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ABSTRACT

Estrogen and progesterone receptors were localized in fresh frozen
sections of human endometrial tissues, in both health and disease, using
the ER-ICA kit and a mouse monoclonal antiprogesterone receptor antibody
(aPR6), respectively. Estrogen and progesterone receptors were detected
with immunohistochemical method, exclusively in the nuclei of epithelial
and stromal cells of the endometrium. Their highest levels in both
components were found during the late proliferative phase of the normal
menstrual cycle. Estrogen receptors decreased faster in the stroma than
in the epithelium throughout the post ovulatory phase, whereas
progesterone receptors decreased more rapidly in the epithelium during
the mid and late secretory phases. Estrogen and progesterone receptor
levels were high in the epithelium of hyperplasia without cytologic
atypia. They were low in the epithelium of endometrial intraepithelial
neoplasia (hyperplasia with cytologic atypia) and invasive carcinomas.
The stroma contained relatively high estrogen and progesterone receptors
levels, irrespective of whether the epithelium was hyperplastic or

neoplastic




RESUME

Le kit ER-ICA et l’'anticorps monoclonal de souris contre les
récepteurs de la progesterone (aPR6) ont permis de detecter les
récepteurs des estrogénes et de la progesterone sur des tissus congeles
d'endometres humains, normaux et pathologiques. En utilisant des
méthodes immunohistochimiques, ces récepteurs sont présents uniquement
dans les noyaux des cellules epitheliales et stromales de l'endométre.
C'est au terme de la phase proliferative du cycle menstruel que le
nombre de ces recepteurs est le plus elevé dans ces deux composantes Au
cours de la phase post-ovulatoire, les recepteurs des estrogénes
diminuent d’'abord dans le stroma, a4 l'inverse, ceux de la progestérone
disparaissent plus rapidement dans 1‘épithelium, au cours de la phase
sécrétoire intermediaire et tardive. Ces deux types de récepteurs sont
nombreux dans l'epithelium des hyperplasies sans atypie cytologique,
leur nombre est limiteé dans 1’epithelium des neoplasies
intraépithéliales (hyperplasies avec atypie cytologique) et des cancers
envahissants. Indépendamment de la nature de l'épithelium, hyperplasique

ou néoplasique, leur nombre est relativement élevé dans le stroma.
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I-MECHANISMS OF STEROID HORMONE ACTION

Intracellular estrogen receptors (ER) and progesterone receptors
(PgR) are necessary for the expression of sex steroid hormonal effects
in target tissue (Jensen et al, 1967, 1968; Baulieu, 1975; O’Malley and
Schrader, 1976; Clark and Peck, 1979; Jensen et al, 1982). These
receptors are steroid specific proteins and can be inhibited only by the
same class of hormones. They have a high affinity (K4 of 0.1 mM for ER)
and low capacity tu. bind estrogens and progesterone, respectively
(Katzenellenbogen, 1980) and can be saturated with increasing amounts of
hormone. After binding, the steroid-receptor complex becomes activated
and interacts with the genome in such a way that the synthesis of
specific RNA's is stimulated. These, in turn, are involved in the
synthesis of new proteins that affects target cell functions and growth

(Gorski et al, 1968; Jensen et al, 1968).

i) Historical Background.

It was not until 1959 (Glascock and Hoeskstra, 1959) that tritiated
sex-steroids such as hexestrol and tritiated estradiol of high specific
activity became available as means of studying the tissue distribution
and metabolism of estrogens. Early studies (Jensen and Jacobson, 1960)
demonstrated that estrogen target tissues, and especially the uterus,
take up and retain larger amounts of estradiol than their non-target

counterparts. These observations suggested that target cells contaired
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bincding components. However, it was not until 1967 that the first
estrogen receptors were demonstrated in the cytoplasmic fraction of rat
uterine tissue (Toft et al, 1967). In 1968, Gorski et al (1968) and
Jensen et al (1968) reported on the intracellular mechanism of action of
estradiol, the so-called "two-step" model. In this model, the steroid
receptors were thought to be cytoplasmic proteins. The steroid-receptor
complexes were then transported into the nucleus by a temperature
sensitive process and associated with the chromatin to initiate a series
of sequence of molecular and metabolic events. These observations
evolved exclusively from cell homogenization and biochemical analysis of
receptors under cell free conditions (Toft et al, 1967; Gorski et al,
1968; Jensen et al, 1968).

The need for a better understanding of the basic mechanism(s) of
receptor action resulted in the development and application of
morphological methods for identifying ER in tissue sections,
Autoradiography both in vivo and in vitro were the first methods to be
employed extensively for ER localization in rat uterus (Stumpf, 1968a)
and other target tissues (Stumpf, 1968b, 1969). Dry and thawn mount
autoradiography in vivo after single injection of ’H estradiol and 1in
vitro after slice incubation with ’H estradiol showed that the latter
was preferably localized over the nuclei of target cells. According to
the two-step model, °H estradiol bound to ER was rapidly translocated to
the nucleus at physiologic temperatures. However, ’H estradiol bound to
ER at 2°C failed to translocate to the nucleus. Early studies (Jensen et
al, 1968) on excised rat uterus incubated in 'H estradiol containing
medium at 2°C showed most of the radioactivity of ’H estradiol to be

extranuclear. However, later studies (Sheridan et al, 1979; Martin and
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Sheridan, 1982) using the same experimental model found only nuclear

staining. Using a different approach  with liquid emulsion
autoradiography after in vitro uterine section incubation with H
estradiol, Tchernitchin et al (1973) found radioactivity in the
cytoplasm of eosinophiles while all other cell types remained
unlabelled. His results, however, were never confirmed by comparative in
vivo autoradiographic experiments. Even when autoradiography was
prepared and read with extreme care (Stumpf and Roth, 1969), it suffered
from several technical and conceptual pitfalls. These included, possible
dilution of the radioligand in vivo by circulating endogenocus estrogens,
possible occupation of receptors by endogenous estrogens, difficulty to
obtain autoradiograms with low background and long exposure periods due
to the relatively low specific activity of ’H estradiol.

As a logical extension of and alternative to autoradiography,
histochemical techniques were developed with fluorescent estradiol
conjugates (Dandliker et al, 1977; Rao et al, 1980; Lee, 198l) or
estradiol antibodies (Nenci et al, 1976; Pertschuk et al, 1976). In the
former case, the 1ligand used was fluorescent 17B8-estradiol or 178-
estradiol fluoresceinated bovine serum albumin isothiocyanate (Pertschuk
et al, 1980). Variable staining reaction was observed in either the
cytoplasm or the nucleus or both. While Lee (1978) and Panko et al
(1982) found no correlations with biochemical assays, Pertschuk et al
(1979) obtained 91% correlation. In the 1latter case, investigators
(Pertschuk et al, 1976; Nenci et al, 1976; Mercer et al, 1980) used
polyestradiol phosphate or estradiol as a ligand which was localized
with immunofluorescent anti-estradiol antibodies. Pertschuk et al (1978)

found 90% correlation with biochemical assays. However, the methodology
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and ligand used in these two studies were severely criticized as to
their validity (Chamness et al, 1980, Mc Carthy et al, 1980, Morrow et
al, 1980) Firstly, the true affinity of the fluorescent or the
polyestradiol phosphate ligand for ER could not be wvalidated: no
acceptable competition with *H estradiol for ER was found and nuclei of
non target tissues such as in the rat diaphragm also showed positive
staining reaction with polyestradiol phosphate as a ligand Secondly,
neither Morrow et al (1980) nor Mc Carthy et al (1980) were able :to
correlate the results of these assays with biochemical assays. Thirdly,
when estradiol was used as the ligand, the true affinity of estradiol
for ER could only be achieved with very high concentrations of estradiol
and the staining observed was suspected to be due to cytoplasmic type II
or type III binding sites of estradiol rather than to estradiol receptor
complexes (Chamness et al, 1980, Morrow et al, 1980). Type II binding
sites even if they have steroid specificity and limited capacity, differ
from true ER binding sites The former have lower affinity for
estradiol, are not depleted from the cytoplasm when the tissue is
exposed to estradiol (Clark et al, 1978, 1981) and are unable to
initiate trancription-related hormonal effects. Type II1 binding sites
are soluble molecules like albumin. These molecules have low affinity
but very high capacity for estradiol. As a vresult, with high
concentrations of estradiol, binding to these sites may become
substantial (Chamness et al, 1980; Morrow et al, 1980; Mc Carty et al,
1980; Stumpf et al, 1982).

Recent receptor purification studies have characterized ER and PgR
using high affinity chromatography (Greene et al, 1980; Schrader et al,

1981; Loosfelt et al, 1984; Horwitz et al, 1985). The development of
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specific monoclonal antibodies against ER (Greene et al, 1980) has

enabled the localization of ER in nuclei of target cells in tissue
sections (King and Greene, 1984) and confirmed previous autoradiographic
studies (Sheridan et al, 1979; Martin and Sheridan, 1982) which traced
ER mainly in the nucleus. The data were further supported by biochemical
assays, Welshons et al (1984) found that more than 90% of unoccupied ER

was in the nucleoplast fraction of cytochalasin enucleated GH; rat

pituitary adenoma cells. At 25°C, without freezing or cooling the tissue
homogenate at any step of the cytosol preparation, Molinari et al (1985)
showed an almost complete recovery of the ER in the fraction containing

the cell nuclei.

11) A new model for receptor mechanism.

Based on recent data, a new hypothesis on the mechanism of sex
steroid hormone action has been proposed: the majority of the native
receptors seems to be preferentially localized within the nuclear
compartment where it is loosely bound and is in equilibrium with small
amounts of extranuclear receptor. This extranuclear receptor serves to
take up the hormone into the target cell. In the living cell, most of
the hormone-receptor complex probably enters the nucleus in the native
state and undergoes activation within the nuclear compartment. The
activated form of the steroid receptor complex binds tightly to acceptor
gites in the chromatin removing it from solution and providing force for
more unoccupled receptor to enter the nucleus and to undergo activation
(Jensen et al, 1984) Several recent immunohistochemical studies with

monoclonal antibodies against ER and PgR have counsistently demonstrated
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the almost exclusive nuclear localization of ER and PgR (Press et al,
1984; Mc Carthy et al, 1985; Perrot-Applanat et al, 1985; Budwit et al,
1986). The identification of unbound receptors in the cytosol frac :ion
by biochemical assays was in retrospect probably artifactual, due to
extraction of nuclear receptors into the cytoplasm. Indeed, unbound
receptors are loosely bound to nuclear structures and easily lost when
the nucleus is isolated under strong homogenization conditions. After
DNA transformation, the receptor binds more tightly to the chromatin/DNA
and does not leak out so easily from the nuclear fraction. However,
these modifications of the traditional two-step model of receptor
functions have not changed the basic concept of receptor activity and
steroid hormonal action, i.e. interaction with DNA and expression of

hormonal effect on steroid target tissues.

IT-HORMONAT, REGULATION OF THE NORMAL CYCLIC ENDOMETRIUM

i) Morphological response to  steroid hormones during the menstrual

cycle.

The human endometrium is characterized by constant regeneration and
cyclic changes of cell proliferation, differentiation and death. The
basalis layer, which persists throughout every cycle, constitutes the
matrix for regeneration of the post menstrual endometrial functionalis
(Ferenczy, 1976,1977, Ferenczy et al, 1979a). Proliferacion and
secretory differentiation of the endometrial functionalis layer are

mediated by the influence of estrogens (E;) and progesterone,
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respectively (Clark and Peck, 1979; Katzenellenbogen, 1980), and can be

related to cyclic plasma levels of E, and progesterone during the

menstrual cycle.

During the £irst part of the cycle, E; promotes proliferation of
endometrial cells, These acquire an increased and sustained synthesis of
RNA and proteins (Clark et al, 1985). This, in turn, results in cellular
hypertrophy, DNA synthesis and cell replication. Autoradiography with
radiolabelled thymidine shows an elevated labelling index (Ferenczy et
al, 1979b) and histology numerous mitoses in the nuclei of gland cells,
fibroblasts and vascular endothelium during the normal proliferative
phase of the menstrual cycle (Ferenczy, 1987). The maximum number of
cells engaged in DNA synthesis is seen between cycle days 8 and 10 and
corresponds to peak plasma E, levels. Ultrastructurally, estrogens
stimulate the formation of free and bound ribosomes, Golgi,
mitochondria, primary lysosomes and intermediate filaments (Ferenczy and
Richart, 1974). Scanning electron microscopy demonstrates a high number
of cilia and alkaline phosphatase rich surface microvilli, a reflection
of estrogenic stimulation. They presumably facilitate mobilization and
distribution of endometrial secretions and increase the overall cell
surface, respectively. This situation enhances excretory, secretory and
absorptive functions of gland cells (Ferenczy and Richart, 1974),

Afrer ovulation, progesterone modifies cellular growth and the
biosynthetic activity of the E,-primed uterus. It inhibits further
proliferation of the endometrium and converts the E,-primed endometrium
to a secretory type tissue (Ferenczy and Richart, 1974; Clark et al,
1985). The endomerrial glands become irregular and convoluted and

accumulate intracytoplasmic glycogen. DNA synthesis and cell divisions
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in epithelial cells are arrested at the same time as apocrine secretory
activity begins (Ferenczy et al, 197%9a). At the microstructural level,
giant mitochondria and basket-like nucleolar channel systems appear.
They are typical of and unique to the post-ovulatory human endometrium
and are likely to be related to glycoprotein synthesis (Ferenczy and
Richart, 1974; Wynn, 1979). Indeed, nucleolar channel systems can be
produced both in vivo and in vitro by progesterone or its synthetic
variants (Pryse et al, 1979). Progesterone, furthermore, induces
predecidualization of spindle shaped stromal fibroblasts. These are
transformed into plump liver-like cells. Predecidual cells represent
precursor forms of gestational decidual cells. The latter have several
metabolic functions which include 1) the control of the invasive nature
of the normal trophoblast (Kirby and Cowell, 1968), 2) protection of the
fetus against immunologic rejection by suppressing mixed lymphocyte
reaction (Kirkwood et al, 1981) and 3) synthesis of prolactin (Rosenberg
et al, 1980; Huang et al, 1987). Endometrial prolactin during gestation
presumably stimulates amniotic fluid metabolism (Healy et al, 1983) and
synthesis of prostaglandins E, and F,, , the latter mediating
endometrial vascular permeability (Kennedy, 1980). Gestational decidua
has probably also a nutritive role by synthesizing substances which are
vital for the embryo prior to the development of the fetal circulatory
system (Handwerger and Freedmark, 1987). If conception does not occur,
predecidual cells contribute to menstrual breakdown of the endometrial
stroma via their phagocytotic properties (Lawn et al, 1971; Ferenczy,
1980).

From cycle day 25, the endometrium undergoes involution and

degeneration. Progesterone during the post ovulatory phase, stabilizes
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lysosomal membranes (Weissman, 1964). With the fall of plasma

progesterone, lysosomal membrane integrity is no longer maintained. The
acid phosphatases synthetized during the pre-ovulatory phase in primary
lysosomes by E, are released into various cellular and intercellular
compartments resulting in digestion and destruction of the glandular
epithelium, stromal cells and the vascular system. Endothelial membrane
injury promotes platelet deposition and release of thromboxane, leading
to vascular thrombosis. Parallel to these cellular events, a gradual
increase in prostaglandins, particularly PGF,,, results in
vasoconstriction of spiral arterioles (Abel, 1979), leading to ischemic
tissue necrosis The menstrual period is characterized by tissue
shedding and regeneration, both of which appear independent of hormonal
influence (Ferenczy, 1980). Indeed, in the post menstrual phase, despite
increased DNA synthesis, plasma levels of E, and progesterone are low,
unchanged from the premenstrual values. The increased nuclear DNA and
nucleolar RNA turnover is a reflection of initial tissue response to
repair the lost substance. The marked increase in DNA synthesis and
mitotic activity in all the cell components of the regenerated human
endometrium coincide with the increase in plasma E, and reflect target

cell sensitivity and response to E,.

11) Steroid receptors in the normal menstrual cycle.

It is well established that the interaction of the steroid with the
intracellular receptor protein is the primary event which triggers
specific hormonal responses within target tissues. After induction of

sex steroid effect, the receptor and steroid are processed or
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desactivated by an unknown mechanism and leave the nucleus. Studies with
inhibitors of RNA and protein synthesis (actinomycin D and
cycloheximide) showed that 1/3 of ER that reappear in the uterine
cytosol after their initial depletion by an E; injection do not depend
on de novo RNA or protein synthesis and most likely arise from recycling
of ER from the nucleus (Jensen et al, 1969; Sarff and Gorski, 1971;
Mester and Baulieu, 1975). The remaining is presumed to be newly
synthesized, hence the receptor replenishement involves both recycling
and synthesis of new receptors.

Receptors for E; (ER) and progesterone (PgR) as identified by
conventional biochemical analyses and immunohistochemical analysis, have
been found high during the late proliferative phase and low during the
secretory phase (Tseng et al, 1972; Evans et al, 1974; Bayard et al,
1978; Clark and Peck, 1979; Levy et al, 1980; McCarthy et al, 1983;
Press et al, 1984). The effects of E; and progesterone are consistent
with these considerable fluctuations of receptor levels observed
physiologically during the normal menstrual cycle The sequential
presentation of E; and progesterone in the uterus 1is accompanied by
changes in sensitivity of the responding tissue to hormones. ERs in the
uterus are partly maintained at a constitutive level (Clark and Peck,
1979); Indeed, E,-responsive cells of the uterus in a castrated rat
maintain levels of receptors that enable it to respond to administred
E, (Clark and Peck, 1979). However, administration of E, promotes new
synthesis of ER and PgR in the uteri of animals and in human endometrium
(Clark and Peck, 1979). The uterus 1is relatively insensitive to
progesterone unless first exposed to E;, and progesterone treatment in a

nonestrogenized uterus will not produce a secretory uterine
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transformation. These observations are explained by the fact that E,
promotes the synthesis of PgR (Milgrom et al, 1973; Jdnne et al, 1975;
Leavitt et al, 1977) thereby enhancing the ability of the uterus to
respond to progesterone. ER and PgR concentrations are the highest in
the proliferative phase and correlate with peak plasma levels of E,.
Progesterone antagonizes E; action mainly by interfering with ER
mechanisms (Hseuch et al, 1975, 1976; Takeda and Leavitt, 1986). It
decreases ER concentration by inhibiting synthesis of de novo receptors
or required protein factors (Bhakoo and Ratzenellenbogen, 1977). Also,
progesterone antagonizes the action of E, by converting E, into estrone
(E,) through the action of the progesterone specific enzyme 17 estradiol
B-hydroxydehydrogenase (E,~DH) (Tseng and Gurpide, 1975; Gurpide and
Marks, 1981). The activity of the latter, however, is restricted to the
glandular epithelium (Satyasvaroop et al, 1982). E, is able to bind to
ER but it is only a weak binding which does not significantly stimulate
the nuclei of ctarget cells (Gurpide, 1978). And paradoxically,
progesterone causes a rapid fall in the levels of uterine PgR (down
regulation) (Milgrom et al, 1973) by antagonizing E;-stimulation from

which PgR synthesis is mostly dependant.

III-ENDOMETRIAL HYPERPLASIA AND CARCINOMA: MORPHOLOGIC AND PATHOLOGIC
CONSIDERATIONS.

Non invasive endometrial proliferations constitute a group of
heterogenous lesions with an increase in the number and/or volume of
glands and stroma displaying a variety of cytologic and architectural

alterations. These lesions have been studied for many years (Gusberg,
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1947; Hertig and Sommers, 1949; Hercig et al, 1949; Mc Bride, 1959;
Gusberg and Kaplan, 1963; Beutler et al, 1963; Vellios, 1972; Tavassoli
and Kraus, 1978, Fox and Buckley, 1982; Ferenczy et al, 1983; Kurman et
al, 1985; Ferenczy and Gelfand, 1989). Yet, their relationship to
carcinoma remains wunsettled, as are their appropriate treatments.
Attempts to establish the relationship, if any, between endometrial
hyperplasia and the subsequent development of endometrial carcinoma have
involved mainly retrospective studies of prior biopsies of patients who
subsequently developed endometrial carcinoma (Novak and Rutledge, 1948;
Hertig and Sommers, 1949; Speert, 1959, Beutler et al, 1963). Most
retrospective studies suffered, however, from patient selection bias.
Indeed, only women with abnormal bleeding were studied without controls,
ie. patients with cancer but without a history of prior bleeding. As a
result, conclusions drawn from these studies apply to a highly selected
and relatively small proportion of women with endometrial carcinoma.
Many of the earlier "prospective" studies suffered also from several
drawbacks in design. For example, the initial diagnosis was made by
curettage (Hertig et al, 1949; Mc Bride, 1959; Gusberg and Kaplan, 1963;
Buehl et al, 1964; Wentz, 1966; Chamlian and Taylor 1970). This
procedure removes, and many times "treats" the pathologic endometrium
and artificially reduces the risk of disease progression. Conversely,
curettage does not necessarily sample the entire endometrial cavity and
may miss areas of early focal carcinoma. In such cases, the endometrial
sample initially obtained is histologically underdiagnosed and
incorrectly interpreted as progressive lesions when on follow-up the
undetected disease 1is discovered. Another pitfall of some of the

prospective studies of presumed cancer precursors was the use of
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radiation therapy. Twenty of 32 patients followed by Hertig et al (1949)
and 6 of 8 patients followed by Gusberg and Kaplan (1963) received
radiation treatment to control bleeding associated with hyperplasia
prior to the development of corpus carcinoma. This is not surprising in
view of the well known ionizing radiation carcinogenic effect of human
tissue including the endometrium. This, in turn, may result in an
artifically high rate of neoplasia in otherwise non-carcinoma risk
lesions.

These methological difficulties were compounded by a total lack of
a uniformly accepted and used terminology for presumed precursors of
endometrial carcinoma. The terminological ‘“melting-pot" resulted in
confused knowledge as to the types of "hyperplasia" being documented and
thus a poor understanding of their precise natural history. Welch and
Scully (1977) came to the depressing conclusion that "the lack of a
uniform temminology throughout the literature has made it impossible to
render even a scientific estimate of the proportion of cases of
precancerous hyperplasia that are destined to progress to cancer if
untreated",

Nevertheless, until recently, it was generally believed that some
or perhaps most endometrial carcinomas evolve from normal endometrium
through a continuing and progressive sequence of subsets of hyperplasia
ranging from simple or cystic glandular hyperplasia to atypical complex
or adenomatous hyperplasia with severe atypical architectural and
cellular patterns (Hertig et al, 1949; Gusberg and Kaplan, 1963; Beutler
et al, 1963; Vellios, 1972; Welch and Scully, 1977). This continuum
concept seemed to be supported by the evaluation of coexistent

association studies on invasive carcinoma and hyperplasia of the

26




endometrium. Green et al (1959) and Gray et al (1974) found concomittant
hyperplastic changes in 10% and 42% of adenocarcinoma, respectively.
Conversely, Gusberg and Kaplan (1963) and Tavassoli and Kraus (1978)
found concomittant adenocarcinoma in uteri with hyperplasia in 20% and
25% of the cases, respectively. Also, hyperplasia preceded
experimentally induced endometrial carcinoma by long term estrogen
administration (Meissner et al, 1957) or methylcholanthrene (Merriam et
al, 1960). However, the concept of continuous progression from simple
hyperplasia to carcinoma has never been confirmed by well-designed and
bias-free prospective studies of patients with wvarious forms of
endometrial hyperplasia. As a result, the carcinoma risk rates as
related to morphologic modifications in hyperplasia are not known,

In recent years, attempts have been made to simplify terminology by
replacing the vagaries of terms by a nomenclature that can be related to
clinical management and prognosis (Fox and Buckley, 1982; Norris et al,
1983; Kurman et al, 1985; Ferenczy, 1988). It has been suggested that
endometrial proliferations traditionally named as anovulatory persistent
proliferative endometrium, cystic glandular hyperplasia, simple or mild
hyperplasia and adenomatous hyperplasia, moderate hyperplasia or complex
hyperplasia be named by a unifying generic name endometrial hyperplasia
(Ferenczy, 1988) or according to the Committee on Endometrial
Terminology of the International Society of Gynecologic Pathologists,
simple and complex hyperplasia. Irrespective of architectural glandular
alterations, by definition, the lining epithelium of the glands lacks
cytologic atypia and is wusually formed of pseudo-stratified tall,
columnar cells, many of which are of the ciliated variant. These

lesions represent essentially an exaggeration of the normal, cyclic
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proliferative endometrium. In great contrast, endometrial proliferations

with cytologic atypia are characterized by gland cells with nuclear
enlargement, rounding, pleomorphism, loss of polarity and often with
clumped or coarse nuclear chromatin with macronucleoli. The cytologic
characteristics of gland cells are indistinguishable from those found in
well differentiated adenocarcinomas More often than mnot, cytologic
atypia is associated with architectural alterations as well. Based on
their cytologic similarities to carcinoma cells, they are considered to
be carcinoma precursors. They were traditionally referred to as atypical
adenomatous hyperplasia, severe hyperplasia, hyperplasia with cytologic
atypia, atypical complex hyperplasia and carcinoma in situ. The unifying
generic term endometrial intraepithelial neoplasia (EIN) has been
suggested for these by some (Ferenczy, 1988) and atypical hyperplasia by
the Committee of the International Society of Gynecologic Pathologists.
By definition, endometrial stromal or myometrial invasion distinguishes
EIN from well differentiated carcinoma (Kurman and Norris, 1982;
Ferenczy, 1988) Myometrial invasion can be recognized relatively easily
in hysterectomy specimens but is only seldom seen in the curettings. In
the latter, one has to evaluate whether there is evidence of endometrial
stroma invasion. Until recently, there was no well defined criteria for
stromal invasion but only vague imprecise and subjective guidelines
(Buehl et al, 1964; Vellios, 1972; Shanklin, 1978) for distinguishing
well differentiated carcinoma from extremes of "atypical hyperplasia" or
"carcinoma in situ". Kurman and Norris (1982) in a careful study
compared a variety of histologic features in curettings and hysterectomy
specimens, and have arbitrarily defined criteria for stromal invasion.

These are 1) replacement of large portions of endometrial stroma by
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glands with a cribriform pattern 2) inflammation and/or necrosis or
desmoplasia of the stroma, 3) complex papillary pattern and &)
replacement of stroma by masses of squamous epithelium. These histologic
criteria delineate biologically significant lesions having a greater
likelihood of metastasis as compared to those in which invasion is
absent.

Recent methods of investigation, including ctransmission and
scanning electron microscopy (Ferenczy and Richart, 1974; Fenoglio et
al, 1982; Ferenczy et al, 1983), morphometry (Baak et al, 198l; Colgan
et al, 1983; Aausems et al, 1985; Oud et al, 1986; Roberts et al, 1986;
Fu et al, 1988; Baak et al, 1988) and in vitro DNA histoautoradiography
(Ferenczy, 1983), support also the concept that proliferations with
cytologic atypia are the immediate precursors of invasive carcinoma.
Electron microscopy demonstrated that "hyperplasias" with cytologic
atypia compared to those without atypia, contain less estrogen related
cellular alterations, and contain organellar pleomorphism, similar to
that of well differentiated carcinoma. Morphometric analysis showed
nuclear perimeters, mean maximal nuclear diameter, standard deviation of
nuclear area and of shortest nuclear axis and in vitro DNA
histoautoradiography showed DNA phase duration and cell doubling time
values in hyperplasias with cytologic atypia similar to values found in
well-differentiated carcinoma but not in normal or hyperplastic
endometria without cytologic atypia. Measurements of DNA content by
Feulgen microspectrophotometry and flow cytometry are not useful in
distinguishing cellular proliferations with or without invasive
potential. Earlier observations of nuclear aneuploidy (a specific

feature of cancer in general) iIn endometrial carcinoma precursors
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(Wagner et al, 1967) have not been confirmed by subsequent investigators

(Sachs er al, 1974; Feichter et al, 1982; Iversen, 1986; Lindahl et al,
1987) 1t seems that most well differentiated endometrial carcinomas and
EIN/atypical hyperplasias have diploid nuclear DNA content
indistinguishable from normal endometrium or hyperplasia without
cytologic atypia (Sachs et al, 1974; Feicbter, 1982; Iversen, 1986;

Lindahl et al, 1987). The diploid DNA wvalues in these lesions correspond

to subtle numerical (trisomy 1lq or 10) rather than structural
aberrations of the chromosomes (Katayama and Jones, 1967; Couturier et
al, 1986, Gibas and Rubin, 1987) Although, one cytogenetic study found,
similar structural alterations in D group chromosomes in both
endometrial carcinoma and "hyperplasia" (Trent and Davis, 1979), the
authors provided no information on the presence or absence of cytologic
atypia in their hyperplastic lesions.

A few earlier and more recent, relatively bias-free prospective
studies (McBride, 1959; Kurman et al, 1985; Ferenczy and Gelfand, 1989)
on over 200 patients with various subsets of endometrial hyperplasia
also support the concept that cytologic atypia is the morphologic
predictor of biologic behavior. The results of these studies revealed
that hyperplasia without cytologic atypia failed to carry greater
carcinoma risk than 1is observed in an age-matched normal women
population, whereas hyperplasia with cytologic atypia progressed to
carcinoma in 23% (Kurman et gl, 1985) to 25% of the cases (Ferenczy and
Gelfand, 1989) with a mean of 5.5 years progressive transit time. The
efficacity of progestin therapy in obtaining regression of endometrial
hyperplasia has been evaluated in a number of publications (Kistner,

1959; Wentz, 1966; Eichner and Abellera, 1971; Gusberg et al, 1974;

Kurman et al, 1985;
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Gal, 1986; Ferenczy and Gelfand, 1989). However, it is difficult to
understand which types of hyperplasia respond better than others because
of the confusing terminology used in many studies on hyperplasias. Some
investigations obtained a very high rate (100% and 93%) of regression to
normal with any kind of hyperplasia (Wentz, 1966; Eichner and Abellera,
1971; Gal, 1986) while others (Ferenczy and Gelfand, 1989) obtained 25%
and 80% long term cure rates in hyperplasia with and without cytologic
atypia, respectively. Similar experience has been published by Kurman et
al (1985). The recurrence rate of hyperplasia after discontinuation of
or during progestational treatment is also difficult to ascertain
because in certain series, investigators have not related recurrence
rates to the presence or absence of cytologic atypia. Wentz (1966) found
no case with recurrence, while Eichner and Abellera (1971) and Gal
(1986) reported 60% and 10% recurrences, respectively. On the other
hand, in a series of 85 cases followed prospectively by Ferenczy and
Gelfand (1989) 50% and 13% of hyperplasia with and without cytologic
atypia, respectively have recurred. Experience of Kurman et al (1985),
has been similar. Why some hyperplasia fail to respond to progestogen is
not clear. Progesterone receptors seem to be mandatory for action of
progesterone but none of the above clinical studies have studied the
tissue receptor content and variation of, according to the type of

lesionnal tissue.

IV-STEROID RECEPTORS IN ENDO CAR

To further characterize the two disease concept, a series of
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comparative steroid receptor measurements have been performed in both

normal and abnormal endometria.

i) Steroid receptors in endometrial hyperplusia.

Many of the morphological alterations in endometrial hyperplasia
are consistent with hyperestrogenism from both endogenous and exogenous
sources and may be induced in the rabbit by administration of high doses
of stilbestrol (Meissner et al, 1957), Therefore, it was suggested that
endometrial hyperplasia includes a spectrum of epithelial changes
induced by E; stimulation in the absence of biologically active
progesterone (Brush et al, 1975; Rome et al, 1977).

Studies using charcoal-coated receptor binding assays found both ER
and PgR elevated in hyperplasia (Terenius et al, 1971; Haukkamaa et al,
1971; Evans et al, 1974; Mac Laughin and Richardson, 1976; Tseng et al,
1977; Rodriguez et al, 1979; Jdnne et al, 1979; Shyamala and Ferenczy,
1981; Ehrhich et al, 1981). Levels were comparable to those found in
normal proliferative endometria and higher than those found in
endometrial carcinoma. Most of the time, however, these methods failed
to provide information on the types of hyperplasia studied and in
particular on the presence or absence of cytologic atypia. These
methods, furthermore, used tissue homogenates and then failed to give
information on the distribution of receptors in the various cell
components of the endometrium.

Jidnne et a8l (1979) measured ER and PgR in hyperplastic endometria

(R)

prior to medroxyprogesterone acetate (Provera''') treatmentv. After

treatment, the decrease in receptors levels ranged from 10% to 30% of
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the initial values. This response seems similar to that observed in the
normal secret- , (progestional phase) endometrium. Therefore endometrial
hyperplasias with high levels of PgR would be expected to respond to
exogenous progestins. On the other hand, the decrease of progesterone
receptors induced by progesterone should diminish its therapeutic
effectiveness, i.e. inducing secretory conversion after relatively short
exposures. Clinical results, however, indicate that progesterone effect
is usually maintained over many years of treatment. In progestagin-
resistent endometria with PgR, failure to respond or recurrence after
discontinuation of treatment may indicate the presence of non-
fonctionnal receptors. An alternative situation may be that high PgR
containing cells have a focal and 1limited rather than diffuse
endometrial distribution or that PgRs are concentrated in the stroma

rather than in the glandular epithelium.

ii) Steroid receptors in endometrial carcinoma.

Endometrial carcinoma is the most frequent gynecologic malignancy
with approximately 34000 and 4300 new cases diagnosed every year in the
United States (Silverberg and Lubera, 1988) and Canada (Hill et al,
1988), respectively. Although the majority of cases are diagnosed in
early clinical stages (cancer confined to the uterus Stage 1),
approximately 3000 North-American women die yearly with advanced or
recurrent disease. Malignancies of endocrine target tissues often share
biologic properties with their benign counterparts but knowledge of the
biology of endometrial carcinoma including its control by sex-steroid

hormones remains limited. Carcinogenesis in general involves initiation
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and promotion of cells in a given organ. The i{nitiator(s) induces
chemical alterations (mutations) in the cells which, if stimulaced by a
promoter(s), may develop into clinical cancer. While initiators of human
endometrial carcinogenesis are unknown, estradiol is considered to be a
potent promorer of normal and possibly neoplastic growth of cthe
endometrium.

Numerous epidemiologic studies indicate an estrogenic milieu
unopposed by biologically active progesterone in most patients with
well-differentiated endometrial adenocarcinoma (Smith et al, 1975; Ziel
and Finkle, 1975; Mc Donald et al, 1977; Hulka, 1987). Indeed, most
endometrial cancer risk indicators such as obesity, nulliparity, late
menopause, long term estrogen alone replacement therapy, granulosa tumor
of the ovary and Stein-Leventhal syndrome are all related to
hyperestrogenism (Gusberg, 1976; Horwitz and Feinstein, 1986). However,
a substantial number of patients with endometrial carcinoma lack the
above risk indicators and in these cases the disease may not be
hormonodependent. Literature review indicates that 74% of patients with
adenocarcinoma of the endometrium are not obese, 58% are not
nulliparous, 22% experience menopause before age 49 and 43% to 89% are
not exposed to estrogen alone replacement therapy (Ziel et al, 1975;
McDonald et al, 1977; Richardson, 1978). In a prospective study of 133
patients with bilateral oophorectomy followed from 5 to 30 years without
hormone replacement therapy 6.5% developed carcinoma of the endometrium
(Lucas, 1974). The presently available data suggest that corpus
carcinoma have two distinct metabolic backgrounds, one estrogenic and the
other non-estrogenic (Bokhman, 1981; Boronow et al, 1984; Deligdish and

Cohen, 1985). Typically, carcinoma associated with a hyperestrogenic
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background is seen in patients younger than 55 years old, is associated
with endometrial hyperplasia, is well differentiated and has nearly 100%
5-year survival rates. They contrast with their "non-estrogenic"
counterparts which are diagnosed commonly in elderly women (60 years or
older) who typically show signs of hypoestrogenism at the time of
diesgnosis and have atrophic rather than hyperplastic endometrium
adjacent to poorly differentiated carcinoma. The 5-year survival rate in
these women is dismal (25%).

Knowledge of the endometrial response to sex-steroids led some to
use hormone therapy for hyperplasia and carcinoma. Kistner, (1959) was
the first to report the use of progestagens in patients with endometrial
hyperplasia and Kelly and Baker (1960) demonstrated response to
progestagens in 35% of patients with metastatic carcinoma of the
endometrium Varga and Henricksen (1961l) and Kennedy (1963) soon showed
similar results. Apparently, effective cancer therapy was being achieved
without toxicity, and progestational steroid hormones were given freely.
However, later experiences failed to confirm the initial reports (Mac
Donald et al, 1988) and it became evident that some endometrial
carcinoma were hormone insensitive. Since then, attention has been
focused on steroid sensitivity of endometrial carcinoma and the
development of predictive tests for hormonal therapy. Determination ot
steroid receptor levels in carcinoma of the breast became routine
practice and has repeatedly been shown to be of clinical value in the
management of breast cancers patients (McGuire et al, 1975) For
example, breast tumors positive for ER and PgR were more likely to
respond to hormone therapy than tumors lacking receptors (McGuire,

1978). Encouraged by these reports of breast carcinoma, determination of
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steroid receptors has been applied to endometrial carcinoma. The most

constant positive association of receptor content has been with the
histological differentiation of endometrial carcinoma. There is a trend
for higher ER and/or PgR positivity and concentrations in well
differentiated (Grade 1) carcinoma than in their less differentiated
counterparts (Terenius et al, 1971, Jinne et al, 1979; McCarty et al,
1979; Creasman et al, 1980; Ehrlich et al, 1981; Kauppila et al, 1982;
Creasman et al, 1985; Geisinger et al, 1986a). This correlation cannot
be generalized, however, as some highly differentiated carcinoma have
low levels of ER and high levels of PgR and some poorly differentiated
carcinoma have significant ER or PgR concentrations (Martin et al, 1979;
Pollow et al, 1975). Also, some investigators found no relationship
between receptors content and morphologic differentiation of corpus
carcinoma (Haukkamaa et al, 1971; Rodriguez et al, 1979; Prodi et al,
1980; Benraad et al, 1980). The wvariability in results has been
explained in part by tumor cell heterogeneity with respect to receptor
content and histologic differentiation and the association of
normal/hyperplastic with cancerous tissue in the same specimen (Mortel
et al, 1984). Receptor contents failed to correlate with the clinical
stage of carcinoma or depth of myometrial invasion when controlled for
their histological grade (McCarty et al, 1979; Creasman et al, 1980). On
the other hand, several studies have identified presence of receptors,
particularly PgR content in corpus carcinoma to be an excellent
discriminator between good and poor prognosis groups (Creasman et al,
1985; Kauppila et al, 1986; Liao et al, 1986; Geisinger et al, 1986b).
Response to hormonal therapy of endometrial carcinoma and steroid

receptor levels have been investigated. Unfortunately, most of the
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studies have been hampered by different methods of measuring receptors
and criteria for defining receptor "positive" lesions as well as by
small series of cases. Nevertheless, the presence of PgR seems to
correlate with a favorable clinical response to progestagin therapy
(Martin et al, 1979; Benraad et al, 1980; Creasman et al, 1980:; Ehrlich
et al, 1981, Kauppila et al, 1982). Furthermore, several studies have
attempted to relate receptor levels with hormonal manipulation in vivo
or after transplantation of endometrial carcinoma in nude mice. They
noted a decrease of PgR following treatment by progestin (Janne et al,
1979; Martin et al, 1979) and a significant increase of PgR following
treatment by the anti-estrogen Tamoxifen (Mortel et al, 1981). In a nude
mouse model, Satyaswaroop et al (1983) and Zaino et al (1984) have
demonstrated that, receptor positive-transplanted endometrial carcinoma
responds to hormonal stimulation, with an increase in PgR content under
the action of E, or Tamoxifen and inhibition of tumor growth under

Tamoxifen plus progestin (Clarke et al, 1987b).

V- OHISTO C YSIS

The development of monoclonal antibodies specific of human ER
(Greene and Jensen, 1982) made immunocytochemical localization of ER
feasible. This method selectively and specifically localizes ER and
provides the first direct access to the receptor molecule, independant
of its occupancy by the hormonal ligand. Besides, the technique contains
insignificant staining for non-specific binding proteins (King and
Greene, 1984; McClellan et al, 1984) avoiding problems encountered in

immunohistochemical and £luorescent cytochemical methods previously
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mentioned (see historical background). The first monoclonal antibodies
were developed against MCF.7 human breast cancer ER. They are capable of
recognizing receptors whether or not steroid combining site is occupied.
They recognize unique epitopes on the receptor rolecule. Competition
studies show that ER in MCF.7 cytosol prevents monoclonal antibodies
from binding to their respective antigenic determinants in tissue
sections. The first report showed the receptor in the cytoplasm of
Bouin-fixed (picric acid), paraffin embedded sections of cultured cells
(Greene and Jensen, 1982). Later, when frozen tissues were assayed, the
majority of the cellular pool of ER was shown exclusively in the nucleus
of MCF.7 cells (King and Greene, 1984) and then in primate reproductive
tract (McClellan et al, 1984), human uterus (Press et al, 1984) and
breast tumors (King et al, 1985; Pertschuk et al, 1985; McCarty et al,
1985) . These results diverged from previous histochemical (Nenci et al,
1976: Dandliker et al, 1977) and immunohistochemical (Raam et al, 1983;
coffer et al, 1985) methods which found ER in the cytoplasm of human
endometrium and breast cancer. As discussed earlier (see historical
background), the previous histochemical methods employed estrogens as
the ligand with questionable specificity and binding affinity for ER.
Similarly, the earlier immunohistochemical studies employed polyclonal
rather than monoclonal antibodies against ER (Raam et al, 1983) that
might have been contaminated by non-receptor antibodies. In the Coffer
et al (1985) studies, however, the antibody was a specific monoclonal
antibody raised against a M 36,000 cytosolic ER component from human
endometrium. This antibody may recognize an epitope or the
estradiol-binding unit different from that recognized by the antibodies

of Greene and Jensen (1982). On the other hand, ER antibodies developed
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against calf uterus, but cross-reacting with human ER (Marchetti et al,
1987) have shown both nuclear and cytoplasmic staining in formalin fixed
paraffin embedded sections. The discrepancy in results may be explained
by a possible artifactual redistribution of receptors induced by che
fixation and embedding of tissues studied.

To amplify receptor detection (Sternberger, 1979) in frozen
tissues, immunohistochemical studies with Greene’s antibodies were
carried out on breast carcinoma. Excellent correlation was found between
the immunchistochemical method and quantitative biochemical assays, the
latter being considered until now as the gold standard method (McCarthy
et al, 1985; King et al, 1985; Pertschuk et al, 1985). In parallel to
the breast studies, the human endometrium was assayed also by means of
immunohistochemistry with monoclonal ER antibodies (Press et al, 1984).
The results provided unique information which was not available prior to
breakthoughs in monoclonal antibody technology. Indesd, ER was observed
exclusively in the nuclei of the vast majority of epithelial and stromal
cells in both premenopausal and postmenopausal uteri (Press et al,
1984) . The endometrial data confirmed the concept that most of the
receptors have an intranuclear location. The staining intensity varied
with the endometrial cell type during the menstrual cycle and compared
favorably with the conventional steroid binding assays of human
endometrial receptor content. Immunoelectron microscopic tracing of ER
showed, furthermore, positive staining in the euchromatin and absence of
any specific cytoplasmic localization (Press et al, 1985). More
recently, monoclonal antibodies against rabbit, chick, avian and human
PgR have been developed (Logeat et al, 1983; Schrader et al, 1981;

Tuchimaa et al, 1984; Sullivan et al, 1986; Clarke et al, 1987a). The
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antibodies against rabbit and avian PgR were shown to recognize human

PgR as well (Logeat et al, 1983; Sullivan et al, 1986; Wei et al, 1987,

Estes et al, 1987). Using these antibodies with immunocytochemistry, PgR
was shown exclusively in the nucleus of chick oviduct (Gasc et al, 1984;
Isola et al, 1987a), and ovary (Isola et al, 1987b), rabbit uterus,
oviduct, cervix, vagina (Perrot-Applanat et al, 1985) as well as human

neoplastic breast and normal uterine cells (Perrot-Applanat et al, 1987;

Clarke et al, 1987a). In the human breast cancer model there was a high
correlation between the immunohistochemical method and biochemical
assays (Perrot-Applanat et al, 1987). When we began our study, these PgR
antibodies have been wused only in the normal proliferative phase
endometrium (Clarke et al, 1987a) and PgR were found in the vast
majority of epithelial and stromal cells. The post ovulatory phase
endometrium was not studied.

The application of immunohistochemical techniques for tracing sex-
steroid receptors in pathologic endometria may provide important
information as to their precise localization and may avoid many
drawbacks encountered in the standard biochemical assays: 1) the amount
of tissue required for immunohistochemistry is considerably less than
for biochemical assays and 2) contamination of specimens by the
surrounding benign but receptor-rich endometrial or myometrial
components can be excluded as can the presence of receptors in the
stromal component which may contribute to total steroid binding.
Furthermore, the localization of receptors in the endometrial stroma
surrounding hyperplastic and neoplastic gland cells may permit a better
understanding of epithelial-stromal interactions that may influence

normal and abnormal endometrial proliferations. Indeed, the growth of
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normal endometrial epithelium is suspected to be initiated and
maintained by the surrounding mesenchymal tissue (Cunha et al, 1983). It
is therefore conceivable that disturbances in epithelial-stromal
interactions, may play a part in the induction and growth of epithelial
tumors (Cunha et al, 1983). When we began our study, only a few
immunohistochemical studies on the ER content of corpus carcinoma have
appeared with biochemical correlations (Mc Carty et al, 1985; Budwit et
al, 1986; Pertschuk et al, 1986). Endometrial hyperplasia, however, has
not been investigated by means of immunohistochemistry with respect to
its sex-steroid receptor content. Immunolocalization of sex-steroid
receptors in both the epithelial and stromal components of hyperplastic
or neoplastic endometrial cells may provide a more precise estimation of
their receptor content and distribution. Such studies may help in the
identification of hyperplastic and malignant growths which are more
likely to respond to exogenous progestin therapy, and to determine the
hormonal relationship between hyperplasia and neoplasia. We have used
immunohistochemistry to assess the relative quantitative distribution of
ER and PgR in normal, hyperplastic and neoplastic gland cells and
stromal fibroblasts and the results are described in Chapter II,III and

Iv.

VI-INTRODUCTION TO THE EXPERIMENTAL SECTION.

i) Tissue samples.

Recent studies show that ERs are detectable in formalin fixed

paraffin embedded breast tissues (Shinada et al, 1985; Shintaku and
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Said, 1987; De Rosa et al, 1987; Cheng et al, 1988). Some of the methods
require the use of special fixatives or refrigeration during fixation.
Such methods are very useful when cases are to be studied after the
tissue has been processed and embedded in paraffin. This enables the
retrospective study of archival material. However, these methods were
not available when we began the study of the first cases in Chapter II.
Also, in order to evaluate and compare our results on PgR which can be
detected only on frozen sections, with these previously published, we
decided to use only snap frozen tissues. The diagnosis was made in all
cases before the immunohistochemical (IHC) study and the specimens were
recovered for IHC studies in the operating room immediatly afrer removal
of the uterus.

The avian PgR antibody we have used had never been tested in the
human endometrium or in the breast with IHC techniques. Human studies
published with other antibodies against PgR using IHC techniques used
only snap frozen tissue (Perrot-Applanat et al, 1987; Clarke et al,
1987a). Then, to develop a reproducible technique and to test the
specificity of avian PgR antibody in human endometrial tissue, we
decided to use snap frozen specimens. When antibodies to PgR become
commercially available, methods will probably be published with
formalin-fixed paraffin embedded tissues.

We have described in Chapter II, III, IV (Materials and Methods
section) the way the tissue was snap frozen. However, it should be
pointed out that the specimen was very rapidly frozen. It was never left
in the hands of surgeons or operating room personnel but always handled
by the same person (CB). Specimens were cut perpendicularly in order to

sample a maximum of uterine mucosa, whether it was normal, hyperplastic
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or neoplastic. Each specimen was placed in a labelled small plastic
container and frozen immediatly in the operating room. The labelled
container was kept after in the freezer at 70°C until it was processed

for immunohistochemistry.

i1i) TImmunohistochemical techniques.

As mentionned in the above immunohistochemical analysis section,
the detection of ER and PgR by IHC presents advantages over the
conventional biochemical method. The more rational approach appears to
be the detection of the receptor by the use of monoclonal antibodies
(Mabs) specifically prepared, against the receptor molecule (see
historical background). Among these, the first Mab te ER was developed
by Greene et Jensen (1982) and is now available commercially (ER-ICA
kit, Abbott labs). The high degree of specificity and sensitivity of
this Mab for ER has been mentionned before (see Immunohistochemical
analysis). It explains why it was selected for our studies to the
demonstration of human endometrial ER (Chapter II).

Several monoclonal antibodies to PgR have been prepared (see
Immunohistochemical analysis). None of them was commercially available
at the time we began our study. However, thanks to Dr Toft and
collaborators, Mayo Clinic, Rochester, we had the opportunity to test
with IHC method, the avian antibody aPR6 shown to cross react with
human PgR (Sullivan et al, 1986). The specificity of aPR6 against
endometrial PgR will be described in Chapter III.

We have used the peroxidase-antiperoxidase technique (PAP) to

detect ER exactly the same way as described in the booklet provided by
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Abbott labs with the kit. This method 1is very sensitive and

reproducible. All the antibodies and the ©basic immunostaining
ingredients for the PAP method are prepackaged. However, another
technique using the avidin-biotin complex (ABC) may be employed if the
primary antibody becomes available in the future. The choice is mainly a
matter of preference and experience of the investigator.

We have used the ABC method to detect PgR. This method (Swanson et
al, 1987) is very sensitive and easily reproducible. The biotinylated
antibody and avidin-biotin peroxidase complexes are commercially
available (Vector laboratories) and the author (CB) was very familiar
with this technique. A limiting dilution and positive and negative
controls which have to be performed with a new antibody, are described
in Chapters III and IV.

Several methods have been employed to interpret the results of
immunohistochemistry for ER or PgR in an attempt to facilitate
comparison with the cytosol technique. These range from simply
estimating the percentage of cell nuclei immunostained to the use of
computerized cell analysis (Charpin et al, 1986). The latter system was
not available to us. As a result, a semiquantitative method for ER and
PgR was chosen evaluating visually the percentage of positive cells and
staining intensity in calibrated microscopic fields and giving a total

score, as described in Materials and Methods of Chapters II, III and 1IV.
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INTRODUCTION

The incidence of endometrial carcinoma and its precursors has
considerably increased during the past decade and at the present time,
endometrial carcinoma is the leading malignancy of the female pgenital
tract in women over 50 years old (30). Despite the growing importance
of endometrial carcinoma, the mechanisms underlying its pathogenesis
and in particular, its relationship with hyperplasia remains obscure.
It is well established that normal endometrial growth is estradiol
(E,) dependent and that progesterone (Pg) can inhibit the E,-mediated
endometrial cell proliferation (11). Thus, consistent with the
hypothesis that the presence of steroid hormone receptors 1is a
prerequisite of steroid hormones to mediate their effects in target
tissues (18,21), estrogen receptors (ER) and progesterone receptors
(PgR) have been identified wusing biochemical techniques in a variety
of human endometrial tissues by our laboratory (29).

Studies on a variety of experimental systems reveal that epithelial
growth may be initiated and sustained by the surrounding mesenchymal
tissue (6). Therefore, it is conceivable that epithelial-stromal
interactions play a role in the induction and growth of epithelial
tumors. In the endometrium such a vpossibility is strenghthened by the
observation that ERs are not only present in epithelial, but also in
endometrial stromal cells (6).

Recently developed monoclonal antibodies to ER (22) make it
possible to immunolocalize receptors and to determine specifically
their cytologic localization iIn target «cells. Accordingly, to

facilitate our understanding of the pathogenic relationship between
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endometrial carcinoma, its precursors and hyperplasia and the possible
influence of the surrounding mesenchyme on these abnormal endometrial
growths, we have analyzed by immunohistochemistry the ER conient and
its relative distribution between the stroma and the epithelium in a
variety of human endometrial tissues. Preliminary results of this work

have been previously published (2).
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MATERIALS AND METHODS
Ti1ssue Samples

Thirty mormal cyclic, 16 hyperplastic and 21 neoplastic tissues
[including four endometrial intraepithelial neoplasia (EIN)] were
cbtained from women ranging in age from 2% to 58, 25 to 65 and 52 to
87 years old, respectively. The specimens were obtained after informed
consent of the patient. Fifteen normal cyclic tissue samples were
obtained from hysterectomy specimens performed for treatment of
uterine intramural leiomyomata (eight cases), adenomyosis (four
cases), invasive squamous carcinoma of the cervix (one case) and
chronic pelvic pain (two cases). Patlents had no history of exogenous
hormone use for at least one year prior to their surgery and had a
normal endometrium. Fifteen normal cyclic tissue samples were obtained
from biopsies performed in infertile patients. Ten hyperplastic tissue
samples were obtained from hysterectomy specimens. In two of 10,
pre-hysterectomy biopsies contained a mixture of endometrial
hyperplasia and irtraepithelial neoplasia. Six hyperplastic tissue
samples were obtained from biopsy performed as a diagnostic procedure
of dysfunctional uterine bleeding. Twenty-one neoplastic tissue
samples were obtained from hysterectomy specimens. Two of the four
cases of EIN were associated with hyperplasia.

Hysterectomy speclmens immediately after their removal in the
operating room were opened along the lateral border in order to obtain
undistorted endometrial surfaces. Tissue sections were  taken
longitudinally from the endometrial mucosa or the grossly abnormal

proliferations. All the tissue samples were divided in two pieces. One
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for histology was fixed in 10% buffered formalin (hysterectomy
specimens) or in Bouin’s solution (bilopsy specimens) and processed and
stained in a routine fashion. The other one was snap frozen in liquid
nitrogen and kept at -70°C until it was processed for
immunohistochemistry and for biochemical analysis in the cases of
carcinoma.

Normal endometria was dated according to previously described
histologic criteria (25). Normal endometria represented 4 early, 6
mid, 4 late proliferative, seven early secretory (17th day or POD 3),
four mid secretory (23rd day or POD 9 and 25th day or ROD 11), two
late secretory (26th day or PCD 12 and 28th day or POD 1l4) and three
menstrual (Table 1) Hyperplastic endometria contained architectural
alterations of endometrial glands ranging from minimal (or simple) to
complex (adenomatous). These 1included lesions traditionally named
anovulatory, persistent proliferative endometrium, cystic glandular
hyperplasia, simple hyperplasia and adenomatous hyperplasia. By
definition, the glandular lining epithelium was devoid of cytologic
atypia. On the other hand, lesions in which the lining epithelium
displayed significant nuclear atyplia including nuclear rounding,
pleomorphism, loss of nuclear organization and macronucleoli were
classified as endometrial intraepithelial neoplasia (EIN) Most of
those lesions contained glands with architectural alterations with
complex intra- and extraluminal epithelial buddings. Traditlonally
these lesions were referred to as atypical adenomatous hyperplasia,
adenomatous hyperplasia with cytologic atypia, CIS and dysplasia

Endometrial carcinoma with invasion either of the endometrial stroma
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and/or the myometrium were graded according to the Gynecologic

Oncology Group grading system. They were subdivided intoc grade 1
(well-differentiated with O0-5% of undifferentiated cells), grade 2
(moderately differentiated with 5-50% of undifferentiated cells), and
grade 3 (poorly differentiated with more than 50% of undifferentiated
cells) carcinoma

Immunohistochemical Analysis of Estrogen Receptor

Frozzn tissue blocks were cut with a cryostat at 4 um and
thaw-mounted on glass slides. The initial section was stained with
hematoxylin-eosin for tissue diagnosis. Assignment of histologic
diagnosis, particularly tumoxr ctype and grade, was confirmed by review
of formalin- or Bouin-fixed paraffin-embedded, hematoxylin-eosin
stained sections taken from the same specimens.

For analysis of ER, ER-ICA kits were provided by Abbott
Laboratories which contains the specific antihuman ER antibody H 222.
This antibody 1s derived from a male Lewis rat immunized with
estradiol-receptor complex from MCF 7 human breast cancer cells. The
peroxidase-antiperoxidase method for immunohistochemical localization
of ER was performed according to instructions specified by Abbott
Laboratories except incubation with the ER antibody was done overnight
at 4°C instead of 30 minutes at room temperature,

Positive staining with monoclonal ER antibody was defined as golden
brown granular staining. Staining was absent iIn controls. For
evaluation of ER content a score corresponding to the sum of both, a)
the percentage of positive cells (1=0-25%, 2=26-50%, 3=51-75%,

4=76-100%) and b) the staining intensity (1 to 3) was established. The
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intensity of specific staining was characterized as absent (0), weak
but detectable above control (1), strong (2) and very strong (3J)
Evaluations were recorded for each observed tissue compounent, 1 e
epithelium, stroma, and, if available, myometrium. The entire tissue
section was scanned. Three randomly chosen low power microscopic
fields (X40) in each tissue section were chosen and the intensity and
the percentage of positive cells of each cellular component were
evaluated at a magnification of 400X. The mean value for the assayed
fields was expressed as the percentage of positive cells and the
intensity values for the tissue., The maximum score was 7, but a score
greater  or equal to 2 was the value of a "pogitive"
immunohistochemical assay.
Biochemical Analysis of Estrogen Receptors

Only neoplastic tissues were assayed. Tissue extracts were prepared
by homogenisation of tissues in a phosphate glycerol buffer (5 mM
sodium phosphate, 12 mM monothioglycerol, 10% glycerol, pH 7 4)
containing 20 mM sodium molybdate and were centrifuged at 100,000 xg
for one hour. The ER contents were measured using the dextran-coated
charcoal (DCC) assay as described by us previously (29). The data were
expressed as finol per mg of tissue protein and were considered
positive when greater than or equal to 10 fmol/mg protein. Biochemical
assay values and i{mmunohistochemical assay values were coded
separately in a blind fashion in the neoplastic tissues,

Statistical analysis was made by means of students' modified T

tests.
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RESULTS
Immunohistochemical Analysis of ER in Normal Cyclic Endometrial Tissue
The immunolocalization of ER in normal, cyclic endometrium is shown
in Figure 1 In all cases, ER were identified specifically in the
ruclei of epithelial and stromal cells. As shown in Table 1, the vast
majority of both the epithelial and stromal component of the 14 cyclic
proliferative endometria had a high score regardless of whether the
tissues corresponded to early, mid or late proliferative phases; the
average score for the epithelium and the stroma was 5.78 * 1.05 and
6 1 *141, respectively (mean * SD). In the early secretory phase
[17th day or postovulatory day 3 (POD 3)] more than 50% of the nuclei
of epithelial cells contained a very strong staining, whereas the mid
secretory phase endometria (¢3rd or POD 9 -25th day or POD 1l1)
contained only 25% of positive epithelial cells with a weak or strong
staining The epitlelial component of the late secretory phase (26th
or POD 12 -28th day or POD 14) and menstrual endometria was devoid of
receptors. The stromal cells lost their receptors faster than their
epithelial counterparts having 25% of positive cells with a weak
staining by the 17th day of the cycle and remained poorly stained
uncil the end of the menstrual cycle except in one case (specimen 22).
During the menstrual phase, the stromal cells had a variable score.
They were unstained in one case (specimen 29) and weakly stained in
two cases (specimens 28 and 30) Both the epithelial and stromal
component of the endometrial basal layer stained strongly positive,
frrespective of cycle days (Table 1). Where the myometrium was

available for study, the nuclei of mnormal smooth muscle cells stained
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strongly in all 5 cases, whereas those in myometrial blood vessels
failed to stain. The serosal (mesothelial) uterine surface epithelium
also lacked staining reaction (data not shown).

Immunohistockemical Analysis of ER 1i1n Hyperplastic and Neoplastic
Endometrial Tissues

The 16 hyperplastic endometria without cytologic atypia contained a
high score both in the epithelium (5 6 * 0.95; R® * SD) and stroma
(5.68 + 0.94; x * SD) (Figure 2; Table 2). The four cases of
endometrial intraepithelial neoplasia (hyperplasia with cytologic
atypia) had low levels of receptors in their epithelial component with
less than 25% of cells being R positive (2 R®) However, the score of
stromal cells remained relatively high (4.75 + 2 21, & t SD) and in
two cases (specimens 1 and 3) more than 75% of the stromal cells were
ER positive (Figure 3, Table 3).

The ER content in the 17 invasive carcinomas are shown In Table 4.
The average score for pgrade 1 carcinomas was 3.2 t 2 94 (¥ % SD) in
the epithelial component and 1.2 * 1.78 (® * 8SD) in the stromal
component, In 3 of 5 grade 1 carcinomas, the epithelial component had
a high ER score (Figure 4A4), whereas the remaining two failed to stain
in either the epithelial or stromal component they were ordinary
carcinomas and occurred in a 74 and an 81 year old patient,
respectively All grade 2 carcinomas contained an ER positive
epithelial component (Table 4). However, neither the epithelial (4 %
1; %x + SD) nor the stromal component (1.4 * 1 16, & SD) was
significantly different from grade 1 carcinomas The average ER score

of the epithelial component in grade 3 carcinomas (0.8 * 1.09; 2 % §D)
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was significantly lower (p < 0.001) than in their grade 2

counterparts. Only 2 of the 5 cases were ER positive. These patients
were 59 and 60 years old, respectively. The stromal ER content in
grade 3 carcinomas remained high (3.4 * 2.96; % * SD) and was mot
significantly different from that found in grade 1 or 2 carcinomas
(Figure 4B).
Biochemical Analysis for ER Content in Endometrial Carcinoma

Table 5 contains comparisons of ER content in carcinomas made by
immunohistochemistry and DCC assay. There was a good correlation in
the positivity of cases except in two specimens (3,17) vwhere the
epithelial ER content was negative by immunochistochemistry but the
total ER content positive by biochemistry due to the stromal or the

myometrial ER content.
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DISCUSSION

Immunohistochemical analysis of estrogen receptors in varlous cell
types of normal, hyperplastic and neoplastic human endometrial tissues
revealed the localization of ER exclusively in the mucleus. These
observations are in agreement with similar observations made in
previous immunohistochemical studies (3,26,27) and support the
hypothesis that ER is a nuclear protein (22,32). Our studies also
confirm previous observations that ERs are present in both the stroma
and the epithelium of human endometrial tissues In both the upper
functionalis and particularly the lower basalis layers (3,6,26,27)
The rich ER content of the basal glands including those in the
premenstrual phase of the cycle is In agreement with previous electron
microscopic and in vitro and in vivo histoautoradiographic studies on
human and experimental endometria suggesting the basal glands to be
the origin for the postmenstrual as well as the post-traumatic
regenerative endometrial epithelium (9,10,12).

Unlike the present one, previous studies did not specifically
examine the modulation of ER in various cell types as it pertains to
the normal menstrual cycle and various pathogenic states of the
endometrium., Accordingly, the ER content is high in the epithelium of
the proliferative endometrium known to contaln high levels of PgR
(20,29) and decreases with the onset of the secretory phase known to
have decreased levels of PgR (4) and 1is absent in menstrual
endometria. The loss of ER as a function of the menstrual cycle |is
also apparent in the stroma and in fact appears to occur more rapldly

than in the epithelium. For example, in the early secretory phase
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(17th day or POD 3), while the ER content in the epithelium remains as

high as that in the pre-ovulatory proliferative epithelium, the loss
of ER in the stroma is very dramatic. Since the onset of secretory
phase is |known to be accompanied by high plasma levels of
progesterone, our data suggest that the loss of both the stromal and
epithelial ER may be mediated through progesterone. Such a possibility
is strengthened by previous odbservations that progesterone can
down-regulate ER in the uterus (19,31). At present we do not know the
precise significance of the presence of ER in the stroma and its
modulation through the menstrual cycle. However, it is possible that
at least in the proliferative phase of the menstrual cycle the stromal
ER is functional for during this period similar to the endometrial
epithelium the stroma also undergoes extensive proliferation in
response to high plasma level of E, (28).

An analysis of the ER content in the warious «cell types of
hyperplasia (without cytologic atypia) reveals it to be similar to
normal proliferative endometrium (Table 6). This is consistent with
their similar sensitivity to E, as revealed by the PgR content in
these tissues (20,29). In contrast, the low epithelial FR content in
endometrial intraepithelial neoplasia (hyperplasia with cytologic
atypia) 1is similar to the epithelial ER content of carcinoma (Table
6). Based on previous characterization of hyperplasia and EIN by
electron microscopy (13), quantitative microscopy (1,5), wmn vitro DNA
histoautoradiography (14), it has been proposed that endometrial
hyperplasia promoted by E, represents an overgrowth of nmormal

proliferative endometrium, while EIN may represent the immediate
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precursor of invasive carcinoma (15,16,23). Our present data on the ER
content and its relative distribution between the epithelium and the
stroma support this hypothesis. Furthermore, our data suggest that
endometrial hyperplasia and EIN may in fact represent two separate and
distinct pathologic conditions For example, in the two cases where
hyperplasia and EIN were associated in the same endometrium (Case 1
hyperplasia, specimen 9, Table 2 and case 1. EIN specimen 2, Table 3;
Case 2: hyperplasia, specimen 15, Table 2 and case 2: EIN, specimen 4,
Table 3), the distribution of FR was differeut in each of the
coexistent lesion. The findings suggest that coexistent hyperplasia
and EIN in the same endometrium are made of different cell
populations. Whether EIN represents a neoplastic dedifferentiation of
hyperplasia or these two lesions are pathogenically unrelated is to be
determined.

In contrast to normal endometrium, endometrial hyperplasia and EIN,
in invasive carcinoma there was a considerable heterogeneity 1in the
profile of EFER in both the epithelium and the stroma. This suggests
that EIN and carcinoma may mot necessarily be successive steps on a
transformation pathway. Overall the epithelial content of ER in
carcinoma appeared to be positively correlated with the degree of
tumor differentiation. This confirms similar observations made
previously using biechemical assays for ER (7,8,17,24). The stromal ER
content of carcinoma failed to be correlated with the degree of tumor
differentiation However, the presence of ER in the stroma emphasizes
the need to analyze ER by immunohistochemical method so that the

epithelial sensitivity to E, may be correctly assessed. Indeed, the
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stromal and myometrial contribution to biochemical ER analysis,
particularly when the epithelial ER is poor or absent (specimens 3, 13
and 17, Table 5) may be very significant and lead to an erroneous

interpretation on the supposed epithelial ER content of these cases,
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TABLE 1. IMMUNOHISTOCHEMICAL SCORE OF ER IN NORMAL CYCLIC ENDOMETRIUM

HISTOLOGIC DATING SPECIMEN EPITHELIUM STROMA
No. @) (B) (avd)  (a) () (ath)
Early 1 3 3 6 4 3 7
Proliferative 2 3 2 5 1 2 3
3 4 2 6 4 3 7
4 4 3 7 3 3 6
(Basalis) 4 3 7 4 3 7
Mid 5 4 2 6 4 3 7
Proliferative 6 3 2 5 2 2 b
7 4 3 7 3 2 5
8 4 3 7 2 2 4
9 2 2 4 4 3 7
10 3 2 5 4 3 7
(Basalis) 4 3 7 4 3 7
Late 11 4 3 7 4 3 7
Proliferative 12 4 2 6 4 3 7
13 2 2 4 4 3 7
14 3 3 6 3 3 6
17th day 15 4 3 7 1 1 2
(Basalis) 3 3 6 1 1 2
16 3 2 5 1 1 2
17 4 3 7 0
18 4 3 7 1 1 2
(Basalis) 4 3 7 2 1 3
19 4 3 7 1 1 2
20 4 3 7 0
21 3 3 6 0
23rd day 22 2 2 4 3 3 b
23 1 1 2 1 1 2
25th day 24 1 1 2 0
25 1 1 2 2 1 3
26th day 26 0 1 1 2
28th day 27 0 0
(Basalis) 3 3 6 2 2 4
Menstrual 28 0 1 1 2
(Basalis) 3 3 6 2 2 4
29 0 0
30 0 3 1 4

a= % of positive cells, (1=0-25%, 2=26-50%, 3=51-75%, 4=76-100%)
b= staining intensity, 1 (weak) to 3 (very strong)
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TABLE 2. IMMUNOHISTOCHEMICAL SCORE OF ER IN ENDOMETRIAL HYPERPLASIA
SPECIMEN EPITHELIUM STROMA

lo. (a) (b) (a+h) (a) [4:)) a+b
1 4 3 7 4 3 7
2 4 3 7 3 ) 5
3 3 2 5 3 2 5
4 3 2 5 4 3 7
5 3 3 6 3 3 6
6 3 2 5 3 3 6
7 3 2 5 3 2 5
8 2 2 4 3 3 6
9 3 2 5 2 3 5
10 4 3 7 3 2 5
11 3 3 6 4 3 7
12 3 3 6 3 3 6
13 2 3 5 2 3 5
14 4 3 7 4 3 7
15 3 2 5 2 2 4
16 3 2 5 3 2 5

a= 3% of positive cells,
b= staining intensity,
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TABLE 3. IMMUNOHISTOCHEMICAL SCORE OF ER IN ENDOMETRIAL
INTRAEPITHELIAL NEOPLASIA

SPECIMEN EPITHELIUM STROMA
No. (a) (b) (a+b) (&) (b) (atb)
1 11 2 4 3 7
2 11 2 1 1 2
3 11 2 4 2 6
4 1 1 2 2 2 4

a= % of positive cells, (1=0-25%, 2=26-50%, 3=51-75%, 4~=76-100%)
b= staining intensity, 1 (weak) to 3 (very strong)
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TABLE 4. IMMUNOHISTOCHEMICAL SCORE OF ER IN ENDOMETRIAL CARCINOMA BY
HISTOLOGIC GRADE

HISTOLOGIC SPECIMEN EPITHELIUM STROMA MYOMETRIUM
GRADE No.  (a) (b) (atb) (a) (b) (a+b) (a) (b) Cath)
1  well 1 3 3 6 1 1 2 N/A
differentiated 2 8) 0 2 2 4
3 0 0 4 3 7
4 2 3 5 4] 1 1 2
5 3 2 5 2 2 4 2 2 4
2 - moderately 6 2 3 5 2 3 5 N/A
differentiated 7 2 2 4 2 2 4 3 3l 6
8 1 3 4 1 1 2 3 3 6
9 2 2 4 1 1 2 N/A
10 2 2 4 1 1 2 N/A
11 1 1 2 1 1 2 N/A
12 2 3 5 2 3 5 3 3 6
3 - poorly 13 1 1 2 4 3 7 3 3 6
differentiated 14 0 3 3 6 N/A
15 1 1 2 1 1 2 1 1 2
16 0 0 0
17 0 1 1 2 2 3 5

a= % of positiwe cells, (1-0-25%, 2=26-50%, 3=51-75%, 4=76-100%)
b= staining intensity, 1 (weak) to 3 (very strong)
N/A= not available
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TABLE 5. IMMUNOHISTOCHEMICAL SCORE AND BIOCHEMICAL ANALYSIS OF ER IN
ENDOMETRIAL CARCINOMA BY HISTOLOGIC GRADE

HISTOLOGIC SPECIMEN EPITHELIUM STROMA MYOMETRIUM Fmol/mg

GRADE No. (a+h) (a+b) (a+b) protein
1 - well 1 6 2 N/A 117
differentiated 2 0 0 4 4.1
3 0 0 7 114
4 5 0 2 456
5 5 4 4 N/A
2 - moderately 6 5 5 N/A 43.8
differentiated 7 4 4 6 180
8 4 2 6 318
9 4 2 N/A 79.2
10 4 2 N/A 546
11 2 2 N/A N/A
12 5 S 6 64.3
3 - poorly 13 2 7 6 333
differentiated 14 0 6 N/A N/A
15 2 2 2 50
16 0 0 0 2
17 0 2 5 122

N/A= not available
Fmol= femtomol
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TABLE 6. MEAN ER CONTENT IN PROLIFERATIVE, HYPERPLASTIC AND
NEOPLASTIC ENDOMETRIUM

HISTOLOGIC GROUP

Proliferative
endometrium
(n=14)

Hyperplasia
(n=16)

Endometrial
intraepithelial
neoplasia (n=4)

Invasive
carcinoma (n=17)

EPITHELIUM
243D

5.78%1.05

5.62%0.95

2.0

2.82%2.18

I

NS

p<0.001

NS

STROMA
R29D

611.41

5.68%+0.94

4.75%2.21

2.64%2 .17

{la-]

NS

NS

NS

SD: standard error deviation
Number of cases in brackets
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Figure 1. Immunohistochemical localization of ER in normal cyclic en-
dometrium,

A) A strong nuclear staining is observed in both the epithelial and
stromal cells in the mid proliferative phase (x 450. No counterstain).
B) In the early secretory phase (17 day) the nuclei of epithelial cells
remain strongly stained compared to the few weakly stained stromal cells
(x450. No counterstain).
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Figure 1. Immunohistochemical localization of ER in normal cyclic
endometrium.

C) In the mid-secretory phase (25 day) nuclear staining is negligeable
in both the epithelial and stromal cells (x450. No counterstain).

D) In the menstrual phase no nuclear staining is observed (x250. No
counterstain).
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Figure 2. Immunohistochemical localization of ER in hyperplasia. Both the

epithelial and stromal cells have strong nuclear staining (x450. No
counterstain) .
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Figure 3. Immunohistochemical localization of ER in endometrial
intraepithelial neoplasia. The stromal nuclei stain strongly (arrows)
while the epithelial cells contain weak or no staining reaction (x 450.
No counterstain).
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Figure 4. Immunohistochemical localization of ER in carcinoma.

A) Well differentiated carcinoma. Both the epithelial and stromal cells
have a heterogenous nuclear staining pattern (x250. No counterstain).

B) Poorly differentiated carcinoma. Immunostaining is confined
exclusively to the nuclei of stromal cells (arrows) (x45C. No
counterstain).
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INTRODUCTION

In the normal cyclic endometrium estrogens (E,) induce epithelial
and stromal ©proliferation during the preovulatory phase while
progesterone induces epithelial secretory differentiation and stromal
dacidualization during the post ovulatory phase of estrogen-primed
proliferative endometrium (25). These hormonal responses are believed
to be regulated by the binding of E, and progesterone to their
respective receptors (2).

Studies on several experimental systems demonstrate that epithelial
growth of the reproductive tract may be initiated and sustained by the
surrounding mesenchymal tissue (4). It is lknown that estrogen
receptors (ER) are present in both the stroma and the epithelium of
the human endometrium and that the relative distribution of the ER
between these cell types varies as a function of the menstrual cycle
(1,24). However, the functional significance of ER modulation in the
stroma and the epithelium as a function of the menstrual cycle remains
unclear. It is well established that in target tissues, the synthesis
of progesterone receptors (PgR) is regulated by E, and can thus serve
as a marker for functional ER (14.17,18). Accordingly the objective of
this study was to examine the relative distribution of PgR between the
stroma and the epithelium of the human endometrium and its modulation
as a function of the menstrual cycle. To achieve our goal, we have
analyzed the PgR by an immunocytochemical method using a specific
mouse monoclonal antibody against avian PgR (aPR6) known to have

cross-reactivity in the human tissue (6,31).

113



MATERIALS AND METHODS
Tissue Samples
Normal cyclic endometria were obtained from 26 women ranging in age
from 23
to 53 years old (Table 1). The specimens were obtained after informed
consent of the patient. 18 samples were obtained from hysterectomy
specimens performed for treatment of subserosal or intramural
leiomyomata (9 cases), adenomyosis (4 cases), invasive squamous
carcinoma of the cervix (2 cases) and chronic pelvic pain (3 cases). 8
samples were obtained from bicpsies performed in infertile patients.
In all patients the endometrlum was of normal mrphology and
correlated well with the clinical cycle days, irrespective of age of
the patients and associated conditions. Patients with intramural
leiomyomata and adenomyosis has microscopic disease, only the
subserosal leiomyomata were felt clinically. In all these patients the
endometrium was free histologically of compression '"atrophy" or
excessive stromal edema; such endometrial alterations wmay be found in
association with submucosal or extensive
intramural leiomyomata or adenomyosis. The normal cyclic ovulatory
nature of the endometrium was ascertained, furthermore, by history of
normal cycles of 28 days * 2 days duration £for at least two years
prior to endometrial sampling for immunohistochemical assays and by
monthly basal body temperature curves during the 6 months preceding
the study. To rule out the remote possibility of anovulatory cycles
particularly in patients aged 40 years and older, an endometrial

biopsy was obtained in each patient during the first or second day of
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the menstrual period one to two months prior to the study. In all
instances, normal histologic alterations consistent with
post-ovulatory menstrual breakdown was found. Finally, mo patients
used exogenous sex-steroid hormone preparations during the last 2
years prior to the study.

Hysterectomy specimens immediately after their removal in the
operating room were opened along the lateral border in order to obtain
undisturbed endometrial surfaces. Tissue sections were taken
longitudinally from the endometrial mucosa. All the tissue samples
were divided 1in two pieces. One for histology was fixed in 10%
buffered formalin (hysterectomy specimens) or in Bouin’'s solution
(blopsy specimens) and processed and stained in a routine fashion. The
other one was snap frozen in liquid nitrogen and kept at -70°C
until processing for immunohistochemistry. Endometrial dating was made
according to previously described morphologic criteria (19) on the
paraffin-embedded sections stained with hematoxylin and eosin. It
represented 10 proliferative (cycle days 5 to 1l4; including three 5-7;
four 8-10 and three 11-14), 6 early secretory (l7th day or
postovulatory day 3 (POD 3)), 4 mid secretory (24th or POD 10 and 25th
day or FOD 11), 3 late secretory (26th or FOD 12 and 27th day or FOD
13) and 3 menstrual endometria.

Antibodies

Details about avian PgR purification, immunization of mice, cell
fusion, hybridoma cloning and screening procedures wused in the
preparation of various monoclonal antibodies to PgR have been

described elsewhere (31). aPR6 was selected for these studies due to
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its cross-reactivity with human progesterone receptor (6,31,33). The
normal horse serum, biotinylated immunoglobin against the mouse and
the avidin-biotin peroxidase complex were obtained from Vector
Laboratories, Burlingame, Ca. The non-immune mouse immunoglobulin was
obtained from Dako Laboratories.

Immunohistochemical technique

In preliminary experiments picric acid paraformaldehyde fixation (30)
during 15 min was chosen since immunoreactivity of PgR 1in rabbit
tissues and human breast tumors was shown to be well preserved in this
condition of fixation in other studies (21,22). Formalin-fixed
paraffin embedded sections were tested but did not show any staining
using otherwise the identical immunohistochemical method. Accordingly
the following protocol was adopted. Frozen tissue blocks were cut with
a cryostat at -20°C at 4 um and thaw mounted on gelatin-coated glass
slides. The initial section was stained with hematoxylin-eosin for
histological dating. Sections were then fixed immediately without
drying in picric acid paraformaldehyde for 15 min at -10 to -20°C,
Slides were transferred to PBS for 30 min at 4°C. Sections were
treated with a 0.5% solution of hydrogen peroxide in PBS for 10 min,
put in PBS for 10 min and incubated for 10 min in normal horse serum
to reduce the non-specific binding of primary antibody. The sections
were incubated with monoclonal mouse anti-PgR antibody (aPR6) for 1 hr
in a humid chamber, biotinylated antimouse IgG for 20 min at room
temperature and avidin-biotin peroxidase complexes for 30 min at room
temperature. Each incubation was followed by 10 min washings in PBS.

Sections were incubated for 10 min with the DAB solution (PBS
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containing 0.5 mg DAB/ml and 0.01% H,0,) at room temperature. Sections
were then dehydrated and mounted for examination by light microscopy
without counterstaining.

Various dilutions for the aPR6 were tested (1-20 ug IgG/ml) and the
one which gave maximum specific staining intensity was 20 pg IgG/ml.
Dilutions for the other antibodies and normal serum were performed
according to the instructions specified by Vector Laboratories.

Negative controls consisted of adjacent sections treated with
non-immune mouse immunoglobulins at the same dilution as aPR6 or with
antibody (aPR6) presaturated with purified PgR. The PgR used for
presaturation studies was purified from oviduct cytosol by affinity
chromatography using antibody aPR22 (31) covalently linked to protein
A-Sepharose (27). For presaturation antibody and antigen were mixed
(10 pg vreceptor/ug IgG) and incubated 2 hr at room temperature.
Mixtures were then used on sections instead of antibody (aPR6) alone.
Additional controls included the omission of the primary antibody.

Positive staining with monoclonal PR antibody was defined as golden
brcwn granular staining and was absent in the control adjacent
section. For evaluation of PR content a score corresponding to the sum
of both a) the percentage of positive cells (1=0-25%), 2=26-50%,
3=51-75%, 4=76-100%) and b) the staining intensity was established.
The intensity of specific staining was characterized as absent (0),
weak but detectabie above control (1), strong (2) and very strong (3).
Evaluations were recorded for each observed tissue component, i.e.
epithelium, stroma and if available myometrium. The entire tissue

section was scanned. Because of liquid nitrogen-related ice crystal
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fixation artefacts only those areas which were devold or were
relatively free of such alterations were chosen for evaluation of PR
content. The intensity and the percentage of positive cells of each
cellular component were evaluated at a magnification of 400X. The mean
value for 3 assayed fields was expressed as the percentage of positive
cells and the intensity values for the tissue. The maximum score was
7, but a score greater or equal to 2 was the value of a "positive"
immunohistochemical assay.

Immunoblot Analyses of PgR

Tissues were homogenized in a Tris-EDTA buffer (10 mM Tris pH 7.4, 1.5
mM EDTA, 1 mM dithiothreitol, 77 pug/ml aprotinin, 100 pug/ml
bacitracin, 0.1 mM leupeptin and 1 pg/ml pepstatin), centrifuged for
one hour at 105,000 x g at 4°C and the supernatant (cytosolic extract)
was used for immunoblot analyses. Proteins in the cytosollc extract
were denatured in sample buffer (0.135 M Tris pH. 6.8, 1% SDS, 0.005%
bromophenolblue, 10% glycerol and 5% S-mercapto-ethanol) at 93°C for 5
min prior to electrophcresis on discontinuous polyacrylamide gels
containing 7.5% acrylamide/0.075% Bis 1in the resolving gel and 3%
acrylamide/0.08% Bis in the stacking gel using Laemmli buffer (16).
After electrophoresis, proteins were blotted onto nitrocellulose
membranes, washed and incubated with 10 ug of aPR6/ml in western
buffer (0.5% B3A, 0.5% Tween 20 in phosphate buffered saline, pH 7.2).
Subsequently the antibody bound to PgR was visualized using a
commercially available kit (Vector Stain) containing biotinylated
anti-mouse IgG antibody and avidin/biotinylated peroxidase and using

4 -chloronaphthol (11).
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RESULTS
Specificity of aPR6 against human endometrial PgR
In previous studies (31), immunoprecipitation analyses of human
uterine cytosolic extracts were performed to document that among the
various mouse monoclonal antibodies directed against avian PgR, only
aPR6 had cross-reactivity. There is extensive documentation that both
avian and human PgR isolated from tissue soluble extracts can exist in
two different molecular forms commonly referred to as A and B (32). It
is also known that aPR6 reacts with only the 110,000 molecular weight
form (Form B) of PgR in the oviduct (31) and in human breast cancer
cells (6,33). Therefore to further verify the nature of interaction of
aPR6 with human endometrial PgR, we performed immunoblot analyses on
the human endometrial cytosol. As shown in Figure 1, when the blots
were incubated with aPR6 and processed as described in Materials and
Methods, a doublet corresponding approximately to 120,000 dalton
became visible which was absent in the control blot processed
identically except for incubation with aPR6. The molecular weight of
the human endometrial PgR reported here is in agreement with that
reported for the molecular weight of the B form of the human mammary
PgR (32); it is known that the B form of the human PgR can be resolved
on SDS gels into a doublet (6,32) or a triplet (3) with a molecular
welght somewhat larger than that of the B form of the avian PgR
(6,28,32).

Unlike aPR6, aPR 11, 13 and 22 did not exhibit any cross-reactivity
(Data not shown); these various mouse monoclonal antibodies to avian

PgR have been shown not to interact with soluble PgR isolated from
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human uterine tissue when analyzed by immunoprecipitation assays (31).
Immunocytochemical localization of PgR

The immunocytochemical analysis of human endometrium using aPR6 is
shown in Figure 2. In this experiment eavly secretory phase
endometrium was used., As shown in Figure 2A immunoreactive material
was identified specifically in the mclei of epithelial and stromal
cells. No muclear staining was observed when aPR6 preincubated with
highly purified receptor was substituted for the monoclonal aPR6
(Figure 2B). Nuclear staining was also not observed when instead of
aPR6 non-immunized mouse immunoglobulin was used (DPata not shown).

a. Proliferative endometrium: In the functionalis of the proliferative

phase the surface and the glandular epithelial component was positive
in all the cases but at different levels (Table 1). The early
proliferative phase (cycle days 5 to 7) contained less than 25% of
positive cells. The mumber of positive cells increased during the mid
proliferative phase (cycle days 8 to 10) and was the highest during
the late proliferative phase (cycle days 11 to 14) (Figure 3). The
latter contained up to 75% positive epithelial cells with a strong
staining. In general the stromal PgR content during the proliferative
phase was lower than in the epithelial component (Table 1). It had
gradually increased, however, and was higher in the late proliferative
phase but overall was still lower than in the epithelial component.
Indeed less than 50% of stromal cells were positive with a strong
intensity.

The PgR levels, both in the stroma and the epithelium of the

basalis (Figure 4) also increased during the proliferative phase
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(Table 1) and, except for one case (specimen 8, Table 1) in which the
stromal component was negative, they were higher than those in the

functionalis.

b, Secretory endometrium: In early secretory phase (day 17 or POD 3 of

the menstrual cycle) endometria in both the epithelial and the stromal
components contained high scores (Figure 2A) similar to those of the
late proliferative endometrium. The intensity of the staining was the
same in both cell components but the number of positive cells was
higher in the epithelial than stromal component (Table 1). In the mid
secretory phase (day 24 or POD 10 and 25 or POD 11 of the cycle) the
staining was heterogenous but in general was lower than in the early
secretory phase especially in the epithelial component (Figure 5). As
shown in Table 1, in one case the epithelial cells failed to stain
(specimen 18), while they were positive in the remaining 3 cases
(specimens 17,19,20). Furthermore, the surface layer epithelium
contained more positive cells than the glandular epithelium. The
stromal cells were positive in all 4 cases and contained a higher
score than their epithelial counterparts. In particular, the
predecidual stronal cells located beneath the surface layer epithelium
(on day 25 of the cycle) had strong positivity (Figure 5). In the late
secretory phase (day 26 or POD 12 and 27 or POD 13 of the cycle) and
in the menstrual phase, PgR content was absent from both the
epithelial and stromal component except in one case (specimen 21 Table
1.

The basalis had high levels of PgR both in the epithelium and the

stroma during the early and mid-secretory phases. In the late

121



secretory phase and in the menstrual phase the basalis paralelled the
functionalis and was equally devoid of PgR.

c. Myometrium: Only a limited number of myometrium was available for
study, but in all 6 cases the nuclei of normal smooth muscle cells
stained strongly

irrespective of the cycle day (Figure 6). The muscle wall of
myometrial blood vessels did not have any PgR. The serosal
(mesothelial) uterine surface epithelium and the endothelial cells of

endometrial and myometrial vessels also failed to stain for PgR.
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DISCUSSION

Immunohistochemical analysis of PgRs in various cell types of 26
normal cyclic endometria revealed the localization of PgR exclusively
in the nucleus. These findings confirm previous observations using
biochemical techniques in which both the free and the steroid-bound
forms of PgR were localized mainly in the nuclei (34). OQOur studies are
also in agreement with immunohistochemical studies done by others in
several target tissues for progesterone including human tissues
(3,5,10,12,13,21-23).

Our study reveals that, as with the ER (1,24), PgR is also present
in both the stroma and the epithelium of normal human endometrial
tissues in both the wpper functionalis and the lower basalis layer.
Furthermore, the relative distribution of the PgR between the stroma
and the epithelium also varies with the menstrual cycle, as 1is the
case with ER.

A combined analyszis of the data on the distribution of both the ER
and PgR in the stroma and epithelium offered us some important insight:_'_
regarding the estrogenic sensitivity of the mormal cyclic endometrium
as follows. The levels of ER were high in both the stroma and the
epithelium of the proliferative endometrium and remained relatively
constant during the proliferative phase (1,24). The PgR (as shown in
Table 1) increased gradually from the early to the late proliferative
phase. The highest levels of PgR
observed in the epithelium from the mid and the late proliferative
endometria correlated with the high plasma and tissue levels of E,

during this phase of the cycle (26). The PgR content in the stroma of
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the proliferative endometrium was not as high as in the epithelium as
also noted by Clarke et al (3). These data therefore suggested that
the stroma did not respond to E, in the same way as the epithelium.

The PgR level remained very high in the early secretory phase (l17th
day) in both the epithelium and the stroma. This corresponds to the
rising plasma and tissue levels of progesterone (26) and important
epithelial morphological modifications such as the accumulation of
intracytoplasmic glycogen, the appearance of glant mitochondria, and
later glycoprotein synthesis (7). Thus it is likely that the
morphological changes in the endometrium accompanying the early
secretory phase are mediated by progesterone through interaction with
the receptors. Furthermore, this high epithelial PgR level in the
early secretory phase suggests that the ERs which are still present in
the epithelial component during this phase of the cycle are
functional. However, the high level of PgRs in the stroma in the early
secretory phase did not correlate strictly with the stromal ER content
which began to decrease immediately after ovulation (1,24). This
suggests that PgR in the stroma may be in part constitutively
synthesized and therefore need not reflect ths stromal E, sensitivity.
These findings are similar to our previous observations in murine
mammary glands whereby in contrast to epithelial PgR the stromal PgR
was found not to increase with E, stimulation (29).

The PgR level in the epithelium decreased during the mid secretory
(24th - 25th day) phase and was totally absent in the late secretory
phase (Table 1).

This correlates with the decrease in ER in the epithelial component
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and also with the low levels of plasma and tissue estradiol during
this period (26). However, 1in most of the cases the stroma contained
relatively high PgR level (specimens 17,18,19,20,21 Table 1). This is
in contrast to ERs which are very few in the stroma during the mid and
late secretory phases (1,24). This suggests again that stromal PgR may
be synthesized independently of ER and E, (29). Predecidual cells were
particularly rich in PgR. This supports the role of progesterone in
the decidualization process (15). To further our knowledge of decidual
cells and their relationship to progesterone stimulation, their PgR
content during different periods of gestation is currently being
analyzed in our laboratory.

The basalis layer had high PgR levels during the proliferative,
early and mid secretory phases in both the epithelium and the stroma,
During the late secretory and menstrual phases, PgR was lost in the
basalis layer, despite the presence of ERs as shown by us previously
(1). The reappearance of PgR In the basalis following the menstrual
period during the early proliferative phase seemed to be E,-induced.
This view is supported by the fact that ERs were present at this time
in the basalis (1,24) and the endometrium began to be responsive to E,
stimulation in cycle days 5 to 7 (7-9).

The fact that meither the endometrial mor the myometrial vessels
contained ER (1,24) and PgR suggests that vasoconstriction believed to
be responsible for menstrual breakdown of the endometrium is not
directly induced by sex-steroids but  rather mediated by
vasoconstrictor proteins or lytic enzymes (9,20).

In summary, monoclonal antiprogesterone receptor antibody was used
7

125



to localize PgR in frozen sections of the human endometrium. PgRs were
observed in the mnuclei of epithelial and stromal cells in both the
functionalis and basalis layers and varied with the menstrual cycle.
The epithelial content was a good marker of the epithelial E,
sensitivity while the stromal content in the secretory phase appeared
in part to be constitutively synthesized. However, since the number of
patients included in these studies were small with a wide age range
and had also been selected on the basis of a variety of pathological

symptonms, these results must be viewed as preliminary in nature.
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TABLE 1,

IMMUNOHISTOCHEMICAL SCORE OF PgR IN NORMAL CYCLIC ENDOMETRIUM

IHISTOLOGIC DATING

SPECTLIEN

No.

Early
Proliferative

Mid
Proliferative

Late
Proliferative

17th day

24th day-25th day

26th day

27ch day

Menstrual

~ALN

Basalis)

4
(Basalis)
5
6
(basalis)
7

8
(Basalis)
9

10

11

12
(Basriis)

"3

14

15

16

17

18

19
(Basalis)

20
(Basalis)

21
22
‘Basa.is)

23
\pacalis)

24
25
26

AGE

29
47
47

49

40
45

43
44

40
53

b4
30

30
38
45
40

44
23
32
32

43
40

42

30
36
43

(a)
1
1
1
1

WwWwNNSEEW SUWwWww =EPENNDWN

-

N B NN

STROMA

(b) (atb) (a) (b) (a+b)

EPITHELIUM
2 3
2 3
1 2
3 4
2 4
k) 6
2 4
3 5
3 7
2 3
3 6
3 6
3 6
3 7
2 5
3 7
3 7
3 7
3 5
3 6
2 5
1 2

0
2 4
3 5
2 4
2 4
1 2
0
0
0
0
0
0
0

o

N W N NN

N

) = = D N W

N WNN =W

oW P N N Y PO

N WNNNWWN

W W W N

L8]

WoWwoanuwm SO W WuPwdPw NN O

[V WMV U N

(=NoNe) o R oOOow

a= 8 of positive cells, (l=0-25%, 2=~26-50%, 3=51-75%, 4=76-100%)

b= staining intensity, 1 (weak) to 3 (very strong)
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Figure 1. Immunoblotting analysis of cytosol from a proliferative
endometrium using aPR6. Cytosol from proliferative endometrium was
analysed by sodium dodecyl sulfate gels and blotted onto nitrocellulose
as described in text. Lanes were cut off the nitrocellulose sheet,
incubated with (lane 1) or without (lane 2) antibody and stained with
Vectastain. The position of molecular weight standards is indicated in the
figure.

12§



- =210

X ':v
fr - 108
)

129



Figure 2.Immunocytochemical detection of PgR in human endometrium. In the
two experiments, early secretory phase endometrium was used.

A) aPR6 was used as is without any prior treatment. The nuclel of
epithelial cells and stromal fibroblasts are strongly stained. L:
glandular lumen (x350, No counterstain).

B) aPR6 pre-incubated with highly purified receptor was used. None of the
tissue components contain nuclear staining (x350, No counterstain).
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Figure 3. Immunocytochemical localization of PgR in late-proliferative
phase endometrium. There is strong nuclear staining in most of the

epithelial and stromal cells (arrows) (x450, No counterstain).
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Figure 4. Immunocytochemical localjzation of the basa

proliferative phase endometrjum. There is strong nuclear staining in both
the epithelial cells and stromal fibroblasts. M: myometrium (x250, No

counterstain).
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Figure 5. Immunocytochemical localization of PgR in mid-secretory phase
(post ovulatory day 11), endometrium. Nuclear staining is weak and

scattered in epithelial cells, whereas most stromal cells display strong
nuclear staining reaction (arrows) L: glandular lumen, $: stroma. (x250,
No counterstain). Inset: Predecidual cells with cytoplasmic retraction
(due to fixation artefact) contain strong nuclear staining (x250, No
counterstain).

136




-
EERN o

3"t ""”' \"

P ~_ )
! \’?I,,df""
RPN h|

r



portt

Figure 6. Immunocytochemical localization of PgR in myometxium. Smooth
muscle cells have strong nuclear stainiing throughout the menstrual cycle

(%250, No counterstain).
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INTRODUCTION

Endometrial carcinoma is the most frequent malignancy of the female
genital tract (1). However, the mechanisms underlying its pathogenesis
and, in particular, its relationship with hyperplasia remains obscure.
Since endometrial hyperplasias and well-differentiated carcinomas are
frequently found in women with a high plasma estrogen (E,) level and
an absence of biologically effective progesterone (P), these lesions
may be the result of unopposed E, action (2,3). The precise role of E,
in endometrial carcinogenesis, however, is not clear (4).

The presence of estrogen receptors (ER) and progesterone receptors
(PgR) are a prerequisite for the expression of E, and P action,
respectively (5). PgR synthesis is mainly regulated by E, and
therefore its presence also reflects the E,-sensitivity of a target
tissue (6-8). Using hormone binding assays, PgRs were found to be
elevated in hyperplasias and well-differentiated carcinomas (9-13).
These methods, however, used homogenates of tissue and did not take
into account the cellular heterogeneity in receptor content, or the
presence of receptors in the adjacent benign epithelium or in the
supportive stroma of the lesional epithelium (14,15). Therefore, as a
step towards understanding E, action in hyperplastic and neoplastic
human endometria, we have examined the PgR content and its relative
distribution between the epithelium and the stroma in these tissues by
an immunocytochemical method, using a specific mouse monoclonal

antibody directed against avian PgR (aPR6) (16).
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MATERIALS AND METHODS

Tissue Samples. Thirteen hyperplastic and twenty three neoplastic
tissues (including five endometrial intraepithelial neoplasia) (EIN)
were obtained from 33 women ranging in age from 40 to 68 and 52 to 87
years old respectively. With the exception of three patients with
endometrial hyperplasia and intraepithelial neoplasia, only one type
of tissue was derived ftrom each patient. Three hyperplastic tissue
samples were obtained from biopsy performed as a diagnostic procedure
of dysfunctional uterine bleeding. Ten hyperplastic and twenty
neoplastic tissue samples were obtained from hysterectomy specimens.
Three of the 10 hyperplastic cases contained a mixture of endometrial
hyperplasia and intraepithelial neoplasia.

Hysterectomy specimens, obtained immediately after their removal in
the operating room, were opened along the lateral border in order to
obtain undistorted endometrial surfaces. Tissue sections were taken
longitudinally from the endometrial mucosa or the grossly abnormal
proliferations. All the tissue samples were divided in two pleces. One
for histology was fixed in 10% buffered formalin (hysterectomy
specimens) or in Bouiln’s solution (biopsy specimens) and processed and
stained in a routine fashion. The other one was snap frozen in liquid
nitrogen and kept at -70°C  until it  was processed for
immunohistochemistry.

Hyperplastic endometria contained architectural alterations of
endometrial glands ranging from minimal (or simple) to complex
(adenomatous). These included lesions traditionally named anovulatory,

persistent proliferative endometrium, cystic glandular hyperplasia,
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simple hyperplasia and adenomatous hyperplasia (2). By definition, the
glandular 1lining epithelium was devoid of cytologic atypia.
Hyperplastic lesions in +which the lining epithelium displayed
significant muclear atypia including muclear rounding, pleomorphism,
loss of muclear organization and macronucleoli were classified as
endometrial intraepithelial neoplasia (EIN). Most of these lesions
contained glands with architectural alterations with complex intra-
and extraluminal epithelial buddings. Traditionally these lesions were
referred to as atypical adenomatous hyperplasia, adenomatous
hyperplasia with cytologic atypia, carcinoma in situ and dysplasia
(2). Endometrial carcinoma with invasion either of the endometrial
stroma and/or the myometrium were graded according to the Gynecologic
Oncology Group grading system. They were subdivided into grade 1
(well-differentiated with 0-5% of undifferentiated cells), grade 2
(moderately-differentiated with 5-50% of undifferentiated cells), and
grade 3 (poorly-differentiated with more than 50% of undifferentiated
cells) carcinoma.

Antibodies. Details about avian PgR purification, immunization of
mice, cell fusion, hybridoma cloning and screening procedures have
been described elsewhere (16). aPR6 was selected for these studies due
to 1its Iknown cross-reactivity with human progesterone receptor
(16-19). The normal horse serum, biotinylated immunoglobin against the
mouse and the avidin-biotin peroxidase complex were obtained from
Vector Laboratories, Burlingame, Ca. The non- immune mouse
immunoglobulin was obtained from Dako Laboratories.

Immunohistochemical technique. Frozen tissue blocks were cut with
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a cryostat at 4 pm and thaw-mounted on gelatin-coated glass slides.
The initial section was stained with hematoxylin-eosin for tissue
diagnosis. Assignment of histologic diagnosis, particularly tumox type
and grade, was confirmed by review of formalin- or Bouin-fixed
raraffin-embedded, hematoxylin-eosin stained sections taken from the
same specimens. Sections were then fixed immediately without drying in
plcric acid paraformaldehyde (20) for 15 min at -10 to -20°C. Indeed,
preliminary experiments in normal human cyclic endometria (19) and
human breast tumors (21) showed that immunoreactivity of PgR was well
preserved in this condition of fixation. Slides were transferred to
PBS for 30 min at 4°C. Sections were treated with a 0.5% solution of
hydrogen peroxide in PBS for 10 min, put in PBS for 10 min and
incubated for 10 min in normal horse serum to reduce the non-specific
binding of primary antibody. The sections were incubated with
monoclonal mouse anti-PgR antibody (aPR6) for 1 hr in a humid chamber,
biotinylated antimouse IgG for 20 min at room temperature and
avidin-biotin peroxidase complexes for 30 min at room temperature.
Each incubation was followed by 10 min washings in PBS. Sections were
incubated for 10 min with the DAB solutions (PBS containing 0.5 mg
DAB/ml and 0.01% H,0,) at room temperature. Sections were then
dehydrated and mounted for examination by light microscopy without
counterstaining.

A limiting dilution for the aPR6 was tested from 1 to 30 ug IgG/ml.
The immunostaining was optimal at 20 pug IgG/ml and was therefore
chosen for these experiments was 20 ug I1gG/ml. Dilutions for the other

antibodies and normal serum were performed according to instructions
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specified by Vector Laboratories,

Negative controls consisted of adjacent sections treated with
non-immune mouse immunoglobulins at the same dilution as oPR6 or with
antibody (aPR6) presaturated with purified PgR. The PgR used for
presaturation studies was purified from oviduct cytosol by affinity
chromatography using antibody aPR22 (16) covalently 1linked to protein
A-Sepharose (22). For presaturation antibody and antigen were mixed
(10 pg receptor/ug IgG) and incubated 2 hr at room temperature,
Mixtures were then used on sections instead of antibody (cPR6) alone,
Additional controls iacluded the omission of the primary antibody.

Positive staining with monoclonal PgR antibody was defined as
golden brown granular staining and was absent in the control adjacent
section. For
evaluation of PgR content a score corresponding to the sum of both a)
the percentage of positive «cells (1=0-25%, 2=26-50%, 3=51-75%,
4=76-100%), and b) the staining intensity (1 to 3) was established.
The intensity of specific staining was characterized as absent (0),
weak but detectable above control (1), strong (2) and very strong (3).
Evaluations were recorded for each observed tissue component , i.e.
epithelium, stroma and if available myometrium. The entire tissue
section was scanned. Three randomly chosen low power microscopic
fields (X40) in each tissue section were chosen and the intensity and
the percentage of positive cells of each cellular component were
visually evaluated at a magnification of 400X. The mean value for the
assayed field was expressed as the percentage of positive cells and

the intensity values for the tissue. The maximum score was 7, but a
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score greater or equal to 2 was the value of a "positive"
immunohistochemical assay.
Statistical analysis was made by means of students’ modified T

tests.
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RESULTS

Immunchistochemical analysis of PgR inm hyperplastic and
intraepithelial neoplastic tissues. The immunolocalization of PgR in
the nuclei of hyperplastic endometria is shown in Figure 1. In the
epithelial cell component, the staining was strong with 75% of the
cells being positive (Fig. 1A), vhich was abolished with the use of
antibody preincubated with purified receptor (Fig. 1B). Overall the
percentage of positive cells varied from 25% to more than 75% with the
mean score for 13 hyperplastic endometria being 5.46 * 1.26; % * SD
(Table 1). The stromal cell nuclei were also positive (Fig. 1) in all
the cases but overall had a lower score (4.23 * 1.36; ®* * SD) than the
epithelial component. Indeed, except in 3 cases (specimens 4,6,8) less
than 50% of stromal cells had a positive staining (Table 1).

In contrast to hyperplastic endometria, the PgR content in the
epithelial component of endometrial intraepithelial neoplasia (EIN)
was low (Fig. 2), the mean score for the five cases of EIN in the
epithelial component was 2.2 * 0.44; %X * SD (Table 2). However, the
PgR content in the stromal cell muclei remained relatively high (Fig.
2); the mean score was 3.8 * 2.04; % * SD. In some cases (specimens 1
and 3) more than 75% of the stromal cells contained PgR (Table 2).

Immunohistochemical analysis of PgR content in invasive carcinoma.
Histological patterns of the 18 endometrial carcinomas included 11
endometrial carcinomas, four adenocarcinomas with benign squamous
differentiation (adenoacanthoma), two adenocarcinomas with clear cell
features and one adeno-squamous carcinoma. There was no difference in

the PgR distribution among these histological wvariants, and the
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squamous component of tumors failed to stain. The immunolocalization
of PgR in well differentiated and poorly differentiated carcinomas 1is
shown in Fig. 3A and 3B, respectively. As with normal and hyperplastic
endometria, the staining was observed also in the nuclei. The average
score for grade 1 carcinomas was 3 * 2.75 (® * SD) in the epithelial
component and 4 + 1.14 (¥ * SD) in the stromal component (Table 3).
Two cases failed to stain in the epithelial component even though
histologically they did not differ from the wusual endometrial
carcinomas; these occurred in a 74 and an 81 year old yatient. All
grade 2 carcinomas contained PgR both in their epithelial and stromal
components. The average score for the epithelial (3.57 + 0.78; X * SD)
or the stromal component (4.85 * 0.69; X SD) was mot significantly
different from that found in grade 1 carcinomas (Table 3). The average
PgR score of the epithelial component in grade 3 carcinomas (0.4 %
0.89; 2+ SD) was significantly lower (P<0.00l) than iIn their grade 1
and 2 counterparts. Only one of 5 cases contained PgR in the
epithelial component. The stromal PgR coutent remained high (3 6 *
2.70; # * SD) and was not significantly different from that found In
grade 1 or 2 carcinomas (Table 3). This lack of correlation between
the score of the malignant epithelial component and the score of the
stromal component is shown in Fig. 4 (r - 0.32, p>0.1).

The myometrium was available in a limited number of cases. The PgR
content in normal smooth muscle cell nuclet was generally high

irrespective of the tumor grade (Data not shown).

154



DISCUSSION

Immunocytochemical localization of PgR in hyperplastic and
neoplastic luman endometria was found only in the muclei but mot in
the cytoplasm of epithelial and stromal «cells. Similar nuclear
localization of  PgR has also been observed in  other
immunohistochemical studies done on normal cyclic human endometria
(19,23), and other target tissues for progesterone (21,24-27). This
nuclear localization of human PgR is similar to that of ER, in the
normal cyclic endometrium (28,29) and hyperplastic and neoplastic
endometria (29,30).

The PgR content was highest in the epithelium of hyperplasia
without cytologic atypia. We have previously demonstrated that these
tissues contain high levels of FR in the epithelium (29). Thus the
combined analyses of IR and PgR suggest the presence of functional ER
in these tilssues and support previous suggestions that the epithelium
of hyperplasia may be sensitive to E,. In contrast, the PgR level was
low in the epithelium of endometrial intraepithelial neoplasia
(hyperplasia with cytologic atypia) and is consistent with the low
epithelial ER levels found in these tissues (29). Previous studies
using electron microscopy (31), morphometry (32,33) and in vitro DNA
histoautoradiography (34) have suggested that hyperplasia and EIN are
made of different types of epithelial cells. This suggestion |1is
further supported by the data obtained in our study in the three cases
where hyperplasia and EIN were localized in the same endometrium (case
1 hyperplasia specimen 5 Table 1 and case 1 EIN specimen 2, Table 2;

case 2 hyperplasia specimen 11 Table 1 and case 2 EIN specimen 4 Table
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2; case 3 hyperplasia specimen 13 Table 1 and case 3 EIN specimen 5
Table 2); 1in these specimens the epithelial content of PgR was
characteristic of the respective lesions and hence different within
the same endometrium. Overall, these data suggest that the epithelium
cf endometrial hyperplasia may be relatively more sensitive to
progesterone as compared to the epithelium of EIN. This suggestion is
supported by recent clinical data showing a better response to
exogenous progestagen therapy by hyperplasia as compared to EIN (35).
The carcinomas showed a considerable heterogeneity in the PgR
content of both the epithelium and the stroma. Similar heterogeneity
has been reported by immunohistochemical methods for ER in endometrial
carcinoma (29,30) and in breast carcinoma for PgR (21). Overall, the
epithelial content of PgR appeared to be correlated with the degree of
tumor differentiation as also found with previous biochemical ass., s
for PgR (9-13). In countrast, there was a lack of correlation between
the malignant epithelial content and the stromal content of PgR,
irrespective of the tumor grade (Table 3, Fig. 4). Progesterone
therapy has been used in advanced and recurrent endometrial carcinoma
and it has been recently shown that only 60% of cases positive for PgR
by biochemical assays will respond to treatment (36).
Immunohistochemical analyses of PgR may therefore provide a good
complement to quantitative biochemical analyses in the evaluation of
endometrial adenocarcinomas and help to select patients better able to
respond to exogenous progestin therapy.
The high PgR level in the stroma in the two types of hyperplastic

lesions and in neoplastic lesions is consistent with the high ER
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levels found in the stroma of these tissues (29). It remains to be
seen whether these stromal PgR are the reflection of functional ER or

are consitutively synthesized in these tissues.
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TABLE 1. IMMUNOHISTOCHEMICAL SCORE OF PgR IN ENDOMETRIAL HYPER™LASIA

SPECIMEN EPITHELIUM STROMA
No. @ () (ah) (@) (b) (asb)
1 4 3 7 2 2 4
2 3 3 6 2 1 3
3 4 3 7 2 3 5
4 3 2 5 3 3 6
5 2 2 4 2 2 4
6 4 3 7 3 3 6
7 2 2 4 2 2 5
8 2 3 5 3 3 6
9 4 3 7 1 1 2
10 2 3 5 2 2 4
11 2 2 4 1 1 2
12 K] 3 6 2 2 4
13 2 2 4 2 2 4

a= % of positive cells, (1=0-25%, 2=26-50%, 3=51-75%, 4=76-100%)
b= staining intensity, 1 (weak) to 3 (very strong)

158




TABLE 2. IMMUNOHISTOCHEMICAL SCORE OF PgR IN ENDOMETRIAL
INTRAEPITHELIAL NEOPLASIA

SPECIMEN EPITHELIUM STROMA
No. (a) (b) (at+h) {a) (b) (atb)
1 1 1 2 3 3 6
2 1 2 3 1 2 3
3 1 1 2 3 3 6
4 1 1 2 1 1 2
5 1 1 2 1 1 2

a= % of positive cells, (1=0-25%, 2=~26-50%, 3=51-75%, 4=76-100%)
b= staining intensity, 1 (weak) to 3 (very strong)
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TABLE 3. IMMUNOHISTOCHEMICAL SCORE OF PgR IN ENDOMETRIAL CARCINOMA BY
HISTOLOGIC GRADE

HISTOLOGIC SPECIMEN EPITHELIUM STROMA MYOMETRIUM
GRADE No. (a) (b) (atb) (a) (b) (ath) (a) (b) (ath)
L - well 1 2 1 3 2 2 4 N/A
differentiated 2 0 1 1 2 2 2 h
3 0 2 1 3 2 2 4
4 2 3 5 2 3 5 3 3 6
5 2 1 3 2 1 3 N/A
6 3 4 7 2 1 3 2 2 4
2 - moderately 7 2 1 3 2 2 4 3 3 6
differentiated 8 1 1 2 3 2 5 3 3 6
9 3 1 4 2 2 5 N/A
10 2 2 4 2 2 4 N/A
11 1 3 4 3 3 5 N/A
12 2 2 4 2 3 5 3 3 6
13 3 2 4 3 3 6 3 3 6
3 - poorly 14 1 1 2 2 5 N/A
differentiated 15 0 4 3 7 N/A
16 0 1 1 2 1 1 2
17 0 0 0
18 0 2 2 4 3 3 6

a= % of positive cells, (1-0-25%, 2=26-50%, 3=51-75%, 4~76-100%)
b= staining intensity, 1 (weak) to 3 (very strong)
N/A= not avallable
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Figure 1. Immunochemical localization of PgR in endometrial hyperplasia,

A) aPR6 was used as is, without any prior treatment., Strong nuclear
staining 1is observed in the epithelial cell lining of a complex voluminous
gland., Some stromal cells nuclei (arrow) stain strongly as well (x250; No
counterstain)

B) aPR6 preincubated with purified receptor was used. None of the tissue
components contain nuclear staining (x200; No counterstain).
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Figure 2. Immunohistochemical localization of PgR in endometrial
intraepithelial neoplasia. The gland cells growing in a cribriform pattern
are devoid of receptors. In contrast the stromal cells contain strong
nuclear staining reaction L= glandular lumen, S = stroma (x250; no
counterstain)
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Figure 3 Immunohistochemical localization of PgR in endometrial
carcinoma.
A) Well-differentiated adenocarcinoma cells demonstrate intense nuclear

staining (x250, no counterstain)
B) Immunostaining is confined exclusively to the nuclei of stromal cells
(arrow) surrounding poorly-differentiated epithelial proliferations (x450;

no counterstain)
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Figure 4. There is a lack of correlation of immunochemical scores between

the malignant epithelial and the stromal component (n= 18, r = 0.32, y =
3379 ¢+ 0 248 x).
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Chapter V

GENERAL DISCUSSION



Major regulatory factors controlling the growth of the normal uterus
are sex-steroid hormones, especially estrogens (E,) and progesterone.
However, the hormonal regulation of endometrial hyperplasia and carcinoma
and their mutual relatioaships are still highly debated (see Chapter 1,
part III). These, in turn, may jeopardize the appropriate management of
uterine carcinoma and its precursors. The presence of ER and PgR is a
prerequisite for the action of E, and progesterone, respectivaly. These
receptors have heei measured mainly using biochemical techniques in both
healthy and pathologic endometrium (see Chapter I, part IV). Accordingly,
we have analyzed by immunohistochemistry the ER and PgR content and {ts
relative distribution in the stroma and the epithelium in a variety of
human endometrial tissues: ncrmal, hyperplastic and neoplastic (see

Chapter 1I, III, and IV).

Immunohistochemical analysis of ER iIin the normal cyclic human
endometrium was first published by Press et al, 1984, wusing H222
monoclonal antibody. The specificity of this antibody for ER has been
largely demonstrated (see Chapter I, part V). cDNA for the ER receptor
has recently been cloned from MCF7 human breast cancer line (Green et al,
1986) and shown to be recognized correctly by the monoclonal antibody
H222, developed against MCF7 human breast cancer ER. We have confirmed
and extended the observations made by Press et al, 1984, in Chapter II

using the same antibody. Since then, two other studies (Garcia et al,
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1988; Scharl et al, 1988) have been published on the normal cyclic human
endometrium supporting our results; that is a differential loss of ER
expression in the various cell populations of cyclic human endometrium,
Accordingly, the highest levels of ER in both the glandular and stromal
components occur in proliferative phase endometrium, they decrease in the
stroma of early secretory phase endometrium but remain high in its
glandular component; finally, an important decline and a complete
disappearance are observed in both stromal and glandular components of
the functionalis during the mid/late secretory and menstrual phase

endometrium, respectively.

Recently, several monoclonal antibodies against rabbit, chicken and
human FgR have been developed (Logeat et al, 1983; Schrader et al, 1981;
Tuohimaa et al, 1984, Sullivan et al, 1986; Clarke et al, 1987; Greene et
al, 1988). Monoclonal antibodies to rabbit and avian PgR have been shown
to crossreact with human PgR (Logeat et al, 1983; Sullivan et al, 1986;
Wei et al, 1987, Estes et al, 1987) Using these antibodies,
immunohistochemical studies have first localized PgR in target cells of
the chick oviduct (Gasc et al, 1984; Isola et al, 1987a), chick ovary
(Isola et al, 1987b), rabbit uterus, oviduct, cervix and vagina (Perrot-
Applanat et al, 1985), rabbit ovary (Korte and Isola, 1988), and monkey
ovary (Hild-Petito et al, 1988) PgR in the chick oviduct has been shown
in two distinct forms designated "A" and "B" with molecular weights of
approximately 79 and 108 Kd (Wei and Horwitz, 1986). In the human,
neoplastic breast cells have been the most studied by immunohistochemistry
for PgR (Perrot-Applanat et al, 1987; Greene and Press, 1987; Helin et al,

1988; Pertschuk et al, 1988; Elashry-Stowers et al, 1988; Charpin et al,
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1988). A high correlation between immunchistochemical methods und
biochemical assays has been found Akin to avian PgR, 1ts countervpart 1in
humans, is also found in two forms with molecular weights of approximately
95 and 120 Kd (Wei and Horwitz, 1986) aPR6 recognices only the B form ot
PgR 1n the oviduct (Sullivan et al, 1986) and in human breast cancer cells
(Wei et al, 1987, Estes et al, 1987) c¢DNA for the PgR receptor has
recently been cloned from rabbit uterus (Loosfelt et al, 1986), chick
oviduct (Jeltsch et al, 1986, Conneely et al, 1986), and human breast
cancer cells (Misrahi et al, 1987) It indicates the presence of only one
gene for these PgRs. It is unclear at this time whether the existence of
these two receptor forms is a consequence of proteclysis either in vivo or
during experimental conditions from a unique product (Loostelt er al,
1986, Lamb et al, 1986) or whether A and B forms are the result of
differential splicing events (Carson et al, 1987, Gronemeyer et al, 1987)
We have studied the distribution of PgR 1n the normal human cyclic
endometrium (Chapter III) using the mouse monoclonal antibody (aPR6) to
the avian PgR. Its specificity for human endometrial PgR has heen shown by
Sullivan et al, 1986. There 1is no evidence that, 1in human endometrial
tissues, the receptor exists exclusively in the "A" form or in a different
ratio to the "B" form. The fact that aPR6 recognizes only the "B" form may
lead to reduced immunostaining Lntensity, however this is probably not
restricted to any particular type of endometrial tissue Furthermore,
recent immunohistochemical studies on the normal cyclic human endometrium
with rat antibodies, JZB39 and KD68, recogniczed both the A and B forms of
human PgR (Press et al, 1988; Press and Greene, 1988; Lessey et al, 1988)
The distribution of PgR in these studies was similar to our results

presented in Chapter III.
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Immunoblot analysis with aPR6 on the human endometrial cytosol
(Chapter III) confirmed the specificity of aPR6 for the B subunit of human
endometrial PgR, demonstrated by Sulliwvan et al, 1985 Furthermore, our
competition studies (Chapter III) demonstrated the specificity of the
tmmunocytochemical staining for human endometrial PgR. Specific staining
was found only in the nuclei of epithelial and stromal cells of the
endometrium when incubated with aPR6, but disappeared when oPR6 was
preincubated with highly purified receptor The exclusive nuclear
distribution of PgR 1n the epithelial and stromal cells of the endometrium
was also found in nuclei of smooth muscle cells of the myometrium
Endometrial PgR concentrations varied in the menstrual cycle PgR contert
incredased between the early and late proliferative phase, remained
clevated 1n the early secretory phase and declined by the mid-secretory
phase in the epithelial component [t remained high, however, in stromal
cells throughout the secretory phase However, future investigations for
endometrial tissue fixation may 1improve distortion due to ligand nitrogen
in  the secretory endometrium Investigators have reported on the
distribution of PgR 1n the normal cyclic endometrium with mouse monoclonal
antibodies to human endometrial PgR (Clarke et al, 1987), to rabbit
uterine PgR cross-reacting with human PgR (Garcia et al, 1988), and rat
monoclonal antibodies to human breast cancer cells PgR (Press et al, 1988,
lessey et al, 1988) The distribution of PgR in these studies was similar
to ours described 1n Chapter III. However, future investigations for
endometrial tissue fixation may improve distortion due to ligand nitrogen
in the secretory endometriunm,

The combined analysis on the distribution of both ER and PgR provides

new information on PgR synthesis in the human cyclic endometrium. PgR

concentrations have beer shown by biochemical assays to be the highest
during the late proliferative-early secretory phase, declining thereafter
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menstrual cycle. These studies led to the conclusion that PgR synthesis
is mainly induced by E, in target cells via the E,-receptor complex
mechanism (see Chapter I, part II; Nardulli er al, 1988), Progesterone
decreases the synthesis of ER, thus indirectly decreases the synthesis of
PgR. However, the existence of an E,-independent pool of PgR has also heen
suggested in hamster and rabbit uterus and vagina (I.otalo et al, 1981,
Allen and Leavitt , 1983; Okulicz, 1986). As a result, PgR synthesis in
these tissues may exist independently of either E, or progesterone levels,
Toppila et al, 1986 and Hild Petito et al, 1988 have suggested that the
same phenomenon may exist in the normal human and monkey ovary,
respectively, and Korte and Isola, 1988 failed to find E,-inducibility of
rabbit ovarian PgR Our study in Chapter III confirmed the concept of E2-
regulat , of PgR synthesis and only progesterone down-regulation in the
epithelial component of the endometrium The presence of PgR 1n the
epithelium may thus be a good marker of epithelial E_z_-sens1r1v1ry
Conversely, lack of FgR in estrogen primed endometrial epithelium reflects
the action of progesterone PgR in the stroma of the endometrium and the
myometrium, however, appears to exist independently of elther E, or
progesterone levels This led to the suggestion that PgR may be 1n part
constitutively synthetized 1n the latter The precise significance of this
finding is not clear. The functional response of uterine tissue to E, and
progesterone seems to be determined in part by the fluctuationing levels
of ER and PgR in the epithelium and stroma The declining functional
importance of the glandular epithelium during the late secretory phase
parallels the depletion of PgR. The stroma which becomes deciduallized in
the mid-secretory phase would logically require receptors to support {ts

development induced by progesterone. The same is true for the myometrium
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during gestation, since progesterone is thought to inhibit its
contractibility.

In our study, ER and PgR were not found in endothelial cells of
endometrial and myometrial vessels nor in the muscular wall of myometrial
blood vessels Press et al, 1984, Press et al, 1988; Lessey et al, 1988,
found the same results with rat monoclonal antibodies to human ER and PgR.
However, Perrot-Applanat et al, 1988 recently showed the presence of ER
and PgR in muscle cells of myometrial uterine arteries in rabbits and
humans The discrepancy between this immunocytochemical study and ours
and others may be due to differences in the monoclonal antibobies used.
However, the study of Perrot-Applanat et al, 1988, if verified, offers a
new concept to explain uterine vascular changes observed during the
menstrual cycle and pregnancy Steroid hormones may act directly on
arterial muscle cells rather than only through their indirect action on
prostaglandins Whether E, or progesterone may constrict or dilate the
uterine vascular system is yet unknown

Immunohistochemical study of ER and PgR provides a new tool for
diagnosing luteal phase defect in women with infertility. In such cases,
the glandular epithelium and the stroma are out of phase with respect to
cellular maturation In general, maturation is more advanced in the stroma
than in the gland cells. The possibility that this asynchronous maturation
is receptor-related is entertained but has not been proven so far.
However, epithelial PgR decrease and eventual absence of as a marker of
gland cell maturation under the action of progesterone may be used
together with endometrial histology and stercid plasma levels, for
studying infertility during short luteal phase or luteal phase defect and

related conditions of infertility.
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ER and PgR have been found elevated in endometrial hyperplasia by
biochemical assays (see Chapter I, part IV) However, the epithelial and
stromal cell components of endometrial hyperplasia have not been evaluated
separately 1In these studies Our immunohistochemical analysis of the
cellular distribution of both ER and PgR (Chapter II and 1IV) in
hyperplastic endometria provides insight to understand the complexity of
possible steroid hormone effects on these tissues Endometrial hyperplasia
with or without cytologic atypia displayed differential expression in
their ER and PgR immunoreactivity. In hyperplasia without cytologic
atypia, ER and PgR were found in high concentrations in the nuclei of both
the epithelial and stromal cells in agreement with the previous
biochemical data In endometrial intraepithelial neoplasia (EIN), however,
ERs and PgRs were mostly confined to the stromal cell component The
levels in this endometrial component reflects probably most of the value
measured by biochemical assays

The wvarious bilomorphologic characteristics (other than PgR) that
distinguish EIN from hyperplasia have been described (see Chapter I, part
I11) They support the two disease hyperplasla-neoplasia concept
(Ferenczy, 1988). The difference in cellular distribution c¢f steroid
receptors between hyperplasia and EIN is an additional characteristic
which distinguishes these two pataological states Although it 1s admitted
that the presence of ER and PgR in normal target tissues 1s a prerequisite
for the action of E, and progesterone, little is known about the hormonal
regulation of hyperplastic proliferations in the human endometrium High
levels of ERs and PgRs in hyperplasias suggest their sensitlvity to E, and

their possible response to progesterone. The low levels of ERs and PgRs
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in the epithellal component of EIN suggest a different, if any, hormonal
regulation of this lesion and a potential 1nsensitivity to E, and
progesterone. This hypothesis seems to be supported by a recent clinico-
pathologic study on hyperplastic endometrium with and without cytologic
atypia (Ferenczy and Gelfand, 1989) Endometrial response to exogenous
progestagens, medroxyprogesterone acetate (Provera (R)), was significantly
higher in hyperplasia without cytologic atypia (80%) than EIN (25%).
Histologically, endometrial response to Provera was ascertained by
secretory, "pill-effect", menstrual-like or inactive changes, suggesting
that PgR in hyperplastic endometrium are indeed functional, but less or
not at all in EIN It is also possible that the difference in steroid
receptor distribution in these tissues is a reflection of
dedifferentiation and loss of ER and PgR expression in hyperplasia prior
to its conversion to neoplasia.In this case, hyperplasia and EIN may be
considered as a continuum of disease In contrast to normal endometrium,
hyperplasia and EIN, invasive carcinoma displayed heterogenous staining
for ER and PgR in both their epithelial and stromal components This may
indicate that EIN and carcinoma are not necessarily successive pathologic
steps on a transformation pathway. Unfortunately, at present, there are
no experimental models to verify our contentions on hormonal regulation
of hyperplastic and neoplastic endometria. Even in mice, the best
experimental model for studying human endometrium in relation to hormonal
influence, it is impossible to ascertain morphologically and distinguish

between hyperplastic and intraepithelial neoplastic endometrium

Our observations of the heterogenous distribution of ER and PgR in

the epithelial and stromal cell components of endometrial carcinoma is in
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agreement with the findings of Mc Carthy et al, 1985; Budwit-Novotnv et
al, 1986; Pertschuk et al, 1986; Charpin et al, 1988, for ER and Zaino et
al, 1988; Charpin et al, 1989; Segreti et al, 1989 for PgR Similar
heterogeneity has been reported for ER and PgR in breast carcinoma (King
et al, 1985, Mc Carthy et al, 1985, Pertschuk et al, 1985; Perrot-Applanat
et al, 1987, Charpin et al, 1988; Elashry-Stowers et al, 1988, Helln et
al, 1988, Pertschuk er al, 1988) It may indicate that regulation of
steroid receptors during malignant transformation of endometrial tissue
is altered and/or different from the normal cyclic counterpart. However,
Satyaswaroop et al, 1983 and Zaino et al, 1984 have shown that receptor-
positive hurman endometrial adenocarcinoma transplanted to nude mice showed
growth response and histologic alterations after estradiol or progesterone
similar vo those observed in normal endometrium Conversely, sterold
receptor-negative carcinoma failed to respond to E, injection The results
indicate that response of endometrial carcinoma to exogenous, suppressive
hormone therapy requires the presence of steroid receptors, whereas their

absence implies a probable lack of response to hormone therapy.

The significance of ER and PgR as markers of estrogen sensitivity
in the stroma of EIN and some endometrial carcinomas by
immunohistochemistry is not clear. Although the presence of PgR in these
tissues suggests the presence of functional ERs and estrogen sensitivity,
PgR is only one measure of estrogen action The latter [s better
ascertained by a combination of measurements. For exemple, measuring
estrogen-induced mitogenic action of endometrial stroma with synthesis
and/or secretion of stromal estradiol-induced growth factors such as

fibroblast growth factor (FGF), platelet derived growth factor (PDGF),
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Reta transforming growth factor (RTGF) and insulin-like growth factor 1
(1IGFl) would confirm that ER are functional (Baird et al 1985; Neufeld et
al, 1987; James and Bradshaw, 1984, Sporn et al, 1987; Clemmons, 1984;
Huff er al, 1986) Also, akin to secretory phase endometrium, PgR in the
stroma of EIN and carcinoma may not be a marker of estrogen action but
rather may be constitutively synthetized. If so, presence of PgR may not
necessarly reflect cellular response to exogenous progestogens. On the
other hand, presence of stromal progestin-induced proteins such as 51K or
pregnancy associated endometrial a-globulin X1 PEG or IGFBP) (Maudelonde
and Rechefort, 1987; Waites et al, 1988) together with histologic evidence
of stromal cell secretory differentiation (decidualization) after
progestogen administration would suggest the functional nature of PgR. A
recent clinical study (Ferenczy and Gelfand, 1989) has analyzed the
longterm efficacity of exogenous progestogens in 85 patients with
endometrial hyperplasia with (20 patients) and without (65 patients)
cytologic atypia. While 80% of endometrial hyperplasia without cytologic
atypia were converted on a longterm basis ( mean 7 years ) into secretory
endometrium, 75% of the 20 cases with cytologic atypia (EIN) failed to
respond to oral medroxyprogesterone acetate (Provera (R) therapy ). These
lesions remained unchanged both in their epithelial and stromai components
and 5 of 20 progressed to carcinoma In this series, decidual
transformation of the stroma or secretory maturation of the abnormal
epithelium has been observed but has not been correlated with the presence
or absence of PgRs. Similarly, an earlier clinico-morphological study on
progestogen treated endometrial carcinoma failed to evaluate cellular
difference, if any in the stroma of these tumors (Ferenczy and Gelfand,

1982). As a result, it is not known whether or not PgR in such lesions is



either absent or, if present, functional An alternative hypothesis 1s a
paracrine hormonal regulation of epithelial cells via stromal-epithelial
interaction mechanism in EIN and some endometridl cdrclnomis contdining
ER- and PgR-positive stromal cells This paracrine stimulation may be
induced via stromal-secreted growth factors which are known to have .

potent mitogenic effect on epithelial cells (Yee et al, 1989)

In conclusion, while intimate interrelationships between hormones
which influence growth and development of secretory function in the
normal cyclic endometrium have been well documented, much remains to be
done for a better 1nsight 1nto the hormonal 1ntluence oun theand
pathogenesis of endometrial hyperplasia and neoplasia Specifically
designed experimental studies of human endometria using steroidobinding-
immunohistochemistry and molecular biology may improve our understanding

of this challenging target tissue of the human reproductive tract
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CONTRIBUTION TO THE KNOWILEDGE

1) On the specificity of the monoclonal antibody aPR6é for human

endometrial progesterone receptors and,

2)On the systematic immunocytochemical study of estrogemn (ER) and
progesterone receptors (PgR) in normal cyclic, hyperplastic and neoplastic
human endometria. The results indicate:

a) the presence of epithelial PgR may be a specific marker of epithelial
E, sensitivity during the menstrual cycle and lack of epithelial PgR
reflects the action of progesterone. PgR in the stroma may be in part
constitutively synthetized.

b) high levels of ER and PgR in hyperplasia without cytologic atypia
correspond to high E, sensitivity of these tissues and their potential to
respond to progesterone,

c) low levels of ER and PgR in the epithelium of endometrial
intraepithelial neoplasia and the wmajority of invasive carcinoma
correspond to relative epithelial insensitivity of these abnormal
proliferations to E, and their limited potential to respond to
progesterone and,

d) the presence of ER and PgR in the stroma of endometrial
intraepithelial neoplasia and in some invasive carcinoma suggests a
possible paracrine hormonal regulation of epithelial cells in these

lesions.

198




