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SUMMARY

The endometrium is an epithelio-mesenchymal structure. The
growth and differentiation of normal endometrial cells is regulated by
the interactions of both polypeptide and steroid hormones. An
understanding of how hormones affect proliferation and metabolic
activities, necessarily involves knowledge of the regulatory processes of
these cellular functions. The regulation of the frequency of
replication in animal cells is a complex phenomenon for which much of the
molecular basis is currently unknown. Cell cultures, which are exempt
from tissue and systemic influences are ideal for investigating whether
individual growth factors are acting directly on the endometrial cell.

Primary cultures of both normal and malignant epithelial cells
were investigated. These cells have been grown both as pure epithelial
cultures and as mixed populations of epithelial and stromal cells. The
purpose of this study was first, to evaluate some of the critical data
now available on various aspects of steroid regulated growth, and second
to develop in vitro new models of steroid promoted growth that can
accommodate current information.

Different cell types, from both rat uterus and human
endometrium, were separated by enzymatic and mechanical techniques.
Epithelial cells were tentatively identified by comparison of their
morphologic features in culture with the well documented features of
endometrial cells in vivo. Moreover, epithelial nature was also
confirmed using immunocytochemical criteria. Growth dynamics of these
cells in culture were analysed by the classical techniques of
3H-thymidine incorporation, cell proliferation index and morphological
criteria.

Serum performs many functions in cell culture. In addition to
providing classical hormones and growth factors, it compensates for the

deficiences of defined media, supplying additional nutrients and trace
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elements. To determine the minimum requirements for foetal calf serum
in cultures of normal and malignant cells derived from endometrium, this
study reports a detailed examination of growth requirements of
endometrial cells during the early culture. The results presented in
Chapter 4 strongly suggest that it is possible to eliminate serum from
culture medium and that the main function of serum in cell culture is to
furnish hormones and other growth factors. The most important factors
are EGF, transferrin, insulin and glucocorticoids. The role of serum in
attachment and spreading of these cells was also assessed. Charcoal
stripping of serum at 4°C enhanced the attachment, whereas, the same
treatment of serum at 56°C depressed attachment and spreading of normal
epithelia; cells, Increased growth was observed in endometrial cancer
cells in 560C—stripped serum. Coating plastic substrates with
different preparations increased the speed of attachment of the cells,
Culture conditions that were employed resulted in immediate selection of
epithelial cells that were able to grow in response to specific growth
factors.

The presence of significant but unknown concentrations of
biologically available hormones in serum obviously hampers attribution of
a response to aparticular growth factor(s). In a detailed study of
serum involvement in steroid responsiveness, two diverse observations
were made. Firstly, serum seemed to be essential for the inhibitory
effects of certain hormones. Secondly stimulation of growth by
particular growth factors was most readily achieved in serum-free
conditions. Oestradiol stimulated the rate of DNA synthesis in presence
of charcoal-stripped serum or serum—free medium. Tamoxifen and
progesterone showed wide ranging effects, depending on their
concentrations and the serum levels. Medroxyprogesterone Acetate (MPA

10_7M) required 10% serum to show inhibitory effects. Glucocorticoids
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stimulated the process regardless of serum levels. In a tumour cell
population, the presence of progesterone receptor seemed to be necessary
for depression of growth by progestins. Oestradiol was stimulatory in
these tumour cells. Oestradiol plus progesterone increased DNA
synthesis regardless of the presence or absence of progesterone receptor.

Studies of cell-cell contact, cell~substrate interactions and
cell shape have provided new insight into growth control in
differentiated cells., Ultrastructural studies showed oestradiol-treated
cultured cells have the appearance of rapidly dividing cells, while
progesterone modified cells towards a more secretory type. Cell shape,
as judged by microtubules and microfilaments, also appears to be related
to hormone supply. Direct evidence shows that there are definite
alterations in the quantity or arrangement of cell surface features,
cytoskeletal elements, lysosome-like organelles, and rough endoplasmic
reticulum in response to hormones. The possible relationship of these
changes to increased metabolic activity is discussed.

Analytical and cytochemical probes were used in conjunction with
other physiological and biochemical techniques together with electron
microscopy to examine cellular heterogeneity. The research described in
this thesis indicates that the future holds great promise for an
increased understanding of hormones and their actions in cell culture,
which, in turn, will provide insight into how these interactions occur in
vivo and their relative importance. It also indicates the potential
value of primary cell cultures for examining new growth factors and

screening new drugs.




CHAPTER 1 - INTRODUCTION




1.1000 STEROID HORMONES AND CELLULAR GROWTH

1.1100 STEROID HORMONES

Normal functioning of a complex biological system requires
control signals to coordinate metabolic developments. In mammals two
control mechanisms (i) The Central Nervous System (CNS) and (ii) The
BEndocrine system meet this requirement. In contrast to the CNS, the
endocrine system acts more slowly, utilising, instead of electrical,
chemical messages (hormones) which are concerned principally with
metabolic functions of the body including cellular growth and
differentiation.

A hormone is secreted by a specific ductless tissue, the
endocrine gland, and is transported in the blood to cause physiological
effects on or in cells in remote tissues. Once released into the
circulation, the hormone will contact many tissues and organs. However,
response is only initiated in specific organs, termed target organs, and
is reflected by appropriate metabolic changes.

Chemically, hormones can be divided into three classes:

a) The amino acid derivatives

b} The peptide hormones

c¢) The steroid hormones

Studies on the molecular mechanism of hormones led to the
division of hormones into two groups depending on whether the hormones
acted at the cell surface or within the cell. This separation has
recently become blurred (Kahn et al., 1981; Posner et al., 1981) because
of evidence of internalisation of plasma membrane hormone-receptor
complexes. There are six classes of steroid hormones, represented by
oestrogens, progestins, androgens, glucocorticoides, mineralocorticoids,
and, recently included, vitamin D (Pike, 1982). Steroids are relatively

small hydrophobic molecules derived chemically from a common parent




compound, cholesterol. The two main organs synthesising cholesterol are
the liver and intestine. The endocrine glands can, therefore, use
plasma cholesterol for the synthesis of steroids. However, it has been
shown that the adrenal cortex, ovaries and other endocrine glands have
the capacity to synthesise cholesterol from acetate (Gower, 1979). In
the testis, steroids are synthesised exclusively from acetate. In
addition, Ramsey and Nicholas (1972) have shown that the brain also
contributes to the body cholesterol pool, but only to a very minor
extent. The body cholesterol pool is therefore a balance of the extent
of absorption from the diet plus the amount of de novo synthesis relative
to excretion. Figure 1.1 shows the various dehydrogenation reactions
involved in the production of the final steroid structure. The 27
carbon cholesterol is converted to pregnenolone, a 21 carbon compound, by
a series of biosynthetic steps common to all mammalian steroidal hormones
(Baird, 1972). Pregnenolone can then be converted to (i) 21 carbon atom
progesterone, glucocorticoids and mineralocorticoids (ii) 19 carbon atom
androgens and (iii) 18 carbon atom oestrogens. Three six membered rings
and one five membered ring are common to all steroids.

The enzymes responsible for catalysing the chemical steps
involved in the biosynthesis of sex hormones are present in the adrenal,
testis and ovary. The pattern of steroids secreted by the respective
endocrine glands is determined by the relative proportion of cell types,
the anatomical organisation of the gland, the blood supply and
concentration of co-factors and precursors present in the gland and the
presence of trophic stimuli (Baird, 1972).

It is important to appreciate that in physiological conditions
no single hormone is likely to be secreted exclusively and that the
ultimate biological activity is determined by the relative proportions of
a number of hormones, together with the morphological state of the target

organ.
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1.1200 PHYSTIOLOGICAL ACTION OF STEROID HORMONES

Steroids are transported through the blood stream bound to
steroid hormone binding globulin (SHBG), albumin (Clark and Peck, 1979)
and other plasma proteins. The blood proteins bind steroid with varying
affinities and the free hormone level determines the amount of steroid
available to the tissue (Westphal, 1970).

Entry of the steroid hormones into the cell is not fully
understood. Available evidence (Giorgi, 1980) indicates that steroids
enter by simple diffusion, although the cell membrane may have selective
permeability for individual steroids (Gorski and Gannon, 1976; Giorgi
and Stein, 198l1). The presence of a relatively small number
{10-20,000/cell) of highly specific receptor molecules is responsible for
the retention and, possibly, concentration of hormone within a cell and
the presence of such receptors defines a target tissue (Clark and Gorski,
1969; Clark and Peck, 1979; Leake, 198la).

The general concept involved in the model of the mechanism of
steroid hormone action was put forward in 1968 by two independent groups
(Gorski et al., 1968; Jensen et al., 1968). The research that led to
these theories, and much of the subsequent research on oestrogen action,
involved studying its effects on the immature rat uterus (Jensen et al.,
1974) and, later, on chick oviduct (O0O'Malley et al., 1976). After
several years of intensive investigation, the general principles still
hold true. However, modifications in the overall scheme have been
suggested (Linkie and Siiteri, 1978; Sheridan et al., 1979; Martin and
Sheridan, 1982).

According to the currently accepted mechanism (Chan and
O'Malley, 1976; Leake, 1976), steroids bind to their soluble specific
receptors upon entering the cell and this hormone-receptor complex is
then "activated" and binds to the chromatin inducing characteristic

changes in gene expression.
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This results in the modulation of transcription (Leake, 1981a)
and subsequent appearance of specific messenger ribonucleic acid (mRNA)
molecules (Aziz et al., 1979). This would result in the synthesis of
gspecific proteins and altered cell function. The two step mechanism of
action involving activation of the hormone-receptor complex was
originally observed for oestrogen (Jensen et al., 1968), but has been
shown to be general and can be demonstrated for progesterone (Schwartz et
al., 1976), androgens (Mainwa ring and Peterken, 1971), glucocorticoids
(Higgins et al., 1973), mineralocorticoids (Edelman, 1968) and vitamin D

{Brumbaugh and Haussler, 1974).

1.1300 THE NATURE OF STEROID RECEPTOR

Elucidation of the mechanisms by which growth, differenéation
and other metabolic processes are brought about was greatly assisted when
it became possible to designate 'steroid target tissues', as those which
contained receptors. After detailed investigations, it was realised
that the interaction of hormone with target cells is not a simple
association effect. Using autoradiographic and ultrastructural
techniques, radioactive hormone was found to be located in two separate
regions (Toft et al., 1967). The data indicated that bound receptor was
principally associated with the soluble and nuclear fractions. This led
Jensen to propose the original two step model for the interaction of
oestrogen with the uterus (Jensen et al., 1967; see Section 1,1200).

In general, the steroid binding molecules are heat labile and
non-dialysable and their protein nature has been demonstrated by their
sensitivity to proteolytic enzymes (Toft and Gorski, 1966; King,

1968) . They are characterised by high affinity for steroid
(Kd-(lo—gM). Mester et al. (1970) demonstrated the pH profile of

oestrogen receptor and the optimum value was found to be 7.0 Ionic
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changes on the protein molecules influence receptor-hormone
interaction. The importance of sulphydryl groups for the binding of
hormone molecules has been demonstrated (Jensen et al., 1967; Muldoon,
1971). Receptor activation is also shown to depend on intact sulphydryl
groups (Nielsen and Notides, 1975)}. The receptor is destroyed by
repeated freezing and thawing (King et al., 1978). It has been
suggested that steroid receptors are metallo-proteins (Shyamala, 1975)
and that activation causes an allosteric change, involving the altered
availability of metal ions (Schmidt et al., 1981). King et al. (1978)
demonstrated that protein conformation is an integral part of receptor
for determining its association with hormone. Lyophilisation has been
shown not to alter the protein conformation (Koenders et al., 1980).
The concentration of receptors present in normal tissues depends on
circulating levels of various hormones (Sarff and Gorski, 1971). This
is demonstrated by the cyclic variation of uterine receptors during the
ovarian cycle in both rats (Lee, 1982) and humans (Pollow et al., 1975;

Soutter et al., 1979).

1.1400 GROWTH KINETICS OF STEROID TARGET TISSUES

The important aspects to be looked at in the control of growth
are (i) the intrinsic factors which influence the rate at which biomass
increases according to the availability of supply of food or raw material
and also to the environmental conditions, (ii) the mechanism which
initiates and coordinates cellular division,

Steroids are chemically quite simple molecules, yet their
biological activities are exquisitely specific. Their diverse effects
include metabolic, morphological and behavioural changes. They can
stimulate cell proliferation and cyto-differentiation. A wide variety

of biochemical activities coordinately changeg in order to cause a
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physiological response. In the immature rat uterus, the effects of
oestrogen are characterised by hypertrophy followed by hyperplasia. The
earliest detectable response is an increase, starting after 15 minutes,
in RNA polymerase II activity, which reaches a maximum level at 30
minutes and drops back after 2 hours (Glasser et al., 1972; Borthwick
and Smellie, 1975). By 30 minutes there is a detectable stimulation in
the synthesis of hnRNA (Knowler and Smellie, 1971, 1973), including many
sequences destined to appear as mRNA (Aziz and Knowler, 1978, 1980).
This is followed by the appearance of hnRNP particles (Knowler, 1976) and
the aggregation of existing ribosomes into polysomes containing newly
made mRNA (Merryweather and Knowler, 1980).

Briefly, among the nuclear events that occur during the first

hour after oestrogen treatment are:

a) Increased uptake of precursors of RNA into the nucleus

b) Increased rates of synthesis of all three classes of RNA (mRNA,
rRNA, tRNA)

c) Increased synthesis of nonhistone chromosomal proteins

d) Increased template activity of chromatin

e) Increased activity of both the nucleolar RNA polymerase (RNA

polymerase I) and nucleoplasmic RNA polymerase (RNA polymerase

II)

Tomkins and Gelehrter (1972) proposed that sterocid hormones may
elicit changes in the rates of synthesis of specific proteins by
preventing post-transcriptional degradation of specific mRNA. Such
results were shown subsequent to glucocorticoid stimulation of liver
cells suggesting that early protein synthesis is a prerequisite for many

of the later steroid hormone-induced, genetically mediated responses.




In a number of target tissues, steroids stimulate the synthesis
of major new secretory proteins. These are valuable markers for
monitoring the control and kinetics of the response and have enabled
specific probes to be made with which to study the genes that specify
such proteins.

Since many protein phosphorylation and dephosphorylation
reactions are activated by cyclic nucleoctides, various attempts to
examine the possible role of cAMP and cGMP in steroid action have been
made. Oestradiol caused a transient increase in cAMP within seconds
after injection into immature rats {Szego and Davis, 1967). Long term
changes in the concentration of cyclic nucleotides after oestradiol
treatment of rats have been observed by (Flandroy and Galand, 1976),
involving increases in c¢GMP and decreases in cAMP. The increase in cGMP
is inhibited by actinomycin D , suggesting that the increase occurs
subsequent to a transcriptional event. The increase in f£fluid retention
is, however, thought to occur independently of transcription, as a result
of eosinophil migration to the uterus (Tchernitchin, 1979). Other
oestrogen induced but non-receptor mediated responses, include an
increase in glycogen and the induction of cervicovaginal antigen
(Tchernitchin et al., 1975, 1977). Jensen and DeSombre (1972) reported
an early rise in mRNA, phospholipids and glycogen synthesis followed by a
rise in total protein, RNA and DNA. The first specific protein to be
induced is Induced Protein (IP), which has been recently characterised as
'brain type' creatine kinase (Kaye, 1983).

Late résponses to oestrogen include a sustained high RNA
polymerase I activity, a second rise in §olymerase II (Glasser et al.,
1972; Borthwick and Smellie, 1975) and a sustained increase in glucose
metabolism (Gorski and Raker, 1973). There is general growth and
division of cells, and the receptor must remain in the nucleus for 6-12

hours to elicit these late responses (Clark and Peck, 1979).
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There are several more effects of steroids which occur within
seconds after steroid-cell interactions involving changes in membrane
permeability. Oestrogens, for example, change the rate of water uptake
(Ui and M iller, 1963), the rate of nucleotide transport (Billing et al.,
1969) into cells, and the movement of lysosomes from the plasma membrane
to the nucleus (Szego, 1972). Aldosterone stimulates potassium
excretion by a process which is genetically distinct from its
protein-induction mediated effects on sodium transport. The rapidity of
these responses as well as the lack of sensitivity to actinomycin D,
suggests that transcription may not be involved.

Advances that promise further elucidation of steroid mediated
growth include specific effects of various steroids at both cellular and
molecular levels, kinetic studies on nuclear and cytoplasmic receptor
forms, studies on steroid induced gene expression in target cells, in
vitro studies, which could explain the relapse of the steroid responsive
state into the undifferentiated, autonomous state, and on hormonal

control of cell proliferation and differentiation.

1.2000 THE PHYSIOLOGY OF THE UTERUS

1.2100 THE ORGAN

The uterus is a hollow, muscular organ in the pelvis of a female
in which, during pregnancy, the growing foetus is protected and nourished
until birth. In the human the upper part is broad and branched out on
each side into the fallopian tubes. At its lower end, the uterus
narrows into the cervix, which leads into the vagina. The whole organ
is attached to the pelvic and abdominal walls by the broad ligament of

the uterus. Through this ligament, the uterus receives its blood and
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nerve supplies. The uterine wall consists of the following layers:

a) The serous membranes, which cover the whole uterine body;

b} The myometrium, which itself consists of three layers - the
internal circular muscle, the external longitudinal muscle and,
separating the muscle layers, the vascular layer;

c) The endometrium, which consists of the epithelial lining of the
lumen, the glandular layer, and the connective tissue
(Nalbandov, 1975).

The myometrium is usually the thickest of the three layers. In
the non-pregnant uterus it is composed of interlacing bundles of long,
smooth muscle fibres arranged in ill-defined layers. Within the muscle
is a rich network of arteries and veins supported by dense connective
tissue. During pregnancy, under the influence of ocestrogen, the
myometrium increases greatly in size by both cell division and cell
growth (de Brux et al., 1981). At parturition (and occasionally at
other times) strong contractions of the myometrium are reinforced by the
action of hormones (Sarosi et al., 1983}, These contractions expel the
foetus from the uterus into the vagina and also constrict the blood
supply to the placenta, thus precipitating its detachment from the

uterine walls.

1.2200 THE ENDOMETRIUM

The endometrium, the mucous lining of the uterine cavity, is an
epithelio-mesenchymal structure, whose biological role is to provide the
environment for the implantation and development of the fertilised
ovum., It constitutes an outstanding example of the hormonal regulation
of growth, morphogenesis and differentiation in animal tissues.

Studies on the structure and function of the endometrium have

been extensively reviewed (Norris et al., 1973; Kimball, 1980;
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Dallenbach-Hellweg, 1981; de Brux et al., 1981). In this section, the
current concepts of endometrial structure and function will be outlined
with particular emphasis on the different cell types and on some of the

unsolved problems in endometrial biology.

1.2300 STRUCTURE OF ENDOMETRIUM

The endometrium is composed of an epithelium, which forms
tubular glands, and a highly reticular stroma containing an extensive
vascular network. It can be divided into two layers, differing in their
morphology and function. The functionalis {functional layer) undergoes
cyclic changes during the reproductive years whereas the basal layer
shows few, if any, cyclic changes. The following description refers to
the events in the functional layer of the endometrium.

1.2310 EPITHELIUM

The epithelium lining the lumen of the uterus is a simple layer
of columnar cells, separated from the stroma by basement membrane. They
possess elongated, delicate microvilli on their free surface. During
the secondary phase, these microvilli draw back and disappear.
Occasionally, in women, some patches of the epithelium may bear cillia
(Nalbandov, 1975). The epithelial glands are the most important
components of the endometrium. These glands are tubular invaginations
of the epithelium and they too are lined with simple columnar
epithelium. The distal ends of the glands may be either straight or
convoluted, depending on the stage of the cycle at which they are
observed. The uterine surface has special areas for the attachment of
the placenta, called the cotyledonary areas.

1.2320 STROMAL CELLS
The endometrial stroma consists of pluripotential mesenchymal

cells, which at the beginning of the reproductive cycle are uniformly
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spindle-shaped, poorly differentiated, and joined to one another by
cytoplasmic processes. The elongated nuclei have abundant chromatin.
Autoradiographic studies show well defined synthesis of DNA
and DNA controlled synthesis of RNA (More et al., 1974).

Padykula (1980), in structures of human endometrial stromal cell
populations, classified them into various different types sub-divided
into two categories. The resident cells (Stein cells, fibroblasts,
lymphocytes and mast cells) are consistently present in the adult
endometrium, whereas trénsient cells (decidual cells, macrophages, blood
leucocytes and endometrial granulocytes) appear intermittently reflecting
the degree of hormonal stimulation. This classifcation, useful for
descriptive purposes, separates into different types cells which may, in
fact, have a common origin, and thus, belong to the same lineage. Such
is the case of the decidual cells which have been shown by
autoradiographic studies in rats (Galasi, 1968) to originate from
undifferentiated stromal cells.
1.2330 RETICULAR CELLS

This term is used to define the population of the endometrial
stromal cells which have the potential to proliferate and differentiate
into more specialised cell types which are peculiar to the endometrium.
Thus, reticular cells will include the following:

a) Stem cells: their presence is evidenced by autoradiographic
studies (Ferenczy et al., 1979a) but they are not readily identifiable by
specific morphological features.

b) Fibroblast-like cells: are characterised by their similarities
in shape and ultrastructure to fibroblasts of other organs.

c) Decidual cells: the term decidua refers to the pregnant
endometr ium. The transformed, large polygonal stromal cells of the

decidua arranged in a mosaic pattern are termed decidual cells
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(Arias~-Stella, 1973). The term predecidual is used for these cells in
non-pregnant endometrium, They have a rounded nucleus and abundant
cytoplasm containing well developed Golgi apparatus and endoplasmic
reticulum which is distended with a dense material. All the
histological and ultrastructural studies (Noyes, 1973; More et al.,
1974; Dallenbach~-Hellweg, 198l) suggest that in the human, decidual
cells are derived from undifferentiated stromal cells in a manner similar
to that which occurs in rats (Galasi, 1968).

d) Endometrial granulocytes: they have been described by a number
of authors (Hamperl, 1955; Feyrter, 1963; Van Boagert, 1975) as small
stromal cells with a beam—-shaped nucleus together with cytoplasm
containing granules. In electron microscopic studies these cytoplasmic
structures appear limited by a distinct membrane and resemble secretory
granules more closely than lysosomes (Henzl et al., 1972). However,
other authors (More et al., 1974) describe them as indistinguishable from
lysosomes. It has been suggested that the endometrial granulocyte is a
differentiated form of stromal cell alternative to the predecidual cells
(Dallenbach~Hellweg, 1981).

1.2340 OTHER CELL TYPES
In addition to cells of endometrial origin, the following cell
types are also found in active endometrium:

a) Lymphocytes: They are regularly present in variable numbers in
the endometrium and may be derived from the circulating blood or the
local lymphoid tissue (Dallenbach-Hellweg, 1981).

b) Mast Cells: They are often found in the stroma surrounding the
blood vessels (Robinson et al., 1978). By electron microscopy, mast
cells are readily identifiable and differentiated from predecidual cells
and macrophages (Sheppard and Bonnard 1979). Although their

physiological role in the endometrium is unknown, recent findings (Foley
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et al., 1978) of heparin-like activity in uterine fluid suggests they may
be involved in menstrual bleeding.

c) Mononuclear phagogcytes: Both monocytes and macrophages have
been described in the human endometrium (Feyrter, 1963). Uterine
macrophages have similar characteristics to those found in other tissues
(Pershall and Weiser, 1970). In other animal species (Padykula and
Taylor, 1976) macrophages increased in number during the post-partum
regression and their role in tissue remodelling has been proposed
(Padykula, 1981).

d) Blood granulocytes: Neutrophils have been reported to invade
the endometrium during the late secretory phase (Noyes, 1973). However,
other reports (Dallenbach-Hellweg, 1981l) claim that invasion occurs only
after menstruation sets in. Large numbers of blood granulocytes are
only found under pathological conditions.

1.2350 EXTRACELLULAR MATERIAL
1.2351 The Reticular Fibres

The fibrillar extracellular material is composed of reticular
fibres which include collagen type III (Nowack et al., 1976), fibronectin
(Stenman and Vakeri, 1978) and some non-collagenous proteins (Pras et
al., 1974). The distinction between collagen and reticulin is seen by
differential staining patterns under light microscopy. Electron
microscopic studies have also found that maximal abundance and thickness
of collagen fibres occurs in the secretory phase (More et al., 1974) and
around predecidual cells (Wynn, 1977).
1.2352 Ground Substance

The amorphous component of the extracellular matrix contains
mucopolysaccharides and probably other substances (Harkness, 1964).
Information on this subject is almost entirely confined to histochemical

studies (Schmidt-Mattieson, 1963) with subjective observations of the
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intensity of staining. Considerable variations in staining intensity
occur at different times of the cycle and similar patterns of change are
seen with nearly all staining methods.
1.2360 BLOOD VESSELS
Endometrial blood vessels differ from those in other organs by
their unique structure and their sensitivity to hormonal changes (Ramsey,
1977). During the proliferative phase spiral arteries extend
increasingly into the endometrium; capillaries and veins increase in
diameter throughout the cycle becoming dilated during the secretory phase.
The growth of spiral arteries results from a progressive
formation of media and adrentitia around the pre-capillaries and
capillaries thus converting them into arterioles and arteries as the
cycle progresses. In the late secretory phase arterioles may be
morphologically identified in the sub~epithelial zone of the
endometrium. The structure of the veins remains fairly constant
throughout the cycle showing a continuous endothelium and a thin media

only in the deeper regions of the endometrium.

1.2400 REPRODUCTIVE CYCLE

In the non-pregnant state, the female reproductive system
undergoes continuous cyclic changes from puberty to menopause. When
ovulation is not followed by the implantation of a fertilised ovum, the

proliferated mucosal lining regresses and a new ovulation cycle commences.

1.2410 THE NORMAL OESTROUS CYCLE

This cycle refers to a series of changes taking place in the
reproductive tract of the female leading to conditions of heat. In
domestic animals, the proliferative uterine mucosa is absorbed rather

than shed and the female is receptive to the male only during the pericd
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of ovulation, known as oestrous (or heat). The remaining part of the
cycle is called the dioestrous and the whole cycle is known as the
ocestrous-cycle. Certain species of mammals have clearly defined periods
of ocestrous of short duration, which recur throughout the year at regular
intervals, in a cyclic manner. In rats, where the ocestrous cycle has
been most carefully studied (Nalbandov, 1975; Johnson and Everitt, 1980)
it is described as polyoestrous Table 1.1 relates the changes that take
place during the course of a typical oestrous cycle.

A day before the rat is due to come into oestrous, that is on
the morning of pro-oestrous, secretion of oestrogen from the developing
follicles reaches peak values. During pro-cestrous, uterine glands are
rather simple and straight with few branches. Ovulation occurs in the
early hours of the following morning.

At the approach of cestrous, the leucocytes disappear and the
smear consists mainly of epithelial cells with marked nuclei. The
female is then in heat. During the post-ocestrous phase, a return of the
leucocytes is seen amongst the cornified cells. The female is no longer
in heat. The phenomenon of endometrial destruction and regeneration, in
rats, occurs through continuous sloughing off of the endometrium and the
presence of uterine debris does not seem to be correlated with any
hormonal state (Nalbandov, 1975). A similar sequence of events occurs
during the oestrous cycle of the sheep (Johnson and Everitt, 1980) and
pig (Nalbandov, 1975), although the timings are quite different.

1.2420 THE NORMAL MENSTRUAL CYCLE

The fundamental layer of the human endometrium undergoes cyclic
changes which are temporallyr related to the ovarian cycle and the plasma
levels of ovarian steroids (¥Fig.l.2). These alterations constitute a
preparation of the endometrium for the nidation of the ovum. If
fertilisation does not occur the endometrium sloughs off and menstruation

ensues.
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Individual elements of the endometrium show distinct
morphological changes throughout the menstrual cycle. The dating of the
endometrium refers to the classic 28-day cycle in which ovulation is
assumed to occur on day 14. The duration of the post-ovulatory phase
shows little variation between individuals (14 days + 36h). The
pre—-ovulatory or proliferative phase ranges from 7 to 21 days and the
terms "early" and "late" proliferative phase are preferred to the use of
specific stages of the cycle (Wynn 1977). The pre-ovulatory phase of the
cycle (proliferative) is concerned with growth while the post-ovulatory
(secretory) is concerned with differentiation.

1.2421 The Proliferative Phase

Immediately after menstrual shedding a regenerative phase begins
and lasts for a few days during which the denuded endometrium is
re—epithelialised. In the following days the dominant feature is cell
proliferation with development of all the individual structures, leading
to an increase in thickness of the endometrium. The endometrial stroma
proliferates to form a deep, richly vascularised stroma resembling
primitive mesenchyme, In the epithelium the glands elongate and become
tortuous with crowding of the cells. This process is sustained under
oestrogen until ovulation.

1.2422 The Secretory Phase

The release of progesterone from the corpus luteum, which is
formed after ovulation, promotes production of copious, thick,
glycogen-rich secretions by the proliferated endometrial glands.

During the first half of this phase major changes occur in the
epithelium. Proliferation ceases and cells engage in secretory
activity. During the second half, the histological changes are seen
primarily in the stroma. Spiral arteries and extracellular fibres reach

their maximal development and predecidual cells and endometrial
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granulocytes appear. Around day 24 of a cycle in which pregnancy does
not occur glandular involution begins.
1.2423 The Menstrual Phase

In the absence of pregnancy, the proliferated uterine mucosa is
shed in a period of bleeding known as menstruation. There is
dissolution of the reticular fibres, dissociation of stromal cells and
haemorrhaging in the superficial stroma. Further disintegration of the
tissue, haemorrhage and sloughing off the functionalis follows. The
process of menstruation represents the end point of the cycle of
endometrial changes. The first day of menses is usually taken to mark
the first day of the 28 day menstrual cycle.
1.2430 ULTRASTRUCTURE
1.2431 Epithelium

The c¢yclic changes in the ultrastructure of the endometrial
glandular cells follow an orderly pattern. In the early proliferative
stage, cells are poorly differentiated as manifested by the scant
development of the structures related to specialised functions. The
changes that follow during the proliferative phase reflect increased
mitotic activity and progressive development of organelles related to
specialised functions. With the onset of the secretory phase the cells
reach their peak in differentiation and functional activity.
Proliferation ceases and the biosynthetic and secretory machineries
display their maximal development and activity. At the end of the cycle
ultrastructural differentiation of the epithelium diminishes and
regressive changes are apparent.
1.2432 Stroma

Stromal cells also show characteristic cyclic changes in their
ultrastructure. During the first half of the cycle, the cells have

scant cytoplasm and poorly developed organelles. They resemble
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undifferentiated mesenchymal cells. As the cycle progresses there is a
steady increase in the amount of cytoplasm and complexity of the
organelles in the stromal cells. They acquire the appearance of mature
fibroblasts. Collagen accumulates in the extracellular space during
this time. In the second half of the post-ovulatory phase major changes
take place in the stromal cells and predecidual cells and granulbcytes
appear. The most outstanding feature of predecidual cells is the
formation of gap junctions. With the human endometrium these junctions
are found only in predecidual and decidual cells (Lawn et al., 1971).
1.2440 REGENERATION

Studies by Ferenczy (1976, 1980) and Nogalis-Ortiz et al. (1978)
indicate that, in the case of women, regeneration following the menstrual
slough starts between day 2 and 3 of the cycle. The process is
initiated by migration of the epithelial cells from the residual gland
stumps and the persistent surface epithelium adjacent to the denuded
areas. Autoradiographic studies (Ferenczy et al., 1979a) showed that
after migration the regenerating epithelium shows increased DNA
synthesis. Migration and proliferation continue until endometrial
repair is completed around day 5 of the cycle. Stromal cells also show
increased DNA synthesis in regenerating areas during this period.

Although there is general agreement in the sequence of events
during endometrial regeneration (Ferenczy, 1980), controversy still
exists amongst morphologists about the extent of the tissue shedding at
menstruation and the participation of persistent secretory tissue in the
regeneration process. However, despite the accumulated data no uniform
conclusions and, consequently, no understanding of the mechanisms of
endometrial tissue loss and its remodelling have been reached. There
are three schools of thought. The traditional view favours the concept

of total loss of the functionalis layer followed by re-epithelialisation
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of the denuded basalis (Ferenczy, 197%a,b, 1980; Dallenbach-Hellweg,
1981). One alternative view advocates that desquamatisation of the
endometrial mucosa involves only the uppef 1/3 - 1/2 of the functionalis
and this is supported by recent studies (Flowers and Wilborn, 1978;
Nogalis-Ortiz et al., 1978). Others suggest that following variable
loss of the functionalis the new surface epithelium derives from the
residual endometrial stromal fibroblasts (Irwin, 1982).

In general, irreversible cell injury leads to impaired cellular
integrity and continuity and results in regeneration. It is also
conceivable that regeneration to replace lost tissue is related to
temporary loss of inhibitors of tissue growth. There is yet no clear
indication as to the validity of either of these opposing views.

However, possible variations in regeneration processes between both
different uteri and different areas within individual uteri should be
borne in mind when evaluating the available information.

1.2450 HORMONAL REGULATION OF THE REPRODUCTIVE CYCLE

Hormonal control of the mammalian cycle is complex. In the rat
external stimuli, mediated via the Central Nervous System (CNS) crucially
affect cyclicity. The CNS-hypothalamic system, the pituitary, the ovary
and the endometrium are various elements of a functionally coherent
system for controlling the cyclic release of gonadotrophin, essential for
ovulation and conception (Yen, 1978).

Two phenomena are most important for control of the cycle in
primates. The first is the variable hypophysial sensitivity to
luteinising hormone releasing hormone (LHRH) during the cycle (de Brux et
al., 1981). Leutinizing Hormone (LH) response is maximal during the
pre-ovulatory period, whereas, later, gonadotrophin rises show a
progressive decrease after injection of a fixed doze of LHRH. The LH

response then decreases during the luteal phase (Yen and Lein, 1976).
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These variations in hypophysial responsiveness are clearly dependent on
circulatory oestrogen levels (Yen and Tsai, 1972; Yen, 1978). The
second phenomenon is the autonomy of the mediobasal hypothalamus, which
is not dependent on a signal from the preortic area for induction of the
pre-ovulatory LH peak (de Brux et al., 1981).

Yen et al. (1972) have suggested that there are two pools of
pituitary gonadotrophins. One would be readily releasable and
discharged in response to a brief pulse of LHRH. A second reserve pool
would then be activated and released after a more prolonged LHRH
stimulation. This pool would be dependent on the level and duration of
oestradiol secretion (Yen et al., 1972). Based on these studies, a
hypothesis integrating the total regulation of the reproductive cycle can
be postulated. The sensitivity of the hypophysis would be enhanced by
the rhythm of oestradiol secretion.

In the case of rat, a peak in oestradiol secretion in the
pro-oestrous phase triggers the ovulatory surge of LH during the same day
and ovulation occurs in the early hours of the following day. The
pre-ovulatory surge of progesterone secretion is almost coincident with
the LH peak (Short, 1972). The corpus luteum secretes large amounts of
progesterone in response to LH stimulation and since the release of LH is
also facilitated by progesterone (de Brux et al., 198l), the whole
sequence of events is beautifully integrated.

The blood levels of Follicle Stimulating Hormone (FSH) and
prolactin are also elevated in late pro-oestrous, and the act of mating
presumably stimulates gonadotrophin release still/further, so as to
produce a functional corpus luteum.

Clinical observations in women following ovariectomy, corpus
luteum removal or discontinuation of hormone therapy suggest that similar

regulatory mechanisms also operate in the human (Frazer and Diczfalusy,
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1280; Dallenbach-Hellweg, 1981). The menstrual cycle is again a
repetitive expression of the operation of the hypothalamic-pituitary-
ovarian system, associated with structural and functional changes in the
target tissue, the uterus. An increase followed by a marked reduction
of the FSH/LH ratio is typically associated with cyeclic release of
gonadotrophins during the reproductive phase (¥en, 1978). The
circulating levels of gonadotrophin, oestrogen, androgen and progesterone
during the normal ovulatory cycle in women exhibit a cyclic pattern.
Follicular phase begins with a rise of serum levels of FSH and a
concomitant initiation of follicular growth before the end of the
previous cycle. An increase in LH follows a rise in FSH. Secretion of
oestrogen is at fairly constant levels during the first portion of the
follicular phase, whereas the latter half is characterised by an increase
in oestrogen levels, which reach a maximum, just a day before the LH
peak. A rise of plasma oestrogen levels is accompanied by a decrease in
FSH levels and a small rise in LH secretion. This divergence in
secretion of FSH and LH is probably related to (1) a preferential
inhibitory action of oestrogen on FSH release (Yen and Tsai, 1974) and
(2) an increase in inhibin secretion by the maturing follicle, with
selective inhibition of FSH secretion (Yen, 1978).

Several days before onset of the midcycle LH surge, plasma
levels of androgen rise (Ross et al., 1970). Progesterone levels show
no significant change prior to the midcycle surge, although one study has
reported a small rise on the day before (Gautray, 1981). During the
ovulatory phase, there is a rapid rise in the plasma LH levels, which
leads to the final maturation of the graafian follicle and then
follicular rupture. Although there is a simultaneous increase in FSH
levels (Yen, 1978), its role is not understood. Shortly before the

onset of the midcycle LH surge and prior to ovulation, plasma oestradiol
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levels drop (Gautray, 1981) and plasma progesterone begins to rise.
Following ovulation, the follicular cells are luteinised, and the
post—ovulatory follicles become increasingly vascularised. The most
important feature of the luteal phase is the marked increase in
progesterone secretion by the corpus luteum. There is also, in
parallel, a second increase in oestradiol levels, reaching a peak smaller
than that in the follicular phase. As progestins and ocestrogens
increase, plasma LH and FSH decline throughout most of the luteal phase,
but FSH begins to rise at the end of the luteal phase to initiate
follicular growth for the next cycle.

The change precipitating menstruation is the fall in the blood
levels of ovarian hormones (Hisaw and Hisaw, 1961). In both cycling and
ovariectomized animals, prolonged administration of oestrogen and
progesterone prevents the onset of menstruation (Kraemer, 1980), and
induces extensive decidualisation of the stroma with involution of the
glands and spiral arteries (Dallenbach-Hellweg, 1981). Cessation of
progesterone with or without ocestrogen treatment induces menstruation
(Hisaw and Hisaw, 196l1). Follicle growth regulation requires both
pituitary and intra-ovarian messengers. The importance of plasma levels
of pituitary hormones is well known and insufficient FSH secretion has
been demonstrated in many menstrual cycle disorders.

Another cellular mechanism that is important for luteolysis is
cell desensitisation or down regulation. This is concerned with
requlation of peptide hormone receptor numbers and target cell responses
and usually results from increased concentrations of the homologous
hormone (Catt et al., 1979). This process is particularly marked in the

testis and ovary after exposure to elevated gonadotrophin levels.
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1.2460 BIOCHEMICAL CHANGES IN THE ENDOMETRIUM

The dynamic nature of endometrial tissue has been shown by
biochemical studies (O'Grady et al., 1978; Richardson and MacLaughlin,
1978; Wilson, 1980). Early work on carbohydrate metabolism and
lysosomal enzyme activities has, in recent years, been superseded by
studies of steroid hormone metabolism and of hormone receptors.
Biologically, the endometrial cells are programmed to respond to a normal
sequence of hormones designed to cause the endometrium to proliferate,
differentiate and produce glycoproteins, and, in the absence of
pregnancy, to undergo an orderly regression and remodelling in
preparation for a fresh cycle. An alteration has been reported in these
events when the endometrium is subjected to unopposed ocestrogen (Plowers
et al., 1983). According to them the absence of “"oestrogen-inhibiting"
progestins allows the excessive endometrial growth during the normal
follicular phase and is sustained thereafter, if the absence of
progesterone continues, In the absence of progesterone there is no
direction to the glands or stromal cells to use their energy to
manufacture glycoprotein. Thus endometrium is free to use all of its
energy for growth rather than for the production of secretory products.
Progesterone~induced invagination and differentiation are either absent
or suppressed.

Progesterone is the principal agent that allows the normal
menstrual cycle to be maintained (Flowers et al., 1983). This hormone
modulates the normal hormonal milieu within the cell, so that each
cytologic function occurs in proper seguence. At the time of
menstruation, the enzymes released by extracellular lysosomes derived
from leukocytes and fragmented cells, result in the digestion of the

reticular fibres (Flowers and Wilborn, 1978).
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In the human, on cycle days 1-2 the functionalis becomes
disorganised, containing predecidual stromal cells admixed with
epithelial glandular cells. Moreover synthesis of nuclear DNA is near
zero level in the secretory functionalis layer of the endometrium as
determined by a lack of nuclear radiothymidine incorporation (Ferenczy et
al., 197%a,b) These findings are consistent with ultrastructural
observations and also agree with those of Epifanova (1977), using
histological estimation of mitotic indices. As the effect of oestrogen
steadily intensifies, the endometrium gradually changes. The epithelial
cells are low columnar only during the early stage of the cycle. Their
cytoplasm contains little RNA (Dallenbach-Hellweg, 1981). Their nuclei
appear small and oval. The chromatin is dense. Later in the
pre—-ovulatory phase, the epithelial cells become compressed into tall
columnar cells. Their nucleoli soon become apparent and the average DNA
content of the nucleus increases (more cells in S and G2 phase) . Just
before ovulation, the cytoplasm of epithelial cells increases and RNA
accumulates. The nuclear-cytoplasmic ratio shifts gradually in favour
of the cytoplasm, which is more clearly seen in the post-ovulatory
phase. The RNA content of cytoplasm gradually falls with the passage of
time but the nucleoli remain large. When progesterone levels decrease
in the latter stage of the cycle, synthesis and activity of prostaglandin
F2 (PGF2 } and, to a lesser degree, of PGEZ, increase (Ferenczy,

1980) . Finally the endometrium greatly contracts because of the fall in
both progesterone and oestrogen levels. The glands collapse, assuming a
saw—-toothed appearance and the predecidual stroma becomes very dense.
Golgi apparatus of the stromal and glandular cells involutes and the

remaining histologically detectable RNA disappears.
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In the absence of conception, acid phosphatase synthesis and ~
activity increases in glands and predecidual cells during the last stage
of the cycle preceding menstruation (Ferenczy, 1980). Menstruation is
characterised by haemorrhages in the superficial stroma. The cause of
menstruation is still incompletely understood. The most fundamental
experiments carried out until now were in monkeys (Witt, 1963). From
the results, it is assumed that following the premenstrual fall of both
steroids, the endometrium loses water and greatly shrinks, causing the
spiral arterioles to collapse and kink. Smooth muscle cells contract
and capillaries become more fragile. In addition, the fall in
progesterone activates fibrinclytic enzymes and induces the release of
relaxin, which in turn brings about dissolution of the stromal fibres.
The stromal cells dissociate and the functionalis breaks down to be
discharged (Dallenbach-Hellweg, 1981). Thus, ovarian steroid levels
influence both lysosomal enzymes and prostaglandins leading to menstrual
degeneration of the endometrium,

Menstruation represents two main processes. First is the loss
of tissue and second, the restoration and renewal of parts of the
functionalis. The mechanism of induction of endometrial proliferation

during the menstrual period appears to be independent of hormonal stimuli

(Ferenczy, 1980).
1.2461 Enzymes of steroid metabolism

Several steroid-metabolising enzymes vary in activity throughout
the cycle (Tseng and Gurpide, 1974; Pollow et al., 1975; Gurpide,
1978; Fleming and Gurpide, 1981). Following the work of Tseng and
Gurpide (1972), oestradiol—l7‘Zdehydrogenase activity has been well
demonstrated in human endometrium and its changes have been correlated
with hormonal status., This enzyme converts oestradiol to oestrone and

is located mainly in glandular epithelium (Pollow et al., 1975;
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Seublinsgki et al., 1976). In other words, this enzyme plays an active
role in oestrogen induced cell division by reducing the availability of
oestradiol.
Other enzymes, which contribute towards steroid metabolism are

5o« and 5@ reductases. These two enzymes ensure that any excess of
progesterone is rapidly converted to its less active metabolites.

During the pre—ovulatory phase, both of these enzymes are active, whereas
in the post-ovulatory phase the metabolism of progesterone to reduced
products is prevented by the increased aqtivity of 20-dihydroprogesterone
dehydrogenase, which occurs primarily in the oxidative direction (Tseng
et al., 1972). Overall circulating progesting can reduce the
effectiveness of oestradiol by (1) reducing the synthesis of oestrogen
" receptor protein, and (2) reducing the available oestradiol by
stimulating intracellular oestradiol—l76 dehydrogenase activity (King et
al., 1978).

1.2462 Steroid Receptors

Hormone-dependent growth of a particular tissue is assumed to

correlate with the presence of specific receptors for that particular
hormone on or within the cells of that tissue. Receptors for both
oestrogens and progestins have been demonstrated in the human endometrium
(Pollow et al., 1975; Richardson and MacLaughlin, 1978; Soutter et al.,
1979; King et al., 198l) as well as in rat endometrium (King and
Mainwaring, 1974; Clark and Peck, 1979; Kirkland et al., 1981). Both
types of receptors have been found in both epithelial and stromal cells
{Pavlik et al., 1979; Fleming and Gurpide, 198l; King et al., 1982).
The cytoplasmic ocestrogen receptor from stroma had a higher affinity for
oestradiol than did the epithelial receptor (King et al., 198la,b),
whereas progesterone receptor had similar binding affinities in
epithelial and stromal tissues (de Brux et al., 1981;

Dallenbach-~Hellweg, 198l; King et al., 1981, 1982).
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The number of cytoplasmic oestrogen receptors is dependent upon
the serum level of oestrogens (Sarff and Gorski, 1971). This should
lead to a regular variation of the number of receptors during the
oestrous cycle of the rat (Buchi and Keller, 1980). However, maximum
concentration has been variously reported at pro-oestrous (Feherty et
al., 1970), oestrous (Lee and Jacobson, 1971) or late dioestrous
(Nalbandov, 1975).

These conflicting data are not surprising, considering the fact
that there are two oestrogen receptor systems (Tchernitchin, 1979), each
having its own pattern of c¢yclic fluctuation and both distributed
unevenly in different segments of the uterus. The histochemical studies
show that the only conspicuous cyclic change of intracellular oestrogen
receptor concentration occurs in the cytoplasm of luminal epithelium
(Lee, 1982). This concentration reaches the peak level probably in late
pro-oestrous, but drops after owvulation. According to Lee (1982) it
continues to decline and hits the lowest point in met-oestrous.

It has been proposed that the synthesis of progesterone
receptors is part of the genomic response to oestrogen stimulation
(Milgrom and Baulieu, 1970; Rao et al., 1973). Lee (1982) provides
cytochemical evidence that both oestrogen and progesterone receptors
fluctuate in tandem during the oestrous cycle, but do so only in the
epithelial cells.

Rat uterus has also been reported to contain androgen receptors
(Buchi and Weber, 1983). According to them, androgen receptor
concentration showed a regular change during the oestrous cycle. They
hypothesised that androgens play a physiological role in the biology of
the uterus and that oestogen is a prime stimulator of androgen receptor
synthesis during the cycle. They also concluded that the hormonal
control of the cytoplasmic androgen receptor of the rat uterus is very

similar to that of the oestrogen and progesterone receptors.
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Endometrial receptors for ovarian steroids in women show changes
in concentration and subcellular distribution during the menstrual cycle
similar to those described in rat uterus, An increase has been reported
in the concentration of ocestradiol receptor (Pollow et al., 1975;

Soutter et al., 1979b) during the proliferative phase, Thig is related
to the plasma oestradiol surge, leading to synthesis of more receptor in
the cytoplasm and to nuclear translocation of hormone-receptor
complexes. The available data are consistent with the concept that
oestradiol stimulates de novo synthesis of both ocestrogen and
progesterone receptors (Richardson and MacLaughlin, 1978). The
post-ovulatory decrease in the oestradiol receptor is related to
progesterone effects on the conversion of oestradiol to oestrone (Mester
et al., 1974) and the inhibition of ocestradiol receptor synthesis (Hsueh
et al., 1975). Consequently, there is also a decrease in
oestrogen—dependent synthesis of progesterone receptor, as the luteal
phase progresses. In addition, it has been observed that progesterone
directly "inactivates" its own receptor (Tseng et al., 1977). However
only cytoplasmic receptor sites decrease immediately after ovulation,
whereas the nuclear levels of both receptors initially remain constant
(Rao et al., 1974; Pollow et g}., 1975; MacLaughlin and Richardson,
1976; Soutter et al., 1979b; Levy et al., 1980; de Brux et al.,
1981). The nuclear progesterone receptor concentration soon increases
reflecting raised translocation and/or prolonged nuclear retention time
(Levy et al., 1980). The changes in receptor levels follow a similar
pattern in epithelial and stromal cells (King et al., 1982). The
content of total and nuclear oestrogen receptor of epithelial cells is
similar to that of stromal cells. However, the cytoplasmic progesterone
receptor content in the epithelium is appreciably higher than in the

stroma (King et al., 1982).
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During the menstrual cycle the concentration of nuclear
progesterone and oestrogen receptors does not exceed that of cytoplasmic
receptors because the plasma levels of both hormones are far below the
values needed to saturate the receptor sites. Levels of progesterone
receptor are always several fold higher than those of oestrogen receptor
during the same phase of the menstrual cycle {(de Brux et al., 1981;
Dallenbach-Hellweg, 198l; King et al., 1982).

1.2470 TISSUE DISTRIBUTION

Histochemical studies have shown (see Section 1.2462) that
biochemical changes during the‘reproductive cycle are not uniform
throughout the endometrium but rather located in specific cell types
(Nenci et al., 1980; Lee, 1982). The major detectable changes are
localised in the epithelial cells, whereas in stromal cells,
histochemical changes only become evident in the second half of the

post—-ovulatory phase (Lee, 1982).

1.3000 EFFECTS OF OVARIAN STEROIDS ON THE ENDOMETRIUM

All the cells of an organism have the same genetic constitution,
but show marked differences in their responses, if any, to individual
hormones. In a number of target tissues, steroid hormones stimulate the
synthesis of major new secretory proteins (King and Mainwaring, 1974;
Sutcliffe et al., 1982; Lejeune et al., 1983). These are valuable
markers for monitoring the control and kinetics of the response and have
enabled specific probes to be made with which to study the genes that
specify suchlproteins. The process of cell renewal through tissue
degeneration in the endometrium during each ovarian cycle is an event
which is under strict control by ovarian steroids (Schmidt-Mathiesen,
1263; Leroy et al., 198l; also see Section 1.2000). If successful

fertilisation occurs, then at implantation, the endometrium of rodents




- 34 ~

undergoes a series of morphological and biochemical changes leading to
the formation of decidual tissue. This process is characterised by
proliferation into epithelioid decidual cells of stromal fibroblasts,
while most of the epithelial tissue disappears (de Brux et al., 1981).
Biochemically, the decidual cell reaction entails an increase in alkaline
phosphatase activity, collagen breakdown and also increased DNA, RNA and
protein synthesis (Heald, 1976). At least three new proteins appear in
the uterine lumen during decidualisation and concentrations of a number
of other intra- and extra-cellular proteins are simultaneously increased
(de Brux et al., 198l; Sutcliffe et al., 1982; Lejeune et al., 1983),
1.3100 IN VIVO

The response of the immature rat uterus to steroids is a complex
phenomenon involving numerous specific biochemical events which occur in
a temporally ordered sequence. This overall response can be divided
into (1) a set of early tissue responses, thought to represent the
preparations for growth, and (2) a set of later responses involving DNA
synthesis, cell division, and true tissue growth itself (Gorski and
Gannon, 1976; Clark and Peck, 1979).

The temporal relationship between the cyclical changes in the
endometrium and the plasma levels of ovarian steroids provides strong
circumstantial evidence on the role of oestrogens in inducing
proliferative changes and progestins in inducing events involved with
differentiation, This causal relatiocnship has been substantiated by
studies on women receiving hormonal therapy (Dallenbach-Hellweg, 1981;
Lubbert et al., 1982).

A characteristic cell proliferation during early pregnancy can
be elicited by administration of oestradiol to ovariectomised mice
(Martin and Finn, 1968) and rats (Leroy and Galand, 1969; Tachi et al.,
1972). Similarly secretory and predecidual changes can be induced with

progestin therapy (Vladimirsky et al., 1977; Lejeune et al., 1983).
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Recent studies (Lubbert et al., 1982) have shown that sequential
steroidal therapy induces, in women with gonadal dysgenesis, cyclic
changes of endometrial oestrogen and progesterone receptor levels and
oestradiol dehydrogenase activity similar to those seen in normally
cycling women.

Oestrogens are known to produce an increase in uteriﬁe blood
flow and volume (Majid and Senior, 1982) as well as an increase in
uterine weight (Cowan and Leake, 1979). It has been demonstrated that
true tissue growth does not merely result from hormonal stimulation of
early responses in the target tissue (Anderson et al., 1972; Gorski and
Raker, 1974) but, rather, involves interactions occurring at different
times after hormone administration (Anderson et al., 1972) and possibly
at different nuclear sites (Clark and Peck, 1979). The induction of the
synthesis of a specific uterine protein called 'Induced Protein' (IP) is
the earliest known biosynthetic tissue response after oestrogen
administration (Means et al., 1972). Synthesis of IP is detectable
within 40 minutes (Barnea and Gorski, 1970) and is preceded by synthesis
of mMRNA, which is detectable by 10 min (De Angelo and Gorski, 1970).

This synthesis can be induced by physiological concentrations of
oestrogen in vitro (Katzenellenbogen and Gorski, 1972) and can be
inhibited by some anti-oestrogens (Katzenellenbogen and Katzenellenbogen,
1973).

The stimulation of RNA polymerase activity by oestrogen in the
uterus is again one of the earliest biochemical responses observed after
hormone administration (Borthwick and Smellie, 1975). A similar
response is observed with non-steroidal oestrogen antagonists in the rat
uterus (Kurl and Borthwick, 1980). Inhibition of uterine RNA polymerase
by a single dose of progesterone was reported by Kurl and Borthwick

(1981).
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Increased DNA synthesis is usually accompanied by an apparent
increase in DNA polymerase activity. Two principal molecular species of
DNA polymerase o and  have been found in rat uterine cells (Harris and
Gorski, 1978). They showed that the ocestrogen-stimulated immature rat
uterus displays increased cellular DNA polymerase activity, which
correlates with increased rates of DNA synthesis and cell
proliferation, They also indicated that oestrogen treatment apparently
increased DNA peolymerase o activity with less effect on DNA polymeraseﬁ'
The uterus shows three states in terms of DNA synthesis and DNA
polymerase activity (1) the unstimulated resting level, (2) the oestrogen
stimulated state of increased activity, and (3) the refractory state in
which levels of DNA synthesis returned to the lower resting levels. The
cellular mechanism responsible for this refractory state remains
unknown. In the initial report of this refractory state occurring in
the rat uterus following oestrogen treatment (Stormshak et al., 1976), it
was suggested that ocestradiol induced the accumulation of some product
that limits the ability of the cells to respond to additional
oestrogens. They also suggested that metabolic changes occurring
sometime prior to mitosis but which are essential to sustained cell
division, are being inhibited.

Stack and Gorski (1983) reported the inability of oestradiol to
stimulate uterine DNA synthesis in very young rats. On the other hand
they have shown that Diethyl Stilbestrol (DES) stimulates DNA synthesis
at the earliest age tested. Therefore, the neonatal rat uterine cell
does not lack the cellular response. Epithelial cell death has also
been reported in the uterus after oestrogenic stimulation of DNA
synthesis (Martin et al., 1973).

As mentioned earlier in Sections 1.1300 and 1.2462, the

sequential presentation of different hormones at the target tissue is
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often accompanied by changes in receptor populations, and in sensitivity
of the responding tissue to hormones. There is now abundant evidence
that some hormones modulate the levels of their own receptors or of
receptors for other hormones and thereby influence tissue sensitivity to
multiple hormones (Clark and Peck, 1979; Katzenellenbogen, 1980). It
has been accepted that the level of intracellular oestrogen-receptor in
the uterus responds to oestrogen (Martel and Psychoyos, 1978). However,
evidence has been offered by recent studies that progesterone, alone and
in combination, also influences this level (Mester et al., 1974; Martel
and Psychoyos, 1978). According to Mester et al. (1974), the increase
in Oestrogen Receptor (ER) was due partly to cell proliferation but also
to a rise in the cellular concentration of receptor. This has also been
confirmed by Hsueh et al. (1976), who suggested that after translocation,
replenishment of the cytoplasmic oestrogen receptor can be blocked by
pretreatment with progesterone. This has been confirmed by King et al.
(1982) . It has been shown that steroid binding to cytoplasmic receptor,
translocation, and binding of the complex to nuclear acceptor sites are
all absolutely necessary to produce genetically-mediated physiological
responses (King and Mainwaring, 1974; Clark and Peck, 1976, 1979 Leake,
1976, 198la). This has been confirmed by Soutter and Leake (1978),
showing that ﬁhe stimulation by oestradiol of thymidine kinase activity
corresponds with the amount of hormone-receptor complex bound in the
nucleus. In premenopausal women progestin administration during the
proliferative phase increased isocitrate dehydrogenase, alkaline
phosphatase (Jelinek et al., 1978) and oestradiol dehydrogenase (Gurpide,
1978) activities and reduced total oestrogen receptor (Tseng et al.,
1977) to levels similar to those found in the secretory phase. Iin women
receiving oestrogen therapy, progestins induced changes in enzyme

activities similar to those mentioned above for premenopausal women and



- 38 -

also reduced nuclear oestrogen receptor levels (King et al., 1980,
198la,b). All these findings which support the classical model of
oestrogen action (Gorski et al., 1968; Jensen et al., 1968) whereas
Tchernighin (1979) proposed that two, possibly three, independent
mechanisms of ocestrogen action exist in the uterus, each one mediating a
separate group of parameters of ocestrogen stimulation.

Sutcliffe (1976) published data in search of a new progesterone
dependent human foetal protein. He showed its presence in human
amniotic fluid (Sutcliffe et al., 1978) and gave further explanation in
support of this alpha uterine protein (Sutcliffe et al., 1980; Horne et
al., 1982). Joshi et al. (1980a,b) also reported the production of a
protein in the human endometrium, which was dependent on progesterone.
Recently both these groups discovered similarities and described these
two proteins as one (Sutcliffe et al., 1982).

Sarosi et al. (1983) showed a decrease in the amplitude of
electrically stimulated contractions of uterine horn segments from
cestrogen pretreated rats. According to them pretreatment with
progesterone also results in a significant decrease in the amount of
relaxin needed to produce inhibition of the contraction amplitude.

These results are in agreement with those of Beck and associates who
demonstrated that human relaxin and progesterone synergised to decrease
the amplitude of spontaneous human uterine strip contraction in vitro.

Anti-oestrogens increase rat uterine weight (Cowan and ILeake,
1979; Majid and Senior, 1982), the increase, over a 24 h period, being
similar to that produced by oestrogen. However, the events following
nuclear binding of anti-oestrogen/receptor complex differ from those
produced by oestrogen despite the fact that both types of compounds are
able to produce an initial uterotrophic response (Clark and Peck 1976,

1979; Majid and Senior, 1982).
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All anti-oestrogenic activity is not receptor mediated (Clark
and Peck, 1979) Majid and Senior (1982) reported anti-oestrogens binding
to type I oestrogen receptor, whereas Sutherland et al., (1980) showed,
in addition, a specific anti-oestrogen protein receptor. Anti-oestrogen
treatment brings about a marked alteration in the distribution of
oestrogen receptors (De Boer et al., 198l) and only about 10% remain in
the cytoplasm (Katzenellenbogen et al., 1977) after high doses.

Tamoxifen can act as an effective oestrogen-like agonist in
stimulating RNA synthesis (Waters and Knowler, 1981). However, it
stimulates transcription on a totally different time scale to ocestrogen
(Waters et al., 1983). These authors also showed the biphasic
stimulation in transcriptional response after exogenous oestrogen
administration. Tamoxifen activates all the enzymes of DNA synthesis
{Leake et al., 1975), but fails to induce significant cell division
(Cowan and Leake, 1979). This relates to polyploidy in uterine cells
(Martin, 1978). Anti-oestrogen pretreatment also blocked the oestrogen
mediated increase in uterine blood flow (Majid and Senior, 1982),
indicating that the uterine blood flow response may also be mediated
through the oestrogen-receptor mechanism.

In rats the tritiated tamoxifen is converted to a more polar
metabolite(s) that is selectively accumulated in the uterine nuclear
fraction in combination with receptor (Hayes et al., 1981). Borgna and
Rochefort (1979) have also shown the selective accumulation of a polar
metabolite from tamoxifen. Another oestrogen~like compound, Lignan,
showed a significant decrease in the rate of RNA synthesis in rat uterus
(Waters and Knowler, 1982).

The comparative effects of oestrogens and progestins may be
similarly summarised. Oestrogen caused an increase in nuclear and

nucleolar size in epithelial cells of rat endometrium (Clark, 1971),
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whereas Tachi et al., (1974) showed progesterone to be responsible for
enlargement of nucleoli and also for massive accumulation of the granular
components in stromal cells of ovariectomized rat endometrium. This
suggests that progesterone affects the process of maturation of ribosomal
RNA in the nucleolus. A transformation of the chromatin from a
condensed to a dispersed state was shown after several days of treatment
with oestrogen (Sirtori and Bosiso-Bestetti, 1967). Some sort of
chromatin dispersion was reported to occur within 15 and 30 minutes of
oestradiol treatment in the endometrium of ovariectomised rats
(Vazquez-nin et al., 1978). Patrice et al. (1980) showed that the
dispersion of chromatin in interphase nuclei of rat endometrium is
induced by oestradiol rapidly (within an hour).

They also tried to specify the relationship between the effect
of oestrogen on chromatin dispersion and on transcription in the same
uterine cells. They presented ultrastructural and biochemical evidence
that transcription is stimulated when chromatin has been decondensed by
oestrogen. Template activity has been shown to rise correspondingly in
chick oviduct after oestrogen stimulation (O'Malley et al., 1976). Le
Goascogne and Baulieu (1977) studied changes in nuclear bodies in
epithelial cells of rat endometrium and reported an increase in number
with diethylstilbestrol and a depression with progesterone, but they
could not show any effect of oestradiol treatment.

In summary, steroids have varied and extensive effects on the
endometrium, They increase the blood supply causing hyperaemia, they
can enhance capillary permeability and uptake of water, electrolytes and
amino acids by the cells of endometrium. The rates of glycolysis and
certain other aspects of carbohydrate metabolism are increased, as is
0, consumption. Steroids increase the uptake of the nucleotide

2

precursors of RNA, the activity of RNA polymerases, the template activity
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of the chromatin, the synthesis of phospholipids and proteins and the

numbers of ribosomes in the cell.

1.3200 DIFFERENTIAL RESPONSES OF UTERINE CELL TYPES TO STEROIDS

The uterus represents a complex and dynamic community of
numerous cell types, each susceptible to the regulatory action of
oestrogens and progestins. Oestradiol acts differently, in terms of DNA
synthesis and mitosis, on endometrium and myometrium (Tachi et al.,

1972) . Robertson et al. (1971) have shown differences in ocestrogen
receptor in these tissues. Progesterone showed little effect on the
myometrium, whereas oestradiol caused a large increase in the content of
myometrial oestrogen receptor, compared with soluble protein and total
DNA (Mester et al., 1974). According to these authors, the oestradiol
efifect on myometrium was significantly counteracted by a simultaneous
progesterone administration. Hsueh et al. (1976) studied the whole uterus
of immature rats and reported that progestins blocked the
oestrogen-induced increase in concentration of receptors, whereas Martel
and Psychoyos (1978) concluded that progestins, at the endometrial level,
acted synergistically with cestrogens and at the myometrial level acted
as an oestrogen antagonist. One of the earliest responses, IP
synthesis, indicates that this action of oestrogen is the same in both
these tissues (Katzenellenbogen and Leake)1974) implying that divergence
may occur at some point after IP synthesis. Therefore,
progestin-oestrogen interaction occurs differently in each uterine tissue
and probably for each major cell type.

Endometrium consists mainly of stromal and epithelial cells
(McCormack and Glasseg 1980; Dallenbach—~-Hellweg, 1981). Epithelium can
further be divided into the luminal and glandular fractions. The

epithelial elements have important functions during the pre-implantation
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stages of pregnancy, and stromal cell proliferaticn is a crucial feature
of the decidual reaction. Several investigations of endometrial growth,
based upon mitotic count, have indicated that exogenous oestrogens
produce surface and glandular epithelial cell proliferation in the
endometrium of various experimental animals (King and Mainwaring, 1974;
Clark and Peck, 1979) and humans (Ferenczy, 1979a,b; Dallenbach-Hellweg,
1981; de Brux et al., 1981). The location of tritiated oestradiol was
monitored using autoradiography, and was shown that 86% of the hormone
became localised in the epithelial tissue of immature rat uteri(Stumpf,
1968). In more recent studies, McCormack and Glasser (1980)
fractionated cell types from immature rat uteri and measured the amounts
and concentration of oestrogen receptor present in each cell type.
Epithelial and stromal cells from untreated animals contained a higher
concentration of nuclear oestrogen receptor than myometrial cells and
epithelial cells also contained the highest concentration of cytoplasmic
receptor. Although myometrial cells have the lowest concentrations they
contain 84-89% of the total uterine receptors, by virtue of the
preponderance of myometrium in the whole uterus. Epithelium and stroma
account for 5% and 10% of receptors respectively. Following oestrogen
treatment cytoplasmic receptors increase in all cell types (McCormack and
Glasser, 1980). Keefar (1982) compared autoradiographic-
immonocytochemical data with biochemical results and concluded that the
duration of retention of tritiated oestradiol in both stromal and
epithelial cell types varies and that the whole of this process is
independent of the concentration of oestrogen. Lee (1982) provided
cytochemical evidence that both oestrogen and progesterone receptors
fluctuate in rat endometrium during the oestrous cycle but only do so in
the epithelial cells. She further emphasised that the concentration of
receptors in stroma is comparatively low, low enough to serve as a

reference for observation of the receptor-rich endometrial epithelium.
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Similarly in the case of women, the reduction of oestrogen
receptor content after progestin administration occurred in both
epithelial and stromal cells and was correlated with a decrease in DNA
synthesis in both cell types (Ferenczy et al., 1979%a,b; King et al.,
1981c, 1982). On the other hand isocitrate and oestradiol dehydrogenase
activities are only increased in the epithelial cells. The lack of
effect of progestins on stromal oestradiol dehydrogenase is especially
important. There is considerable evidence that at least part of the
anti-oestrogenic effect of progestins on human endometrium is mediated
via the induction of this enzyme (Gurpide, 1978; King et al., 1980,
1981a) which by preferentially metabolising oestradiol to oestrone (a
weaker oestrogen) woﬁld reduce effective intracellular oestradiol
levels. Progestins affect both DNA synthesis and nuclear oestrogen
receptor levels in stromal cells without affecting their oestradiol
dehydrogenase activity.

As mentioned in the previous section (see Section 1.3100),
progesterone dependent alpha uterine proteins (Sutcliffe et al., 1978,
1980) can only be observed in luminal epithelial cells of the human
endometrium (Horne et al., 1982). Kirchner (1979) also has shown the
presence of uteroglobin in luminal and glandular epithelial cells of the
endometrium but not in stroma or myometrium. Ricketts et al. (1983)
confirmed this in vitro.

One further observation from the autoradiographic analysis is
that hypertrophy occurs in the stroma and myometrium while hyperplasia
occurs in the luminal epithelium of oestrogen-treated mouse uteri (Martin
et al., 1973). Concerning endometrial cancer in women, various opinions
have been emerging. Evidence that endometrial carcinoma may be a
mixture of receptor containing and receptor lacking cells, has created a

more complicated situation. Variation of oestrogen receptor content in
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various sections of the same tumour (Castagnetta et al., 1983) has
supported the idea of metabolic differences among similar cells of one
tumour. Thus our current knowledge of the differential responses of
uterine cell types to various steroids is somewhat sketchy, and further
investigations may help to explain some of the ambiguous results obtained
from studies of the whole uterus as a single entity.

1.3300 IN VITRO STUDIES

Appreciable progress has been made in elucidating the way in
which sex steroids affect the reproductive tract in experimental animals
(King and Mainwaring, 1974; Katzenellenbogen and Gorski, 1975), but the
nature of the experimental model imposes certain difficulties in
interpreting‘data so obtained. Virtually all of the data have been
obtained by administering hormones to animals in vivo which raises
problems as to the nature of the hormone that is active at the cellular
level. Thus, an endometrial culture system provides a unique
opportunity to examine hormonal affects in a controlled environment.
There is the hope that culture techniques may have a place in
investigating differences between normal and malignant tissues, and in
providing some prognostic guide to the clinical course of disease in
individual patients. Various attempts have been made with short and
long term incubations of tissue slices, organs, or isolated cells, as
distinct from homogenates or cell free systems.

1.3310 TISSUE INCUBATIONS AND ORGAN CULTURE

Efforts to study in vitro structurally intact endometrial tissue
are not new., As early as the 1920s, attempts were made to maintain
endometrial tissue in culture (Traut, 1928). Randall, Stein and
Stuermer were the first group to systematically investigate the
cytodynamic properties of human endometrial tissue derived from biopsies

(Randall et al., 1950). They maintained tissue fragments immersed in
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fluid media for up to 35 days. Hughes et al. (1969) placed endometrium
on filter membranes supported by stainless steel grids in organ culture
dishes.

The direct effect of progesterone, inducing secretory changes in
proliferative phase endometrium, has been verified using this system
(Csermely et al., 1969). Various studies have been attempted on
oestrogen interaction with rat uterus (Ruh et al., 1973). The stability
of steroid receptors in this system (Peck et al., 1973), biochemical
viability of tissue (Thomas, 1978) and steroid metabolism in human
endometrium (Hausknecht et al., 1982) have all been examined, Recently,
Kaufman et al. (1980) have maintained human endometrial tissue as
differentiated organ cultures for periods exceeding 6 months. Such
cultures were subjected to cyclic hormonal changes similar to those seen
in the menstrual cycle in vivo. During these in vitro cycles, the
changes in histoleogy and DNA synthesis were reported to follow patterns
similar to those seen in vivo. However no quantitative data on
labelling indices were presented.

Endometrial responses to oestradiol in vitro include an increase
in RNA synthesis (Wilson and King, 1969) and in the activation of
glucose-6-phosphatase and lactic dehydrogenase (Wilson, 1969).

Nordgvist (1970) found that addition of a very high concentration of
progesterone to human endometrial organ cultures reduced RNA and DNA
synthesis, Glycogen accumulation was induced in proliferative
endometrium by progesterone but not by oestradiol (Hughes et al.,
1969). Progesterone-induced glycogen synthesis in vitro was not
affected by oestradiol but was inhibited by actinomycin D, implying its
dependence on RNA and protein synthesis (Shapiro et al., 1980). Tseng
and Gurpide (1978) showed that oestradiol dehydrogenase activity in

proliferative human endometrium was increased by incubation of the tissue
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in medium containing progesterone. Addition of oestradiol to the medium
had no influence on the activity of the enzyme. Two different groups
(Hirsch et al., 1977; Shapiro and Forbes, 1978) have reported that the
increased synthesis of an endometrial soluble protein(s) with an
approximate molecular weight of 50,000, which occurs during the secretory
phase in vivo, can also be induced in vitro. However, the identity and
function of this protein are not known. Another observation made by
Hausknecht et al. (1982) using human endometrial tissues, indicates a
conversion of the main circulating C19 steroids to déhydrotestosterone.

A great deal of effort has been expended on the development of
an in vitro system for relating physiological response to the levels of
oestrogen receptor in rat uterine cells. However, with the exception of
the induction of an oestrogen dependent uterine protein (IP) by Gorski
and co-workers (Katzenellenbogen and Gorski, 1972; Ruh et al., 1973),
all attempﬁs at the development of an in vitro system of organ culture
which is responsive to physiological concentrations of oestradiol have
failed (Peck et al., 1973; Rao and Talwar, 1979). Peck et al. (1973)
do not agree with the reports of Gianopoulos and Gorski (1971) and Sarff
and Gorski (1971), that the uterine cytoplasmic receptor is stable under
in vitro incubation conditions.  They conclude that oestrogen receptor
is wvery unstable when uteri are incubated at elevated temperatures in the
absence of oestradiol. Thomas (1978) reviewed the in vitro studies on
the immature rat uterus as well as human endometrium and concluded that,
given the correct conditions, sensitive macromolecules are able to
survive in culture and the loss of cytoplasmic receptors must relate to
some deficiency in conditions used for culture, rather than to an

inherent limitation in the technique.




- 47 -

1.3320 CELL CULTURE

The differential patterns of steroid and polypeptide activities
in organ and cell cultures may reflect different requirements of these
two groups of hormones for cell interactions. Thus, the two kinds of
culture systems yield complementary information about the function of
individual and coordinated cellular components of endocrine tissues.

The question of whether a culture is authentic usually involves
whether it has a tissue specific function. In the case of cell
cultures, this requirement would be superimposed on the need to undergo a
useful number of population doublings. In embryonic development both
processes are essential, and "terminal differentiation" precludes further
cell division. In such cases further cell division depends on the
presence of apopulation of 'stem cells’'. The stem cells may also give
rise to new secretory cells. After embryogenesis, stem cells may be
rapidly lost, as is probably the case with neural tissues. The question
of the existence and continued function of stem cells is a basic unsolved
problem of development, which is central to the understanding of
carcinogenesis,

Primarily, cell culture systems bypass the homeostatic
mechanisms that persist in studies performed in whole animals. In
addition, the homogedﬁus population of target cells growing in long term
culture permits the study of hormone action on precise genetic events and
the metabolic form of any growth factor is, potentially, easily monitored.
1.3321 Mixed uterine cell cultures

Monolayer cell cultures are frequently established from
suspensions of single cells prepared by the enzymic dissociation of organ
fragments. The resultant prim ary culture is a mixed cell population

which contains many of the cell types present in the tissue of origin.
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Robertson et al. (1961) reported that cells cultured from human
endometrium, were predominantly fibroblastic cells with a minority of
epithelioid cells. Later Chen et al. (1973) found that epithelioid
elements gradually disappeared while fibroblastic cells continued to
divide in culture. Both of these groups reported an increase in
precursor incorporation after oestradiol stimulation. Pietras and Szego
(1975) studied early membrane effects of ocestrogen in rat uterine mixed
cell populations, with consequent alterations in the cytoplasmic profile
of ions, which may be critical to later metabolic and mitogenic effects
of the hormone. In another study, oestrogens stimulated cell
proliferation in 12 cultures out of 19 from different human endometria
(Pavlic and Katzenellenbogen, 1978) In some of them, growth was also
stimulated by androgens and glucocorticoids. Sananes et al. (1978)
examined the process of modification of stromal cells into decidualised
cells in rat endometrium and demonstrated that the average life span of
the decidualised cells in vitro is comparable to the development of
decidualisation in wvivo. It has also recently been shown by using this
system, that the stimulation of progesterone receptor levels in primary
cultures of human endometrial cells is an extremely sensitive indicator
of responsiveness to oestrogen (Eckert and Katzenellenbogen, 1981).
Halme et al. (1980) reported that rat uterine mixed cells have the
potential to synthesise collagenase prior to subculture and this enzyme
production is suggested to be under hormonal control.

1.3322 Cultures of individual cell types

The uterus has a complex array of cell types each of which may
have very different hormone sensitivites (Martin and Finn, 1968;
Satyaswaroop et al., 1979; McCormack and Glasser, 1980; King et al.,
1982). Analysis made on the whole organ in culture or cultures of mixed

cell types, cannot therefore be automatically translated as indicating
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responses in one particular cell type. Variable proportions of
different cell types occur with changes in the physiological state of the
uterus (Noyes et al, 1950; Dallenbach-Hellweg, 1981), This creates
difficulty in interpreting the results obtained from mixed cell
populations.

Study of the initiation of the decidual response (0'Gr.ady et
al., 1974; Heald et al., 1975; Sananes et al., 1978), of receptor
modifications (Fleming et al., 1980} of morphological alterations
(Berliner and Gerschenson, 1976; Liszczak et al., 1977; Vazquez-Nin et
al.,, 1979), of molecular mechanism of blastocyst attachment to epithelial
cells (Ricketts et al., 1983), of dynamics of oestrogen receptors
{McCormack and Glasser, 1980; Fleming and Gurpide, 198l) and of other
growth responses (Satyaswaroop et al., 1979; Kirk and Irwin, 1980;
Gerscthenson et al., 198l; Fleming and Gurpide, 1982; Dorman et al.,
1982) led to the idea that there would be considerable advantage in
having separate preparations of epithelial and stromal cells.

Identification of factors and hormones that stimulate
proliferation of a given cell type is an essential initial step in
elucidating the regulatory mechanisms of growth and differentiation of
that particular cell type. In contrast to the previous findings that
epithelial cells are less serum dependent than fibroblasts (Dulbecco and
Elkington, 1973), Kirk and Irwin (1980) found that human endometrial
stromal cells showed a lower serum requirement than endometrial
epithelial cells for attachment to the substratum and early growth.

They also demonstrated that there are positive synergistic effects
between oestrogen, insulin and/or dexamethasone and to, a lesser extent
between progesterone and insulin.

Stromal cultures showed great variability in their proliferative

responses to both oestradiol and progesterone. Kirk et al. (1978)
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observed a signficant shift in the growth response of stromal cells to
physiological levels of progesterone following very small changes in
oestradiol levels., Progestin antagonised both the oestrogenic
stimulation of growth and of radiolabelled thymidine incorporation but,
enhanced the incorpor .ation of radioactive uridine and amino acids into
RNA and proteins respectively. On the other hand, Liu and Tseng (1979)
reported that oestradiol and Medroxy Progesterone Acetate (MPA) together
shortened the generation time of both epithelial and stromal cultures
derived from a proliferative endometrium. Trent et al. (1980) reported
that the incorporation of radioactive thymidine was stimulated in stromal
cultures by oestradiol and inhibited in epithelial cultures by
progesterone. Fleming et al. (1980} found that the levels of nuclear
oestrogen receptors were increased by oestradiol and reduced by MPA in
stromal cells. They failed to conclude whether steroids affected the
quantities of receptor in the cells or only affected the time at which
the peak of oestrogen receptor concentration appears.

Progesterone had a clear inhibitory effect upon the division
rate of epithelial cells from rabbit endometrium (Gerschenson et al.,
1974) . They also showed the antagonism between DES and progesterone
(not seen in the presence of Epidermal Growth Factor) on the cell
division rate. Berliner and Gerschenson (1976) showed an increase in
size of nucleoli in' response to DES and increased amounts of rough
endoplasmic reticulum (RER) in the presence of progesterone. It has
also been suggested that only glandular epithelial cells are responsive
to oestrogen while luminal cells are not (Gerschenson et al., 1979).

Gerschenson et al. (198l) reported that primary cultures of
rabbit endometrial cells produce a factor or factors which inhibit
proliferative responses to 17.f oestradiol. According to them, such
inhibitory activity can only be seen when cells are treated with

progesterone or plated at higher density than usual.
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Liu and Tseng (1979) studied oestradiol metabolism in separated
human endometrial epithelial and stromal cells, They found a high rate

of oxidation of Ez,_y E. in both fractions of secretory

1
endometrium. However, the conjugate enzyme, sulfotransferase, which
further metabolises both E2 and El to form water soluble metabolites,

was only active in glandular epithelial cell cultures. Ricketts et al.
(1983) showed, by immunofluorescence studies in cultures of isolated
cells, that uteroglobin is present only in epithelial but not stromal
cells. .They further demonstrated that neither progesterone nor
oestrogen altered uteroglobin secretion rates.

Echeverria et al. (1980) described two types of epithelial cells
from rat uterus and characterised them as of short and long term survival
in culture. Both types showed elevated RNA synthesis in response to
oestradiol.

Ziegler and Gurpide (1982) characterised a type of cell from
human endometrium as prolactin producing. These attach slowly to the
culture dish. The decline in the rate of prolactin production observed
after several days in culture may be due to the loss of the capacity of
the cells to synthesise the hormone or to a disproportionate
proliferation of cells that do not produce prolactin. Fleming and
Gurpide (1982) agreed on loss of response in cultured cells with passage '
of time and gave a reason that the selection of fast growing cells
changes the characteristics of the subcultures. Ricketts et al. (1983)
also reported the decline in uteroglobin secretion with prolonged culture
and, in their view it may reflect deterioration of cell function or
progressive hormonal deprivation. Vallet-Strouve et al. (1982) also
showed a similar decline in 17-f-Steroid Dehydrogenase (SDH) activity
with time in culture of ovine myometrial cells. They observed that this

loss in a given subculture is reversible and may reflect a change in
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cofactor or enzyme egquilibrium. The gradual decrease observed in
successive subcultures parallels the slowing of cell growth and overall
protein synthesis, probably reflecting tissue ageing.

Fleming and Gurpide (1981) found very rapid and apparently
reversible changes in oestrogen binding which may indicate the existence
of other mechanisms, apart from protein synthesis and degradation, for
regulating the concentration of oestrogen binding sites. They suggested
that the measurement of levels of specific oestrogen binding sites in
cell cultures should take into account the possibility of significant
temporal variations detectable by daily or hourly assays and dependent on
endogenous and exogenous factors affecting the metabolic state of the
cells. However, the inconsistent pattern of hormonal effects on cell
proliferation reported in different studies does not permit general
conclusions to be drawn at present. Better characterisation of cultures
and improved culture conditions should help to overcome some of the

present difficulties in studying ovarian steroid effects in vitro.

1.4000 CELL~CELL INTERACTIONS

During development of the uterus, tissue interactions play an
essential role in several specific events that lead to the morphogenesis

and maturation of the endometrium.

1.4100 STROMAL-EPITHELIAL INTERACTIONS

During embryonic and neonatal morphogenesis the epithelial
differentiation induced by gonadal steroids in sexual organs is mediated
by the stroma (Kratochwil et al., 1979; Heuberger et al., 1982).
Moreover, the possibility of various growth factors acting indirectly on
epithelial cells via stroma, either dependent on epithelial contact with
the stromal matrix or by stimulating stromal fibroblasts, which then

stimulate the epithelium, has been discussed (Gospodad%icz et al., 1977,
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1983; Peehl and Ham, 1980). Thus, the final changes in the epithelium
might not result from a direct action of sex steroids on these cells but,
from their effect upon the stroma. The bulk of the evidence leads to a
conclusion that the mesenchyme (a) provides a physical substrate for the
attach ‘ment and orientation of epithelial basal cells and (b) produces
diffusible factors which promote epithelial growth and differentiation
(Chan and Haschke, 1983). These results, while implicating the stroma
in epithelial responses do not directly demonstrate the mechanisms of
stromal function in hormone action. There is also evidence for the
influence of epithelium on mesenchymal functions (Irwin, 1982).

Although epithelial/mesenchymal interactions are firmly
established as important for normal embryonic development (Kratochwil et
al., 1979), their role in the control of adult tissue has received little
attention. The endometrium provides a useful model system for studying
such interaction by mixing separated epithelial and stromal cells.
Epithelial cells can be either plated on or within homologous stroma, as
mixed cultures, or physically separated from each other but maintained as
co-cultures sharing the same culture medium (Kirk and Irwin, 1980).

They also suggested that co-culturing coverslip cultures of epithelium
and stroma results in inhibition of stromal growth by the epithelium.

However, the fact that primary cultures of normal and/or
transformed cells are difficult to establish and maintain has afforded
little opportdnity for detailed analysis of growth behaviour and the
interactions either between these cell types with or without various
transforming agents. In contrast, cells of fibroblastic origin can be
established and maintained in vitro with relative ease. Harris (1983)
presented evidence that each type of epithelium has its own
'fingerprints' of cytoskeletal proteins. HecHman (1983) confirmed this

finding and concluded that growth failure in cultured epthelium is
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related to organ and species specificity rather than to the problem of

fibroblast overgrowth.

1.4200 PRODUCTION AND DEGRADATION OF EXTRACELLULAR MATRIX

Rat uterine cells play an active role in the synthesis of
precursors of the extracellular matrix and this synthetic activity is
modulated by oestrogens (Dyer et al., 1980) and possibly progestins
(Padykula, 1981). Fibroblasts in other organs participate in the
degradation of the extracellular matrix by producing collagenase and
proteolytic enzymes (Werb et al., 1977). During the postpartum
regression of the rat uterus there is a large increase in uterine
coliagenase activity (Jeffrey et al., 1971).

Primary cultures of various cell types have been reported to
secrete several proteins that have been shown to be components of
extracellular matrices (Alitalo et al., 1980). Halme et al. (1980)
reported rat uterine mixed cell populations as capable of production of
collagen in primary culture (also in organ culture conditions).
Qlthough circumstantial evidence suggests a role for endometrial stromal
cells in the maintenance and remodelling of the extracellular matrix

(Dyer et al., 1980} there is no direct evidence as yet to support it.

1.4300 DIFFERENTIATION AND DE-DIFFERENTIATION

Differentiation is defined as a process of unidirectional and
irreversible transformation under normal physiological conditions. This
process is accomplished through the ordered control of gene expression.,
It seems obvious that structural changes in the regulatory DNA could
easily lead to a misprogramming of gene function during cellular
differentiation. The external environmental stimuli required to
transform a fully differentiated normal cell into another must be very

and tightly controlled since such an event rarely occurs.
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Since endometrial epitheliﬁm is a continuocusly renewing tissue,
it may be suggested that it comprises groups of cells capable of
long~term self-maintenance i.e. exhibiting the properties of stem cells.

The proliferation of these stem cells is hormone independent
(Prianishnikov, 1978) and the nearest descendants of stem cells become
hormone-sensitive in the presence of oestrogen (Satyaswaroop and Martel,
1981). According to the model proposed by Prianishnikov (1978), the
stem cells of endometrial epithelium proliferate throughout the menstrual
cycle and give daughter cells whic