al., 1988

Healy et al., 1983

Healy, 1984

Mendelson et al., 1981

Johnson et al., 1982

Healy, 1984
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amniotic fluid PRL were 100 to 200 times greater than those found in
maternal or fetal serum (Hwang et al., 1971; Tyson et al., 1972). The
major source of amniotic PRL was initially thought to be either the
maternal pituitary (Josinovich et al., 1974) or the fetal pituitary
(Fang and Kim, 1975). However, it was noticed that the changing
concentrations of PRL in the amniotic fluid during human gestation did
not occur in any recognizable pattern related to changes in maternal
circulating PRL. During pregnancy, neither hypophysectomy nor the
administration of bromocriptine in concentrations that suppressed
maternal and fetal PRL production markedly cause a decrease in the
amniotic fluid PRL concentrations (Riddick et al., 1979; Bigazzi et
al., 1979). Since the maternal and fetal plasma PRLs are different from
amniotic fluid PRL, the possibility that the latter might be produced
locally in the uterus compartment was considered.

Prolactin was shown to be released into the incubating medium
from flasks containing decidua but not from chorion, amnion, or
placental tissue (Riddick and Kusmick, 1977). Data from two separate
laboratories later confirmed the de novo synthesis of hPRL from
radiolabeled-amino acid precursors by decidua (Riddick et al., 1978) or
by chorion-decidual tissue (Golander et al., 1978). The localization of
PRL in the intrauterine tissues at different stages of pregnancy by
immuncfluorescence or immunohistochemistry has produced a variety of
results as shown in Table 1.7.

Clements and colleagues used a molecular approach to show the
presence of PRL mRNA in the pregnant intrauterine tissues by using a

616 base pair cDNA prolactin probe to hybridize to mRNA from those
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Table 1.7

Immunolocalization of human prolactin in
human intrauterine tissues

Reference Antiserum Amnion Chorion Decidua PT
Healy et al., rabbit anti hPRL +ve -ve NE NE
' 1977 from NIH
Frame et al., rabbit anti hPRL -ve -ve +ve +ve
1979 from NIAMDD: A.S. weakly
AFP-1582-C
Meuris et al., rabbit anti oPRL NE NE +ve NE
1980 A.S.
Kasai et al., rabbit anti hPRL NE NE NE +ve
1981 S.C.
Tomoda et al., rabbit anti hPRL NE -ve -ve +ve
1983 from NIAMDD: S.C.
AFP-C 11580
Al-Timinii and rabbit anti hPRL -ve -ve +ve +ve
Fox, 1986 from NIAMDD A.S. A.S.
Abbreviations:

PT: placental trophoblast, hPRL: human prolactin, oPRL: ovine
prolactin, NIH: National Institute of Health, NIAMDD: National
Institute of Arthritis, Metabolism and Digestive Disease,

NE: not examined, -ve: negative, +ve: positive, A.S.: all cells,
S.C.: some cells.
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tissues. They found that mRNA from human decidua-chorion but not amnion
or placental trophoblast gave a positive hybridization signal (Clements
et al., 1983). The results of a cell free translation study (Taii et
al, 1984) also confirmed de novo synthesis of PRL in the decidua but
not in the placenta or amnion.

D. The human prolactin gene

Human prolactin, growth hormone and placental lactogen appear to
have evolved from a common ancestral family gene by consecutive
duplication and sequence divergence (Niall et al., 1971). Cooke et al.
(1981) isolated mRNA from human pituitary prolactin-secreting adenomas
and used it as template for synthesis of c¢cDNA. The cDNA, inserted to
PBR322 plasmid, was cloned, screened and the identified clone was then
sequenced. The 914 base pair nucleotide sequence of the prolactin mRNA
and the deduced amino acid sequence of the human preprolactin were
reported (Fig. 1.6). The cloned human prolactin cDNA was later used as
a probe to isolate and characterize human prolactin gene sequences in
the human genome (Troung et al., 1984). The human prolactin has been
shown to be present as a single copy per haploid genome and to be about
10 Kb long and containing 4 introns, three of which interrupt the
coding sequence at the same locations as in the known GH and hPL genes
(Fig. 1.7). Also, all the intron splice sites were unambiguously
located following the GT-AG rule (Breathnach et al., 1978). The
sequence for the 5 exons was identical to the previously reported human
prolactin cDNA sequence (Cooke, et al., 1981).

The genes for hGH and hPL have been shown to be located on

chromosome 17 (Owerbach and Rutter, 1980) whereas the gene for human
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prolactin was on chromosome 6 (Owerbach et al., 1981). The DNA sequence
homologies by base pair of these hormones were 92% between hGH and hPL
(Cooke et al., 1981), 42% between hPRL and hGH, and 41% between hPRL
hPL (Owerbach et al., 1981). Comparison by codons, however, showed 78%
homology between hGH and hPL, only 10% between hPRL and hGH and 9%
between hPRL and hPL (Cooke et al., 1981).

As already described, there is much evidence to suggest that the
decidua is the source of PRL found in the amniotic fluid. Takahashi et
al. (1984) isolated mRNA from human decidua and used it as template to
prepare single-stranded and then double stranded c¢DNA which was
inserted in pBR322. The coding sequence for decidual PRL was found to
be identical with that of human pituitary except for &4 silent

nucleotide differences.

7. Human placental lactogen

A. General background

Human placental lactogen (hPL) is a single-chain polypeptide
hormone with a molecular weight of 22,300. It is composed of 191 amino
acids and contains two disulfide bridges but no carbohydrate moieties.
hPL has 85% of its amino acid sequence identical to hGH and 27% to hPRL
(Cooke et al., 1981).

In pregnant women, hPL is a major placental secretory product,
accounting for 10% of all placental protein production at term (Suwa
and Friesen, 1969). Its concentration in the maternal circulation
gradually rises during the first trimester, dramatically rises in the

second and third trimesters and reaches maximal levels near term. hPL
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has been detected in the syncytiotrophoblast 5 to 12 days after
implantation of the fertilized ovum (Beck, 1970). There is direct
correlation between these concentrations and increasing placental mass
(Sciarra et al., 1968). Immunohistochemical studies localized this
hormone in placental trophoblast (De Ikonicoff and Cedard, 1973;
Watkins, 1978; Kurman et al., 1984; Gosseye and Fox, 1984; Sasagawa et
al., 1987) and in chorionic cytotrophoblast of fetal membranes from
early pregnancy (Kurman et al., 1984; Sasagawa et al., 1987) and term
(Kurman et al, 1984).

B. The hPL genes

Northern analysis using a cDNA probe to hPL showed that there was
about a 4-5 fold greater population of hPL mRNA in total RNA from term
placenta than in total first trimester RNA (McWilliams et al., 1977;
Boime et al., 1982). In situ hybridization confirmed that hPL is
synthesized in the syncytiotrophoblast of placental villi (McWilliams
and Boime, 1980).

There are 5 hPL genes and all of them are clustered together with
human growth hormone genes at band q22-q24 on chromosome 17 (Owerbach
et al., 1980; George et al., 1981; Harper et al., 1982). Analysis of
cDNAs of human placental mRNA demonstrated that two distinct hPL genes,
hPL-1 and hPL-2, are transcribed giving rise to two distinct hPL mRNAS.
The hPL-1 gene encodes 60% of placental hPL mRNA (Selby et al., 1984),
while the hPL-2 gene encodes the remaining 40% (Barsh et al., 1983).
The overall nucleotide sequence homologies for these two genes are 98%
and they consist of five exons separated by 4 introns with correct

splice site donors and acceptors, GT and AG for each of the 4 introns
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(Miller and Eberdhardt, 1983). The hPL-3, hPL-4 and hPL-5 genes have
not been characterized in detail.

C. Biological roles of hPL
When hPL was first isolated and purified, investigators

anticipated a wide range of diagnostic and therapeutic uses for this
growth hormone-like substance. However, there is no evidence for a
unique biologic activity of this hormone. hPL has many of the
somatotrophic and lactogenic properties of hGH and hPRL. It has been
shown that hPL is approximately 50% as potent as hPRL in stimulating
mucosal proliferation in pigeon crop sac assay (Josimovich and
Maclaren, 1962) and that it is as potent as hPRL in stimulating the
synthesis of casein, lactalbumin and lactoglobin in explants of mouse
mammary glands (Turkington and Topper, 1966). Although hPL shares
extensive structural homologies to hGH, it is only about 1% as potent
as hGH in stimulating epiphyseal growth of the tibia (Kaplan and
Grumbach, 1966) and weight gain in hypophysectomized rats (Arrezzuni et
al., 1972). Another suggested role of hPL is as an insulin antagonist
since it decreases glucose utilization and increases free fatty acid
utilization (Turtle and Kipnis, 1967). Despife its many possible roles,
hPL appears to be unessential to a successful pregnancy since there are
two reports which demonstrate the delivery of normal offspring from
mothers whose serum hPL was undetectable throughout pregnancy (Barbieri

et al., 1986; Trapp et al., 1987).
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8. Statement of the problems

The locus of control of parturition in women appears to be within
the placental unit (Liggins, 1985) rather than fetal (like in the sheep
and goat, Liggins, 1985) or maternal centered. This is an exclusion
hypothesis in that studying the other approaches has not yielded a
coherent credible account. Hence, the understanding of the events of
human parturition should be based on local controls. Hormones appearing
in the plasma from whatever source are classically regarded as systemic
signals to a distant target. Prostaglandins are an exception and so
might be all the growth factors.

The theme of this dissertation is to look at three endocrine
hormones of the fetal/decidua/trophoblast as local hormones. At this
stage of our techniques, without a handle on receptor number and
distribution, we cannot identify them as truly paracrine or autocrine.
However immunolocalization affords "a flash photogragh" of an in wvivo
instant as to where the hormones are in those particular tissues at
that particular time. Furthermore, Northern analyses allow us to
distinguish in situ hormone synthesis from accumulation.

Relaxin

The presence of relaxin in the human intrauterine tissues by
immunohistochemistry has been discussed earlier. It should be noted
that different polyclonal antibodies raised in rabbits against porcine
relaxin were used in all of the reported studies. The specificity of
these heterologus antisera must always be suspected of generating
artifact and could not provide a definitive answer on whether the human

amnion, chorion, decidua parietalis, basal plate or placental
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trophoblast were capable of synthesizing relaxin. Thus, the first
question addressed in this project was whether relaxin is locally
produced by at least one type of intrauterine tissue during pregnancy.

An antiserum to a custom synthesized l4-amino acid segment of
the C-peptide was used to localize relaxin C-peptide, preprorelaxin
and/or prorelaxin in a number of intrauterine tissues. Monoclonal
antibodies to human relaxin, gifts from Genentech Inc., have been most
recently used to reexamine the problem. Finally in order to show
relaxin synthesis, as opposed to sequestration, the presence of its
mRNA was sought in these tissues. A 48 mer oligonucleotide probe was
designed from the gene structure and used to hybridize with mRNA
extracted from five separated tissues of the placenta and fetal
membranes.

Prolactin

It is generally accepted that decidua parietalis is the primary
source of human prolactin in amniotic fluid. Results from
immunocytochemistry of this hormone in human intrauterine tissues were
inconsistent (Table 3) while Northern analysis (Clements et al., 1983)
and in situ hybridization (Coghlan et al., 1985) showed decidua
partietalis as the only source of amniotic prolactin. Hence the second
hypothesis is that decidua parietalis is not the only source of this
hormone and that other types of pregnant intrauterine tissues are also
capable of synthesizing prolactin.

Several polyclonal and monoclonal antibodies, a 48 mer
oligonucleotide probe and a cDNA probe to hPRL were used to investigate

other possible sources of amniotic fluid prolactin. Reproducable
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positive results in the decidua parietalis served as a positive control
and as standard for comparative quantitation of PRL mRNA isolated from
other intrauterine tissues.

Human placental lactogen

Most studies have concentrated on the syncytiotrophoblast
component of the placental villi as the classical site of hPL
production. Immunohistochemistry of this hormone however showed some
chorionic cytotrophoblast of first trimester and term fetal membranes
to be positively stained (Kurman et al., 1984; Sasagawa et al., 1987).
Hence, the third problem was to determine whether hPL was produced by
other intrauterine tissues.

Immunohistochemistry using a polyclonal antibody and Northern
analysis using a 48 mer oligonucleotide probe and a cDNA probe to hPL
were performed. It is generally agreed that the syncytiotrophoblast is
the major source of this hormone, so this tissue was used as a positive
control in this study. A portion of human uterus was obtained through
the Pathology Department. University of Hawaii, from a premenopausal
patient undergoing hysterectomy for leiomyoma and was used for Northern

analysis as a negative control.

9. Orpganization of the dissertation and allocation of contribution

The body of this dissertation is made up of 4 publications in
refereed journals.

* An overview of the tissues and the hormones involved in this
work, not fully described in these papers, is presented in Chapter 1.

Since the 4 papers were published in different journals, the format for
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each one of them is slightly different. Although there are references
at the end of each chapter, the bibliography of the whole dissertation
is listed in the last chapter.

* The title of Chapter II is "Immunocytochemical localization of
prolactin and relaxin C-peptide in human decidua and placenta". This
study was published in the Journal of Clinical Endocrinology and
Metabolism, volume 65, number 2, 1987. My contribution as first author
of this paper included conducting all the immunostaining, taking the
photographs and approximately 50% of the preparation of the manucript.

* The PRL study is extended and presented in Chapter III with the
title "The localization of prolactin and its mRNA in the human fetal
membranes, decidua and placenta". The article was submitted to
Trophoblast Research and is in press. I was responsible for all
Northern analyses which included mRNA extraction, hybridization with
the 48 mer oligonucleotide probe and quantitation, and the preparation
of the first draft of this manuscript. Dr. S. Ali is first author
because this work represented some parts originally used in his thesis
which I repeated and extended.

* Chapter IV represents the work on hPL which was published in
the American Journal of Obstetrics and Gynecology, volume 162, 1990
under the title "Immunocytochemical localization and mRNA
concentrations for human placental lactogen in amnion, chorion, decidua
and placenta". I was responsible for all Northern analyses which
includes mRNA extraction, hybridization with the 48 mer oligoprobe and
the cDNA probe, densitometric analysis and preparation of the first

draft of this manuscript.
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* "Human relaxin in the amnion, chorion, decidua and trophoblast
by immunocytochemical localization and Northern analysis" is the fourth
paper included in the dissertation as Chapter V. My contribution was
the extraction of mRNA, hybridization, quantitation and preparation of
the first draft of the manuscript. The article appeared in the Journal

of Clinical Endocrinology and Metabolism, volume 70, 1990.
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CHAPTER II

IMMUNOCYTOCHEMICAL LOCALIZATION
OF PROLACTIN AND RELAXIN C-PEPTIDE IN HUMAN
DECIDUA AND PLACENTA*

published in the Journal of Clinical Endocrinology
and Metabolism, volume 65, number 2, 1987

Vannara Sakbun, Evelyn S. C. Koay,
and Gillian D. Bryant-Greenwood

Department of Anatomy and Reproductive Biology
and Department of Biochemistry and Biophysics
University of Hawaii
Honolulu, Hawaii 96822, U.S.A.

Running Title: PROLACTIN AND RELAXIN C-PEPTIDE LOCALIZATION

*This work was supported by NIH Research Grant HD-06633
(to G.D.B-G.), a MARC subproject GM-07684 (to V.S.) and
an East-West Center Grant (to E.S.C.K.) and by the Pacific
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ABSTRACT

The production of prolactin by the human decidua is generally
accepted, but the production of relaxin by this tissue is not. The two
hormones were localized in decidual tissue using the avidin-biotin
immunoperoxidase procedure with antisera to human prolactin and to a
synthetic 14 amino-acid sequence of the connecting peptide of human
relaxin (hCpl4). The object of using the hCpl4 antiserum was to verify
relaxin production by the detection of the C-peptide and/or prorelaxin.
Cells of the parietal decidua adherent to the fetal membranes stained
with both antisera and immunostaining for both hormones in the same cell
was seen. Also, the decidua-like cells of the placental basal plate
stained with both antisera. The chorionic cytotrophoblast stained with
the antiserum to hCpl4 but not the antiserum to human prolactin, whereas
the placental syncytiotrophoblast stained for prolactin and/or human
placental lactogen (hPL) but not hCpl4. The prolactin staining in all
tissues was lost when anti-prolactin serum absorbed with human placental
lactogen (hPL) was used. This finding suggests that the antiserum to
prolactin could not distinguish between prolactin and hPL. It appears,
therefore, that the parietal decidua cells and the decidua-like cells of
the placental basal plate may be capable of producing both relaxin and
prolactin, while the syncytiotrophoblast produces hPL and possibly

prolactin.
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The high concentrations of prolactin found in human amniotic fluid
are produced locally within the uterus (1). The source of this hormone
has been shown by indirect immunofluorescence to be the decidua and
trophoblast cells (2). In addition, the syncytiotrophoblast has been
suggested as a site of prolactin production by immunoperoxidase
localization (3).

A polyclonal antiserum to porcine relaxin has been used with the
avidin-biotin immunoperoxidase procedure to show that relaxin-like
material can be localized in the cells of the human parietal decidua
adherent to the fetal membranes as well as in the cells of the chorionic
trophoblast and the placental basal plate (4). However, a heterologous
antiserum is not optimal on the one hand and the technique of
immunolocalization may not be able to distinguish between hormone
production and sequestered hormone on the other. Therefore, the
question of whether these cells produce relaxin is still open. An
antiserum has been raised to a 14 amino-acid synthetic peptide
representing a partial sequence of human relaxin connecting-peptide
(hCpl4) deduced from the gene sequence of human relaxin gene I (5).
Some preliminary results of an RIA for this synthetic peptide (6)
suggested that the antiserum can detect prorelaxin, its C-peptide and
metabolic fragments derived therefrom in human serum taken throughout
pregnancy. The aim of this study was two-fold: 1) to demonstrate the
presence of relaxin C-peptide material in uterine and placental cells;
2) to study simultaneously the prolactin producing cells in order to
determine whether they are the same or different from those producing

relaxin.
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MATERIALS AND METHODS

Materials

A sequence of 14 amino-acids of the connecting peptide of human
relaxin (79-92) of human relaxin gene I (5) was custom synthesized by
Peninsula Labs., CA. Amino-acid analysis revealed it to be 97% pure and
it migrated as a single spot on thin layer chromatography and
electrophoresis. This sequence was searched against all other known
protein sequences by the Protein Identification Resource, National
Biomedical Research Foundation, Georgetown University Medical Center.
It had a low score of 30, with segments #28-30 having some similarity to
two kinds of AIDS-virus proteins. Human prolactin was kindly provided
by Dr. U. J. Lewis, La Jolla, CA and its antiserum by the National
Hormone and Pituitary Program (anti hPRL-IC-2, AFP-C12081). A sample of
highly purified human placental lactogen (hPL) was kindly provided by
Dr. A. Parlow, Torrance, CA. Other materials used and their sources
were: Vectastain ABC Kit, Vector Laboratories, Inc., Burlingame, CA;
3-amino-9- ethyl-carbazole N, N’-dimethylformamide, 30% hydrogen
peroxide, and glyceryl- glycerine, Sigma Chemical Co., St. Louis, MO.
The buffers used in the immunostaining procedure were 0.075 M phosphate,
0.15 M NaCl, pH 7.2 (PBS), further diluted 1:5 just before use, and 0.1

M acetate buffer, pH 5.2.

Antiserum Production (hCplék)

An antiserum to hCpl4 was raised in a New Zealand white rabbit

using hCp li4-thyroglobulin as immunogen (7). The injection schedule of
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Vajitukaitus, et al was followed (8). Titration of the antiserum was
carried out prior to its use with 1251 1abelled hCpl4 and precipitation
of the bound fraction with anti-rabbit gamma globulin. Maximum binding
was 85%, and the antiserum did not bind 125I-labelled porcine relaxin.
In a RIA for hCpl4, unlabelled porcine relaxin produced no inhibition.
Human plasma reacted in the RIA, but the dose-response was not parallel
to that of hCpl4. This suggests that the immunoactivity is related to

the C-peptide and to its metabolic fragments (6).

The optimum dilution for each antiserum employed to obtain maximal
immunocytochemical staining in the syncytiotrophoblast and decidua was
determined experimentally by using a range of antiserum concentrations

on serial sections of tissue.

Tissue Preparation

Placentas with attached fetal membranes were collected from
women after normal spontaneous term delivery (n=4) and from one woman
after an elective Cesarean section with no labor at Kapiolani Children’s
Medical Center, Honolulu, HI. The tissues were immediately taken to the
laboratory on ice and processed within one hour after expulsion or
removal. Representative slices, approximately 10 mm thick, were cut
across the full thickness of the placenta from different areas;
likewise, l-cm pieces of fetal membranes with adherent decidua were
dissected out. The sampled tissues were immediately fixed in Bouin’s
solution (16-24 h at 25 G) and then processed for paraffin embedding.

Five-micron sections were cut and mounted on glass slides.
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Immunocytochemical Staining

Deparaffinized and rehydrated sections were immunostained for
relaxin connecting peptide using the avidin-biotin immunoperoxidase
method (9). The sections were pretreated with 0.3% hydrogen peroxide
for 7 min to remove endogenous peroxidase activity and with a 1:50
dilution of normal goat serum in PBS for 20 min to saturate nonspecific
binding sites for immunoglobulin G (IgG). For the immunostaining, the
sections were sequentially exposed to the following solutions at 25 C:
appropriately diluted antiserum (or nonimmune control serum) for 60 min,
1:250 diluted biotinylated goat antirabbit IgG for 30 min, and
avidin-biotinylated horseradish peroxidase complex (Vectastain ABC
reagent) for 45 min. After each step, the sections were thoroughly
rinsed in PBS for 9 min (three changes, 3 min each). Peroxidase
activity was demonstrated cytochemically by incubation with a peroxidase
substrate con- taining 0.02% (wt/vol) 3 amino-9-ethyl-carbazole and
0.03% (vol/vol) hydrogen peroxide in 0.1 M acetate buffer, pH 5.2 for 15
min. The sections then were rinsed in water, coverslips were mounted
with glyceryl-glycerine, and the slides were examined by bright field
microscopy. The reddish-brown chromogenic product was readily
differentiated from background staining without need for further
counter-staining. Sections of each sample were stained with hematoxylin
and eosin. Examination of these sections verified that adequate
preservation of cell morphology was obtained with the procedures

employed.
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Method specificity was tested by substitution of the primary
antiserum with normal rabbit serum (NRS). Antiserum specificity was
demonstrated by preabsorption of the prolactin antiserum with prolactin
or hPL and the antiserum to hCpl4 with hCpl4 antigen for 24h at 4°C,
before application to the sections. In addition, the antiserum to hCplé4
was preabsorbed with thyroglobulin (50-2000 ng/ml) for 24h at 4°C, since
this antiserum was raised by immunization with hCpl4 conjugated to this

large protein.

RESULTS

The antigens prolactin and hCpl4 were localized in several
sections of parietal decidua adjacent to the fetal membranes in all five
tissues studied. Both hormones were localized in a large number of the
decidual cells in a pattern similar to that previously shown for relaxin
using antisera to porcine relaxin (4). Fig 1A shows these cells stained
with antihuman prolactin serum diluted 1:500. A group of distinctly
shaped cells is shown in Fig la at higher magnification, which clearly
shows the stain located in the cytoplasm of the cells. Fig 1B shows the
staining using antiserum to hCpl4 diluted 1:500 in a section close to,
but not directly adjacent to, that shown in Fig 1A. The same group of
cells 1is also shown in inset Fig 1lb at a higher magnification. The
control studies carried out simultaneously included replacement of the
antisera to prolactin and hCpl4 with NRS or antisera preabsorbed with

either human prolactin, hCpl4 oxr thyroglobulin. The non-specific
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background staining with these controls was low, thus enhancing the
specific differential stained results shown in Figs 1A and 1B.

Immunostaining with the antiserum to hCpl4 was seen in the
chorionic cytotrophoblast of the fetal membranes (Fig 1C) in a manner
identical to that observed with the antisera to porcine relaxin (4). 1In
addition, the antiserum to hCplé4 stained the amniotic epithelial cells
(Fig 1C), although some of this staining was non-specific as shown by
some staining of these cells after preabsorption of the antiserum with
hCpl4d (200 ng/ml) (Fig 1D). On the other hand, amniotic epithelial
cells showed almost no staining with NRS (Fig 1lE). Neither chorionic
cytotrophoblast nor amniotic epithelium stained with the antiserum to
human prolactin (not shown).

The distribution of cells stained in the placenta with antiserum
to human prolactin (1:750 dilution) is shown in Fig 2A. The
syncytiotrophoblast at the periphery of the placental basal plate and,
to a lesser extent, the decidua-like cells of the placental basal plate
stained. Staining with anti-prolactin serum also was evident in the
syncytiotrophoblast throughout the chorionic villi. Preabsorption of
the anti-prolactin serum with 150 ng/ml human prolactin resulted in no
immunostaining (not shown). Moreover, when this antiserum was
preabsorbed with a wide range of concentrations of highly purified hPL
(5-1000 ng/ml), the staining was completely abolished (Fig 2B) in a
manney similar to when the antiserum was preabsorbed with prolactin

itself (not shown).
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Localization in an adjacent tissue section with the antiserum to
hCpl4 (1:500 dilution) is shown in Fig 2C. There was a different
distribution of immunostain in comparison to that using antiserum to
prolactin. The decidua-like cells of the placental basal plate showed
specific staining, but there was no staining in the syncytiotrophoblast,
either around the basalplate or throughout the chorionic villi (not
shown). Preabsorption of the antiserum with hCpl4 (200 ng/ml) resulted
in reduced staining of the decidual-like cells in the placental basal
plate (Fig 2D).

The results using the different antisera were consistent in all
5 specimens studied, although the intensity of staining varied between
specimens. There was no difference in the tissues obtained from the
single specimen obtained at elective Cesarean section or those obtained

after normal spontaneous labor and delivery.

DISCUSSION

The detection of human prorelaxin-like material or the C-peptide
of relaxin with an antiserum to a synthetic 14 amino-acid sequence of
the connecting peptide of human relaxin (anti-hCpl4) has been used to
provide further evidence for relaxin production by the cells of the
human uterus and placenta. The demonstration that the cells of the
parietal decidua and chorionic cytotrophoblast stained with the
anti-hCpl4 serum, as well as with antiserum to porcine relaxin (4),
suggests that these cells produce relaxin. We are unable to explain the

staining with antiserum to hCpl4 in the amniotic epithelium.
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While these cells immunostain with anti-porcine relaxin serum (4), the
recent demonstration of relaxin receptors in these cells suggests that
the relaxin on them may be receptor bound (10), in which case |
immunostaining with hCpl4 antiserum would not be expected.

The simultaneous localization of prolactin and the C-peptide of
relaxin in the decidua-like cells of the basal plate and the parietal
decidua cells provides evidence that these cells may be the site of
production of both protein hormones. The cells in Fig la and 1b are not
completely identical because these sections were not directly adjacent
to one another and the thickness of the sections led to the loss of some
cells in Fig 1b. However, both antigens were localized clearly within
the cytoplasm of the same cells. Unfortunately, double labelling
techniques using the avidin-biotin system are not suitable for the
detection of two antigens produced by the same cell (11).

Our results show that the antiserum to human prolactin used for this
study cannot distinguish between prolactin and hPL. Work done with a
different technique, the detection of the mRNA for the hormone, in which
the cross-reactivity of structurally related hormones presents less of a
problem, suggests that prolactin is produced by the decidua and not the
trophoblast (12), whereas hPL is produced by the trophoblast (13).
However, these hybridization techniques have their own limitations in
sensitivity, so that there is still the possibility that there is some
hPL in the decidua and placental basal plate and some prolactin in the
trophoblast. We have recently localized these hormones with a polyclonal

antiserum to hPL and a monoclonal antiserum to prolactin, selected on
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the basis of RIA and supplied by Dr. J. Friesen, University of Manitoba.
The polyclonal antiserum to hPL, which in RIA does not detect human
prolactin, stains the trophoblast but not the parietal decidua or the
decidua-like cells of the basal plate. The monoclonal antiserum to
human prolactin stains the parietal decidua and placental basal plate
cells but also stains the syncytiotxophoblast very lightly (to be
published).

With this enhanced immunospecificity and the hybridization results
showing no mRNA for prolactin detected in the trophoblast (12), the
results suggest hormone binding to receptor rather than hormone
production. What is needed to resolve these important relationships is
a combination of high immuno-sensitivity with higher levels of

sensitivity in the hybridization technique.
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Figure 2.1. Immunolocalization of prolactin in human parietal decidua
and relaxin C-peptide (hCpl4) in human parietal decidua and human fetal
membranes.
A. Section of the parietal decidua stained with anteserum to human
prolactin (1:500 dilution) and the avidin-biotin procedure (x160).
a. Inset: Higher magnification of area contained within the
sqare in A (x375).
B. Section of specimen shown in A treated with antiserum to hCpla
(1:500 dilution) (x160). Note the same cells which stained
positively for prolactin in A, and a, also stained positively for
hCpl4 B, b.
b. Inset: Higher magnification of area contained within the
square in B (x375).
Sections through the fetal menbranes C-E, showing the amniotic
epithelium (e), chorionic cytotrophoblast (ch) and decidua (d)
(x160) .
C. Stained with antiserum to hCpl4 (1:500). Note staining in the
amniotic epithelium, chorionic cytotrophoblast and decidua cells.
D. Serial section stained with antiserum to hCpl4 (1:500)
preabsorbed with hCpl4d (22 ng/ml). Note absence of immunostaining,
except in the amniotic epithelium.

E. Serial section stained with NRS at 1:500 dilution.
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Figure 2.2. Immunolocalization of human prolactin in placental
syncytiotrophoblast and relaxin C-peptide in the placental basal plate.
A. Section through the placental villi treated with anteserum to
prolactin (1:750 dilution). Note intense staining of the
syncytiotrophoblast (s) (x550).
B. Section of specimen shown in A treated with antiserum to human
prolactin preabsorbed with hPL (50 ng/ml). Note loss of staining
in the syncytiotrophoblast (x550).
C. Section of the basal plate stained with antiserum to hCplé
(1:500 dilution) (x175).
D. Section of specimen shown in C treated with antiserum to hCplé4
preabsorbed with hCpl4 (200 ng/ml). Note also some non-specific
staining in the cells and connective tissue outside the basal

plate area. This was also present in the NRS controls (not shown).
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INTRODUCTION

The maternal parietal decidua has been proposed and generally
accepted as a primary source of the human prolactin (hPRL) in amniotic
fluid (Riddick & Kusmik, 1977). Whether hPRL is also a product of
other intrauterine tissues, the syncytiotrophoblast of the placenta
and/or the cytotrophoblast which is incorporated into the fetal chorion
early in development is still controversial.

Immunocytochemistry with fluorescent antibody demonstrated
unequivocally the presence of hPRL in the cytoplasm of decidual cells
obtained after labor and delivery at term (Frame et al., 1979) but
fluorescent cells were also found in the chorionic cytotrophoblast of
the fetal membranes. Frozen sections stained with the avidin-biotin
immunoperoxidase method confirmed the presence of hPRL in the decidual
cells but not in the cytotrophoblast of the fetal membranes (Bryant-
Greenwood et al., 1987).

The detection of hPRL in the placental trophoblast by
immunocytochemistry is difficult because of the presence of very high
tissue levels of human placental lactogen (hPL). This problem was
addressed by Tomoda et al. (1983), using an antiserum to hPRL
preabsorbed with hPL; specific staining for hPRL in the placental
trophoblast was obtained suggesting that the placental trophoblast was
indeed a source.

Confirmatory evidence for hPRL production by the decidua and
chorion laeve was obtained by the demonstration of specific hPRL mRNA

in these tissues. Hybridization was not detected with mRNA from the
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placenta, suggesting that this tissue does not express the hPRL gene at
a detectable level (Clements et al., 1983). More recently hPRL mRNA
was identified in the decidual cells by in_situ hybridization
histochemistry, but results on the placental trophoblast were not
reported (Coghlan et al., 1985).

The availability of more sensitive methods for
immunocytochemistry and Northern analysis have allowed a reexamination
of this problem using the human fetal membranes with attached parietal
decidua as well as the placental villous trophoblast and basal plate.
An attempt to define more precisely the cells of origin of hPRL within
the pregnant human uterus was made using in situ hybridization

histochemistry.

MATERIALS AND METHODS

Immunocvtochemistry: antisera and antigens

A polyclonal rabbit antiserum to hPRL was a gifts from the
National Hormone and Pituitary Agency NIDDK (hPRL-3, AFP-C1i580). Dr.
H. Friesen, University of Winnipeg, Manitoba, generously provided &
different monoclonal antibodies made and selected for their lack of
cross-reactivity with hPL in RIA (Laboratory numbers 12B1, GC3, 8A5 and
1B5). The monoclonal antibodies gave identical results in
immunocytochemistry and 12Bl was therefore used for most of these
studies at a 1:32 dilution.

Preabsorption studies were carried out using hPRL from NIDDK of
iodination grade hPRL-1-7 (AFP-9900), a sample of Dr. H. Friesen’'s

hPRL (85-8-8) and highly purified hPL kindly supplied by Dr. A. Parlow.
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Placentas with attached fetal membranes were collected from women
after elective Cesarean section at term who had not undergone labor
(n=5) at Kapiolani Women’s & Children'’s Medical Center (Honolulu, HI).
The tissues were immediately taken to the laboratory on ice and
processed within 1h after removal. Representative slices (10mm thick)
were cut across the placenta and basal plate and lcm pieces of the
fetal membranes with adherent decidua were dissected. The sampled
tissues were ilmmediately fixed in Bouin’'s solution (16-24h at 25C) and
then processed for paraplast embedding. Seven-micron sections were cut
and mounted on glass slides.
Immunocytochemical Staining

Deparaffinized and rehydrated sections were immunostained for PRL
using the avidin-biotin immunoperoxidase method (Hsu et al., 1981).
The sections were pretreated with 0.3% hydrogen peroxide for 5Smin to
remove endogenous peroxidase activity and with 0.5% normal rabbit serum
in PBS (for the polyclonal antiserum) and normal horse serum (for the
monoclonal antibodies) for 20min to saturate nonspecific binding sites
for IgG. For the immunostaining, the sections were sequentially
exposed to the following solutions at 25C. The reagents used for the
monoclonal antibodies are given in parenthesis. Appropriately diluted
primary antiserum to hPRL, 1:500 (1:32) or control non-immune serum
1:500 (1:32 mouse ascites fluid, ICN Immunobiologicals Inc. Il1l.) for
60min, 1:250 diluted biotinylated goat anti-rabbit immunoglobulin
(1:250 diluted biotinylated horse anti-mouse immunoglobulin) for 30min,
and avidin-biotin horseradish peroxidase complex, Vectastain ABC

reagent, for 45min. After each step, the sections were thoroughly
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rinsed in PBS for 9min (three changes, 3min each). Peroxidase activity
was demonstrated cytochemically by incubation with a peroxidase
substrate containing diaminobenzidine (DAB) 0.5mg/ml with 0.01%
hydrogen peroxide in Tris buffer 0.1M, pH 7.2. The sections were
rinsed in water and counterstained with hematoxylin, coverslips were
mounted with Permount (Allied Fisher Scientific, CA) and the slides
examined by bright field microscopy.

Preabsorption studies were carried out by incubation of the
primary antibody at the concentration used for immunocytochemistry in a
range of concentrations of antigen (1-2000ng/ml), for 48h at 4C.
Isolation of Poly(A)*RNA

Placentas with attached membranes were obtained from women after
elective term Cesarean section, without labor (n=20) and after normal
spontaneous delivery (n=10), at Kapiolani Women'’s & Children’s Medical
Center (Honolulu, HI) and were brought to the laboratory on ice within
1h of delivery. The tissue samples (8g) were obtained by separating
the amnion from chorio-decidua and then scraping the decidual cells
from the chorion laeve. The basal plate was sliced carefully from the
placental maternal surface and villous trophoblast collected from the
central region of the placenta thereby avoiding the basal and chorionic
plates. It was necessary to pool tissues from several placentas in
order to obtain 8g, for amnion or chorion 2 placentas were used, and
for decidua or basal plate 4 placentas were used. Histological
examination of the harvested chorion laeve and decidua showed the
decidua to be homogeneous whereas the chorion even after quite vigorous

scraping was always contaminated by some decidual cells. Control
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tissue was obtained from the uterus (myometrium and endometrium) of a
premenopausal patient who underwent hysterectomy for leiomyoma. The
tissues were homogenized in guanidinium thiocyanate-phenol-chloroform
and total RNA was prepared by the method of Choczynsky and Sacchi
(1987). Poly(A)'RNA was isolated by affinity chromatography on
0ligo(dT) cellulose using the method of Aviv and Leder (1972). The
‘total RNA was passed through the oligo(dT) column twice and poly(A)*RNA
was then eluted and precipitated with ethanol. Poly(A)*RNA fractions
were stored at -80C in 70% ethanol until use.
Northern Analysis

Poly(A)*RNA (11-20ug) from different tissues was denatured in
0.66M formaldehyde, 50% v/v formamide, and electrophoresed on 1.2%
agarose gel containing 0.66M formaldehyde. An RNA ladder (Bethesda
Research Laboratories, MD) was used as a molecular size marker. The
gel was stained with 0.5ug/ml ethidium bromide for 30min and
photographed under UV light. RNA was transferred from agarose gels to
Schleicher & Schuell Nytran nylon membranes (0.45um) in 10xSSPE (1x is
NaCl 8.7g/1, NaH,PO,. H,0 l.4g/1, EDTA 0.37g/1l, NaOH to pH 7.5) by
capillary transfer overnight. The membranes were then rinsed in 5XSSPE
and baked at 80C for lh and the blots stored dessicated at 4C until
use.

A 48-mer oligonucleotide with perfect complementarity to the mRNA
sequence that encodes amino acids 60-75 (Table 3.1) of hPRL was kindly
made by Drs. W. Scott Young III and Michael J. Brownstein, National
Institute of Mental Health, Bethesda, MD. The oligonucleotide was made

by solid phase synthesis on a DNA synthesizer (Applied Biosystems,
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Foster City, CA) and purified on 8% polyacrylamide and 8M urea
preparative sequencing gel. The homologies of the 48-mer probe for
hPRL mRNA to the related mRNA sequences, human growth hormone (hGH) and
hPL show a 25% similarity at the codon level (within the same region),
and 58% similarity at the nucleotide level respectively. It is
unlikely that the hPRL probe would hybridize to hGH or hPL mRNAs
because the homologous bases are spread through the entire length of
the probe.

This probe was labeled with (32P)dATP (>3000 Ci/mmol, New England
Nuclear, MA) and terminal deoxynucleotidyl transferase (Bethesda,
Research Laboratories, MD). Hybridization was carried out using the
methods described by Conner et al. (1983) and Schleicher & Schuell
(1987) or by Wood (1987). The blots were sealed in plastic bags while
still wet and placed in X-ray cassettes. Exposure to Fuji RX film was
done with intensifying screens at -70C for the times indicated in the
figure legends.

The hPRL cDNA was a generous gift from Dr. Nancy Cooke,
University of Pennsylvania (Cooke et al., 1981).

The 712 base pair cDNA for hPRL was labelled using [alpha 3%P]
dATP (>3000 Ci/mmol, New England Nuclear, MA) and Klenow fragment.
Prehybridization and hybridization of the nylon membranes were carried
out at 37C in a shaking water bath. The hybridization solution
contained 5% Dextran sulfate, 5xSSPE, 5xDenhardt’s reagent, 50%
formamide, 0.1% SDS, 100ng/ml denatured S5 DNA and the probe at

5x10%cpm/ml. After hybridization the filters were washed four times,
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two washes in 6xSSPE, 0.l% SDS at room temperature for 15min each, once
in 3xSSPE, 0.1% SDS at 50C for 30min and finally in 1xSSPE for 15min at
room temperature. The filters were exposed to X-ray film as described
above.

Quantitation of Northexrn blots

Results were quantified by scanning densitometry using a Video
Densitometer (BioRad, Inc., Model 620) with a 1-D Analyst Software for
IBM-PC. In order to assess the amount of poly(A)*RNA spotted onto the
filters each filter was additionally hybridized with a 27-mer human
beta-actin probe (Clonetech Labs, Inc.). The amount of hybridization
obtained with this probe varied from tissue to tissue: amnion (6.0 *
1.1, n=4), chorion (9.9 £ 1.1, n=4), decidua (7.3 * 1.4, n=6),
placental basal plate (3.1 * 0.9, n=8), placental trophoblast (4.8 *
0.8, n=7). Therefore it was not possible to use the beta-actin probe
as a standard between tissues. The hybridization signal was used as a
standard (100%); the signal obtained with the 48-mer hPRL oligoprobe
and poly(A)*RNA from the decidua.
In situ Hybridization

Small pieces (lem) of placental trophoblast at the junction with
the fetal membranes were selected. The membranes with adhering decidua
were rolled around the placental trophoblast tissue and frozen over
liquid nitrogen in a small plastic weighing boat. The frozen tissue
was then stored at -80C until use. Human pituitaries as control tissue
were generously provided by Dr. W.W. Tourtellote, National Neurological
Research Bank, CA. The frozen tissues were sent on dry ice. 10 micron

sections were cut on a cryostat and thaw mounted on gelatin/chrome alum
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(1g/0.1g) coated slides. The slides were placed on a slightly warm
surface for approximately lmin and placed at -80C until use.

The 48-mer hPRL probe and control of the same length, rat
vasopressin exon C (Table 3.1), were labelled with (alpha-3°S) dATP
rather than 32P to obtain better resolution at the cellular level after
liquid emulsion (NTB-2) autoradiography. Hybridization solution (45
ul) containing 3-10x10°cpm of the labelled probe in 4xSSC (pH 7.2)
(1xSSC=150mM NaCl, 15mM Na citrate), 50% formamide, lxDenhardt's,
10%(wt/v) dextran sulfate, 500ug/ml sheared single-stranded DNA,
250ug/ml yeast tRNA, and 100mM dithiothreitol was applied to each
section and covered with small squares of parafilm. The slides were
incubated in a humid chamber for 20-24h at 37C. The slides were dipped
in NTB-2 (Nuclear Track Beta, Kodak) liquid emulsion for different
exposure times. After development, the tissue sections were stained
with a 0.5% solution of Toluidine blue diluted 1:1 with absolute
ethanol. They were then dipped in 95%, 100% ethanol and xylene (lmin
each), and mounted with coverslips and a drop of immersion oil using

nail paint.

RESULTS
Immunocytochemistry
The parietal decidua cells adhering to the fetal membranes
stained with all antibodies to hPRL, Fig. 1A (polyclonal), Fig. 1C
(monoclonal). The polyclonal antiserum also stained the amniotic

epithelial cells, but not the cells of the chorionic cytotrophoblast.
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In contrast, the monoclonal antibodies showed little staining in the
amniotic epithelium but distinct stain in the chorionic cytotrophoblast
cells (Fig. 1C), not well shown in the black and white prints (Fig. 1A,
1C). The respective controls, normal rabbit serum (Fig. 1B) and mouse
ascites fluid (Fig. 1D) showed low background staining.

Preabsorption of the polyclonal antiserum with hPRL (NIDDK) gave
reduction, but not complete loss of stain in the decidua cells at 100
and 1000ng/ml. We were unable to show reduction of staining by
preabsorption of the monoclonal antibodies with concentrations of hPRL
up to 2000ng/ml with samples of hPRL from NIDDK or Dr. H. Friesen.

The syncytiotrophoblast of the placental villi are shown stained
with polyclonal antiserum (Fig. 1E) and with monoclonal antibodies
(Fig. 1F). 1It can be seen that the polyclonal antibody gave an uneven
stain in the syncytiotrophoblast whereas the monoclonal antiserum
produced a light but uniform stain throughout the syncytiotrophoblast.
Both antisera stained the decidua-like cells of the placental basal
plate (not shown).

Preabsorption of the polyclonal antiserum with 10 and 100ng/ml
hPRL (NIDDK) resulted in much reduced staining in the placental basal
plate cells but only a slight reduction in staining of the
syncytiotrophoblast. In contrast, when this polyclonal antiserum was
preabsorbed with hPL, staining was reduced at 100ng/ml and completely
abolished at 2000ng/ml. The monoclonal antibody when preabsorbed with
the hPRL (NIDDK) showed no reduction in immunostain in the

syncytiotrophoblast or basal plate cells, but it did show a reduction




70
at 1500ng/ml hPRL from Dr. Friesen (to which these antibodies were
raised). However, there was also a reduction of staining with the
monoclonal antibodies when it was preabsorbed with hPL (100ng/ml) in
both the syncytiotrophoblast and the decidua-like cells of the basal
plate.

Northern Analysis

Filters with poly(A)*RNA from different tissues: amnion,
chorion, decidua pareitalis, placental villous trophoblast and
placental basal plate were prepared and hybridized with either the 3’
end-labelled 48-mer oligoprobe or the random primed labelled hPRL cDNA
probe. Poly(A)*RNA from human uterus showed no hybridization with
either probe.

The 48-mer oligoprobe hybridized strongly to poly(A)*RNA from the
decidua and the enriched chorion (Fig. 2A, lanes c and b respectively).
The signal obtained at 1.2kb was identical to that obtained with mRNA
from the decidua hybridized with the cDNA probe (Fig. 2B, lane b). The
oligoprobe gave a weak but distinct hybridization with mRNA from the
placental villous trophoblast (Fig. 2A, lane d); this was smaller
(0.9kb) than the signal from decidua (1.2kb, Fig. 2A, lane c).
Poly(A)*RNA from the placental basal plate hybridized as two bands, one
equivalent to the decidua (1.2kb) and one to trophoblast (0.9kb) (Fig.
2A, lane e). With the cDNA probe there were no signals with mRNA from
villous trophoblast (Fig. 2B, lane a); the enriched chorion however
gave a signal somewhat weaker than but similar to that obtained with

mRNA from the decidua (not shown).
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In order to study the specificity of the hybridization at 0.9kb
with mRNA from trophoblast and basal plate and the 48-mer oligoprobe,
the hybridization was repeated and washes were performed in tetra
methyl-ammonium chloride, under éonditions of high stringency (Wood et
al., 1985). Under these conditions there was no hybridization obtained
in the 0.9kb region and mRNA from the villous trophoblast (Fig. 2C,
lane a), although the hybridization obtained with poly(A)*RNA from
decidua (Fig. 2C, lane b) and chorion (not shown) at 1.2kb was still
present.

The results with tissues obtained after Cesarean section and the
oligoprobe in the 1.2kb region are shown after densitometric analysis
(Table 2). The hybridization signal with poly(A)*RNA and decidua
(1.2kb) was used as a standard (100%) and each tissue calculated as a
percentage of this, the results were 36 * 12 (n=4) from the chorion
laeve, 17 £ 10 (n=7) from placental basal plate. There was no positive
hybridization signal obtained from amnion, placental trophoblast or
uterus (negative control).

Initially there appeared to be less poly(A)'RNA in placental
tissues obtained after spontaneous labor and delivery. This was found
to be due to the difference in time between expulsion/removal and
collection at the hospital and work-up in the laboratory with these two
types of tissues. When this time was kept constant the results
obtained were identical between the two sets of tissues.

In situ Hybridization

A more precise localization fo hPRL mRNA in amnion, chorion and

decidua and the syncytiotrophoblast was attempted using in situ



72
hybridization. A human pituitary gland was used as a positive control.
An autoradiograph of cells of the anterior pituitary at high power
magnification showing abundant PRL mRNA-oligomer probe hybrid exposed
to NTB-2 emulsion for 2 weeks is shown in Fig. 3A. Human decidua cells
gave a similar positive hybridization signal (Fig. 3B), but a doubling
of the exposure time (4 weeks) was required to obtain this signal. The
pattern of grains lay only within the decidual cell boundary with fewer
or no grains in the extracellular matrix or the chorionic
cytotrophoblast. Thus Fig. 3C shows the chorionic cytotrophoblast
cells at the junction of the decidua with no grains over the chorionic
cytotrophoblast cells. No grains were seen over the amniotic
epithelial cells (not shown) thus hPRL could be detected only in the
decidua with this technique.

Rat vasopression mRNA-sense oligonucleotide (48-mer) used as a
negative control with the same hybridization conditions gave very
little background in the decidual cells after a four week exposure to
liquid emulsion (NTB-2) (Fig. 3D).

A hPRL mRNA:probe hybrid signal was not detected in the
trophoblast after a 6 weeks exposure, suggesting that the levels of
mRNA were below the limits of the in _situ hybridization methodology
employed or it was absent. It should be noted that the exposure times
for hPRL mRNA by Northern analyses for the decidua:trophoblast were in
the ratio of 1:10. Decidual mRNA for hPRL by in situ hybridization
required 4 weeks exposure with this probe and suggests the need for

greater sensitivity.
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DISCUSSION

The results using three techniques on five intrauterine tissues
from human pregnancy are summarized in Table 3. There is general
agreement between the 3 methods although the in situ hybridization
histochemistry performed with a 48-mer oligoprobe proved less sensitive
than either Northern analysis or immunocytochemistry.

The three techniques confirmed the parietal decidua as the major
intrauterine source of hPRL. The in situ hybridization showed a high
density of grains over selected decidua cells, whereas all the antisera
stained the decidua cells with uniform intensity. This observation
suggests that hPRL is synthesized discontinuously and that there is
storage of the hormone.

The amniotic epithelium was stained by the polyclonal antiserum
to hPRL whereas the monoclonal antibodies did not stain these cells.
The absence of mRNA for hPRL by Northern analysis with both probes
suggests that there is no synthesis of hPRL by these cells and that the
polyclonal antiserum detects receptor bound hormone; a suggestion
previously made by Healy et al. (1977) and by McCoshen et al. (1982).

The monoclonal antibodies stained the cytotrophoblast cell layer
of the chorion laeve whereas the polyclonal antiserum did not.

Northern analysis with the two probes showed hybridization with mRNA
from chorion laeve albeit less than with mRNA from the decidua.
Although we carefully scraped the decidual cells from the chorion,
there could still be some contamination by decidual cells, but it
appears unlikely to account for the degree of hybridization obtained.

It seems more probable therefore that the cytotrophoblast of the
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chorion laeve does indeed produce prolactin. In situ hybridization
histochemistry was unable to add to any further resolution.

The immunolocalization and preabsorption studies for hPRL in the
placenta demonstrate the difficulty, even with highly selected
monoclonal antibodies, of detecting hPRL in the presence of high tissue
levels of hPL. Northern analysis with the 48-mer hPRL probe under
moderate stringency conditions gave hybridization with mRNA from
placental trophoblast and seemingly afforded an elegant solution.
However the signal was smaller in size than that obtained with mRNA
from the decidua. Two separate hybridization signals were obtained
with this probe and mRNA from the placental basal plate. The two sizes
corresponded to the bands obtained from decidua (1.2kb) and villous
trophoblast (0.9kb) and thus reflected the dual origin (fetal and
maternal) of this tissue. However, the cDNA probe for hPRL showed no
hybridization with mRNA from the trophoblast and the equivalent signal
was absent with the mRNA from placental basal plate. When the filters
after hybridization with the 48-mer probe were washed in tetra
methylammonium chloride under conditions of high stringency the signal
obtained with the trophoblast and its equivalent from placental basal
plate were then absent. Thus the results with the oligoprobe became
consistent with those obtained with the cDNA probe, and allow a
conclusion that the placenta is not a site of hPRL synthesis. It is
possible that the placenta may express an incomplete mRNA for hPRL or
that the 48-mer probe may detect a hPRL-like message not hybridizing
with the cDNA probe. It appears unlikely that the signal is due to

cross-reactivity with mRNA for hPL since the signal obtained with a
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cDNA probe for hPL is larger (1l.lkb) (to be published). Finally, the
decidua-like cells of the placental basal plate, are a site of
authentic hPRL synthesis as assessed by Northern analysis and
immunolocalization.

SUMMARY
Three techniques, immunocytochemistry, Northern analysis and in
situ hybridization histochemistry have been used to reassess the
sources of intrauterine hPRL in pregnancy. There is little doubt that
the parietal decidua is the major intrauterine source of hPRL whilst
the cytotrophoblast of the chorion laeve and the placental basal plate
are additional sources which may contribute to the levels of hPRL in

amniotic fluid.
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Figure 3.1.

Immunolocalization of hPRL in the fetal membranes, decidua (A-D)

and placental trophoblast (E,F). %200

(A) Stained with polyclonal antiserum (1:500).
Note staining in the amniotic epithelium (e), and decidua
(d), no staining of the amnion (a) or chorionic
cytotrophoblast (ch).
(B) Serial section stained with normal rabbit serum (1:500).
(9] Stained with monoclonal antibody 12B1 (1:32). Note there
is staining in the chorionic cytotrophoblast but this is
difficult to see in black and white. Staining in the
cytoplasm of the decidual cells is clear.
(D) Serial section stained with mouse ascites fluid (1:32).
(E) Stained with polyclonal antiserum (1:500).
Note uneven stain in placental syncytiotrophoblast(s).
) Stained with monoclonal antibody (1:32).
Note lighter but uniform stain in the placental
syncytiotrophoblast(s).

All sections were counterstained with hematoxylin.
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Figure 3.2.

Northern analyses of poly(A)*RNA from human amnion, enriched
chorion, decidua parietalis, viilous trophoblast and placental basal
plate.

(Aa) Poly(A)*RNA (20ug) from human amnion (pooled) (lane a),
enriched chorion (lane b), decidua parietalis (lane c),
villous trophoblast (lane d), placental basal plate (lane
e) and uterus (lane f), hybridized with a hPRL 48-mer
oligoprobe 3’'-end labelled with alpha 32P. The filter was
hybridized under moderate stringency conditions and
exposed to Fuji RX film for two days at -20C.

(B) Poly(A)*RNA from villous trophoblast (llug) (lane a) and
decidua parietalis (léug) (lane b) hybridized with a
random prime 32P-labelled cDNA probe to hPRL. The filter
was hybridized under moderate stringency conditions,
washed and exposed to film for 24h at -20C.

) Poly(A)*RNA (20ug) from villous trophoblast (lane a) and
decidua parietalis (lane b) hybridized with the 48-mer
oligoprobe as in Figure 2A except that washes were carried
out with the addition of tetra methylammonium chloride
under conditions of high stringency and exposed for 7 days

at -20C.
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Figure 3.3.

PRL mRNA localization in_situ in the human anterior pituitary

and decidua using an 3°S-labelled 48-mer synthetic oligonucleotide.

The slides were exposed to Kodak NTB-2 liquid emulsion for

autoradiography.

(A)

(B)

(©

(D)

Autoradiograph showing PRL mRNA localization in the
anterior pituitary gland control.

Exposure time: 2 weeks. (x300).

PRL mRNA in the parietal decidua cells.

Exposure time: 4 weeks. (x850).

Low power of section showing both decidua cells (d) and
the adjacent cytotrophoblast cells (cy) with PRL mRNA
hybridization signals only over the decidua cells.
Exposure time: 4 weeks. (x300).

Negative control. Decidua cells treated with rat
vasopressin mRNA-sense probe.

Exposure time: 4 weeks. (x850).
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Table 3.1

Sequences of 48-mer probes for hPRL and mVP

Gene Amino acids DNA probe sequence (48N)
Human 60-75 5f- CAT-CTG-TTG-GGC-TTG-CTC-CTT-GTC
Prolactin TTC-GGG-GGT-GGC-AAG-GGA-AGA-AGT - 3
Rat Exon C
Vasopressin 131 - 146 5'- GCT-GGG-ACA-CAA-GAG-TCC-GTG-GAT

TCT-GCC-AAG-CCC-CGG-GTC-TAC-TGA - 37
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Densitometric analysis of Northern blots on poly(A)*RNA
(20ug) from intrauterine tissues (8g) and a 48-mer
oligoprobe for hPRL. Conditions of high stringency

were used throughout for hybridization. Only

hybridization at the 1.2kb region was used
for the calculation.

Tissues

Percentage of decidua
hybridization signal

Amnion

Chorion laeve
Decidua parietalis
Villous trophoblast

Placental basal plate

36

100

17

i+

I+

12

10

(6)*
(4)
(9
(8)
(7)

*numbers in parenthesis are numbers of poly(A)*RNA preparations.



86
Table3.3

Summary of results for the localization of hPRL
and its mRNA in intrauterine tissues.

Tissue Immuno- Northern In situ
localization analysis hybridization

Amnion 1 - -
Chorion +2 + -

laeve

Decidua ++ -+t ++
parietalis

Placental ++ + not examined
basal plate
Placental + - -
trophoblast

lPolyclonal antiserum positive
2Monoclonal antibody positive
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CHAPTER IV

IMMUNOCYTOCHEMICAL LOCALIZATION AND mRNA CONCENTRATIONS FOR
HUMAN PIACENTAL LAGTOGEN IN AMNION, CHORION, DECIDUA AND PLACENTA

published in the American Journal of Obstetrics and
Gynecology, volume 162, number 5, page 1310-1317 (1990)

Vannara Sakbun, Shujath M. Ali,PhD, Yee A. Lee, MD,
Catherine S. Jara and Gillian D. Bryant-Greenwood, PhD

Department of Anatomy and Reproductive Biology (V.S., Y.A.L., C.S.J.,
G.D.B-G) and Pacific Biomedical Research Center (S.M.A.) University of
Hawaii, Honolulu, Hawaii 96822,

Supported by predoctoral fellowship NIH GM11796 (V.S.), grant RRO8125-
14 (C.5.J.).

Running title: INTRAUTERINE HUMAN PLACENTAL LACTOGEN



Immunchistochemistry and Northern analyses showed the extravillous
chorionic cytotrophoblast and the placental basal plate to be minor,
additional sources of human placental lactogen; the major classical

source being the syncytiotrophoblast.
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Human placental lactogen (hPL) is one of the major hormones
secreted by the placental syncytiotrophoblast and detected in the
maternal circulation. Other sources of this hormone in intrauterine
tissues at term, have been sought using immunohistochemistry and
Northern analysis. Avidin-biotin immunoperoxidase staining with a
specific polyclonal antibody to hPL showed this hormone to be present
in groups of cells at the interface between chorionic cytotrophoblast
and decidua parietalis and in some cells of the basal plate in addition
to the classical source, the syncytiotrophoblast. Hybridization of
poly(A)*RNA extracted from amnion, chorion, decidua parietalis, basal
plate and placental trophoblast with a radiolabelled 48 mer
oligonucleotide and a 540 basepair cDNA probe to hPL showed the
placental trophoblast to be the major source of hPL and the

extravillous chorion and basal plate to be additional minor sources.

Key words: Human placental lactogen, placental trophoblast, chorionic

cytotrophoblast, decidua, basal plate.
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The syncytiotrophoblast surrounding the placental villi is the
classical site of hPL production, as shown by immunohistochemical
localization (1,2), mRNA isolation and Northern analysis (3) and in
situ hybridization histochemistry (4). Although many studies have
concentrated appropriately on the placental trophoblastic tissue as the
source of systemic hPL, very few studies have investigated other
intrauterine sources and routes of secretion.

A distinctive form of trophoblast in the fetal membranes
designated "intermediate trophoblast" by Kurman and colleagues (5) was
demonstrated in different intrauterine locations and shown by
immunolocalization to contain a number of pregnancy specific proteins
including hPL. This study used tissues from 12 days post-conception to
term. More recently the extravillous trophoblast of the chorion laeve
was shown to immunostain with antiserum to hPL between 6-22 weeks of
gestation (6). Neither study demonstrated the synthesis of hPL by these
tissues. In addition, little attention has been paid to hPL receptors
in non-fetal intrauterine tissues. An interest in our laboratory is the
decidua and fetal membranes as sources and targets of peptide hormones,
nominally classified as systemic or endocrine hormones.

We have repeated the immunolocalization of hPL and sought
evidence of synthesis by isolation of mRNA and Northern analysis in
amnion and chorion of the fetal membranes, decidua parietalis, basal
plate as well as in the classical site of production of the systemic

hormone the placental trophoblast.
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MATERIALS AND METHODS

Immunocytochemistry

Placentas with attached fetal membranes were collected from women
after elective Cesarean section at term with no labor (n=5) at
Kapiolani Medical Center for Women and Children (Honolulu, HI). The
tissues were immediately taken on ice to the laboratory and
representative slices (10mm thick) were cut across the placenta and
basal plate and lcm pieces of the fetal membranes with adherent decidua
were rolled. The samples of tissue were immediately fixed in Bouin’s
solution (16-24h at 25C) and then processed for paraplast embedding.
Seven-micron sections were cut and mounted on glass slides.

Deparaffinized and rehydrated sections were immunostained for hPL
using the avidin-biotin immunoperoxidase method (7). The sections were
pretreated with 0.3% hydrogen peroxide for 8min to remove endogenous
peroxidase activity and with 0.5% normal goat serum in PBS for 20min to
saturate nonspecific biding sites for immunoglobulin G. For the
immunostaining, the sections were sequentially exposed to the following
solutions at 25C: rabbit anti-hPL (1:5000) Lot # D-R-2-10, kindly
provided by Dr. H. Friesen, University of Manitoba, Winnipeg, Canada,
or normal rabbit serum (1:5000) (Sigma Chem. Co., MO) for 60min, 1:250
diluted biotinylated goat anti-rabbit immunoglobulin for 30Omin, and
avidin-biotin horseradish peroxidase complex (Vectastain ABC reagent)
for 45min. After each step, the sections were thoroughly rinsed in PBS
for 9min (three changes, 3min each). Peroxidase activity was

demonstrated cytochemically by incubation with peroxidase substrate
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containing diaminobenzidine (DAB) 0.S5mg/ml with 0.02% hydrogen
peroxide in Tris buffer 0.01M pH 7.2. The sections were rinsed in water
and counterstained with hematoxylin, coverslips were mounted with
Permount (Allied Fisher Scientific, CA) and the slides examined by
bright field microscopy. Method specificity was tested by substitution
of the primary antiserum with normal rabbit serum. Antiserum
specificity was demonstrated by preabsorption of the antiserum with
highly purified hPL (1-2000ng/ml) kindly provided by Dr. A.F. Parlow
(AFP-6561B) or highly purified human prolactin (1-2000ng/ml) a gift
from the National Hormone and Pituitary Program NIDDK (NIDDK-hPRL-1-
7). The antigen and antiserum were incubated for 48h at 4C before
application to the sections.

Other materials used and their sources were: Vectastain ABC kit,
Vector Laboratories, Inc. CA; 30% hydrogen peroxide, Allied Fisher
Scientific, MO. The buffer PBS was 0.075M phosphate, 0.75M NaGCl, pH
7.2, further diluted 1:5 just before use.

Northern analysis

Probes: A 48 mer probe was custom synthesized by Peninsula Labs.,
Inc. (Belmont, CA). The region corresponding to the amino-acid sequence
97-112 was chosen with a DNA probe sequence (48N) 5' - GTG ATA GTC ATC
GCT GIC CGA GGT GIC ATA CAC CAG GTT GTT GGC GAA - 3'. This sequence
minimized the homology with human prolactin (22.9%) but still shared
81% homology with human growth hormone (hGH). In addition, a cDNA probe
of 540 base pairs corresponding to the codons for amino acid 60 to the

end of the peptide and the contiguous 3’ noncoding region of hPL was
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kindly provided by Dr. I. Boime, University of Washington, St. Louis,
Missouri.

Tissues’ Human placentas with attached membranes were collected
from women after elective term Cesarean section, without labor (n=15)
and after normal spontaneous delivery (n=10) at Kapiolani Medical
Center for Women and Children (Honolulu, HI). Tissues were processed
for RNA extraction within 1h of delivery. The tissue samples (8g) were
obtained from combined amnion-chorion-decidua or from each type of
tissue by separating the amnion from chorio-decidua then scraping the
decidual cells from the chorion laeve. In addition, fetal placental
tissue was cut from the central region of the placenta by avoiding the
basal and chorionic plates, basal plate tissue was also collected by
careful slicing from the maternal surface of the placenta. It was
necessary to pool tissues from several placentas in order to obtain
8g, for amnion and chorion 2 placentas were used, and for decidua or
basal plate 4 placentas were used. Histological examination of the
harvested chorion laeve and scraped decidua showed the latter to be
homogeneous whereas the chorion laeve was always contaminated by some
decidual cells even after vigorous scraping. Control tissue was
obtained via the Pathology department, University of Hawaii, from the
uterus (myometrium and endometrium) of a premenopausal patient
undergoing hysterectomy for leiomyoma. Total RNA was isolated by
extraction with guanidine thiocyanate-phenol-chloroform (8).
Poly(A)*RNA was isolated by affinity chromatography on oligo(dT)
cellulose (9), denatured in 0.66M formaldehyde, 50% v/v formamide, and

electrophoresed on 1.2% agarose gel containing 0.66M formaldehyde, RNA
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ladder (Bethesda Research Laboratories, MD) and 18S, 28S rRNAs were
used as molecular size markers.

32p_labelling of probes and hybridization: The 48 mer oligoprobe
was labelled with [alpha-32P] dATP (3000 Ci/mmol; NEN) and terminal
deoxynucleotidyl transferase, TDT, (Bethesda Res. Labs. MD). The
reaction mixture (25 ul) with the addition of 30 units of TDT, was
incubated at 37C for 5-10min, the reaction was stopped by the addition
of 400 ul TE buffer (10 mM Tris HCl, 1 mM EDTA, pH 7.6). The mixture
was applied to a Sep-pak C,;g cartridge and the labelled probe was
eluted with methanol, and dried under a stream of nitrogen gas.
Hybridization was carried out using the basic method of Conner et al
(10) and Berent et al (1l) with post-hybridization washes as described
by Scheicher & Schuell (12). The nylon membranes were prehybridized for
6h at 55C in 6xSSPE (1xSSPE is NaCl 8.7g/1l, NaH,P0O,.H,0 1.4g/1l, EDTA
0.37g/1, NaOH to pH 7.5), lOxDenhardts and 0.1% SDS, 250 ug/ml tRNA and
salmon sperm DNA. The prehybridization buffer was removed and the
hybridization solution plus the labelled probe were added.
Hybridization was performed at 55C for 20h. The blots were washed in
6xSSPE/0.1% SDS three times at room temperature for 15min each, then in
6xSSPE/0.1% SDS at 55C for 15min. The final wash was 6 x SSPE without
SDS at room temperature for 15min. The blots were exposed to Fuji XR
film in a cassette with intensifying screens at -70C for 2h to one day
as described in the figure. After autoradiography, the filters were
washed by boiling in distilled water for 5min and stored for two months

before reprobing with the hPL cDNA probe or other probes. No signs
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of diminishing quality were noticed after reprobing the filters to 4
times.

The plasmid pBR322 containing 540 base pair cDNA probe to hPL
was cut with restriction endonuclease Pst 1. The probe was random prime
labelled using [alpha-32P] dATP (>3000 Ci/mmol; NEN) and the random
primer labelling system (Bethesda Research Laboratories, MD).
Prehybridization and hybridization were performed at 42C. The
hybridization solution contained 5% Dextran sulfate, 5xSSPE,
5xDenhardt’s reagent, 50% formamide, 0.1% SDS, 100 ng/ml denatured ss
DNA and the probe at 5x10° counts/ml. After hybridization the filters
were washed four times, twice in 6xSSPE, 0.1% SDS at room temperature
for 15min each. once in 3xSSPE, 0.1% SDS at 50C for 30 min and finally
in 1xSSPE for 15min at room temperature. The filters were exposed to X-
ray film as described above.

A 27 mer human B-actin probe (Clonetech Labs, Inc.) was used as a
control to assess the amount of poly(A)*RNA spotted onto the filters.
However, the B-actin probe could not be used as a standard between
tissues since the amount of hybridization obtained with this probe
varied from tissue to tissue: amnion (6.0 * 1.1, n=4), chorion (9.9 *
1.1, n=4), decidua (7.3 * 1.4, n=6). placental basal plate (3.1 % 0.9,
n=8) and placental trophoblast (4.8 = 0.8, n=7).

Densitometric analysis: Results were quantified by scanning

densitometry using a Video Densitometer (BioRad, Inc., Model 620) with
a 1-D Analyst Software for IBM-PC. Hybridization signal intensity was
expressed as area under peak of intensity for the individual

poly(A)*RNA band. The hybridization signal obtained with the 48 mer
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hPL probe and poly(A)*RNA from the placental trophoblast was assigned a
relative number of 100 and the signals obtained from hybridization of
poly(A)*RNA from the other tissues were expressed as a percentage of

this.

RESULTS

Immunolocalization

Immunostaining was often present in groups of cells at the
interface between the chorionic cytotrophoblast of the fetal membranes
and the adhering decidua. These positively stained cells were present
in 3 out of the 5 elective Cesarean section tissues examined (Fig.
4.1). It was difficult to tell from their position if these were true
chorionic cytotrophoblast cells or decidua cells, the latter are often
found embedded in the cytotrophoblast cell layer. The interface cells
appeared identical to those described as "intermediate trophoblast"
which was shown to have characteristic biochemical features and a
diverse morphological expression (5). They did not stain when control
rabbit serum at the same concentration as primary antiserum was used
(Fig. 4.2).

The area where the placental basal plate joins the placental
trophoblast is shown in Figs. 4.3-6. The syncytiotrophoblast
surrounding the placental villi stained darkly, the classical site of
hPL production. However, some trophoblast cells interspersed with the
decidua-like cells of the placental basal plate also stained (Fig.

4.3). These cells were present in only 2 of the 5 tissues examined and
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one of these specimens was from the same patient which showed positive
staining of the chorionic cytotrophoblast cells.

When the antiserum to hPL was preabsorbed with highly purified
hPL over a range 1-2000ng/ml, staining was appropriately decreased at
1000ng/ml in both the placental syncytiotrophoblast and the basal plate
(Fig. 4.4). Staining was also decreased in the cells of the chorionic
cytotrophoblast of the fetal membranes (not shown). When the antiserum
to hPL was preabsorbed with highly purified human prolactin over the
same concentration range, staining was not diminished at any site
demonstrating the specificity of this antiserum. A section treated with
antiserum preabsorbed with 1000ng/ml human prolactin is shown in Fig.
4.5. There was no staining in the placenta or basal plate when normal
rabbit serum was used in place of the immune serum (Fig. 4.6).

Northern Analysis

Filters with total RNA, poly(A)'RNA and poly(A) RNA (composed of
rRNA and tRNA) from different tissues: ammiontchoriont+decidua, amnion,
chorion, decidua parietalis, placental villous trophoblast and
placental basal plate were hybridized with either the 3’ end-labelled
48-mer oligoprobe or the random primed labelled hPL 540 bp cDNA probe.

The 48-mer oligoprobe hybridized strongly to poly(A)*RNA from
placental villous trophoblast (Fig. 4.7, lane 5). Total RNA from this
tissue also gave a positive signal (Fig. 4.7, lane 7) which was
stronger than that obtained from poly(A)*RNA from amniont+choriont
decidua (Fig. 4.7, lane 2) indicating the relative abundance of mRNA
for hPL in placental trophoblast by comparison to the fetal membranes

98
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and decidua. There was no signal with total RNA from amniont+chorion+
decidua (Fig. 4.7, lane 4) on this filter because exposure to X-ray
film was carried out for only 2h, a longer exposure may have resulted
in a positive signal. Poly(A) RNA from the placental trophoblast and
the amniontchoriont+decidua gave no positive signal (Fig. 4.7, lanes 6
and 3 respectively). When the same filter was rehybridized with the
cDNA probe, an identical pattern of positive signals was observed with
both poly(A)*RNA and total RNA from placental trophoblast (Fig. 4.8,
lanes 5 and 7) and with poly(A)*RNA from amnion+choriontdecidua (Fig.
4.8, lane 2). Thus, the results from these two probes were the same and
the positive signals obtained were at the 1.1 kilobase region. Results
from Cesarean section tissues and normal vaginal delivery were similar
in pattern and only that of Cesarean section tissues are shown in Fig.
4.9. The hybridization obtained with the 48 mer probe and the
poly(A)Y*RNA from the placental trophoblast gave the strongest signal
(Fig. 4.9, lane 1), followed by that from the placental basal plate
(Fig. 4.9, lane 2). Weaker signals were observed from the poly(A)*RNA
from the decidua parietalis and the chorion (Fig. 4.9, lanes 3 and &4
respectively). There was no positive hybridization signal obtained from
the amnion or the uterus which served as a negative control (Fig. 4.9,
lanes 5 and 6 respectively).

Comparative quantitation of the hPL mRNA levels in these
intrauterine tissues by densitometric analysis using the signal from
poly(A)*RNA from the placental trophoblast of the Cesarean section
tissues as a standard (100%) are shown in Table I. Comparisons were

made, using Student's t test, between the levels of mRNA for hPL in
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the placental tissues (trophoblast and basal plate) obtained after term
elective Cesarean section and spontaneous vaginal delivery, there were
no significant differences. However, there was significantly less mRNA
for hPL in the decidua parietalis (p<0.005) and the chorion laeve
(p<0.005) after normal vaginal delivery than in these tissues obtained
prior to labor at elective Cesarean section. There were no significant
differences in amounts of mRNA for hPL in the decidua parietalis versus
the chorion laeve when these were compared in tissues collected under

the same conditions.

COMMENT

Immunolocalization and Northern analysis show the abundant
presence of hPL in the classical tissue of origin for the systemic
hormone, the placental trophoblast. This is the first report however to
identify unequivocally other sources of intrauterine synthesis of hPL
and poses the questions of whether these sources are merely a minor
contribution to the maternal plasma pool or whether the hPL synthesised
is released and acts locally. The demonstration and distribution of hPL
receptors in these tissues would help to clarify its function.

The avidin-biotin immunoperoxidase technique has been used in
this study with an antiserum to hPL on tissue with high endogenous
concentrations of human prolactin. We have demonstrated the specificity
of the hPL immunolocalization by preabsorption of the antiserum to hPL
and loss of immunostain by hPL but not by prolactin. In addition, the
localization of hPL-positively stained cells in the fetal membranes and

within the placental basal plate is different from that obtained with
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highly specific monoclonal antibodies to human prolactin (Ali et al.,
in press).

The immunostaining results have been carried out in parallel with
Northern analyses, first with a 48 mer oligoprobe to hPL and thence
with a cDNA probe by using the same filters for hybridization. Since
the hybridization and post-hybridization washes of the two probes were
performed at moderate stringency, the possibility of cross-
hybridization with mRNAs either for human prolactin or for placental
growth hormone-variant (13) was eliminated.

The results using both techniques agree that the major
intrauterine source of hPL is the wvillous trophoblast. In addition both
techniques showed that the extravillous trophoblast of fetal origin and
containing "intermediate trophoblast" contains populations of cells
which express the hPL gene, confirming previous immunolocalization
studies (5,6). However maternal decidua (14), which does not
immunostain to hPL, when scraped from the chorion gave amounts of hPL
mRNA by Northern analysis approximately equal to that shown for
extravillous chorionic cytotrophoblast. It seems likely that, in the
absence of the use of specific cell markers for the trophoblast cells
in our decidual samples, the decidual mRNA for hPL was due to a
contamination from "intermediate trophoblast”. The problem is
compounded by our inability to distinguish "intermediate trophoblast"
and decidual cells in the scraped decidual samples. In previous work
the presence of hPL in these cells demonstrated by immunocytochemistry
has been used as a marker per se and justification for the term

"intermediate trophoblast" for these cells (5). There was no evidence
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of hPL production by the amnion by either Northern analysis ox
immunocytochemistry.

There were significantly lower levels of hPL mRNA in both the
chorion and scraped decidua but not in the trophoblast after
spontaneous vaginal delivery than in similar tissues collected after
elective term Cesarean section. This suggests either a loss of cellular
integrity during the course of labor and delivery in the chorion and
decidua but not in the placental tissues, where no such difference was
found, or that the relatively larger amounts of mRNA for hPL in the
placental tissues obscured any small quantitative differences.

In summary, this study shows the placental syncytiotrophoblast is
not the sole intrauterine source of hPL, although it is still
unquestionably the major one. It is not yet known whether the extra-
trophoblast sources express the gene for hPL throughout gestation, but
from immunocytochemical studies carried out throughout gestation, it
appears likely that they do (5,6). Technically it seems very difficult
if not impossible to obtain decidual tissue free from extravillous
trophoblast (intermediate trophoblast) cells. It is not known whether
the hPL from the fetal membranes and basal plate merely contribute to
the large maternal pool provided by the syncytiotrophoblast or whether

they may have independent, local or paracrine functions.
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Figures 4.1-6.
Immunolocalization of hPL in the fetal membranes (4.1-2) and at
the junction of the placental trophoblast and basal plate (4.3-6).
1. Immunostaining in cells (arrow) found at the interface between
the chorionic cytotrophoblast (ch) of the chorion laeve and the
decidua. There was no staining in the amniotic epithelium (e) or
amnion (a).
2. Serial section stained with normal rabbit serum (control) at
1:500, the same concentration as primary antibody.
3. Dark staining for hPL in the syncytiotrophoblast (s)
surrounding the placental villi. Some cells of the placental basal
plate (bp) also stained positively for hPL.
4. Serial section stained with antiserum to hPL (1:5000)
preabsorbed with 1000ng/ml hPL. Staining in the
syncytiotrophoblast (s) and the basal plate cells (bp) was much
reduced.
5. Serial section stained with antiserum to hPL (1:5000)
preabsorbed with 1000ng/ml human prolactin. Note that staining was
not diminished in either the syncytiotrophoblast (s) or the basal
plate cells (bp) showing the specificity of the reaction with hPL.
6. Serial section stained with normal rabbit serum (control) at

1:5000, the same concentration as primary antibody.
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Figure 4.7.

Northern analysis of RNAs from human amnion+choriont+ decidua and
placental trophoblast from Cesarean section term placenta with a 48 mer
oligoprobe to hPL.

Amnion+choriont+decidua: poly(A)'RNA (20ug, lane 2), poly(A) RNA

(20ug, lane 3), total RNA (20ug, lane 4). Placental trophoblast:

poly(A)™RNA (20ug, lane 5), poly(A)"RNA (20ug, lane 6), total RNA

(20ug, lane 7). Hybridized with a hPL 48-mer oligoprobe 3'-end

labelled with alpha 32P. The filter was hybridized under moderate

stringency conditions as described and exposed to Fuji RX film for

2h. Lane 1 and lane 8 were ribosomal markers.

Figure 4.8.
Northern analysis of RNAs from amnion+choriont+decidua and
placental trophoblast with a c¢DNA probe to hPL.
The same filter as in figure 4.7 was hybridized with a random
prime 32P-labelled cDNA probe to hPL. The moderate stringency

hybridization conditions were described. The film was exposed for

24h.
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Figure 4.9.

Northern analysis of poly(A)*RNA from separated amnion, chorionm,
decidua, basal plate and placental trophoblast from Cesarean section
term tissues with a 48-mexr oligoprobe to hPL.

Poly(A)™RNA from placental trophoblast (4ug, lane 1), basal plate

(4ug, lane 2), decidua (20ug, lane 3), chorion (20ug, lane 4),

amnion (20ug, lane 5) and uterus (20ug, lane 6) hybridized with a

48-mer oligoprobe under moderate stringency conditions as

described. The film was exposed for 6h.
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Comparative quantitation of human placental lactogen mRNA levels in

intrauterine tissues obtained after Cesarean section and normal vaginal

delivery. The signal from placental trophoblast was used as standard

(100%).

Tissues Cesarean section Normal vaginal delivery
Placental trophoblast 100.00 (n=8) 95.44 * 21.89 (n=5)
Placental basal plate 58.80 * 25.95 (n=5) 76.02 + 12.01 (n=3)
Decidua parietalis 0.68 £ 0.08" (n=3) 0.36 £ 0.04" (n=4)
Chorion laeve 0.57 £ 0.05* (n=3) 0.28 * 0.04" (n=4)
Amnion 0.00 (n=3) 0.00 (n=3)

Cesarean section versus normal vaginal delivery *p<0.005
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ABSTRACT

Immunocytochemistry and Northern analysis were used to show that
relaxin is a product of intrauterine human tissues of pregnancy. In
addition, tissues from a patient without ovaries had similar results on
both immunocytochemitry and Northern analysis as tissues from intact
patients. The parietal decidua was clearly the major source of relaxin
within the uterus and the relaxin mRNA (1.2 kilobases) from this tissue
was detected with a 48-mer oligonucleotide probe designed to hybridize
with both Hl and H2 relaxin gene transcripts. The mRNA isolated from
the placental trophoblast was slightly smaller (1.1 kilobases), and the
placental basal plate which has both maternal and fetal cells contained
relaxin mRNAs of both sizes. Two monoclonal antibodies (Mabs) raised to
synthetic human relaxin (H2) gave different patterns of localization in
the fetal membranes, decidua and placenta. One Mab (RLX8) stained the
chorionic cytotrophoblast in the fetal membranes and all of the cells
in the placental basal plate. The other Mab (RLX6) stained the
chorionic cytotrophoblast in some instances and selectively stained the
decidua-like cells of the placental syncytiotrophoblast whereas Mab
RLX8 failed to detect this relaxin. Tissues obtained after spontanious
labor and delivery contained significantly less relaxin mRNA than
tissues obtained at elective cesarean section without labor, but their
hormone contents, as judged by immunocytochemistry, were not different.

We conclude that the relaxin gene (H2) is expressed in
intrauterine tissues, but that expression and hormone synthesis are not
ubiquitous. Whether the relaxin gene Hl is expressed has not been

determined.
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INTRODUCTION

The human genome has two genes for relaxin (Hl and H2), both
situated on chromosome 9 (1). The available data suggest that these
genes code for polypeptide that are significantly different in amino
acid sequence and that transcription appears to be limited to the H2
gene in the corpus luteum of pregnancy (2) and in human seminal fluid
(3). In addition to these studies, the isolation and detection by
bioassay and RIA in human decidua and placenta suggest that these
tissues are additional sources of relaxin (4-6). The coexistence of
systemic and local relaxins in the pregnant woman from the corpus
luteum and within the intrauterine compartments, respectively, has
implications for the control of pregnancy and parturition.

Immunocytochemical localization with antisera to porcine relaxin
showed positive staining in the cells of the parietal decidua and the
chorionic cytotrophoblast of the fetal membranes as well as in the
cells of the placental basal plate (7). An antiserum to a synthetic 14
amino acid segment of the connecting peptide of human relaxin was used
to distinguish production from sequestered hormone (8), a similar
immunolocalization pattern was found within the fetal membranes,
decidua parietalis and basal plate. Despite this evidence, the concept
of decidual relaxins is not generally accepted (9).

The consistency of immunolocalization of relaxin in the placenta
is poor. Yki-Jarvinen and colleagues (10) used an anti-porcine relaxin
(R6) and showed the syncytiotrophoblast to be consistently
immunostained. We used a number of different anti-porcine relaxin sera

including the R6, and found immunostaining in the syncytiotrophoblast
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of only 2 out of 20 specimens (7). The availability of homologous
monoclonal antibodies Mabs) to epitopes of human relaxin (H2) allowed
us to reexamine the localization patterns of relaxin in these maternal
and fetal tissues. We have isolated poly(A)*RNA from amnion, chorion,
decidua parietalis, basal plate and placental trophoblast and used
these for Northern analyses with a specific 48-mer oligonucleotide

probe to human relaxins.

MATERIALS AND METHODS

Immunocxtochemistry: antiserum, antigen and tissues

Eight Mabs prepared against synthetic human relaxin H2 were gifts
from Genentech Inc (San Francisco, CA). These antibodies are of the
immunoglobulin G, (IgG,) isotype and were purified on protein A-
Sepharose and stored in sterile phosphate-buffered salin (PBS). Each
was tested over a range of dilutions on amnion, chorion, decidual rolls
and on placenta. The two (RLX6 #6451-60 and RLX8 #24-6956) selected for
further study showed the greatest differences in immunolocalization
patterns in these tissues. A Mab to human immunodeficiency virus (HIV;
10F6 #8974-44) prepared in the identical manner as the relaxin Mabs was
used at the appropriate concentrations as a control to both relaxin
Mabs.

Placentas with attached fetal membranes were collected from women
after elective Cesarean section at term who had not undergone labor
(n=5) and from women after normal vaginal delivery at term (n=3) from

Kapiolani Medical Center for Women and Children (Honolulu, HI). Another
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full term normal vaginal delivered placenta was kindly obtained by Dr.
G. Letterie, Tripler Army Medical Center (Honolulu, HI), from a patient
who underwent oophorectomy at 11 weeks of pregnancy. The tissues were
immediately taken to the laboratory on ice and processed within 1h
after removal. Representative slices (1 cm thick) were cut across the
placenta and basal plate, and 1l-cm pieces of the fetal membranes with
adherent decidua were rolled. The sampled tissues were immediately
fixed in Bouin’'s solution (16-24h at 25C) and then processed for
paraplast embedding. Seven-micron sections were cut and mounted on
glass slides.

Immunocytochemical Staining

Deparaffinized and rehydrated sections were immunostained for
human relaxin using the avidin-biotin immunoperoxidase method (11). The
sections were pretreated with 0.3% hydrogen peroxide for 10min to
remove endogenous peroxidase activity and with 0.5% normal horse serum
in PBS for 20min to saturate nonspecific binding sites for IgG. For the
immunostaining, the sections were sequentially exposed to the following
solutions at room temperature except where specified: Mab against human
relaxin (100ug/ml for RLX6 or 40ug/ml for RLX8) or the control Mab at
the same concentration as relaxin Mab for 18h at 4C, 1:250 diluted
biotinylated horse anti-mouse immunoglobulin (1:250) for 30min, and
avidin-biotin horseradish peroxidase complex (Vectastain ABC reagent)
for 45min. After each step, the sections were thoroughly rinsed in PBS
for 9min (three changes, 3min each). Peroxidase activity was
demonstrated cytochemically by incubation with a peroxidase substrate

containing diaminobenzidine (DAB) 0.5mg/ml with 0.01% hydrogen peroxide
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in Tris buffer 0.1M, pH 7.2. The sections were rinsed in water and
counterstained with hematoxylin, coverslips were mounted with Pro-Texx
(Baxter Scientific, Honolulu,HI) and the slides were examined by bright
field microscopy. Method specificity was tested by substitution of the
Mab to human relaxin with Mab to HIV.

Isolation of mRNA

Human placentas with attached membranes were obtained from
patients after elective term Cesarean section, without labor (n=20) and
after normal spontaneous delivery (n=14), at Kapiolani Medical Center
(Honolulu, HI) and were brought to the laboratory on ice. Tissues were
processed for the extraction of RNA within lh of delivery. Each tissue
type (8g) was obtained by separating the amnion from chorio-decidua and
then scraping the parietal decidual cells from the chorion laeve. The
basal plate was sliced carefully from the placental maternal surface
and the placental trophoblast was cut from the central region of the
placentas, thereby avoiding the basal and chorionic plates. It was
necessary to pool tissues from several placentas in order to obtain
enough tissue, for amnion or chorion 2 placentas were used, and for
decidua or basal plate 4 placentas were pooled. Histological
examination of the harvested chorion laeve and decidua showed the
latter to be less contaminated by chorionic cytotrophoblast cells than
the chorion was contaminated by decidual cells. In addition mRNA was
extracted from combined amniontchoriontdecidua and from placental
trophoblast obtained from the patient who had undergone ovariectomy at
11 weeks of gestation and delivered spontaneously at full term. Control

tissue was kindly provided by the Pathology Department, University of
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Hawaii, from the uterus (myometrium and endometrium) of a premenopausal
patient who had a hysterectomy for leiomyoma. This tissue was used as a
control because of its availability at the time of this study. The
tissue was homogenized in guanidinium thiocyanate-phenol-chloroform and
total RNA was prepared by the method of Chomczynsky and Sacchi (12).
Poly(A)*RNA was isolated by affinity chromatography on oligo(dT)
cellulose (13). Poly(A)*RNA fractions were stored at -80C in 75%
ethanol until use.
Northern analysis

The poly(A)*RNA (20ug) from different tissues was denatured in
0.66M formaldehyde, 50% (vol/vol) formamide, and electrophoresed on
1.2% agarose gel containing 0.66M formaldehyde. An RNA ladder (Bethesda
Research Laboratories, Gaithesburg, MD) was used as a molecular size
marker. The gel was stained (in the dark) with 0.5ug/ml ethidium
bromide for 30min and photographed under UV light to insure the quality
and quantity of poly(A)*RNA loaded in each lane. Poly(A)'RNA was
transferred from agarose gels to Schleicher & Schuell's Nytran nylon
membranes (0.45um) in 10xSSPE (1x is NaCl 8.7g/1, NaH,PO,.H,0 1l.4g/1,
EDTA 0.37g/1, NaOH to pH 7.5) by capillary transfer overnight. The
membranes were then rinsed in 5xSSPE and baked at 80C for 1h in a
vacuum oven and the blots were then stored dessicated at 4C until use.

A 48-mer oligonucleotide with perfect homology to human relaxin
genes Hl and H2 (2, 14) was kindly made by Drs. W. Scott Young III and
Michael J. Brownstein, National Institute of Mental Health, (Bethesda,
MD). The probe was made by solid phase synthesis on a DNA synthesizer

(Applied Biosystems, Foster City, CA) and purified on 8% polyacrylamide
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and 8M urea preparative sequencing gel. The sequence of the oligoprobe
was from a region of the B-chain (amino acids 11 through 26) where both
human relaxin genes Hl and H2 are identical: 5' - GGT GCT CAT GCC GCA
AAT GGC AAT CTG CGC GCG AAC TAA TTC GCG GCC - 3'. This was labelled
with [alpha-32P]dATP (>3000 Ci/mmol, New England Nuclear, Boston, MA)
and terminal deoxynucleotidyl transferase (Bethesda Research
Laboratories). Hybridization was carried out using a modification that
paralleled the methods described by Conner et al. (15) and Berent et
al. (lé) with post-hybridization washes as described by Schleicher &
Schuell (17). The Nytran membranes were prehybridized for 4-6 h at 55C
in 6xSSPE, 10xDenhardt’'s (lxDenhardt’'s is 0.02% Ficoll, 0.02% polyvinyl
pyrrolidone, and 0.02% bovine serum albumin), 0.1% SDS, 250ug/ml tRNA
and salmon sperm DNA. After 4-6h, the prehybridization solution was
replaced by the hybridization solution which contained 6xSSPE,
5xDenhardts, 0.1% SDS and 250ug/ml yeast tRNA and salmon sperm DNA. The
32p.labeled oligonucleotide probe was used for hybridization which was
performed at 55C for 20h. The blots were washed in 6xSSPE/0.1% SDS
three times at room temperature for 15 min, and then in 6xSSPE/0.1% SDS
at 60C for 15min. The final wash was in 6xSSPE without SDS at room
temperature for 15min. The blots were sealed in plastic bags while
still wet and exposed to Fuji XR film in cassettes with intensifying
screens at -70C for the times indicated in the figures. The filters
were washed by boiling in distilled water for 5min and stored before
reprobing with other probes. No signs of diminishing quality were

noticed after reprobing the filters 3 to 4 times.




120

A 27 mer human B-actin probe (Clonetech Labs,Inc., Palo Alto, CA)
was used as a control to assess the amount of poly(A)*RNA spotted onto
the filters. However, this could not be used as a standard between
tissues, since the amount of hybridization obtained varied from tissue
to tissue: amnion (6.0 * 1.1, n=4), chorion (9.9 * 1.1, n=4), decidua
(7.3 % 1.4, n=6), basal plate (3.1 £ 0.9, n=8) and placental
trophoblast (4.8 * 0.8, n=7).
Densitometric analysis

Results were quantified by scanning densitometry using a Video
Densitometer (model 620, BioRad, Inc., Richmond, CA) with a 1-D Analyst
Software for IBM-PC. Hybridization signal intensity was expressed as
area under peak of intensity for individual poly(A)*RNA band. The
hybridization signal obtained with the 48 mer human relaxin probe and
poly(A)*RNA of decidua parietalis from Cesarean section specimens was
assigned a relative number of 100 and the signals obtained from
hybridization of poly(A)*RNA from other tissues were expressed as a

percentage of this,

RESULTS
Immunocytochemistry
There was considerable variation in the degree of immunostaining
with the two Mab RLX6 and RLX8 in the tissues studied, not unlike the
degree shown by different polyclonal antisera (7, 10). The RLX8 (Fig.
5.1A) tended to stain the extravillous cytotrophoblast in the fetal
membranes with greater intensity than the RLX6 Mab (Fig. 5.1B). The

parietal decidua cells adhering to the chorion showed about the same
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degree of cytoplasmic stain (Fig. 5.1A,B). The control Mab showed no
staining in any cell type of the fetal membranes or decidua (Fig.
5.1C). The low level of staining in the cytotrophoblast in the fetal
membranes with Mab RLX6 can be seen more clearly at higher
magnification (Fig. 5.1D) and shows the infiltration into this cell
layer of decidual cells which stained positively.

The tissues from the patient with no ovaries are shown in Fig
5.1E and 5.1F stained with Mab RLX6. In this specimen, obtained after
spontaneous labour and delivery at term, the amniotic epithelium and
chorionic macrophages in the extracellular matrix stained. In addition,
the cytotrophoblast of the chorion stained more heavily than that shown
in Fig. 5.1B, stained with the same Mab. Patches of syncytiotrophoblast
of placenta stained in this patient with Mab RILX6 (Fig. 5.1F) but
failed to stain with Mab RLX8 (not shown).

The results on the placental tissues with the two Mab showed more
clearcut differences than in the cytotrophoblast of the fetal
membranes. RLX6 localized to certain areas of the syncytiotrophoblast
whereas RLX8 failed to stain these areas. The same region of a placenta
obtained after spontaneous labor and delivery is shown in serial
sections with the two Mabs in Fig. 5.1G and 5.1H respectively. The RLXS
Mab failed to stain any region of the placental syncytiotrophoblast
from tissues obtained after cesarean section. whereas RLX6 detected
relaxin in patches of syncytiotrophoblast in three of these tissues.
The RLX6 also detected relaxin positively in all four of the placentas
obtained after spontaneous labor and delivery whereas RLX8 stained only

marginally in two of the four.
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The Mab RLX8 which localized relaxin more than RLX6 Mab in the
extravillous trophoblast of the fetal membranes, also localized to more
of the cells in the placental basal plate (not shown). RLX6 however was
more selective in the cells it stained in the basal plate as shown in
Fig. 5.1I.

Northern analvysis

Northern blots of the Cesarean section tissues are shown in
figure 5.2. The 48-mer oligoprobe hybridized to poly(A)*RNA from the
decidua parietalis (lane C), the placental trophoblast (lane D), the
basal plate (lane E) and the chorion laeve (lane B). There was no
positive hybridization signal obtained from the poly(A)*RNA from the
amnion (lane A) or from the uterus which served as negative control
(lane F). The positive signals were located at the 1.2 kilobase (kb)
region for the decidua, chorion laeve and basal plate and at the 1.1lkb
region for the placental trophoblast. The poly(A)*RNA from the pooled
amnion, chorion and decidua and from the placental trophoblast of the
patient without ovaries gave hybridization signals with intensities
comparable to those from normal spontaneous delivery tissue (not
shown) .

Densitometric scanning of the data obtained from Northern
analyses of poly(A)*RNA from human intrauterine tissues (cesarean
section and normal spontaneous delivery) with the 48-mer oligoprobe is
shown in Figure 5.3. The signals were measured at the 1.2kb region of
all tissues except the placental trophoblast, which was measured at
1.1kb. By using Student’s t-test, the results showed that there was

significantly less wmRNA for human relaxin in tissues obtained after
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normal vaginal delivery than in tissues obtained from cesarean section
delivery before labor: the decidua parietalis (n=4: P<0.005), the
chorion laeve (n=4: P<0.0l), the basal plate (n=3: P<0.005) and the
placental trophoblast (n=3: P<0.0l). In both cesarean section tissues
and those obtained after spontaneous labor and delivery, the amount of
relaxin mRNA decreased in the order decidua > placental trophoblast >
pPlacental basal plate > chorion > amnion. A summary of the
immunostaining results with the two Mabs and Northern analyses is given
in Table 5.1.

To check the specificity of the 48-mer oligoprobe, filters were
rehybridized and washes were performed in tetra-methylammonium
chloride, under conditions of high stringency at 75C (18). Positive
hybridization signals were still observed, although they were less
intense than when moderate stringent conditions was used. Northern
blots under condition of high stringency are shown with poly(A)*RNA of
the decidua parietalis (Fig. 5.3, lane A) and the placental trophoblast
(Fig. 5.3, lane B); they are of lower intensity but of the same size

(1.2 and 1.1 kb, respectively).

DISCUSSION
The results demonstrate the value of concurrent Northern analyses
of separated intrauterine tissues in interpreting immunocytochemical
staining. For relaxin, the latter has employed antibodies that are
heterologous, and polyclonal or homologous, and monoclonal and selected
by criteria other than the detection of endogenous cellular or

membrane-bound relaxins. The results here with Mabs to synthetic human
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relaxin H2 are clearly similar to those previously obtained with
polyclonal antisera to porcine relaxin (7, 10) and with an antiserum to
a synthetic portion of human relaxin C-peptide (8). All antibodies
stain the cells of the decidua parietalis. This maternal tissue yielded
the highest concentrations of relaxin mRNA from intrauterine tissues of
pregnant women at term.

Fetal tissues gave anomalous results; the chorion, including the
extra villous trophoblast of the fetal membranes, gave Northern blots
consistent with low levels of relxin message. This may reflect the
thechnical difficulty of obtaining this tissue entirely free of
contamination by mRNA-rich decidual cells. Hence, the immunostaining
with one or sometimes the other Mab suggests that receptor-bound
relaxins, rather than synthesized relaxins, are being detected by what
may be configurational antibodies. We have evidence that this tissue is
indeed contain receptors for relaxin (19). Similarly, staining of the
amniotic epithelium occured occasionally, and the Northern analyses
showed no relaxin mRNA, suggesting that these Mabs may be detecting
receptor-bound relaxin from a decidual source.

Staining and Northern analysis of the fetal villous trophoblast
show relaxin mRNA and the translated hormone by one Mab, similar to the
staining in the syncytiotrophoblast shown by some polyclonal antisera
to procine relaxin (10). Interestingly, the mRNA was approximately 100
basepairs smaller than that isolated from maternal decidua. This
suggests either a difference in the length of poly(A) tail or an

alternative splicing mechanism for relaxin mRNA in the placenta (20).
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The placental basalplate contains maternal decidual-like cells
juxtaposed to fetalcells. It was not surprising, therefore, to find
that the mRNA from this region hybridized at both the 1.1 and 1.2 kb
regions, consistent with the notion of a mixed maternal/fetal tissue.
Immunostaining showed the decidua-like cells to always be positive,
whereas other cell types additionally stained with one Mab, indicating
recptor-bound relaxin. The Mab produce to the same synthetic antigen
and selected by enzyme-linked immunosorbent assay based on this
standard in yvitro evidentlydiffer in epitope specificity. If these are
predominantly configurational, it might be expected that different Mabs
may detect, or not detect, relaxin bound to its receptor or detect
intracellular relaxin, or not, at different stages of its route from
synthesis to secretion. Recent studies of Mabs to human GH showed the
majority to be sensitive to the folded structure of human GH (21).

The results from the immunolocalization of relaxin in conjunction
with the detection of its mRNA showed unequivocally that both maternal
(decidua) and fetal (trophoblast) tissues express a human relaxin
gene(s). This is the first observation that relaxin is made/produced by
intrauterine tissues (Ali, S. M., unpublished observations). The use of
tissues from a patient without ovaries provided further evidence of
production in the intrauterine compartments, rather than sequestration
from an ovarian source. The loss of relaxin mRNA in tissues obtained
after spontanious labor and delivery versus those obtained at term
elective cesarean section suggests either a parturition-related
specific decline of transcription, nonspecific cell damage, or death

after labor. In this study using fixed tissues we were unable to detect
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any differences in the intensity of staining; such differences were
apparent when frozen sections were used in a previous study (22).

We specifically designed our oligonucleotide probe to detect
transcripts from both human genes Hl and H2 (2), and the Mabs were
raised to the H2 sequence. These Mabs might cross-react with an Hl gene

product, but Hl gene expression has yet to be demonstrated.
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Figures 5.1.

Immunolocalization of human relaxin in the fetal membranes,
decidua and placenta with Mabs to human relaxin. Sections through
the fetal membranes A-C and E show the amniotic epithelium (e),
chorionic cytotrophoblast (cy) and decidua (d). Sections of the
placenta F-H show the syncytiotrophoblast.

A. Stained with Mab RLX8 (40ug/ml). Note the staining in the
extravillous cytotrophoblast cells and the decidua. X200

B. Serial section stained with Mab RLX6 (100ug/ml). Note less
staining with this antibody in the cytotrophoblast cells. The
stalining with this antibody in the decidual cells is the same as
with Mab RLX8. X200

C. Serial section stained with Mab to HIV (100ug/ml) as a control.
X200

D. The chorionic cytotrophoblast stained with Mab RLX6 clearly
shows only light staining of these cells which are infiltrated by
the decidua cells (arrow). X336

E. Fetal membranes and decidua of a patient after spontaneous
labour and delivery at term without ovaries. The amniotic
epithelium and macrophages in the chorionic extracellular matrix
stained more darkly in this specimen. Although this was stained
more with Mab RLX6 the cytotrophoblast cells stained more than in
1B. X200

F. The placenta of the same patient without ovaries showing patchy

syncytiotrophoblast staining with Mab RLX6. X200
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G. Stained with Mab RIX6, this placenta from a spontaneous labour
and delivery shows dark syncytiotrophoblast stainig in patches.
X200
H. Serial section stained with Mab RLX8 shows almost complete
absence of staining in the same areas of syncytiotrophoblast
stained in 1G. X200
I. The basal plate region of one placenta stained with Mab RLX6
shows selectively of stain to different cells in this region. Mab
RLX8 (not shown) stained equally all cells in the basal plate.
X400

All sections were counterstained with hematoxylin.
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Figure 5.2.
Northern analyses of poly(A)*RNA from human amnion, chorion,
decidua parietalis, placental trophoblast and basal plate obtained
at term elective cesarean section without labor. Poly(A)*RNA
(20ug) from human amnion (lane A), chorion (lane B), decidua
parietalis (lane C), placental trophoblast (lane D), basal plate
(lane E) and uterus (lane F) hybridized with a human relaxin 48-
mer oligonucleotide probe 3’-end labbelled with alpha 3?P. The
filter was hybridized under moderate stringincy conditions as
described in Materials and Methods and was exposed to Fuji RX film

for 5 days at -20C.

Figure 5.3.
Poly(A)+RNA (20ug) from decidua parietalis (lane A) and placental
trophoblast (lane B) hybridized with the human relaxin 48-mer
oligonucleotide as in Figure 5.2A except that washes were carried
out with addition of tetramethylammonium chloride under conditions

of high stringincy and exposed for 7 days at -20C.
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Figure 5.4.

Comparative quantitation of relaxin mRNA levels in human
intrauterine tissues obtained from term elective Cesarean section
(l:])and normal vaginal delivery (). After autoradiography,
positive signals were evaluated by densitometry using a BioRad

Model 620 with software for IBM-PC. The bars represent the mean *

SD obtained from three or four separate Northern analyses. Bar

graph data are expressed in relation to the strongest signal
obtained from Cesarean decidua parietalis which was assigned as
100. A: amnion, C: chorion, D: decidua parietalis, PT: placental

trophoblast and BP: basal plate.
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Table 5.1

Summary of relaxin immunostaining and Northern analyses in human
intrauterine tissues

TISSUE NORTHERN IMMUNOCYTOCHEMISTRY
ANALYSIS Mab. RLX6 Mab. RLXS8
Amnion - + +
Chorion +1 + ++
(cytotrophoblast)
Decidua parietalis e +H+ 44+
Placental basal +41,2 + ++
plate
Placental trophoblast +442 ++ -
11.2kb

2 1.1kb
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CHAPTER VI
POSTSCRIPT
1. Summary

The production of three hormones, human relaxin, prolactin and
placental lactogen, were sought in five intrauterine tissue types by
immunocytochemistry and Northern analysis. The results are summarized
in a summary table and the significant findings of this dissertation
identified:

* For almost a decade, the presence of relaxin in the placenta
and the basal plate has been shown by RIA (Bigazzi et al., 1980; Fields
and Larkin, 1981; Yamamoto et al., 1981 and Schmidt et al., 1984).
Immunocytochemistry using porcine relaxin as primary antibody localized
relaxin in cells of the decidua parietalis and basalis (Yki-Jarvinen et
al., 1983; Koay et al., 1985). Our data here show for the first time
the presence of mRNA for relaxin in the decidua parietalis, chorion,
basal plate and placental trophoblast, a valuable correlate of the
immunocytochemical results.

* There are two species of mRNA for relaxin. The 1.2kb species is
expressed in the decidua parietalis, chorion and basal plate whereas
the 1.1 species is expressed only in the placental trophoblast.

* Relaxin mRNA concentrations are diminished after labour
suggesting its gene expression is reduced or turned off during
spontaneous labour and delivery.

* The chorion and the basal plate are additional sources for hPRL

in the amniotic fluid but the placenta is not. Although the placental
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Table 6.1

Production of human relaxin, prolactin
and placental lactogen by intrauterine tissues

Tissue RELAXIN PROLACTIN PLACENTAL
LACTOGEN
12 NP I N I N
Amnion - - + - - -
Chorion + + + + +? +
Decidua ++ +++ +++ +++ +? +
parietalis
Basal plate + ++ ++ ++ ++ ++
Placental + ++ ++ - -+ -+
trophoblast

Immunocytochemistry
"Northern analysis
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trophoblast is not a site for hPRL synthesis as judged by
immunocytochemistry, the positive signal at 0.9kb of poly(A)*RNA with
the 48-mer oligoprobe under moderately stringent conditions suggests
that human placenta may express an incomplete mRNA for hPRL or a
closely related mRNA to hPRL. Recently, prolactin-related genes have
been shown to be expressed in the placenta of rodents (Ducworth et al.,
1986) and cows (Schuler and Hurley, 1987).

* Extravillous chorionic cytotrophoblast and the placental basal

plate are minor additional sources of hPL.

2. Conclusions and Caveats

The hypothesis developed by our laboratory is that relaxin is a
paracrine/autocrine hormone in the human decidua and fetal membranes.

To establish this local role of relaxin, three criteria must be
fulfilled: demonstration of local production in the tissues, detection
of specific receptors and demonstration of biological effect(s)
attributable to this hormone. Our data presented here clearly satisfy
the first criterion. It has been previously shown that relaxin affects
the secretion of plasminogen activator and collagenolytic enzyme
activities of the amnion-chorion and thus relaxin may have a major role
in connective tissue remodelling within the fetal membranes (Koay et
al., 1986). However, little is known about the control of secretion of
intrauterine relaxin. The presence of the relaxin receptor has been
shown using particulate preparations of amnion and chorion cells (Koay

et al, 1986), nevertheless further work on the characterization and
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localization of the relaxin receptor 1is needed to provide conclusive
evidence for a relaxin paracrine system.

The study of relaxin shown here is based only on two time frames,
before and after labour and delivery. It will be important to look at
the parameters of local hormones at different stages of pregnancy and
perhaps an understanding may be useful in clinical problems of
pregnancy such as premature delivery due to premature rupture of the
fetal membranes.

The 48-mer oligoprobe to human relaxin was made, originally for
reason of economy, from a region where Hl and H2 genes are identical,
thus was not designed to provide information on whether one or both
genes are expressed. There is consensus in the literature for H2 gene
expression only. Our preliminary results using 24-mer oligoprobes
suggested surprisingly that both genes Hl and H2 may be expressed. It
is evident that more work is needed to define more precisely relaxin
gene expression in these interesting tissues.

The production of hPRL and hPL by intrauterine tissues is
presented here and their possible biological actions described in
Chapter I. Synthesis in more than one site suggests that these two
hormones may also function in the paracrine mode. Although, research on
hPRL and hPL receptors are more advanced than in research on the
relaxin receptor none has focussed on human intrauterine tissues and
more research is needed in this area to fully explore hPRL and hPL as

paracrine hormones.



142

BIBLIOGRAPHY

Addiego, L.A., Tsutsui, T., Stewart, D.R. and Stabenfeldt, G.H. (1987)
Determination of the source of immunoreactive relaxin in the cat.
Biol Repro 37, 1165-1169.

Al-Timimi, A. and Fox, H. (1986) Immunohistochemical localization of
follicle stimulating hormone, leutinizing hormone, growth
hormone, adrenocorticotropin hormone and prolactin in the human
placenta. Placenta 7, 163-172,

Aplin, J.D. and Campbell, S. (1985) An immunofluorescence study of
extracellular matrix associated with cytotrophoblast of the
chorion laeve. Placenta 6, 469-479.

Aplin, J.D., Campbell, S. and Allen, T.D. (1985) The extracellular
matrix of human amniotic epithelium: ultrastructure, composition
and deposition. J Cell Sci 79, 119-136.

Arezzuni, C., DeGori, V. and Tarly, P. (1972) Weight increase of body
and lymphatic tissue in dwarf mice treated with human chorionic
somatomammotropin (hCS). Proc Soc Exp Biol Med 141, 98-102.

Ascheim, S. and Zondek, B. (1927) Anterior pituitary hormone and

ovarian hormone in the urine of pregnant women. Klin Wochenshr 6,
1322-1328.

Attia, R., Ebeid, A. and Murray, P. (1976) The placenta as a possible
source of gut peptide hormones. Surg Forum 27, 432-434.

Aviv, H. and Leder, P. (1972) Purification of biologically active
globin messenger RNA by chromatography on oligothymidylic acid
cellulose. Proc Natl Acad Sci 69, 1408-1412.

Balboni, G.C., Denkova, R., Vannelli, G.B. and Zecchi, S. (1983)
Immunofluorescent localisation of relaxin-like molecules in the
granulosa cells of cavitary follicles of human and porcine ovary,
In: Biggazi, M., Greenwood, F.C. and Gasparri, F. (eds) Biology
of relaxin and its role in the human. Excerpta Medica, Amsterdam,
216-218.




143

Barbieri, F., Botticelli, A., Consarino, R., Genazzani, A.R. and Volpe,
A. (1986) Failure of placenta to produce hPL in an otherwise

uneventful pregnancy: a case report. Biol Res Pregnancy Perinatol
7, 131-133.

Barsh, G.S., Seeburg, P.H. and Gelinas, R.E. (1983) The human growth
hormone family: structure and evolution of the chromosomal locus.
Nuclear Acids Research 11, 3939-3958.

Beck, J. (1970) Time of appearance of human placental lactogen in the
embryo. N Eng J Med 283, 189-190.

Beck, P., Szlachter, N., Goldsmith, L.T., Steinetz. B.G. and Weiss G.
(1982) Synergistic effect of human relaxin and progesterone in
human myometrial contractions. Intl J Gynecol Obstet 20, 141-144.

Bedarkar, S., Turnell, W.G., Blundell, T.L. and Schwabe, C. (1977)
Relaxin has conformational homology with insulin. Nature 270,
449-451.

Bedarkar, S., Blundell, T.L., Gowan, L., McDonald, J.K. and Schwabe, C.
(1982) On the three dimensional structure of relaxin. Ann NY Acad
Sci 380, 22-33.

Bell, R.J., Eddie, L.H., Lester, A.R., Wood, E.C., Johnston, P.D. and
Niall, H.D. (1987) Relaxin in human pregnancy serum measured with
an homologous radioimmunoassay. Obstet & Gynecol 69, 585-589.

Ben-Resly, M.N., Al-Zaid, N.S. and Ibraham, M.E.A. (1981) Full term and
prematurely ruptured foetal membranes. An ultrastructural study.
Cell Tiss Res 220, 263-278.

Berent, S.L., Mahmoudi, M., Torczynski. R.M., Bragg, P.W. and Bollon,
A.P. (1985) Comparison of oligonucleotides and long DNA fragments
as probes in DNA and RNA dot, southern, northern, colony and
plaque hybridizations. Biotechniques May/June, 208-220.

Bewley, T.A. and Li, C.H. (1970) Primary structure of human pituitary

growth hormone and sheep pituitary lactogenic hormone compared.
Science 168, 136-139.



144
Bigazzi, M., Ronga, R., Lancranjan, 1., Ferraro, S., Branconi, F.,
Buzzoni, P., Martorana, G., Scarselli, G.F. and Del Poso, E.
(1979) A pregnancy in an acromegalic woman during bromocriptine
treatment: effects on growth hormone and prolactin in the
maternal, fetal and amniotic compartment. J Clin Endocrinol Metab
48, 9-12.

Bigazzi, M., Nardi, E., Brumni, P. and Petrucci, F. (1980) Relaxin in
the human decidua. J Clin Endocrinol Metab 51, 939-941.

Blundell, T.L. and Humbel, R.E. (1980) Hormone families: pancreatic
hormones and homologous growth factors. Nature 287, 781-787.

Boime, I., Boothby, M., Hoshina, M., Daniels-McQueen, S. and Darnell,
R. (1982) Expression and structure of human placental hormone

genes as a function of placental development. Biol Repro 26, 73-
91.

Bolte, E., Manenso, S. and Eriksson, G (1964) Studies on the
aromatization of neutral steroids in pregnant women. 1.
Aromatization of C-19 steroids by placentas perfused in situ.
Acta Endicrinol 45, 535-559.

Bourne, G.L. (1960) The microscopic anatomy of the human amnion and
chorion. Am J Obstet Gynecol 79, 1070-1073.

Boyd, J.D. and Hamilton, W.J. (1960) The giant cells of the pregnant
human uterus. J Obstet Gynecol B E 67, 208-218.

Breathnach, R., Benoist, C., O'Hare, K., Gannon, F. and Chambon, P.
(1978) Proc Natl Acad Sci USA 75, 4853-4857.

Bryant, G.D. and Greenwood, F.C. (1972) In: Lactogenic hormones. A Ciba
Foundation Symposium. Wolstenholme & Knight edition. Edinburg and
London, Churchill Livingston. 197-206.

Bryant-Greenwood, G.D. (1982) Relaxin as a new hormone. Endocrinology
3, 62-90.

Bryant-Greenwood, G.D. and Greenwood F.C. (1984) A heterologous RIA for
human relaxin G-peptide. 7th International Congress of
Endocrinology, Quebec, Canada. Abstract 418.



145
Bryant-Greenwood, G.D., Rees, M.C.P. and Turnbull, A.C. (1987)
Immunohistochemical localization of relaxin, prolactin and
prostaglandin synthase in human amnio, chorion and decidua. J
Endocrinology 114, 491-496.

Bullesbach, E.E., Gowan, L.K., Schwabe, C., Steinetz, B.G., 0'Byrne, E.
and Callard, P. (1986) Isolation, purification and the sequence

of relaxin in spiny dogfish (Squalus acanthias). E J Biochem 161,
335-341.

Bullesbach, E.E., Schwabe, C. and Callard, I.P. (1987) Relaxin from an
oviparous species, the skate (Raja erinacea). Biochem Biophys Res
Commun 143, 273-280.

Bulmer, J.N. and Jonhson P.M. (1984) Macrophage populations in the
human placenta and amniochorion. Clin Exp Immunol 57, 393-403.

Bulmer, J.N., Smith, J., Morrisson, L. and Wells, M. (1988) Maternal
and fetal cellular relationship in the human placental basal
plate. Placenta 9, 237-246.

Clements, J., Whitfeld, P., Cooke, N., Healy, D.L., Matheson, B.,
Shine, J. and Funder, J. (1983) Expression of the prolactin gene
in the human decidua-chorion. Endocrinology, 112, 1133-1134,

Conner, B.J., Reyes, A.A., Morin, C., Itakura, K., Teplitz, R.L. and
Wallace, R.B. (1983) Detection of sickle cell B®*-globulin allele
by hybridization with synthetic oligonucleotides. Proc Natl Acad
Sci 80, 278-282.

Cooke, N.E., Coit, D., Shine, J., Baxter, J.D. and Martial, J.A. (1981)
Human prolactin: c¢DNA structural analysis and evolutionary
comparisons. J Biol Chem 256, 4007-4016.

Cooke, N.E., Ray, J., Emery, J.G. and Liebhabar, S.A. (1988) Two
distinct species of human growth hormone-variant mRNA in the
human placenta predict the expression of novel growth hormone
proteins. J Biol Chem 263, 9001-9006.

Craig, H.R. and Benveniste, R. (1987) Immunoreactive alpha-atrial
natriuretic peptide secretion by human term placenta cell
cultures, comparison with secreted choriogonadotropin. In the
69th Annual Meeting of the Endocrine Society, Indianapolis,
abstract 997,




146

Crawford, R.J., Hudson, P., Shine, J., Niall, H.D., Eddy, R.L. and
Shows, T.B. (1984) Two human relaxin genes are on chromosome 9.
The EMBO J 3, 2341-2345.

Cunningham, B.C. and Wells, J.A. (1989) High resolution epitope mapping
of hGH-receptor interactions by alanine-scanning mutagenesis.
Science 244, 1081-1085.

Daya, S., Clark, D.A., Devlin, C., Jarrell, J. and Chaput, A. (1985)
Suppressor cells in the human decidua. Am J Obstet Gynecol 151,
267-270.

De Bakker-Teunissen, 0.J.G.B., Arts N.F.T.H. and Mulder, G.H. (1988)
Fluid transport across human fetal membranes affected by human
amniotic fluid prolactin: an in vitro study. Placenta 9, 533-545.

DeFeo, V.J. (1967) In: Cellular biology of the uterus, (Wynn editions),
New York, Appleton-Century-Crofts, Inc., 191-290.

De Ikonicoff, L.K. and Cedard, L. (1973) Localization of human
chorionic gonadotropic and somatomammotropic hormones by
peroxidase immunohistoenzymologic method in villi and amniotic
epithelium of human placentas (from six weeks to term). Am J
Obstet Gynecol 116, 1124-1132.

Dieron, D. and Bryant-Greenwood G.D. (1989) Collagen, collagenolytic
enzymes and inhibitors in the human fetal membranes and decidua.
Trophoblast Res. In press.

Duckworth, M.L., Peden, L.M. and Friesen, H.G. (1986) Isolation of a
novel prolactin-like cDNA clone from developing rat placenta. J
Biol Chem 261, 10879-10884.

Eddie, L.W., Lester, A., Bennett, G., Bell, R.J., Geier, M., Johnston,
P.D. and Niall, H.D. (1986) Radioimmunoassay of relaxin in

pregnancy with an analogue of human relaxin. The Lancet 1, 1344-
1346.

Enders, C.A.(1965) Formation of syncytium from cytotrophoblast in the
humen placenta. Obstet and Gynecol 25, 378-386.




147
Essig M., Schoenfeld, C., D'Eletto, R., Amelar, R., Dubin, L.,
Steinetz, B., O’'Byrne, E.M. and Weiss, G. (1982) Relaxin in human
seminal plasma. Ann NY Acad Sci 380, 224-230.

Evans, M.I., Dougan, M.B., Moawad, A.H., Evans, W.J., Bryant-Greenwood,
G.D. and Greenwood, F.C. (1983) Ripening of the human cervix with
porcine ovarian relaxin. Am J Obstet Gynecol 147, 410-414.

Fang, V.S. and Kim, M.H. (1975) Study on maternal, fetal and amniotic
human prolactin at term. J. Clin Endocrinol Metab 41, 1030-1034.

Fevold, H.L., Hisaw, F.L. and Leonard, S.L. (1932) The hormones of the
corpus luteum: separation and purification of three active
substances. J Am Chem Soc 54, 254.

Fields, P.A. and Larkin, L.H. (1980) Enhancement of uterine cervix
extensibility in oestrogen-primed mice following administration
of relaxin. J Endocrinol 87, 147-152.

Fields, P.A. and Larkin, L.H. (1981) Purification and immunohisto-
chemical localization of relaxin in the human term placenta. J
Clin Endocrinol Metab 52, 79-85.

Fields, P.A., Larkin, L.H. and Pardo, R.J. (1982) Purification of
relaxin from the placenta of the rabbit. Ann NY Acad Sci 380, 75-
86.

Fox, H. (1965) The significance of villous syncytial knots in the human
placenta. J Obstet Gynecol Brit Commonwealth 72,347-355.

Fox, H. (1967) The incidence and significance of Hofbauer cells in the
mature placenta. J Pathol Bacteriol 93, 710-717.

Frame, L.T., Wiley, L. and Rogol, A.D. (1979) Indirect immuno-
fluorescent localization of prolactin to the cytoplasm of the
decidua and trophoblast cells in the human placental membranes at
term. J Clin Endocrinol Metab 49, 435-437.

Frolik, C.A., Dart, L.A., Meyers, C.A., Smith, D.M. and Sporn, M.B.
(1983) Purification and initial characterization of a type B

transforming growth factor from human placenta. Proc Nat Acad Sci
USA 80, 3676-3679.




148
George, D.L., Phillips, J.A. III, Francke, U. and Seeburg, P.H. (1981)

The genes for growth hormone and chorionic somatomammotropin are
on the long arm of human chromosome 17 in region q2l-qter. Hum
Genet 57, 138-141.

Gibb,W., Riopel, L. and Lavoie, J.C. (1988) Steroidogenesis and
steroid-binding proteins in the human fetal membranes. In:
Mitchell, B.F. (ed) The physiology & biochemistry of human fetal
membranes. Perinatalology Press, 29-47.

Gibbons, J.M., Mitnick, M. and Chieffo, V. (1975) In vitro biosynthesis
of TSH and LH releasing factors by tha human placenta. Am J
Obstet Gynecol 121, 127-130.

Golander, A., Hurley, T., Berrett, J., Hizi, A. and Handwerger, S.
(1978) Prolactin synthesis by human chorion-decidual tissue: a

possible source of prolactin in the amniotic fluid. Science 202,
311-313.

Goldstein, L.D., Reynolds, C.P. and Perez-Polo, J.R. (1978) Isolation
of the human nerve growth factor from placental tissue.
Neurochemical Research 3, 175-183.

Gospodarowicz, D., Chang, J., Lin, G.M., Fujii, D.K., Baird, A. and
Bohlen, P. (1985) Fibroblast growth factor in the human placenta.
Biochem Biophys Res Commun 128, 554-558.

Gosseye, S. and Fox, H. (1984) An immunohistological comparison of the
secretory capacity of villous and extravillous trophoblast in the
human placenta. Placenta 5, 329-348.

Gowan, L.K., Reinig, J.W. and Schwabe, C. (1981) On the primary and
tertiary structure of relaxin from the sand tiger shark
(Odontaspis taurus). FEBS Lett 129-180.

Gown, A.M., Garcia, R., Ferguson, M., Yamanaka, E. and Tippens, D.
(1986) Avidin-biotin-immunoglucose oxidase: use in single and
labelling procedures. J Histochem Cytochem 34, 403-407.

Greenwood, F.C. (1972) In: "Growth and Growth Hormone” (Pecile & Muller
eds), Excerpta Medica, Amsterdam.




149
Grumbach, M.M.. and Kaplan, S.L. (1964) On placental origin and
purification of chorionic growth hormone-prolactin and its
immunoassay in pregnancy. Trans NY Acad Sci 27, 167-171.

Guyda, H. and Friesen, H. (1971) The separation of monkey prolactin
from monkey growth hormone by affinity chromatography. Biochem
Biophys Res Comm 42, 1068-1075.

Haley, J., Hudson, P., Scalon, D., John, M., Cronk, M., Shine, J.,
Tregear, G. and Niall, H. (1982). Porcine relaxin molecular
cloning and cDNA structure. DNA 1, 155-162.

Hamilton, W.J. and Boyd, J.D. (1960) Development of the human placenta
in the first three months of gestation. J Anat 90, 297-328.

Handwerger, S., Capel, D., Korner, G. and Richards, R. (1987)
Purification of decidual prolactin-releasing factor, a placental
protein that stimulates prolactin release from human decidual
tissue. Biochem Biophys Res Comm 147, 452-459.

Harper, M.E., Barrera-Saldana, H.A. and Saunders, G.F. (1982)
Chromosomal localization of the human placental lactogen-growth
hormone gene cluster to 17q22-24. Am J Hum Genet 35, 227-234.

Healy, D.L., Muller, H.K. and Burger, H.G. (1977) Immunofluorescence

shows localization of prolactin to human amnion. Nature 265,
642-643,

Healy, D.L., Burger, H.G. and Muller, H.K. (1978) Hypothesis: placental
membranes produce prolactin. Mol Cell Endocrinol 11, 1-6.

Healy, D.L., Herington, A.C. and O’'Herlily, C. (1983) Chronic
idiopathic polyhydramnios: evidence for a defect in the chorion

laeve receptor for lactogenic hormones. J Clin Endocrinol Metab
56, 520-523.

Healy, D.L. (1984) The clinical significance of endometrial prolactin.
NZ J Obstet Gyaecol 24, 111-116.

Hennen, G.P., Frankenne, F., Closset, J., Gomez, F., Pirens, G. and El
Khayat, N. (1985) A human placental GH: increasing levels during
second half of pregnancy with pituitary GH suppression as
revealed by monoclonal antibody RIA. Int J Fertil 30, 27-33.




150

Herington, A.C., Graham, J. and Healy, D.L. (1980) The presence of
lactogen receptors in human chorion laeve. J Clin Endocrinol
Metab 51, 1466-1468.

Hershman, J.M. and Starnes W.H. (1969) Extraction and characterization
of a thyrotropic material from the human placenta. J Clin Invest
48, 923-929.

Hisaw, F.L. (1926) Experimental relaxation of the pubic ligament of the
guinea pig. Proc Soc Exp Biol Med 23, 661-663.

Holt, W.F. and Perks, A.M. (1975) The effect of prolactin on water
movement through the isolated amniotic membrane of the guinea
pig. Gen Comp Endocrimnol 26, 153-165.

Hsu, S.M., Raine, L. and Fanger, H. (1981) the use of avidin-biotin
peroxidase complex (ABC) in immunoperoxidase techniques: a
comparison betwwen ABC and unlabelled antibody (PAP) procedures.
J Histochem Cytochem 29, 577-580.

Hudson, P., Haley, J., Cronk, M., Shine, J. and Niall, H.D. (1981)
Molecular cloning and characterization of cDNA sequences coding
for rat relaxin. Nature (London) 291, 127-131.

Hudson, P., Halet, J., John, M., Cronk, M., Crawford, R., Haralambidis,
J., Tregear, G., Shine, J. and Niall, H. (1983) Structure of a
genomic clone encoding biologically active human relaxin. Nature
(London) 301, 628-631.

Hudson, P., John, M., Crawford, R., Harlambidis, J., Scanlon, D.,
Gorman, J., Tregear. G., Shine, J. and Niall, H. (1984) Relaxin
gene expression in human ovaries and the predicted structure of a
human preprorelaxin by analysis of cDNA clones. EMBO J 3, 2333-
2339. '

Hwang, P., Guyda, H. and Friesen, H.G. (1971) A radioimmunoassay for
human prolactin. Proc Natl Acad Sci USA 68, 1902-1906.

Hwang, P., Guyda, H. and Friesen, H.G. (1972) Purification of human
prolactin. J Biol Chem 247, 1955-1958.




151
Isaacs, N., James, R., Niall, H., Bryant-Greenwood, G.D., Dodson, G.,
Evans, A. and North, A.C.T. (1978) Relaxin and its structural
relationship to insulin. Nature 271, 278-281.

Jaattela, M., Kuusela, P. and Saksela, E. (1988) Demonstration of tumor
necrosis factor in the human amniotic fluid and supernatants of

placental and decidual tissues. Laboratory Investigation 58, 48-
52.

James, R., Niall, H.D., Kwok, S. and Bryant-Greenwood, G.D. (1977)
Primary structure of porcine relaxin and homology with insulin
and related growth factors. Nature 267, 544-546.

John, M.J., Borjesson, B.W., Walsh, J.R. and Niall, H.D. (1981) Limited
sequence homology between porcine and rat relaxins: implications
for physiological studies. Endocrinology 108, 726-729.

Johnson, J.W.C., Tyson, J.E., Wodzichi, A., Friesen, H.G., Beck, J.C.
and London, W.T. (1982) Tracheobronchial fluid prolactin and lung
developmental characteristics in the rhesus fetus. In: Twenty
ninth annual meeting of the Society of Gynecological
Investigation. Abstract 320.

Josimovich, J. and Maclaren, J.A. (1962) Presence in the human placenta
and term serum of a highly lactogenic substance immunologically
related to pituitary growth hormone. Endocrinology 71, 209-213.

Josimovich, J., Weiss, G. and Hutchinson, D. (1974) Sources and
disposition of pituitary prolactin in maternal circulation,
amniotic fluid, fetus and placenta in the pregnant rhesus monkey.
Endocrinology 94, 1364-1371.

Kaplan, S.L. and Grumbach, M.M. (1964) Studies of a human and simian
placental hormone with growth hormone-like and prolactin-like
activities. J Clin Endocrinol Metab 25, 1370-1374.

Kasai, K., Shik, S.S., Aochi, H. and Yoshida, Y. (1981) Production and
localization human prolactin in the placental and decidual
tissues at term. Acta Histochem Cytochem 14, 168-172.

Kemp, B.E. and Niall, H.D. (1984) Relaxin. Vitamins and Hormones 41,
79-115.




152

Kliman, H.J., Nestler, J.E., Sermasi, E., Sanger, J.M. and Strauss,
J.F. (1986) Purification, characterization and in vitro
differentiation of cytotrophoblasts from human term placentae.
Endocrinology 118, 1567-1582.

Koay, E.S.C., Greenwood, F.C. and Bryant-Greenwood, G.D. (1985)
Relaxin: a local hormone in human parturition. In: Jaffe &
Dell’Acqua (eds) The endocrine physiology of pregnancy and the
peripartal period. Raven Press, New York 21, 247 -253.

Koay, E.S.C., Bagnell, C.A., Bryant-Greenwood, G.D., Lord, S.B., Cruz,
A.C. and Larkin, L.H. (1985) Immunocytochemical localization of

relaxin in human decidua and placenta. J Clin Endocrinol Metab
60, 859-863.

Koay, E.S.C., Bryant-Greenwood, G.D., Yamamoto, S.Y. and Greenwood,
F.C. (1986) The human fetal membranes: a target tissue for
relaxin. J Clin Endocrinol Metab 62, 513-521.

Kumasaka, T., Nishi, N., Yaoi, Y., Saito, M., Okayasu, K., Hatakeyama,
S. and Sawano, S. (1979) Demonstration of immunoreactive
somatostatin like substance in villi and decidua in early
pregnancy. Am J Obstet Gynecol 134, 39-44,

Kurman, R.J., Main, C.S. and Chen, H.C. (1984) Intermediate
trophoblast: a distinctive form of trophoblast with specific
morphological, biochemical and functional features. Placenta 5,
349-370.

Leontic, E.A. and Tyson, J.E. (1977) Prolactin and fetal
osmoregulation: water transport across isolated human ammion. Am
J Physiol 232, R124-127.

Lewis, U.J., Singh, R.N.P. and Seavey, B.K. (1971) Human prolactin:
isolation and properties. Biochem Biophys Res Commun 44, 1169-
1176.

Liggins, G.C. (1985) The paracrine system controlling human
parturition. In: Jaffe, R. and Dell'Acqua, S. (eds). The
endocrine physiology of pregnancy and the perinatal period. Raven
Press, New York 21, 205-221.




153

Liotta, A.S5. and Krieger, D.T. (1980) In vitro biosynthesis and
comparative post translational processing of immunoreactive
precursor corticotropin/B endorphin by human placental and
pituitary cells. Endocrinology, 106, 1504-1509.

Lopez-Bernal, A., Bryant-Greenwood, G.D., Hansell, D.J., Hicks, B.R.,
Greenwood, F.C. and Turnbull, A.C. (1987) Effect of relaxin on
prostaglandin E production by human amnion: changes in relation
to the onset of labor. Br J Obstet Gynaecol 94, 1045-1051.

Loumaye, E., DeCooman, S. and Thomas, K. (1980) Immunoreactive relaxin-

like substance in human seminal plasma. J Clin Endocrinol Metab
50, 1142-1143,

Lyons, W.R., Li, C.H. and Johnson, R.E. (1961) 43rd Program Meeting. Am
Endo Soc, Abstract 43.

Maclennan, A.H., Green, R.C., Bryant-Greenwood, G.D., Greenwood, F.C.
and Seamark, R.F. (1980) Ripening of the human cervix and

induction of labor with purified porcine relaxin. Lancet i, 220-
223,

MacLennan, A.H., Green, R.C., Grant, P. and Nicolson, R. (1986a)
Ripening of the human cervix and induction of labor with

intracervical purified porcine relaxin. Obstet Gynecol 68, 598-
601.

MacLennan, A.H., Green, R.C., Nicolson, R. and Bath, M. (1986b) Serum
relaxin and pelvic pain of pregnancy. The lancet ii, 243-245.

Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982) In: Molecular
cloning: a laboratory manual, Cold Spring Harbor Laboratory, NY.

McCoshen, J.A., Tomika, K., Fernandez, C. and Tyson, J.E. (1982)
Specific cells of human amnion selectively localize prolactin. J
Clin Endocrinol Metab 55, 166-169.

McCoshen, J.A. and Barc, J. (1985) Prolactin bioactivity following
decidual synthesis and transport by amniochorion. Am J Obstet
Gynecol 153, 217-223.




154
McWilliams, D., Callahan, R.C. and Boime, I. (1977) Human placental

lactogen mRNA and its structural genes during pregnancy:
quantitation with a complementary DNA. Proc Natl Acad Sci USA 7%,
1024-1027,

McWilliams, D. and Boime, I. (1980) Cytological localization of
placental lactogen messenger ribonucleic acid in

syncytiotrophoblast layers of human placenta. Endocrinology 107,
761-765.

Mendelson, C.R., Johnston, J.M., MacDonald, P.C. and Snyder, J.M.
(1981) Multihormonal regulation of surfactant synthesis by human
fetal lung in vitro. J Clin Endocrinol Metab 53, 307-317.

Meuris, S., Soumenkoff, G., Malengreau, A. and Robyn, C. (1980)
Immunoenzymatic localization of prolactin-like immunoreactivity
in decidual cells of the endometrium from pregnant and non-
prgnant women. J Histochem Cytochem 28,;71547-1350.

Midgley, A.R. and Pierce, G.B. (1962) Immunohistochemical localization
of human chorionic godadotropin. J Exp Med 115, 289-294.

Midgley, A.R., Pierce, G.B., Deneau, G.A. and Gosling, J.R.S. (1963)
Morphogenesis of syncytiotrophoblast in vitro: an
autoradiographic demonstration. Science 141, 349-352.

Miller, W.L. and Eberhardt, N.L. (1983) Structure and evolution of the
growth hormone gene family. Endocrine Rev &4, 97-130.

Mitchell, M.D. (1986) Pathways of arachidonic acid metabolism with
specific application to the fetus and mother. Sminars in
Perinatology 10, 373-381.

Mitnick, M., Chieffo, V., Gibbons, J.M. and Hanley, K.J. (1974)
Isolation of TRH and IRH from human amniotic fluid and their in
vitro binding to human chorio-amniotic membranes. The Fifty-sixth
Annual Meeting of the Endocrine Society , Abstract 126.

Nagao, R., and Bryant-Greenwood, G.D. (1981) Evidence from a uterine
relaxin in the guinea pig. In:Bryant-Greenwood, G.D., Niall, H.D.
and Greenwood, F.C. (eds) Relaxin. Elsevier/North-Holland,
Amsterdam, 61-69.




155

Niall, H.D., Hogan, M.L., Rosenblum, I.Y., Sauer, R. and Greenwood,
F.C. (1971) Sequences of pituitary and placental lactogenic and
growth hormone: evolution from a primordial peptide by gene
reduplication. Proc Natl Acad Sci USA 68, 866-871.

Niall, H.D., Hogan, M.L., Tregear, G.W., Segre, G.V., Hwang, P. and
Friesen, H. (1973) The chemistry of growth hormone and the
lactogenic hormones. Rec Progr Hormone Res 29, 387-416.

Nicoll, C.S. (1974) Problems in interpreting the physiological
significance of results obtained with exogenous prolactin and
with data on endogenous circulating levels of the hormone. In:
Josimovich, Reynolds & Cobo (eds) Lactogenic hormones, fetal
nutrition and lactation. A Wiley Biomedical Health Publication,
69-83.

O0'Byrne, E.M., Flitcraft, J.F., Sawyer, W.I., Hochman, J., Weiss, G.
and Steinetz, B.G. (1978) Relaxin biocactivity and immunoactivity
in human corpus lutea. Endocrinology 102, 1641-1644,

Okazaki, T., Casey, L.M., Okita, J.R., MacDonald, P.C. and Johnston,
J.M. (1981) Initiation of human parturition. XII. Biosynthesis
and metabolism of prostaglandins in human fetal membranes and
uterine decidua. Am J Obstet Gynecol 139, 373-381.

Opsahl, J.L. and Long, R.C. (1951) Identification of ACTH in human
placental tissue. Yale J Biol Med 24, 199-209.

Owerbach, D., Martial, J.A., Baxter, J.D., Rutter, W.S. and Shows, T.B.
(1980) Genes for growth hormone. chorionic somatomammotropin and
a growth hormone-like gene are located on chromosome 17 in
humans. Science 209, 289-292.

Owerbach, D., Rutter, W.J., Cooke, N.E., Martial, J.A. and Shows, T.B.
(1981) The prolactin gene is located on chromosome 6 in humans.
Science 212, 815-816.

Petraglia, F., Sawchenko, P., Lim, T.W.A., Rivier, J. and Vale, W.
(1987) Localization, secretion and action of inhibin in human
placenta. Science 237, 187-189.



156
Petraglia, F., Calza, L., Giardino, L., Sutton, M., Marrama, P.,
Rivier, J., Genazzani, R.A. and Vale, W. (1989) Identification of
immunoreactive neuropeptide gamma in human placenta:
localization, secretion and binding sites. Endocrinol 124, 2016-
2022.

Poisner, A.M., Cheng, H.C., Wood, G.W. and Poisner, R. (1983) Storage
and release of renin and hCG in the trophoblast from the human
chorion laeve. Trophoblast Res 1, 279-284.

Poisner, A.M. and Poisner, R. (1985) Angiotensin receptors and release
of LHRH activity from human chorion laeve. Proc Endocrin Soc Mtg
33.

Quagliarello, J., Szlachter, N and Steinetz, B.G. (1979) Serials

relaxin concentrations in human pregnancy, Am J Obstet Gymecol
135, 43-44,

Rees, L.H., Burke, C.W., Chard, T., Evans, S.W. and Letchworth, A.T.
(1975) Possible placental origin of ACTH in normal human
pregnancy. Nature 254: 620-622.

Reinig, J.W., Daniel, L.N., Schwabe, C., Gowan, L.K., Steinetz, B.G.
and O'Byrne, E.M. (1981) Isolation and characterization of
relaxin from the sand tiger shark. Endocrinol 109, 537-543.

Riddik, D.H., Luciano, A.A., Kusmik, W.F. and Maslar, I.A. (1978) De
novo synthesis of prolactin by human decidua. Life Sci 23, 1913-
1922.

Riddik, D.H., Luciano, A.A., Kusmik, W.F. and Maslar, I.A. (1979)
Evidence for a mnon-pituitary source of amniotic fluid prolactin.
Fertil Steril 31, 35-39.

Romero, R., Wu, K.Y., Brody, D.T., Oyarzun, E., Duff, G.W. and Durum,
S.K. (1989) Human decidua: a source of interlukin-1l.

Roy-Choudhury, S., Sen-Majumbar, A., Murthy, U., Klimen, H., Nestler,
J., Strauss, J. and Das, M. (1986) Biosynthetic pathway of a new
trophoblast derived growth factor from human placenta. Fed Proc.
Abst 1370.




157

Saeed, S.A. and Mitchell, M.D. (1982) Formation of arachidonate
lipoxygenase metabolites by human fetal membranes, uterine
decidua vera and placenta. Prostaglandins, Leukotrienes and
Medicine 8, 635-640.

Saijonmaa, 0., Laatikainen, T. and Wahlstrom, T. (1988) Corticotrophin-
releasing factor in human placenta: localization, concentration
and release in vitro. Placenta 9, 373-385.

Sasagawa, M., Yamazaki, T., Endo, M., Kanazawa, K. and Takeuchi, S.
(1987) Immunohistochemical localization of HLA antigens and
pPlacental proteins (ahCG, bhCG, CTP, hPL and SP; in villous and
extravillous trophoblast in normal human pregnancy: a distinctive
pathway of differentiation of extravillous trophoblast. Placenta
8, 515-528.

Schuler, L.A. and Hurley, W.L. (1987) Molecular cloning of a prolactin-
related mRNA expressed in bovine placenta. Proc Natl Acad Sci
USA 84:5650-5654.

Schwabe, C., McDonald, J.K. and Steinetz, B.G. (1976) Primary structure
of the A chain of porcine relaxin. Biochem Biophys Res Comm 70,
397-405.

Schwabe, C., McDonald, J.K. and Steinetz, B.G. (1977) Primary structure

of the B chain of porcine relaxin. Biochem Biophys Res Comm 75,
503-510.

Schwabe, C., Steinetz, B., Weiss, G., Segaloff, A., MacDonald, J.K.,
0'Byrne, E., Hochman, J., Carriere, B. and Goldsmith, L. (1978)
Relaxin. Recent Prog Horm Res 34, 123-211.

Schwabe, €., Bullesbach, E.E., Hyen, H. and Yoshioka, M. (1989)
Cetacean relaxin. J Biol Chem 264, 940-943.

Sciarra, J., Sheerwood, L. and Varwa, A. (1968) Human placental
lactogen and placental weight. Am J Obstet Gynecol 101, 413-416.

Scleicher and Schuell Inc. (1987) Northern transfer onto S&S Nytron
nylon membranes. In: Transfer and immobilization of nucleic acid
to S&S solid supports. Schleicher & Schuell publication 12-16.




158
Selby, M.J., Barta, A., Baxter, J.D., Bell, G.I. and Eberhardt N.L.
(1984) Analysis of a major human chorionic somatomammotropin
gene: evidence for two functional promoter elements. J Biol Chem
259, 13131-13138.

Sherwood, 0.D. (1979) Purification and characterization of rat relaxin.
Endocrinology 104, 886-892.

Sherwood, 0.D. (1988) Relaxin. In: Knobil, E., Neill, J. (eds) The
physiology of reproduction. New York: Raven Press 1, 585-673.

Sherwood, 0.D. and O'Byrne, E.M. (1974) Purification and
characterization of porcine relaxin. Arch Biochem Biophys 160,
185-196.

Shibasaki, T. Odagiri, E., Shizume, K. and Ling, N.Y. (1979)
Corticotropin-releasing factor-like activity in human placental
extracts. J Clin Endocrinol Metab 55, 384-386.

Shih, A., Goldsmith, L.T., Weiss, G., Berrel, J. and Wislow, J. (1989)
Human seminal relaxin is a product of the same gene as human

luteal relaxin. 71lst Annual Meeting. The endicrime Society,
Abstract 1543.

Siiteri, P.K. and MacDonald, P.C. (1966) Placental estrogen

biosynthesis during human pregnancy. J Clin Endocrinol Metab 26,
751-761.

Siler-Khodr, T.M. and Khodr, G.S. (1978a) Content of lutenizing hormone
releasing factor in human placenta. Am J Obstet Gynecol 130, 216-
219.

Siler-Khodr, T.M. and Khodr, G.S. (1978b) Localization of lutenizing
hormone factor in the human placenta. Fertil and Steril 29, 523-
526.

Skinner, S.L., Lumbers, E.R. and Symonds, E.M. (1968) Renin
concentration in the human fetal and maternal tissues. Am J
Obstet Gynecol 101, 529-533.

Skowsky, W.R. and Fisher D.A. (1980) The use of thyroglobulin to induce
antigenicity to small molecules. J Lab Clin Med 80, 134-137.



159

Starkey, P.M., Sargent, I.L. and Redman, W.G. (1988) Cell populations
in human early pregnancy decidua: characterization and isolation

of large granular lymphocytes by flow cytometry. Immunology 65,
129-134.

Steinetz, B.G., Beach, V.L., Kroc, R.L., Stasilli, N.R., Nussbaum,
R.E., Nemith, P.J. and Dunn, R.K. (1960) Bioassay of relaxin
using a reference standard: a simple and reliable method
utilizing direct measurement of interpubic ligament formation in
mice. Endocrinology 67, 102-115.

Steinetz, B.G., O’'Byrne, E.M., Goldsmith, L.T. and Anderson, M.B.
(1988) The source of relaxin in pregnant syrian hamsters,
Endocrinology 122, 795-798.

Stewart, D.R. and Papkoff, H. (1986) Purification and characterization
of equine relaxin. Endocrinol 119, 1093-1099.

Stewart, D.R. (1989) Partial purification and characterization of
canine placental relaxin. 71lst Annual Meeting. The Endocrine
Society. Abstract#528.

Stray-Pedersen, S. (1982) The effect of prolactin on fetal membrane
transport. J Perinatal Med, (suppl. 2) 10, 121-124.

Stromberg, K., Pigott, D.A., Ranchalis, J.E. and Twarzik, D.R. (1982)
Human term placenta contains transforming growth factor. Biochem
Biophys Res Commun 106, 354-358.

Suwa, S. and Friesen, H.G. (1969) Biosynthesis of human placental
proteins and human placental lactogen (hPL) in vitro: II. Dynamic
studies of normal term placentas. Endocrinology 85, 1037-1049.

Szlachter, B.N., Quagliarello, J., Jewelewicz, R., Osathanondh, R.,
Spellacy, W.N. and Weiss, G. (1982) Relaxin in normal and
pathogenic pregnancies. Obstet Gynecol 59, 167-170.

Taii, S., Thara, Y. and Mori, T. (1984) Identification of the mRNA
coding for prolactin in the human decidua. Biochem Biophys Res
Comm 124, 530-537.




160
Takahashi, H., Nabeshima, Y., Ogata, K. and Takeuchi, S. (1984)
Molecular cloning and nucleotide sequence of DNA complementary to
human decidual prolactin mRNA. J Biochem 95, 1491-1499.

Taylor, N.R. and Williams, T.L. (1988) Developmental expression of
platelet-derived growth factor and its receptor in the human
placenta. Molecular Endocrinology 2, 627-632.

Thomas, E.C. (1965) The ultrastructure of human amnion and chorion. J
Ultrastructure Research 13, 65-84.

Tomoda, S., Hamada, K., Sugawa, T., Takahashi, K.P. and Yamagata, K.
(1983) Immunoperoxidase localization of prolactin in
syncytiotrophoblast cells of normal pregnancy, aborted pregnancy,
hydatidiform mole and choriocarcinoma. Asia-Oceania J Obstet
Gynaecol 9, 117-122.

Trapp, M., De Wilde, R., Holzgreve, W., Stals, H.J. and Bohnet, H.G.
(1987) A pregnancy without detectable human placental lactogen
(hPL). Zentralbl Gynakol 109, 130-133,

Tregear, G.W., Yu-Cang, D., Ke-Zhen, W., Southwell, C., Jones, P.,
John, M., Gorman, J., Kemp, B. and Niall, H.D. (1982). The
chemical synthesis of relaxin. In: Biggazi, M., Greenwood, F.C.
and Gasparri, F. (eds) Biology of relaxin and its role in the
human. Excerpta Medica, Amsterdam. 44-55.

Truong, A.T., Duez, C., Belayew, A., Renard, A., Pictet, R., Bell, G.I.
and Martial, J.A. (1984) Isolation and characterization of the
human prolactin gene. The EMBO J 3, 429-437.

Turkington, R.W. and Topper, Y. (1966) Stimulation of casein synthesis
and histologic development of mammary gland by human placental
lactogen in vitro. Endocrinology, 79, 175-180.

Turtle, J.R. and Kipnis, D. (1967) The lypolytic action of human
placental lactogen on isolated fat cells. Biochem Biophys Acta
144, 583-587.

Tyson, J.E., Hwang, P., Guyda, H. and Friesen, H.G. (1972) Studies of

prolactin secretion in human pregnancy. Am J Obstet Gynecol 113,
14-16.




161
Tyson, J.E., Mowat, G.S. and McCoshen, J.A. (1984) Simulation of a
probable biologic action of decidual prolactin on fetal
membranes. Am J Obstet Gynecol 148, 296-300.

Vaitukaitis, J.L., Robbins, J.B., Nieschlag, E. and Ross, G.T. (1971) A
method for producing specific antisera with small doses of
immunogen. J Clin Endocrinol Metab 33, 988-991.

Warren, A.Y., Craven, D.J. and Symonds E.M. (1584) Angiotensin
converting enzyme in human fetal membranes, placenta, amniotic
fluid and venous serum. Clin Exper Hyper in Preg B3, 51-60.

Wathes, D.C., Rees, J.M. and Porter, D.G. (1988) Identification of
relaxin in the placenta of the ewe. J Repro Fert 84, 247-257.

Watkins, W.B. (1978) Use of immunocytochemical techniques for the
localization of human placental lactogen. J Histochem Cytochem
26, 288-292,

Watkins, W.B. and Yen, S$.S.C. (1980) Somatostatin in cytotrophoblast of
the immature human placenta: localization by immunoperoxidase
cytochemistry. J Clin Endocrinol Metab 5, 969-972.

Weiss, G., Steinetz, B.G., Dierschke, D.J. and Fritz, G. (1981) Relaxin
secretion in the rhesus monkey. Biol Repro 24, 565-567.

Whitsett, A.J., Ho, M., Tsang, C.R., Norman, J.E. and Adams, G.K.
(1981) Synthesis of 1,25-dihydroxy vitamin D; by human placenta
in vitro. Endocrine Society 53, 484-488.

Wigqvist, N. and Paul, K.G. (1958) Inhibition of the spontaneous uterine
motility in vitro as a bioassay of relaxin. Acta Endocrinol
(Copenh) 29, 135-146.

Wynn, R.M. and French, G.L. (1968) Comparative ultrastructure of the
mammalian amnion. Obstet Gynecol 31, 759-773.

Yamamoto, S., Kwok, S.C.M., Greenwood, F.C. and Bryant-Greenwood, G.D.
(1981) Relaxin purification from human placental basal plates. J
Clin Endicrinol Metab 52, 601-604.



162
Yki-Jarvinen, H., Wahlstrom, T. and Seppala, M. (1983)
Immunohistochemical demonstrstion of relaxin in genital tract of

pregnant and nonpregnant women. J Clin Endocrinol Metab 57, 451-
454,

Yki-Yarvinen, H. and Wahlstrom, T. (1984) Immunohistochemical
demonstration of relaxin in the placenta after removal of the
corpus luteum. Acta Endo 106, 544-547.






