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ABSTRACT 

Estrogen and progesterone receptars were localized in fresh frozen 

sections of human endometrial tissues, in bath 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 nue lei of eplthelial 

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 ep i thelium 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 cytologie 

atypia. They were 10w in the epi thelium of endometrial intraepithelial 

neoplasia (hyperplasia with cytologie atypia) and invasive carcinomas. 

The stroma contained relatively high estrogen and progesterone receptors 

levels, irrespective of whether the epithelium was hyperplastic or 

neop las tic 
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RESUME 

Le kit ER- ICA et l'anticorps monoclonal de sour is contre les 

récepteurs de la progesterone (aPR6) ont permis de detecter lt.>s 

récepteurs des estrogènes et de la progesterone sur des tissus congeles 

d'endomètres hwnains, normaux et pathologiques. En uti.l isant dl'S 

méthodes immunohistochlmiques, ces récepteurs sont présents uniquement 

dans les noyaux des cellules epitheliales et stromales de l'endomètre. 

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 estrogènes 

diminuent d'abord dans le stroma, à l'inverse, ceux de la progestérone 

disparaissent plus rapidement dans l'épitheliurn, 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 limi té dans l' eplthe 1 iwn des neoplasies 

intraépithéliales (hyperplasies avec atypie cytologique) et des cancers 

envahissants. Indépendarrunent de la nature de l'épi thelium. hyperplas ique 

ou néoplasique. leur nombre est relativement élevé dans le stroma. 
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Chapter 1 

INTRODUCfION AND 

REVIEW OF LITERA TURE 



1 
I-MEOHANISMS OF STEROID HORMONE ACTION 

lntracellu1ar 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; D'Malley and 

Schrader, 1976; Clark and Peck, 1979; Jensen et al, 1982). These 

receptors are steroid specifie proteins and can be inhibited only by the 

same elass of hormones. They have a high affinity (Kd of 0.1 mM for ER) 

and low capacity tl bind estrogens and progesterone, respectively 

(Katzene11enbogen, 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 

specifie RNA' s is stimu1ated. These, in turn, are invo1ved in the 

synthesis of new proteins that affects target ce11 functions and growth 

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

i) Historica1 Background. 

lt was not unti1 1959 (G1ascock and Hoeskstra, 1959) that tritiated 

sex-steroids such as hexestro1 and tritiated estradiol of high specifie 

activity became availab1e as means of studying the tissue distribution 

and metabo1ism of estrogens. Ear1y studies (Jensen and Jacobson, 1960) 

demonstrated that estrogen target tissues, and especially the uterus, 

take up and retain larger amounts of estradio1 than their non-target 

eounterparts. These observations suggested that target cells contained 
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binding components. However, it was not until 1967 that the first 

estrogen receptors were demonstrated in the cytoplasmic fraction of rat 

uterine tissue (Toft e~ al, 1967). In 1968. Gorski et al (1968) and 

Jensen e~ al (1968) reported on the intracellular mechanism of action of 

estradio1, the so-ca1led "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 assoeiated with the chromatin to initiate a series 

of sequence of mo1eeular and metabolic events. These observat ions 

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 

morphologieal methods for identifying ER in tissue sections. 

Autoradiography both in vivo and in vitro were the first method5 to be 

employed extensively for ER 10eaHzation in rat uterus (Stumpf, 1968a) 

and other target tissues (Stumpf, 1968b, 1969). Dry and thawn rnount 

autoradiography in vivo after single injection of 3H estradiol and in 

vitro after sliee incubation with lH estradiol showed that the latter 

was preferably loealized over the nuclei of target cells. Aceording to 

the two-step model, lH estradiol bound to ER was rapid1y transloeated ta 

the nucleus at physiologie tempe ratures . However, 3H estradiol bound ta 

ER at 2°0 failed to translocate to the nucleus. Early studies (Jensen et 

al, 1968) on excised rat uterus ineubated in lH estradio1 containing 

medium at 2°C showed most of the radioactivity of JH estradiol to be 

extranuclear. However, later studies (Sheridan et al, 1979; Martin and 
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Sheridan, 1982) using the same experimental mode1 found on1y nuclear 

staining. Using a different approach with liquid emu1sion 

autoradiography after in vitro uterine section incubation with 3H 

estradiol, Tchernitchin et al (1973) found radioactivity in the 

cytoplasm of eosinophi1es while all other cell types remained 

unlabe11ed. His resu1ts, however, were never confirmed by comparative in 

vivo autoradiographie experiments. Even when autoradiography was 

prepared and read with extreme care (Stumpf and Roth, 1969), it suffered 

from several technical and conceptua1 pitfa11s. These included, possible 

dilution of the radio1igand in vivo by circu1ating endogenous estrogens, 

possible occupation of receptors by endogenous estrogens, difficu1ty to 

obtain autoradiograms with 10w background and long exposure periods due 

to the relatively 10w specifie activity of JH estradio1. 

As a 10gica1 extension of and alternative to autoradiography, 

histochemical techniques were deve10ped with fluorescent estradiol 

conjugates (Dandliker Rt al, 1977; Rao et al, 1980; Lee, 1981) or 

estradio1 antlbodies (Nenci et al, 1976; Pertschuk et al, 1976). In the 

former case, the ligand used was fluorescent 1713-estradiol or 1713-

estradio1 fluoresceinated bovine serum albumin isothiocyanate (Pertschuk 

et al. 1980). Variable staining reaction was observed in either the 

cytop1asm or the nucleus or both. While Lee (1978) and Panko et al 

(1982) found no correlations with biochemica1 assays, Pertschuk et al 

(1979) obtained 91% correlation. In the latter case, investigators 

(pertschuk et al, 1976; Nenci et al, 1976; Mercer et al, 1980) used 

polyestradiol phosphate or estradi01 as a ligand which was localized 

with immunof1uorescent anti-estradio1 antibodies. pertschuk et al (1978) 

found 90% correlation with biochemica1 assays. However, the methodo1ogy 
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1 
and ligand used in these two studies were severe1y criticized as to 

their validity (Chamness et al, 1980, Mc Carthy et al, 1980, Morrow t't 

al, 1980) Firstly, the true affinity of the fluorescent or the 

polyestradiol phosphate ligand for ER cou1d not be validated; no 

acceptable competition with 3H estradi01 for ER was found dnd nuclei of 

non target tissues such as in the rat diaphragm a1so 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 

corre1ate the results of these assays with biochemical assays. Third1y, 

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 cytopldsmic type Il 

or type III binding sites of estradiol rather than to estradiol receptor 

complexes (Chamness et al, 1980, Morrow et al, 1980). Type lIb inding 

sites even if they have steroid specificlty and limlted capacity, differ 

from true ER binding sites The former have 10wer affinity for 

estradiol, are not depleted from the cytoplasm when the tissue 15 

exposed to estradiol (Clark et al, 1978, 1981) and are unable to 

initiate trancription-related hormonal effects. Type III binding sites 

are soluble molecules like albumin. These molecules have 10w affinity 

but very high capacity for estradiol. As a result, with high 

concentrations of estradiol, binding to these sites may become 

substantial (Chamness et al, 1980; Morrow et al, 1980; Mc Cart y et éll, 

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; Loosfe1t et al, 1984; Horwitz et al, 1985). The development of 
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specifie monoclonal antibodies against ER (Greene et al, 1980) has 

enabled the loea1ization of ER in nuc1ei of target eells in tissue 

~~etlons (King and Greene, 1984) and confirmed prevlous autoradiographie 

studles (Sheridan et al, 1979; Martin and Sheridan, 1982) whieh traced 

ER main1y in the nucleus. The data were further supported by bioehemieal 

as~ays, Welshons et al (1984) found that more than 90% of unoceupied ER 

was in the nucleoplast fraction of cytochalasin enucleated GH3 rat 

pituitary adenoma ce1ls. 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 reeovery of the ER in the fraction eontaining 

the eell nuc1ei. 

ii) A new model for receptor mechanism. 

Based on recent data, a new hypothesis on the meehanism of sex 

steroid hormone action has been proposed: the majority of the native 

receptors s~ems to be preferentially loealized within the nuclear 

eompartment where i t is loosely bound and is in equilibrium with small 

amounts of extranuc1ear 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 compartrnent. The 

activated form of the steroid receptor comp1ex binds tightly ta aeceptor 

~ites in the ehromatin rernoving it from solution and providing force for 

more unoccupled receptor to enter the nucleus and to undergo activation 

(Jen.<;en et: al, 1984) Several recent immunohistochemical studies with 

monoclonal antibodies against ER and PgR have consistently 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 fra,;ion 

by biochemical aS5ays was in retrospect probably artifactua1, due ta 

extraction of nuclear receptors into the cytop1asm. Indeed, unbound 

receptors are 100se1y bound to nuclear structures and easily lost when 

the nucleus i5 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. 

II-HORMONAL REGULATION OF THE NORMAL CYCLIC ENDOMETRIUH 

i) Morphological response to 

cycle. 

steroid hormonel during the menstrual 

The human endometrium is characterized by constant regeneration and 

cyc1ic changes of ceU proliferation, differentiation and death. The 

basalis layer, which pers ists throughout every cycle, const i tutes the 

matrix for regeneration of the post menstrual endometrial functionalis 

(Ferenczy, 1976,1977 , Ferenczy et al, 1979a) . Proliferation and 

secretory differentiation of the endometrial functionalis layer are 

mediated by the influence of estrogens (E2 ) and progesterone, 
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respectively (Clark and Peck, 1979; Katzenellenbogen, 1980), and can be 

related to cyclic plasma levels of Ez and progesterone during the 

menstrual cycle. 

During the first part of the cycle, Ez 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 E2 levels. Ultrastructurally, estrogens 

stimulate the formation of free and bound ribosomes, Golgi, 

mitochondr1a, 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 Richarc, 1974). 

After ovulation, progesterone modifies cellular growth and the 

biosynthetic activity of the Ez-primed uterus. It inhibits further 

proliferation of the endometrium and converts the Ez-primed endometrium 

to a secretory type tissue (Ferenczy and Richart, 1974; Clark et al, 

1985). The endometrial glands become irregular and convoluted and 

accumulate intracytoplasmic glycogen. DNA synthesis and cell divisions 
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in epithe1ial ce1ls are arrested at the same time as apocrine secretory 

activity begins (Ferenczy et al, 1979a). At the microstructurai level, 

giant mitochondria and basket-like nuc1eo1ar 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, nue1eo1ar channel systems can be 

produced both in vivo and in vitro by progesterone or its synthetic 

variants (Pryse et al, 1979). Progesterone, furthermore, induees 

predecidualization of spindle shaped stromal fibroblasts. These are 

transformed into p1ump liver-like cells. Predecidual cells represent 

preeursor forms of gestational decidua1 ceUs. The latter have severa1 

metabolic functions whieh inc1ude 1) the control of the invasive nature 

of the normal trophob1ast (Kirby and Cowe11, 1968), 2) protection of the 

fetus against immunologie rej eetion by suppressing mixed lymphocyte 

reaetion (Kirkwood et al, 1981) and 3) synthesis of prolaetin (Rosenberg 

et al, 1980; Huang et al, 1987). Endometrial prolactin during gestation 

presumably stimulates amniotie fluid metabolism (Healy et al, 1983) and 

synthesis of prostaglandins E2 and F2a the latter mediat ing 

endometria1 vaseu1ar permeability (Kennedy, 1980). Gestational decidua 

has probab1y also a nutritive role by synthesizing substances which are 

vital for the embryo prior to the deve10pment of the fetal circulatory 

system (Handwerger and Freedmark, 1987). If conception does not occur, 

predecidua1 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 ovu1atory phase, stabilizes 
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1 
lysosomal membranes (Weissman, 1964) . With the fall of plasma 

progesterone, lysosomal membrane integrity is no longer maintained. The 

acld phosphatases synthetized during the pre-ovulatory phase in primary 

lysosomes by E2 are re1eased into various cellular and interce1lular 

compartments resulting in digestion and destruction of the glandular 

epithel ium. stromal ce Ils and the vascular system. Endothelial membrane 

injury promotes platelet deposition and release of thromboxane, 1eading 

to vascular thrombosis. Parallel to these cellular events, a graduaI 

increase in prostaglandins, particularly results in 

vasoconstriction of spiral arterioles (Abel, 1979), leading to ischemie 

tissue necrosis The menstrual period is characterized by tissue 

shedding and regeneration, both of which appear independent of hormonal 

influence (Ferenczy, 1980). lndeed, in the post menstrual phase, despite 

increased DNA synthesis, plasma levels of Ez and progesterone are low, 

unchanged from the premenstrual values. The increased nuclear DNA and 

nuc leolar RNA turnover is a reflection of initial tissue response to 

repair the los t substance. The marked increase in DNA synthesis and 

mitotic activity in aIl the cell components of the regenerated human 

endometrium coincide with the increase in plasma Ez and reflect target 

cell sensitivity and response to Ez. 

li) Steroid receptors in the normal menstrual cycle. 

It 15 weIL 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 le.va the nucleus. Studies with 

inhibitors of RNA and prote in synthesis (actinomycin 0 and 

cycloheximide) showed that 1/3 of ER that reappear in the uterine 

cytosol after their initial depletion by an E2 injection do not depend 

on de novo RNA or protein synthesis and most lileely arise from rpr.ycling 

of ER from the nucleus (Jensen et al, 1969; Sarff and Gorsle!, 1971; 

Mester and Baulieu, 1975). The remaining is presumed to be newly 

synthesized, hence the receptor replenishement invo1ves both recyc1ing 

and synthesis of new receptors. 

Receptors for E2 (ER) and progesterone (PgR) as identified by 

conventiona1 biochemical analyses and immunohistochemical analysis, have 

been found high during the 1ate pro1iferative phase and 10w 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 E2 and progesterone are consistent 

with these considerable fluctuations of receptor levels observed 

physiologica1ly during the normal menstrua1 cycle The sequential 

presentation of E2 and progesterone in the uterus 1S 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, E2-responsive ceUs of the uterus in a castrated rat 

maintain levels of receptors that enable it to respond to administred 

E2 (Clark and Peck, 1979). However, administration of E2 promotes new 

synthesis of ER and l'gR in the uteri of animals and in humarl endometrium 

(Clarlc and Peck, 1979). The uterus is relatively insensitive to 

progesterone unless first ex~osed to E2' 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 E2 

promotes the synthesis of PgR (Milgrom et al, 1973; Janne et: al, 1975; 

Leavitt et al, 1971) thereby enhancing the abUity of the uterus to 

respond to progesterone. ER and PgR concentrations are the highest in 

the proll.ferative phase and correlate with peak plasma levels of Ez. 

Progesterone antagonize5 E2 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 Katzenellenbogen, 1977). Also, 

progesterone antagonlZes the action of E2 by converting E2 into estrone 

(El) through the action of the progesterone specifie enzyme 17 estradiol 

p-hydroxydehydrogenast' (E2 -DH) (Tseng and Gurpide, 1975; Gurpide and 

Marks, 1981). The activity of the latter, however, is restricted to the 

g1andular epithelium (Satyaswaroop et al, 1982). El is able to bind to 

ER but it i5 on1y a weak binding which does not significantly stimulate 

the nucle! of target cells (Gurpide, 1978). And paradoxica11y, 

progesterone causes a rapid fall in the levels of uterine PgR (down 

regulation) (Milgrom et al, 1973) by antagonizing Ez-stimulation from 

which PgR synthesis is mostly dependant. 

lII-ENDOMETRIAL HYPERPLASIA AND CARCINOMA: MORPHOLOGIC AND PA'ŒOLOGIC 

CONS IDERA'rIONS. 

Non invasive endometria1 proliferations constitute a group of 

heterogenous lesions with an 1ncrease in the number and/or volume of 

glands and stroma displaying a variety of cytologie and architectural 

alterations. These les10ns have been studied for many years (Gusberg, 
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1947; Hertig and Sommers, 1949; Hertig et al, 1949; Mc Bride, 1959; 

Gusberg and Kaplan, 1963; Beutler et al, 1963: Vellios, 1972; TavassoU 

and Kraus, 1978, Fox and Buckley, 1982; Ferenczy et al, 1983; Kurman et 

al, 1985; Ferenczy and Gelfand, 1989). Yet, their re1ationship to 

carcinoma remains unsett1ed, as are their appropriate treatments. 

Attempts to establish the relationship, if any, between endometria1 

hyperplasia and the subsequent deve10pment of endometrial carcinoma have 

involved malnly retrospectlve studies of prior biopsies of patients who 

subsequently developed endometrial carcinoma (Novak and Rutledge, 1948; 

Hertig and Sonuners, 1949; Speert, 1959, Seutler et al, 1963). Most 

retrospeetive studies suffered, however, from patient selection bias. 

Indeed, only women with abnormal b1eeding 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 diagnos is was made by 

curettage (Hertig et: al, 1949; Mc Bride, 1959; Gusberg and Kaplan, 1963; 

Buehl et al, 1964; Wentz. 1966; Charnl1an and Taylor 1970). This 

procedure removes. and many times ntreats n the pathologie endometrium 

and artificially reduces the risk of disease progress ion. Gonversely, 

curettage does not necessari1y sample the entire endometrial cavity and 

may miss areas of e.rly focal carcinoma. In such cases, the endometria1 

sample initially obtained is histologically underdiagnosed and 

incorrect1y interpreted as progressive les ions when on follow-up the 

undetected disease Is discovered. Another pitfall of sorne 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) receivec! 

radiation treatment to control bleeding associated with hyperplasir3 

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 

les ions . 

These methological difficulties were compounded by a total lack of 

a uniformly accepted and used termino1ogy for presumed precursors of 

endometrial carcinoma. The terminological "melting-pot" resu1ted in 

confused knowledge as to the types of "hyperplasia" being documented and 

thus a poor understanding of their precise natural history. llelch and 

Scully (1977) came to the depressing conclusion that "the 1ack of a 

uniform terminology throughout the literature has made it impossible to 

render even a scientific estimate of the proportion of cases of 

precancerous hyperplas ia that are destined to progress to cancer if 

untreated" . 

Nevertheless, until recently, it was generally believed that sorne 

or perhaps most endometrial carcinomas evolve from normal endometrium 

through a continuing and progressive sequence of subsets of hyperplasia 

ranging irom 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; \le1ch and Scully, 1977). This continuum 

concept seemed to be supported by the evaluation of coexistent 

association studies on invasive carcinoma and hyperplasia of the 
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endometriurn. Green et al (1959) and Gray et al (1974) found concomittant 

hyperp1astic changes in 10% and 42% of adenocarcinoma, respectivE'1y. 

Conversely, Gusberg and Kaplan (1963) and Tavassoli ,lOd Krdus (1978) 

found concomittant adenocarcinoma in uteri with hvperplasia in 20% ,md 

25% of the cases, respectively. Also, hyperplasia pl'eceded 

experimentally induced endometria1 carcinoma by long term t'strogen 

administration (Meissner et al, 1957) or methylcholanthrene (Merriam t't 

al, 1960). However, the concept of continuous progression from s impll' 

hyperp1asia to carcinoma has never been confirmed by well-designed and 

bias-free prospective studies of patients with various forms of 

endometrial hyperplasia. As a resul t, the carcinoma risk l'ates as 

related to morphologie modifications in hyperp1asia are not known. 

In recent years, attempts have been made to simplify termino1ogy hy 

replacing the vagaries of terms by a nomenclature that can be related to 

clinica1 management and prognosis (Fox and Buck1ey, 1982; Nords et al, 

1983; Kurman et al, 1985; Ferenczy, 1988). l t has been suggested that 

endometrial proliferations traditiona11y named as anovulatory persistent 

proliferative endometrium, eystic g1andular hyperp1asia, simple or mild 

hyperp1asia and adenomatous hyperplasia. moderate hyperplasia or complel< 

hyperp1asia be named by a unifying generie name endome trial hyperp1as ia 

(Ferenczy. 1988) or aceording to the Committee on Endometrial 

Terminology of the International Society of Gynecologie Pa thologis ts, 

simple and complex hyperplasia. Irrespective of architectural glandu1ar 

alterations. by definition, the lining epltheliurn of the glanrls lacks 

cytologie atypia and is usually formed of pseudo-stratified tall, 

columnar cells, many of which are of the ciliated variant. These 

les ions represent essentia11y an exaggeration of the normal, cyc l ic 
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proliferative endometrium. In great contrast, endometrial proliferations 

1 with cyto logic atypia are characterized by gland cells with nuclear 

enlargement:, rounding, pleomorphism, 1055 of polarity and often with 

clumped or coarse nuclear chromatin with macronucleoli. The cytologie 

charactenstics of gland cells are indistinguishable from th05e found in 

well differentiated adenocarcinomas More often than not, cytologie 

atypia is associated with architectural alterations as weIl. Based on 

their cytologie similarities to careinoma eells, they are considered to 

be carcinoma precursors. They were tradi tionally referred to as atypical 

adenomatous hyperpla5ia, severe hyperplasia, hyperplasia with cytologie 

atypia, atypical complex hyperplas ia and carcinoma in si tu. The unifying 

generic term endometrial intraepithelial neoplasia (EIN) has been 

suggested for these by sorne (Ferenczy, 1988) and atypical hyperplasia by 

the Committee of the International Society of Gynecologie Pathologists. 

By definition, endometrial stromal or myometrial invasion distinguishes 

EIN from well differentiated earcinoma (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 i5 Evidence of endometrial 

stroma invasion. Dntil recently, there was no weIl defined criteria for 

stromal invasion but only vague imprecise and subjective guidelines 

(Buehl et al, 1964; Vellios, 1972; Shanklin, 1978) for distinguishing 

well differentiated earcinoma from extremes of "atypical hyperplasia" or 

"carcinoma in situ". Kurrnan and Norris (1982) in a careful study 

compared a variety of histologie 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 

28 



glands with a cribriform pattern 2) inflammation and/or necrosis or 

1 desmoplasia of the stroma, 3) complex papil1ary pattern and 4) 

replacement of stroma by masses of squamous epithelium. These histologie 

criteria de1ineate biologieally s ignificant les ions having a greater 

likelihood of metastasis as compared to those in which invas ion is 

absent. 

Recent methods of investigation, including transmission and 

scanning electron microscopy (Ferenczy and R.ichart, 1974; Fenoglio et 

al, 1982; Ferenczy et al, 1983), morphometry (Baak et al, 1981; Colgan 

et al, 1983; Aausems et al, 1985; Oud et al, 1986; R.oberts et al. 1986; 

Fu et al, 1988; Baak et al, 1988) and in vitro DNA histoautoradiography 

(Ferenczy 1 1983) 1 support also the concept that proliferations with 

cytologie atypia are the immediate precursors of invasive careinoma. 

Electron microscopy demonstrated that "hyperplasias" with cytologie 

atypia eompared to those without atypia, contain 1ess estrogen related 

cellular alterations, and conta in organellar pleomorphism, similar to 

that of well differentiated carcinoma. Morphometric analysis showed 

nuclear perimeters, mean maximal nuelear diameter, standard deviation of 

nuclear area and of shortest nuclear axis and in vitro DNA 

histoautoradiography showed DNA phase duration and eell doubling time 

values in hyperplasias with cytologie atypia similar to values found in 

well-differeneiated earcinoma but not in normal or hyperplastic 

endometria without cytologie atypia. Measurements of DNA content by 

Feulgen microspeetrophotometry and fic", cytometry are not useful in 

distinguishing cellular proliferations with or without invasive 

potential. Earlier observations of nuclear aneuploidy (a specifie 

feature of cancer in genersl) in endometrial carcinoma precursors 
... 
1 
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(Wagner et al, 1967) have not been confirmed by subsequent investigators 

(Sachs et: al, 1974; Feichter et: al, 1982; Iversen, 1986; Lindahl et: al, 

1987) l t: seems that most weIl differentiated endometrial carcinomas and 

EINjatypical hyperp1asias have diploid nuc1ear DNA content 

indistinguishab le from normal endometrium or hyperplas ia wi thout 

cytologie atypia (Sachs et al, 1974; Feichter, 1982; Iversen, 1986; 

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

to subtle numerical (trisomy lq or 10) rather than structural 

aberrations of the chromosomes (Katayama and Jones, 1967; Couturier et 

al, 1986, Gibas and Rubin, 1987) A1though, one cytogenetic study found, 

similar structural a1terations 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 cytologie 

atypia in their hyperplastic les ions. 

A few earlier and more recent, relatively bias-free prospective 

studies (McBride, 1959; Kurman et: al, 1985; Ferenezy and Gelfand, 1989) 

on over 200 patients with various subsets of endometrial hyperplasia 

also support the concept that cytologie atypia is the morphologie 

predietor of biologie behavior. The results of these studies revea1ed 

rhat hyperplasia without cytologie atypia failed ta carry greater 

carcinoma risk th an is observed in an age-matched normal women 

population, whereas hyperplasia with cytologie atypia progressed ta 

carcinoma in 23% (Kurman et al, 1985) ta 25% of the cases (Ferenczy and 

Ge1fand, 1989) with a mean of 5.5 years progressive transit time. The 

efficacity of progestin therapy in obtaining regression of endometrial 

hyperp1asia has been eva1uated in a number of publications (Kistner, 

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

Kurmanet al, 1985; 
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Gal, 1986; Ferenczy and Ge1fand, 1989). However, it is difficult to 

understand which types of hyperplasia rcspond better than others beeause 

of the confusing terminology used in Many studies on hyperplasias. Sorne 

investigations obtained a very high rate (100% and 93%) of regression to 

normal with Any kind of hyperp1asia (Wentz, 1966; Eichner and Abel1era, 

1971; Gal, 1986) while others (Ferenczy and Gelfand, 1989) obtained 25% 

and 80% long term cure rates in hyperplasia with and without cytologie 

atypia, respectively. Similar experience has been published by Kurman et 

al (1985). The recurrenee rate of hyperplasia after diseontinuation of 

or during progestational treatment is a1so difficult to ascertain 

because in certain series, investigators have not related recurrence 

rates to the presence or absence of cytologie atypia. Ventz (1966) found 

no case with recurrence, while Eichner and Abellen (1971) and Gal 

(1986) reported 60% and 10% recurrences. respecti vely. On the other 

hand, in a series of 85 cases followed prospective1y by Ferenczy and 

Gelfand (1989) 50% and 13% of hyperp1asia with and without cytologie 

atypia, respectively have recurred. Experience of Kurman et: al (1985), 

has been similar. Why sorne hyperp1asia fail to respond to progestogen 1s 

not clear. Progesterone reeeptClrs seem to be mandatory for action of 

progesterone but none of the above clinical studies have studied the 

tissue receptor content and variation of. aecording to the type of 

1esionnal tissue. 

IV -STEROID RECEPTORS IN ENDOMETRIAL HYPEllPLASIA AND CARCINQl1A. 

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

normal and abnormal endometria. 

i) Steroid receptors in endometrial hyperpllisia. 

Many of the morphological alterations in endometrial hyperplas ia 

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 hyperp1asia includes a spectrum of epithelial changes 

induced by E2 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; J4nne et al, 1979; Shyama1a and Ferenczy, 

1981; Ehrhich et al, 1981). Leve1s were comparable ta those found in 

normal pro1iferative 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 cytologie atypia. !hese 

methods, furthermore, used tissue homogenates and then failed to give 

information on the distribution of receptors in the various ce11 

components of the endometrium. 

Jânne et: al (1979) measured ER and PgR in hyperplastic endometria 

prior to medroxyprogesterone acetate (Provera (RI) treatmem:. After 

treatment. the decrease in receptors leve ls ranged from 10% ta 30* of 
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the initial values. This response seems similar to that observed in the 

normal secre~~ j ~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 relative ly 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 

cont.'lining cells have a focal and limited rather than diffuse 

endometria1 distribution or that PgRs are concentrated in the stroma 

rather than in the glandular epithelium. 

ii) Steroid receptors in endomatrial carcinoma. 

Endometria1 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 I), 

approximately 3000 North-American women die yearly with advanced or 

recurrent disease. Malignancies of endocrine target tissues often share 

biologie 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 invo1ves initiation 
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and promotion of cells in a given organ. 1'he initiator(s) induces 

chernical alterations (mutations) in the cells which, if stimu1ated by a 

promoter(s), may develop into clinical cancer. Whi1e initiators of human 

endometrial carcinogenesis are unknown, estradiol is considered to be a 

potent: promoter of normal and possibly neoplastic growth of the 

endometrium. 

Numerous epidemiologic studies indicate an estrogenic milieu 

unopposed by bio1ogically active progesterone in most patients with 

well-differentiated endometria1 adenocarcinoma (Smith et al, 1975; Ziel 

and Fink1e, 1975; Mc Donald et al, 1977; Hu lie. , 1987). Indeed, most 

endometrial cancer risk indicators such as obesity, nulliparity, late 

menopause, long tenu 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 endometria1 carcinoma lack the 

above rislc indieators 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% experienee menop.use before age 49 and 43\ ta 89% are 

not exposed ta estrogen alone replacement therapy (Zie1 et al, 1975; 

MeDona1d et al, 1977; Richardson, 1978). In a prospective study of 133 

patients with bi1ateral oophorectomy fol1owed from 5 to 30 years without 

hormone replacement cherapy 6. S, deve10ped carcinoma of the endometrium 

(Lucas, 1974). The presently av.ilable data suggesc that corpus 

carcinoma have two distinct metabolie backgrounds, one estrogenic and the 

other non-estrogenic (Bokhman, 1981; Boronow et al, 1984; De1igdish and 

Cohen, 1985). Typica11y, carcinoma associated vith a hyperestrogenic 
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background is seen in patients younger than 55 years old. is associatt>d 

with endometrial hyperp1asia. is well differentiated and has neclr1y 100% 

5-year survival rates. They contrast with their "non-estrogenk" 

eounterparts which are diagnosed commonly in elder1y women (60 years or 

older) who typical1y show signs of hypoestrogenism ,lt the time of 

diagnosis and have atrophie rather than hvperplastie t'ndometrium 

adjacent to poorly differentiated carcinoma. The 5 - year surviva1 rate ln 

these women i5 dismal (25%). 

Knowledge of the endometria1 response to sex-steroids Led sorne to 

use hormone therapy for hyperp1asia and carcinoma. Kistner. (1959) WdS 

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 careinoma of the 

endometriwn Varga and Henricksen (1961) and Kennedy (1963) soon showed 

similar resu1ts. Apparent1y, effective cancer therapy was being aehievt'd 

without toxicity, and progestational steroid hormones were given freely. 

However, later experiences faUed to confirrn the imtlal reports (Mac 

Donald et al, 1988) and it beeame evident that sorne 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 earcinorna of the breast beeame 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 earcinoma, determination of 
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steroid receptors has been applied to endometrial carcinoma. The Most 

1 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; Jânne 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 genera1ized, however, as sorne highly differentiat:ed earcinoma 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; 

pol10w et al, 1975). AIso, sorne investigators found no relationship 

between receptors content and morphologie different:iation of corpus 

carcinoma (Haukkamaa et al, 1971; Rodriguez et: al, 1979; Prodi et al, 

1980; Benraad et: al, 1980). The variability in results has been 

explained in part by tumor cell heterogeneity with respect to receptor 

content and histologie differentiation anà the association of 

normaljhyperp1astic 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 histologicai grade (McCarty et al, 1979; Creasman et al, 1980). On 

the other hand, several studies have identified presence of receptors, 

part:icular1y 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 leveis have been investigated. Unfortunate ly, most of the 

" 
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studies have been hampered by different methods of measuring receptors 

1 and criteria for defining receptor "positive" les ions as well as by 

small series of cases. Nevertheless, the presence of PgR. seems co 

correlate with a favorable clinica1 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, severa1 scudies 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 treacment by progestin (Janne et al, 

1979; Martin et al, 1979) and a signifieant increase of PgR. following 

treament by che anti-estrogen Tamoxifen (Morcel et al. 1981). In a nude 

mouse model, Satyaswaroop et al (1983) and Zaino et al (1984) have 

demonstrated that, receptor positive-eransplanted endometrial earcinoma 

responds to hormonal stimulation, with an increase in PgR content under 

the action of E2 or Tamoxifen and inhibition of tumor growth under 

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

v- IMMPNOHISTOCHEKICAL ANALYSIS, 

The development of monoclonal antibodies specific of hum an ER. 

(Greene and Jensen, 1982) made invnunoeytochemical locaHzation 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-specifie binding proteins (King and 

Greene, 1984; McC1el1an et al, 1984) avoiding problems encountered in 

immunohistochemical and fluorescent cytochemical methods previous 1y 
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ment:ioned (see historica1 background). The first monoclonal antibodies 

were developed against MCF.7 human breast cancer ER. They are capable of 

recognizing receptors whether or not st:eroid combining site is occupied. 

They recognize unique epitopes on the receptor r.olecule. Competition 

studies sho~ that ER in MCF. 7 cytosol prevents monoclonal antibodies 

from binding ta theix- respective antigenic determinants in tissue 

sections. The Urst report showed the receptor in the cytoplasm of 

Rouin-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 

tra,~t (McClellan et al, 1984), human uterus (Press et al, 1984) and 

breast turnOrs (ICing et al, 1985; Pertschuk et al, 1985; McCarty et al, 

1985). These results diverged from previous histochemical (Nene! et al, 

1976: Dandliker et al, 1977) and inununohistochemical (Raam et al, 1983; 

Cuffer et al, 1985) methods which found ER in the cytoplasm of human 

endometrium and breast cancer. As discussed earlier (see historieal 

background). the previous histochemical methods employed estrogens as 

the ligand with questionab1e specificity and binding affinity for ER. 

Similarly, the earlier immunohistoehemical 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 81 (1985) studies, however, the antibody was a specifie monoclonal 

antibody raised against a M 36,000 cytosolic ER component from human 

endometrium. This antibody may reeognize 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 deve10ped 

38 



against calf uterus, but cross-reacting with hum an ER (Marchetti et al, 

1 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 the 

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 immunohistochemical 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 paralle1 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 antibodv technology. Indeed. ER was observed 

exclusively in the nuclei of the vast majority of epithelia1 and stromal 

ceUs 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. Immunaelectron microscopie tracing of ER 

showed, furthermore, positive staining in the euchromatin and absence of 

any specifie 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; 

Tuohimaa et al, 1984; Sullivan et al, 1986; Clarke et al, 1987a). The 

39 



l 

1 

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 

neop1astic breast and normal uterine cells (Perrot-App1anat et al, 1987; 

Clarke et al, 1987a). In the hum an breast cancer model there was a high 

correlation between the immunohistochemical method and biochemical 

assays (Perrot-App1anat et al, 1987). When we began our study, these PgR 

antibodies have been used 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 ovu1atory phase 

endometrium was not studied. 

The application of immunohistochemical techniques for tracing sex

steroid receptors in pathologie endometria may provide important 

information as to their precise localization and may avoid many 

drawbacks encountered in the standard biochemieal 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 myometria1 

components can be excluded as can the presence of receptors in the 

stroma1 component which may contribute to total steroid binding. 

Furthermore, the localization of receptors in the endometria1 stroma 

surrounding hyperp1astic 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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1 
normal endometrial epithelium is suspected to he initiated and 

maintained by the surrounding mesenchy~al tissue (Cunha et al, 1983). lt 

ls therefore conceivable chat disturhances in epithelial-stromal 

interactions, May play a part in the induction and growth of epithe1ia1 

tumors (Cunha et 81, 1983). When we began our study, on1y a few 

immunohistochemical studies on the ER content of corpus carcinoma have 

appeared with biochemical correlations (Mc Cart y 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. Immunoloca1ization of sex-steroid 

receptors in both the epithelial and stromal components of hyperplastic 

or neoplastic endometria1 ce1Is may provide a more precise estimation of 

their receptor content and distribution. Such studies may he1p in the 

identification of hyperp1astic and ma lignant growths which are more 

like1y ta respond to exogenous progestin therapy, and to de termine the 

hormonal re1ationship between hyperplasia and neoplasia. We have used 

immunohistochemistry to a55ess the relative quantitative distribution of 

ER and PgR in normal, hyperplastic and neop1a5tic gland ceUs and 

stromal fibroblasts and the results are described in Chapter II,II! and 

IV. 

VI-INTRODUCTION TC l'HE 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). Sorne of the methods 

require the use of special fixatives or refrigeration du ring fixation. 

Such methods are very usefu1 when cases are to he studied after the 

tissue has been processed and embedded in paraffin. This enables the 

retrospective study of archiva1 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 resu1ts on PgR which can be 

detected only on frozen sections, with these previously published, we 

decided to use onl.y snap frozen tissues. The diagnosis was made in al1 

cases before the immunohistochemical (IHC) study and the specimens were 

recovered for IHC studies in the operating room immediatly after removal 

of the uterus. 

The avian PgR antibody 'ole have used had never been tested in the 

human endometrium or in the breast with IHC techniques. Human studies 

pub1ished with other antibodies against PgR using IHC techniques used 

on1y snap frozen tissue (Perrot-App1anat et al, 1987; Clarke et al, 

1987a). Then, to develop a reproducible technique and ta test the 

specificity of avian PgR antibody in human endometrial tissue, we 

decided to use snap frozen specimens. When antibodies ta PgR become 

commercially avallable, methods will probab1y be published with 

formalin-fixed paraffin embedded tissues. 

Ve have described in Chapter II, III, IV (Materia1s and Methods 

section) the way the tissue was snap frozen. However, it should be 

pointed out that the specimen was very rapid1y frozen. It was never 1eft 

in the hands of surgeons or operating room personnel but always handled 

by the same person (CB). Specimens were eut perpendicularly in order to 

sample a maximum of uterine mucosa, whether it was normal, hyperplastic 
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or neoplastie. Each specimen was placed in a labelled small plast ie 

1 container and frozen immediatly in the operating room. The labelled 

container was kept after in the freezer at 70°C until i t was proct'ssed 

for immunohistochemistry. 

ii) Immunohistochemical 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 deteetion of the reeeptor by the use of monoclonal antibodies 

(Mabs) specifically prepared, against the receptor rnolecule (see 

historieal background). Among these, the first Mab to ER was developed 

by Greene et Jensen (1982) and is now available commereially (ER-ICA 

kit, Abbott labs). The high degree of specificity and sensitivity of 

this Mab for ER has been mentionned before (see Irrununohistochemlcal 

ana1ysis). lt explains why lt was selected for our studies ta lhe 

demonstration of hum an endometrial ER (Chapter II). 

Several monoclonal antibodies to PgR have been prepared (~ee 

Immunohistochemica1 analysis). None of them was eommereially 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 reaet with 

hwnan PgR (Sullivan et al, 1986). The specificity of aPR6 against 

endometria1 PgR will be described in Ghapter III. 

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

.. detect ER exaetly the same way as deseribed in the booklet provided by , 
t. 
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Abbott labs with the kit. This method is 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 complpxés are commercially 

available (Vector 1aboratories) and the author (CB) "'as very familiar 

with this technique. A limi ting dilution and positive and negative 

controls which have to be performed with a new antibody, are described 

in Chapters III and IV. 

Severa1 methods have been employed to interpret the results of 

immunohistochemistry for ER or PgR in an attempt to facilitate 

comparison wi th the cytoso 1 technique. These range from s imply 

estimating the percentage of ceU nuclei inununostained 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 ce1ls and 

staining intensity in calibrated microscopie fields and giving a total 

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

" 
.,\ 
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INTRODUCTION 

The incidence of efldometrial 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 genital 

tract in women over 50 years old (30). Despite the growing importance 

of endometrial carcinoma, the rœchanisms underlying its pathogenesis 

and in particular, lts relationshlp with hyperplasla remains obscure. 

It is well established that normal endometrial growth is estradiol 

(Ez) dependent and that progesterone (Pg) can inhibit the E2 -mediated 

endometrial cell proliferation (11). Thus, consistent with the 

hypothesis that the presence of steroid hormone receptors is a 

prerequisite of steroid hormones to mediate their effects in target 

tissues (18,21), estrogen receptors (ER) and progesterone receptors 

(PgR) have been identified using 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 che 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 !?Ossibility is strenghthened by the 

observation that ERs are not only present in epithelial, but also in 

endometrial stromal ct'l1s (6). 

Recently developed monoclonal antibodies ta ER (22) make it 

possible to immunolocalize recoptors and to determine specifically 

their cytologie localization in target cells. Accordingly, to 

facilitate our understanding of the pathogenic relationship between 
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1 

endometrial carcinoma, its precursors and hyperplasia and the possible 

influence of the surrounding mesenchyme on these abnormal endometrial 

growths. we have analyzed by inununohistochemistry the ER cOIll.ent and 

its relative distribution between the stroma and the epithelium in il 

variety of hum an endometrial tissues. Preliminary results of this work 

have been previously published (2). 
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1 
MATERIALS AND METIiODS 

Tlssue Sélmples 

Thirty normal cycl ic, 16 hyperplastic and 21 neoplas tic tissues 

[including four endometrial intraepithelial neoplasia (EIN) 1 were 

cbtained from ~men ranging in age from 24 ta 58, 25 to 65 and 52 ta 

87 years old, respectively. The specimens were obtained after informed 

consent of the patient. Fifteen normal cyclic tissue samples were 

obtained from hysterec tomy specimens performed for treatment of 

uterine intramural Ieiomyornata (eight cases), adenomyosis (four 

cases), invasive squamous carcinoma of the cervix (one case) and 

chronic peivic pain (two cases). Patients had no history of exogenous 

hormone use for at 1east one year prior ta their surgery and had a 

normal endometrium. Fifteen normal cyclic tissue samples were obtained 

from biopsies performed in infertile patients. Ten hyperplastic tissue 

'3amples were obtained from hysterectomy specimens. In two of 10, 

pre-hysterectomy 

hyperplasia and 

biopsies contained a 

irotraepi thelial neoplasia. 

mixture of endometrial 

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 specimens 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 

longi tudinally from the endometrial mucosa or the grossly abnormal 

prol iferations. AlI the tissue samples were divided in two pieces. One 
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for histology was fixed in 10% buffered formalin (hystere.;tomy 

specimens) or in Bouin's solution (biopsy specimens) and processed and 

stained in a routine fashion. The other one was snap frozen in liquid 

nitrogen and kept at it was processed for 

immunohistoehemistry and for biochemieal analysis in the cases of 

carcinoma. 

Normal endometria was dated according to previously deseribed 

histologie criteria (25). Normal endometria represented 4 early. 6 

mid, 4 late proliferative, ,>even early secretory (17th day or POO 3) , 

four mid secretory (23rd day or EDO 9 and 25 th day or roD 11), two 

la te seeretory (26th day or peD 12 dnd 28th day or POD 14) and three 

menstrual (Table 1) Hyperplastic endometria eontained archi tectural 

alterations of endometrial glands ranging from minimal (or simple) to 

complel{ (adenomatous). These included lestons ttadi tionally named 

anovulatory, persistent prol1ferative endometrium, cys tic giandular 

hyperplasia, simple hyperplas ia and adenomatous hyperplas ia. By 

definition, the glandular lining epithelium was devoid of cytologie 

atypia. On the other hand, les ions in which the lining epithelium 

displayed signifieant nuclear atypia including nue lear rounding. 

pleomorphism, loss of nuelear organization and macronucleoli were 

classified as endometrial intraepithelial neoplasia (EIN) Most of 

those lesions eontained glands with architectural alterations with 

complex intra- and extraluminal epithe lial buddings. Tradi t: ionally 

these lesions were referred to as atypical adenornatous hyperplasiB, 

adenomatous hyperp lasia wi th cytologie atypla, CIS and dyspla5ia 

Endometrial carcinoma with invasion either of the endometri.al stroma 
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and/or the myomf!trium were graded aeeording to the Gynecologie 

Oncology Group grading system. They were subdivided into grade 1 

(well-differentiated with 0-5% of undifferentiated cells). grade 2 

(rnoderately differentiated with 5- 50% of undifferentlated cells) , and 

grade 3 (poorly differentiated with more than 50% of undifferentiated 

cells) carcinoma 

lnununohistochemlcal Analysis of Estrogen Receptor 

Froz:m tissue blacks were cut with a cryostat at 4 J.jrn and 

thaw-mounted on glass slides. The initial section was stained with 

hematoxylin-eosin for tissue diagnosis. Assignment of histologie 

diagnos is, particu1arly twnor cype and grade, was confirmed by review 

of formalin- or Bouin- fixed paraffin- embedded, hema toxylin- eosin 

stained sections taken from the same specimens. 

For analysis of ER, ER- ICA kits were provided by Abbott 

Laboratories which contains the specifie antihwnan ER antibody H 222. 

This antibody is derived from a male Lewis rat irrununized with 

estradio1-receptor comp1ex from MGF 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 do ne overnight 

at 4°G instead of 30 minutes at room temperature. 

Positive staining with monoclonal ER antibody was defined as golden 

brown granular staining. Staining was absent in controis. For 

evaluation of ER content a score corresponding to the SUIn 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 specifie staining was charaeterized as absent (0). weak 

but detectable above control (1). strong (2) and very strong (J) 

Evaluations were reeorded for each observed tissue component. l e 

epithelium, stroma, and, if available, myoroetrium. The entire tissue 

section was scanned. Three randomly chosen low power microscopie 

fields (X40) in each tissue section ~re chosen and the intE'ns i ty nnd 

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 t'he pereentage of positive ce Ils and the 

intens i ty values for the tissue. The maximum score was 7. but a score 

greater or equal ta 2 was the value of a "posi tive" 

immunohistochemical assay. 

Biochemical Analysls 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 nM monothioglycerol. 10% glycerol, pH 74) 

eontaining 20 mM sodium molybdate and were centrifuged at 100,000 xg 

for one hour. The ER contents were measured using the dextran- coated 

eharcoal (DCC) assay as ùescribed by us previously (29). The data were 

expressed as final per mg of tissue pro tein and ~re cons idered 

positive when greater than or equal ta 10 ffllol/mg protein. Biochemical 

assay values and i.mrnunohis tochemical assay values were coded 

separately in a blind fdshion in the neoplastic tissues. 

Statistical analysis was made by means of students' modified T 

tests. 
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RESULTS 

ImmunohLscochemical Analysis of ER ln Normal CyclLc Endometrial Tissue 

The immuno1ocalization of ER in normàl, cyclic endometrium is shown 

in Figure 1 In aU cases, ER were identified specifica11y in the 

r.uclei of epithelial and stromal cells. As shawn in Table l, the vast 

maj ority of both the epi the liaI and stromal component of the 14 cyclic 

proliterative 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 ± l.41, respectively (mean ± SD). In the early secretory phase 

[17th day or postovulatory day 3 (POn 3») more than 50'3 of the nuclei 

of epithelial cells contained a very strong staining, whereas the mid 

secretory phase endometria (L3rd or POo 9 -25th day or POD 11) 

contained only 25% of positive epithelial cel1s with a weak or strong 

!itaining The epitl elial component of the late secretory phase (26th 

or pan 12 -28th d,lY or ron 14) and menstrual endometria was deVOld of 

receptors. The stromal cells lost their receptors faster than their 

epithelia1 counterparts having 25% of positive cells with a weak 

st.:lining by the 17th day of the cycle and remained poorly stained 

uneil the end of the menstrual cycle except in one case (specimen 22) . 

During the menstrual çhase, the stromal cells had a variable score. 

They were uns tained in one case (specimen 29) and weakly stained in 

two cases (spec imens 28 and 30) Both the epithelial and stromal 

component of the endometrial basal layer stained strongly positive. 

irrespective of cycle days (Table 1). Where the myometrium was 

ùvailable for study, the nuclei of normal smooth muscle cells stained 
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strongly in a11 5 cases, whereas those in myome trial blood vessals 

failed to stain. The serosal (mesothelial) uterlne surface epitheUum 

also lacked staining reaetion (data not shawn). 

ImmunohlStochemlcal Analysls of ER ln Hyperplastlc and Neopldstlc 

EndometrLal TLssues 

The 16 hyperplastic endometria without cytologie atypia conta ined a 

high score bath in the epitheUum (5 6 ± 0.95; x ± SD) and stroma 

(5.68 ± 0.94; ~ ± SO) (Figure 2; Table 2). The four cases of 

endometrial intraepithelial neoplasia (hyperplasia with cytologie 

atypia) had low levels of receptors in their epitheli~l component wlth 

less than 25% of ce11s be ing FR positive (2 ~) However, the score of 

stromal celis !"emained relatively high (4.75 ± 2 21, li;. ± SO) and in 

two cases (speclmens l and 3) more d1an 75% of the stromal cells WHe 

ER positive (Figure 3, Table 3). 

The ER content in the 17 invasive carcinomas are shown in Table IL 

The average score for grade l carc inomas was 3.2 ± 2 94 ()( ± SO) ln 

the epitheliai component and 1.2 ± 1. 78 (~ ± 5D) in the stromal 

component. In 3 of 5 grade 1 carcinomas, the epithelial component hdd 

a high ER score (Figure 4A). whereas the remainlng two faUed lü staln 

in either the epithel1al or stromal component They ~re ordinary 

carcinomas and occurred in a 74 and an 81 year old patient, 

respectively AH grade 2 carcinomas contained dI1 ER pas itive 

epithelial component (Table 4). However, neither the epithelial (4 ± 

1; x ± 50) nar the stromal component (1.4 ± l 16, !< SD) was 

significant1y different from grade 1 carcinomas The average ER ~core 

of the epithelial component in grade 3 carcinomas (0.8 ± 1.09; ~ ± SO) 
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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; x ± SO) and was not 

significantly different from that found in grade 1 or 2 carcinomas 

(Figure 4B). 

BLOcheml.cal Analysis for ER Content in Endometrial Carcinoma 

Table 5 contains comparisons of ER content in carcinomas made by 

immunohistochemistry and OCC assay. There was a good correlation in 

the positivity of cases except in two specimens (3,17) where the 

epithelial ER content was negative by immunohistochemistry but the 

total ER content positive by biochemistry due ta the stromal or the 

myometrial ER content. 

86 



DISCUSSION 

lmmunohistochemical ana1ysis of estrogen receptors ln various cell 

types of normal, hyperplastic and neoplastic human endometrial tissues 

revealed the localization of ER exclusively in the rucleus. These 

observations are in agreement with similar observations made in 

previous immunohistochemical studies (3,26,27) and support the 

hypothesis that ER 1s a nuc1ear 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 1ayers 0,6,26,27) 

The rich ER content of the basal glands ineluding those in the 

premens trual phase of the eyc le is in agreement wi th previous e lec tron 

microscopie and in vi tro and in vivo histoautorndiographic studies on 

human and experimental endometria suggesting the basal glands to he 

the origin for the postmenstrual as well as the poc;t-traumatic 

regenerative endometrial epithelium (9,10,12). 

Unl1ke the present one, previous studies did not specifically 

examine the modulation of FR in various eell types as it pertains to 

the rorma1 nenstrual cycle and various pathogenie states of the 

endometrium. Accordingly, the ER content is high in the epithelium of 

the proliferative endometriwn known to contain high levels of PgR 

(20,29) and decreases v/ith the onse t of the secre tory phase known to 

have decreased levels of PgR (4) and is absent in men~ t rual 

endometria. The loss of ER as a function of the rœnstrual cycle i5 

also apparent in the stroma and in fact appears te occur more rapidly 

than in the epitheliwn. For example, in the early secretory phase 
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(l7th day or POD 3), while the ER content in the epithelium remains as 

high as that in the pre-ovu1atory pro1iferative epithelium, the 1055 

of ER in the stroma is very dramatie. Sinee the onset of secretory 

phase is known ta he aceompanied by high plasma 1eveis of 

p.:-ogesterone, our data suggest that the 10ss of bath the stroma1 and 

epithe1ial ER may be mediated through progesterone. Such a possibility 

is strengthened by previous observations that progesterone ean 

down-regu1ate ER in the uterus (19,31). At present we do not know the 

precise signifieance of the presence of ER in the stroma and lts 

modulation through the menstrual cycle. However, it is possible that 

at least in the proliferative phase of the menstrua1 cycle tlle stromal 

ER is functional for during this period similar ta the endometrial 

epithelium the stroma also undergoes extensive proliferation in 

response to high plasma level of Ez (28). 

An analysis of the ER content in the various cell types of 

hyperplasia (without cytologie atypia) reveals it ta be similar ta 

normal proliferative endometriwn (Table 6). This is consistent with 

their similar sensitivity to Ez as revea1ed by the PgR content in 

these tissues (20,29). In contrast, the low epithe1ial ER content: in 

endometrial intraepithèlial neoplasia (hyperplasia with cytologie 

atypia) is similar ta the epithelial ER content of carcinoma (Table 

6). Based on previous characterlzatlon of hyperplasia and EIN by 

e lec tron :ni.::roscopy (13), quanti tative microscopy (1,5), m vitro INA 

his toautoradiography (14), it has been proposed that endometrial 

hyperplasia promoted by E2 represents an overgrowth of normal 

proliferative endometriwn, 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 re lative distribution be tween the epi the l1um dnd the 

stroma support this hypothesis. Furthermore, our ddta suggest that 

endometrial hyperplasia and EIN may in fact represent two separa te dnd 

distinct pathologie 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 s'Pecimen 2, Table 1; 

Case 2: hyperplasia, specimen 15, Table 2 and case 2: EIN, specimen 4, 

Table 3), the distribution of fR was differe'.lt 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 in the 

profile of ER in both the epi thelium and the stroma. This 5ugges ts 

that EIN and carcinoma may rot necessarily he successive steps an 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 m.ade 

previously using biochemical assays for ER (7,8,17,24). The stromal ER 

content of carcinoma failed ta be correlated with the degree of tumor 

differentiation However, the presence of ER in the ~ trama emphasizes 

the need to analyze ER by immunohi.,tochemical methad 50 that the 

epithelial sensitivity to E., may be carrectly 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. IMMUNOHISTOCHEHICAL SCORE OF ER IN NORMAL CYCLIC ENDOHETRIU~t 

HISTOLOGIC DATING SPECIMEN EPITHELIUH STROHA 
No. ill ~l ~ hl ill _(Mbl 

Early 1 3 3 6 4 3 7 
Pro1iferative '2 3 2 5 l 2 3 

3 4 2 6 4 3 7 
4 4 3 7 3 3 6 
(Basa1is) 4 3 7 4 3 7 

Mid 5 4 2 6 4 3 7 
Proliferative 6 3 2 5 2 2 II 

7 4 3 7 3 2 5 
8 4 3 7 2 2 1. 

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 
Pro1iferative 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 
(Basa1is) 3 3 6 1 l 2 

16 3 2 5 1 1 2 
17 4 3 7 0 
18 4 3 7 1 1 2 1-

(Basa1is) 4 3 7 2 1 3 
19 4 3 7 1 l 2 
20 4 3 7 0 
21 3 3 6 0 

23rd day 22 2 2 4 3 3 6 
23 1 1 2 1 1 2 

25th day 24 1 1 2 0 
25 1 1 2 2 l 3 

26th day 26 0 1 l 2 

28th day 27 0 0 
(Basalis) 3 3 6 2 2 4 

Menstrual 28 0 l 1 2 
(Basalis) 3 3 6 2 2 LI 

29 0 0 
30 0 3 l II 

a- % of positive cells, (1-0-25%, 2-26-50%, 3-51-75%, 4-76-100%) 

J b- staining intensity, 1 (weak) to 3 (very strong) 
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1 TABLE 2. IMMUNOHISTOCHEMICAL SCORE OF ER IN ENDOMETRIAL HYPERPLASIA 

SPECIMEN EPITHELIUM STROMA 
110. ill ru ~ hl .ru. (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 j 2 5 2 2 4 
16 3 2 5 3 2 5 

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 ER IN ENDOMETRIAL 
INTRAEPITHELIAL NEOPLASIA 

SPECIMEN 
No. 

1 
2 
3 
4 

EPITHELIUM 
~1Ù ru (a+b) 

1 
1 
1 
1 

1 
1 
1 
1 

2 
2 
2 
2 

4 
1 
l~ 

2 

3 
1 
2 
2 

7 
2 
6 
4 

a- % of positive cells, (1-0-25%, 2-76-50%, 3~51-75%, 4-76-100%) 
b- staining intensity, 1 (weak) to 3 (very strong) 
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TABLE 4. IMMUNOHISTOCHEMI CAL SCORE OF ER IN ENDmtETRIAL CARCINOMA SY 

HISTOLOGIC GRADE 

HISTOLOGIC SPECIMEN' EPITHELIUM STROMA HYON ETR IUM 
GRADE No. 1& ill (a+b) M ru (a+b) ~ ru i.a +-b ) 

1 we1l 1 3 3 6 1 1 2 NIA 
differentiated 2 0 0 2 2 4 

3 0 0 4 3 7 
4 2 3 5 0 1 1 2 
5 3 2 5 2 2 4 2 2 4 

2 - moderate1y 6 2 3 5 2 3 5 NIA 
differentiated 7 2 2 4 2 2 4 3 3 6 

8 1 3 4 1 1 2 3 3 6 
9 2 2 4 1 1 2 NIA 

10 2 2 4 1 1 2 NIA 
11 1 1 2 1 1 2 NIA 
12 2 3 5 2 3 5 3 3 6 

3 - poorly 13 l 1 2 4 3 7 3 3 6 
differentiated 14 0 3 3 6 NIA 

15 l 1 2 1 l 2 l 1 2 
16 0 0 0 
17 0 1 1 2 2 3 5 

a- % of positbTe ce11s. (1-0-25%, 2-26-50%, 3-51-75% • 4-76 -100%) 
b- staining intensity. 1 (weak) to 3 (very s trong) 
N/A- not available 
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TABLE 5. IMMUNOHISTOCHEMICAL SCORE AND BIOCHEMICAL ANALYSIS OF ER IN 
ENDOMETRIAL CARCINOMA BY HISTOLOGIC GRADE 

HISTOLOGIe SPECIMEN EPITHELIUM STROMA MYOMETRIUM Fmo1/mg 
GRADE No. (a+b) (a+b) (a+b) protein 

l - well 1 6 2 NIA 117 
differentiated 2 0 0 4 4.1 

3 0 0 7 114 
4 5 0 2 456 
5 5 4 4 NIA 

2 - moderate1y 6 5 5 NIA 43.8 
di fferentia ted 7 4 4 6 180 

8 4 2 6 318 
9 4 2 NIA 79.2 

10 4 2 NIA 546 
11 2 2 NIA NIA 
12 5 5 6 64.3 

3 - poorly 13 2 7 6 333 
differentiated 14 0 6 NIA NIA 

15 2 2 2 50 
16 0 0 0 2 
17 0 2 5 122 

N/A- not available 
Fmol- femtomo1 

95 



",. 

" .. TABLE 6. MEAN ER CONTENT IN PROLIFERATIVE, HYPERPLASTIC AND 
NEOPLASTIC ENDOMETRIUM 

HISTOLOGIe GROUP EPITHELIUM STROMA 
j(±SQ P x±S,Q p 

Proliferative 5.78±l.O5 6±1.41 
endometrium 
(n-14) 

NS NS 

Hyperplasia 5. 62±O. 95 5. 68±O. 94 
(n-16) 

p<O.OOl NS 

Endometrial 2.0 4. 75±2. 21 
intraepithelial 
neoplasia (n-4) 

NS NS 

Invasive 2.82±2.18 2 . 64±:i .17 
carcinoma (n-17) 

SD: standard error deviation 
Number of cases in brackets 

, 
96 



s 

Figure 1. lmmunohistochemical Iocalization of ER in normal cyclic en
dometriurn, 

A) A strong nuclear staining is observed in both the epithelial and 
stromal celis in the mid proliferative phase (x 450. No counterstain) , 

B) In the early secretory phase (17 day) the nuclei of epithelial cells 
rernain strongly stained cornpared to the few weakly stained stromal cells 
(x450, No counterstain). 
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Figure 1. Immunohistochemica1 localization of ER in normal cyclic 
endometrium. 

C) In the mid-secretory phase (25 day) nuclear staining i5 negligeable 
in both the epithe liaI and stromal celis (x450. No counterstain). 

D) In the menstrual phase no nuclear staining is ohserved (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. lmmunohistochemical localization of ER in endometrial 
intraepithelial neoplasia. The stromal nuclei stain strongly (arrows) 
while the epithelial cells conta in weak or no staining reaction (x. 450. 
No counterstain). 
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Figure 4. lmmunohistochemical 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) (x450. No 
counterstain) . 
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INTRODUCTION 

In the normal cyclic endometrium estrogens (~) induce epithelial 

and stromal proliferation ruring the preovulatory phase ~ile 

progesterone induces epitheHal secretory differentiation and stromal 

daeidualization during the post ovulato,=,y phase of estrogen-primed 

proliferative endometrium (25). These oormonal responses are believed 

to be regulated by the binding of E 2 and progesterone to their 

respective receptors (2). 

Studies on several experimental systems demonstrate that epithelial 

growth of the reproductive traet may be initiated and sustained by the 

surrounding mesenchymal tissue (4). It 1s known that estrogen 

reeeptors (ER) are present in bath the stroma and the epithelium of 

the human endometrium and that the relative distribution of the ER 

be tween these c~ll types varies as a function of the menstrual cycle 

(1,24). However, the functional signif1cance of ER modulation in the 

stroma and the epithelium as a function of the menstrual cycle remains 

unclear. It is weIl establishèd that in target tissues, the synthesis 

of progesterone receptors (PgR) is regulated by Ez and can thus serve 

as a marker for functiona1 ER (14.17,18). Accordingly the objective of 

this study was to examine the relative distribution of PgR between the 

stroma and the epi thelium of the human endometrium and its modulation 

as a funetion of the menstrual cycle. To aehieve our goal, 'Ne have 

analyzed the PgR by an immunocytochemical method using a specifie 

mouse monoclonal antibody against avian PgR (aPR6) known to have 

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

Tissue Samples 

Normal cyclic endometria were obtained from 26 \</Omen ranging in age 

from 23 

te 53 years old (Table 1). The specimens were obtained after informed 

consent of the patient. 18 samples were obtainpd 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 biopsies performed in infertile patients. 

In aIl patients the endometrlum was of normal IlDrpho1ogy and 

correlated well with the clinical cycle days, irrespective of age of 

the patients and associated conditions. Patients with intramural 

leiomyomata and adenomyosis has microscopie disease, only the 

subserosal leiomyomata were felt. clinically. In aIl these patients the 

endometriwn was free histologically of compression "atrophy" or 

excessive stromal edema; such endometrial alterations may be found in 

association with submucosal or extensive 

intramural leiomyomata or adenomyosis. The normal cyclic ovul atory 

nature of the endometriwn was ascertained, furthermore, by h13tory 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 rut the remote possibility of anovulatory cycles 

particularly in patients aged 40 years and older, an endometrial 

biopsy was obtained in each patient ruring the first or second day of 
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the menstrua1 period one to two months prior to the study. In a11 

instances, normal histologie alterations consistent with 

post-ovulatory menstrual breakdown was found. Fina11y, ID patients 

used exogenous sex-steroid hormone preparations during the 1ast 2 

)ears prior to the study. 

Hysterectomy specimens immediately after their remova1 in the 

operating room were opened a10ng the latera1 border in order to ob tain 

undis turbed enclome trial surfaces. Tissue sections were taken 

longitudina11y from the endometria1 mucosa. A11 the tissue samp1es 

were divided in two pieces. One for histology was fixed in 10% 

buffered fcrmalin (hysterectomy specimens) or in Bouin' s solution 

(biopsy specimens) and processed and stained in a routine fashion. The 

other one was snap frozen in 1iquid nitrogen and kept at -70 oe 

until processing for immunohistodtemistry. Endometria1 dating was made 

according to previous1y described morphologie criteria (19) on the 

paraffin-embedded sections stained with hematoxylin and eosin. lt 

represented 10 pro1iferative (cycle day5 5 to 14; including three 5-7; 

four 8-10 and three 11-14), 6 early secretory (l7th day or 

postovulatory d~y 3 (POO 3», 4 mid secretory (24th or POO 10 and 25th 

day or roD 11), 3 late secretory (26th or roo 12 and 27th day or roD 

13) and 3 menstrua1 endometria. 

Antibodies 

Details about avian PgR purification, immunization of mice, ce11 

fusion, hybridoma c10ning and screening procedures used in the 

preparation of various monoclonal antibodies to PgR have been 

described e1sewhere (31). o:PR6 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, biotiny1ated immunoglobin against the mouse and 

the avidin-biotin peroxidase comp1ex ~re obtained from Vector 

Laboratories, Bur1ingame, Ca. The non-immune mouse immunog1obulin was 

obtained from Dako Laboratories. 

Immunohistochem~cal technique 

In preliminary experiments picric acid paraforma1dehyde fixation (30) 

during 15 min was chosen since immunoreactivity of PgR in rabbit 

tissues and human breast tumors was shown to be we11 preserved in this 

condition of fixation in other studies (21,22). Forma1in-fixed 

paraffin embedded sections were tested but did not show any staining 

using otherwise the identical immunohistochemical method. Aceording1y 

the following protocol was adopted. Frozèn tissue bloeks were eut with 

a cryostat at -20°C at 4 f.iID and thaw mounted on ge1atin-coated glass 

slides. The initial section was stained with hematoxy1in-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 oC. Sec tions were 

treated wi th a 0.5% solution of hydrogen peroxide in PBS for 10 min, 

put in PBS for 10 min and incubated for 10 min in rormal horse serum 

to reduce the non-specifie binding of primary antibody. The sec tians 

were incubated with monoclonal mouse anti-PgR antibody (aPR6) for 1 hr 

in a humid chamber, biotinylated antimouse IgG for 20 min at room 

tempe rature and avidin-biotin peroxidase complexes for 30 min at room 

temperature. Each incubation was fol1owed by 10 min washings ln PBS. 

Sections were incubated for 10 min with th~ DAB solution (P8S 
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containing 0.5 mg DAB/ml and 0.01% H20 2 ) 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 ~g IgG/ml) and the 

one which gdve maximum specifie staining intensity was 20 ~g IgG/ml. 

Di lutions for the other antibodies and normal serum were performed 

according to the instructions specified by Vector Laboratories. 

Negative contro1s consisted of adj aeent sections treated with 

non- immune mouse immunoglobu1ins at the same dilution as aPR6 or with 

antibody (aPR6) presaturated with purified PgR. The PgR used for 

presaturation studies was purlfied from oviduct cytosol by affinity 

chromatography u12ing antibody aPR22 (31) eova1ent1y linked to protein 

A-Sepharose (27). For presaturation antibody and antigen were mixed 

(10 JJg receptor/JJg IgG) and incubated 2 hr at room temperature. 

Mixtures were then used on sections instead of antibody (aPR6) d1one. 

Additiona1 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 oi PR conten~ a score corresponding to the sum 

of both a) the pt>rcentege of posit1ve cells (1-0-25%), 2-26-50%, 

3-51-75%, 4-76 -100%) and b) the staining intensity was established. 

The intensity of specifie 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. 

epi thelium, stroma and if availab1e myometrium. The entire tissue 

section was scanned. Because of liquid nitrogen-re1ated ice crystal 
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fixation artefacts only those areas which were devoid or were 

relatively free of such alterations were chosen for evaluatlon of PR 

content. The intensity and the percentage of positive cells of each 

cellular component were eva1uated at a magnification of 400X. The m~an 

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 .s. score greater or equal to 2 was the value of a "positive" 

immunohistochemical assay. 

Immunoblot Analyses of PgR 

Tissues wer~ homogenized in a Tris-EOTA buffer (10 mM Tris pH 7.4, 1.5 

mM EDTA, 1 mM dithiothreitol. 77 JJg/ml aprotinin, 100 JJ8/ml 

bacitracin, 0.1 mM 1eupeptin and 1 J.&8/m1 pepstatin), centrifuged for 

one hour at 105,000 x 8 at 4°C and the supernatant (cytosolic extract) 

was used for irnmunoblot analyses. Proteins in the cytoso11c extract 

were denatured in sample buffer (0 .135 M Tris pH. 6.8, 1% SOS, 0.005% 

bromophenolblue, 10% glycerol and 5% fi-mercapto-ethanol) at 93°C for 5 

min prior to electrophcresis on discontinuous po1yacrylamide gels 

containjng 7.5% acrylamide/O.075% Bis in the resoldng gel and 3% 

acrylamide/0.08% Bis in the stacking gel using Laemmli buffer (16). 

After electrophoresis, proteins were b10tted onto nitrocellulose 

membranes. washed and incubated wi th 10 J.&g of aPR6/ml in western 

buffer (0.5% BSA, 0.5% Tween 20 in phosphate buffered saline. pH 7.2). 

Subsequently the antibody bound to PgR was visualized using a 

commercia11y avai1able kit (Vector Stain) containing biotiny1ated 

anti-mouse IgG antibody and avidinfbiotiny1ated peroxidase and us lng 

4-chloronaphthol (11). 
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RESULTS 

Specificity of aPR6 against human endometrial PgR 

In previous studies (31), immunoprecipitation analyses of hum an 

uterine cytosolic extracts were performed to document that among the 

various rouse monoclonal antibodies directed against avian PgR, only 

aPR6 had cross-reactivity. There is extensive documentation that both 

avian and hum an PgR isolated from tissue soluble extracts can exist in 

two different molecular forms commonly referred to as A and B (32). lt 

is also known that aPR6 reacts with only the 110,000 molecular weight 

form (Form B) of PgR in the oviduct (31) and in hum an 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 hwnan endometrial cytosol. As shown in Figure l, \oeben the blots 

were incubat.ed wi th aPR6 and processed as described in Materials and 

Methods, a doublet. corresponding 

became visible which was absent 

approximate1y to 

in the control 

120,000 dalton 

blot processed 

ident.ically 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 hum an mammary 

PgR (32); it i5 known that the B form of the human PgR can be resolved 

on SOS gels into a doublet (6,32) or a triplet (3) wi th a molecular 

weight somewhac larger than that of the B form of the avian PgR 

(6,28,32). 

Unlikc 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 rot to interact with soluble PgR isolated from 
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human uterine tissue when analyzed by irnmunoprecipitation assays (31). 

Immunocytochemical localization of PgR 

The immunocytochemical analysis of hwnan endometrium using QPR6 15 

shown in Figure 2. In this experiment ea>:1y secretory phase 

endometrium was used. As shown in Figure LA immunoreactive material 

was identified specifically in the reclei of epithelia1 and stromal 

cells. No tUclear staining was observed ~en cd'R6 preincubated with 

highly purified receptor was substituted for the monoclonal cù'R6 

(Figure 2B). Nuclear staining was also IlOt observed t..hen instead of 

QPR6 non-immunized mouse immunoglobulin was used (Data not shown). 

a. Proliferative endometrium: In the functionalis of the proliferative 

phase the surface and the glandular epitheliai component was positive 

in all the cases rut at different leveis (Table 1). The early 

proliferative phase (cycle days 5 to 7) contained less than 25% of 

positive cells. The number of positive cells increased during the mid 

proliferative rhase (cycle days 8 to 10) and was the highest cllring 

the la te proliferative phase (cycle days 11 to 14) (Figure 3). The 

latter contained up to 75% positive epithelial ceUs 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 rut OV'erall was still lower than in the epitheliai component. 

Indeed less th an 50% of stromal ceUs were positive with a strong 

intensity. 

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

basalis (Figure 4) also increased cilring the proliferative rhase 
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(Table 1) and, except for one case (specimen 8, Table 1) in which the 

stromal compone nt was negative, they were higher than those in the 

functionalis. 

b. Secretory endometrium: In early secrecory 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 endornetrium. The intensity of the staining was the 

sarne in boch cell components but the number of positive cells was 

highE'r in the epithelial than stromal component (Table 1). In the Mid 

secretory phase (day 24 or POO 10 md 25 or POD 11 of the cycle) the 

staining was heterogenous but ln general was lower than in the early 

secretory phase especially in the epithelial component (Figure 5). As 

shawn in Table l, in one case the epithelial celis failed te stain 

(specimen 18), while they were positive in the remaining 3 cases 

(spec imens 17,19,20). Furthermore , the surface layer epithelium 

contained l'IDre positive ce1ls tha1"l the glandular epithelium. The 

stromal ceIIs were positive in aIl 4 cases and contained a higher 

score than their epitheliai counterparts. In particular, the 

predecidua1 strolbal ce Us 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 POO 12 ald 27 or POO 13 of the cycle) and 

in the menstrual phase, PgR content was absent from bath the 

epithelial and stromal component except in one case (speCimEln 21 Table 

1). 

The basalis had high leveis of PgR bath in the epithelium and the 

stroma during the early and mid-secretory phases. In the late 
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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 aIl 6 cases the nuclei of n:>rmal smooth IIUscle cells 

stained strongly 

irrespective of the cycle day (Figure 6). The muscle wall of 

myome trial blood vessels did not have any PgR. The serosal 

(mesothelial) uterine surface epithe1ium and the endothelial cells of 

endometrial and myometrial vessels a1so failed to stain for PgR. 
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DISCUSSION 

lmmunohistochemical 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 nuelei (34). Our studies are 

aiso in agreement with irnmunohistochemical 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 hum an endometrial 

tissues in both the upper 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 is the 

case with ER. 

A combined analysis of the data on the distribution of both the œ. 

and PgR in the stroma and epithelium offered us sorne important insight ' 

regarding the estrogenic sensitivity of the mrma1 cyclic endometrium 

as follows. The leveIs of ER were high in both the stroma and the 

epithelium of the proliferative endometrium and remained relative1y 

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 Ez 

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 Ez in the same way as the epithelium. 

The PgR level remained very high in the early secretory phase (l7th 

day) in both the epithelium and the stroma. This corresponds to the 

rising plasma and tissue levels of progesterone (26) and important 

epithelial morphologieal modifications such as the accumulation of 

intracytoplasmic glycogen, the appearance of glant mi tochondria , 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 epi the 1 ial PgR leve 1 in the 

early secretory phase suggests that the ERs which are still presE'nt 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 (l, 24) . This 

suggests that PgR in the stroma may be in part consti tutively 

synthesized and therefore need not reflec t the s tromal Ez sensltivity. 

These findlngs are similar to our previous observations in murtne 

rnammary glands whereby in contrast to epithelial PgR the stromal PgR 

was found not to increase with Ez !ltimulation (29). 

The PgR level in the epi thelium 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 ~ithelial component 
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and also with the low levels of plasma and tissue estradiol ch.lring 

this period (26). However, in 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 fe..., in the stroma during the mid and 

late secretory phases (1,24). This suggests again that stromal PgR may 

be synthesized independent1y of ER and Ez (29). Predecidua1 cel1s were 

particularly rich in PgR. This supports the role of progesterone in 

the oecidualization process (15). To further our knowledge of decidual 

cells and their relationship to progesterone stimulation, their PgR 

content ruring 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 rœnstrual phases, PgR was 10st in the 

basalis layer, despite the presence of ERs as shown by us previously 

(1). The reappearance of PgR in the basalis following the rœnstrual 

period during the early proliferative phase seemed to be Ez-induced. 

This view is supported by the fact that ERs were present at this time 

in the basa lis (1,24) and the endometrium began ta be responsive to Ez 

stimulation in cycle days 5 to 7 (7-9). 

The fact that neither the endometrial ror the myometrial vessels 

contained ER (1,24) and PgR suggests that vasoconstriction believed to 

be responsible for menstrual breakdown of the endometrium is not 

dir~ctly induced by sex-sterof.ds rather mediated by 

vasoconstrictor proteins or 1ytic enzymes (9,20). 

In surnmary, monoclonal antiprogesterone receptor antibody was used 

125 



, 
l, 
r 

1 
ta localize PgR in frozen sections of the hum an endometrium. PgRs were 

observed in the nuelei of epithelia1 and stroma1 cells in bath the 

funetionalis and basalis 1ayers and varied with the menstrual cycle. 

The epithelial content was a good Marker of the epithelial E2 

sensitivity while the stromal content in the secretory phase appeared 

in part ta be constitutive1y synthesized. However, since the number of 

patients included in these studies were small with a wide age range 

and had a1so been selected on the basis of a variety of pathological 

symptoms, these resu1ts must be viewed as preliminary in nature. 
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TABLE 1. IMMUNOIlISTOClfEMICAL SCORE OF PgR IN NORHAL CYCLIC ENDOMETRIUM 

i IIlSTOLOGIC DATUIG SPECIl=EN AGE EPITHELIUM STROMA 
No. ~ ru ~ 1!l ill (a+b) 

Eclrly 1 29 1 2 3 0 
Prol ift!rative 2 47 1 2 3 1 1 1. 

:3 47 1 1 2 1 1 2 
(Basa11s) 1 3 4 1 1 2 

Mid 4 49 2 2 4 2 1 3 
Proliferat1ve (Basa11s) 3 3 6 2 2 4 

5 40 2 2 4 2 1 3 
6 45 2 3 5 2 2 4 
(basalis) 4 3 7 3 2 5 
7 43 1 2 3 2 1 3 

Late 8 44 3 3 6 2 1 3 
Proliferativc (BssaHs) 3 3 6 0 

9 40 3 3 6 1 3 4 
10 53 4 3 7 2 2 4 

17th day 11 44 3 2 5 3 2 5 
12 30 4 3 7 2 3 5 

(B'1srlis) 4 3 7 3 3 6 
".3 30 t. 3 7 1 2 3 
14 38 2 3 5 1 2 3 
15 45 3 3 6 3 3 6 
16 40 3 2 5 1 2 3 

24th day-25th ,jay 17 44 1 1 2 3 2 5 
18 23 0 1 1 2 
19 32 2 2 4 2 3 5 
(Basalis) 2 3 5 2 3 5 

20 32 2 2 4 3 3 6 
(Basalis) 2 2 4 2 3 5 

2uth day 21 43 1 l 2 3 2 5 
22 40 0 0 

:n:1su:"io) 0 0 

27ch day 23 42 0 0 
\ûlu::al1s) 0 0 

Henstrua1 24 30 0 0 
25 36 0 0 
26 1.3 0 0 

a- % of positive ceUs, (1-0-25%. 2-26-50'. 3-51-75'. 4-76-1001, 
b- staining intensity. 1 (weak) to 3 (very strong) 
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Figure l. Immunoblotting analysis of eytosol [rom a proliferative 
endometrium using oPR6. Cytosol from proliferative endometrium was 
enalyseà by sodium dodecyl sulfate gels and blotted ante nitrocellulose 
as deseribed in text. Lanes were eut off the nitrocellulose sheet, 
incubated with (lane 1) or without (Iane 2) antibody and stained with 
Vectastain. The position of molecular weight standards is indicated in the 
figure. 
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FigurE' 2. Immunocytochemical detection of PgR in human endometrium. In the 
two experiments 1 early secretory phase endolOetrium 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 1 No counterstain). 

B) aPR6 pre- incubated with highly purified receptor was used. None of the 
tissue components contain nuclear staining (x350 1 No counterstain). 
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Figure 3. Immunocytochemical localization of PgR in late - proUferatlve. 
phase endometrium. There is strong nuclear staining in most of the 
epithelial and stromal cells (arrows) (x450. No counterstain). 

732 



1 

..t, t 

t ... 

.. ..... 



1 

1 

Figure 4. Immunocytochemical localizat1on of PiR in the basalls gf mid
proliferative phase endometrium. There 15 strong nuclear staining in both 
the epithelial cells and stromal fibroblasts. 11: 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, S: stroma. (x250, 
No counterstain). Inset: Predecidual cells with cytoplasmic retraction 
(due to fixation artefact) conta in strong nuclear staining (x250, No 
counterstain) . 
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Figure 6. Immunocytochemical localization of PgR in myometrJ.!!m. Smooth 
muscle cells have strong nuclear stailling throughout the menstrual cycle 
(x250, No counterstain) . 
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INTRODUCTION 

Endometria1 carcinoma is the most frequent malignancy of the female 

genital tract (l). However, the mechanisms underlying its pathogenesis 

and, in particular, its relationship with hyperp1asia remains obscure. 

Since endometrial hyperp1asias and well-differentiated carcinomas are 

frequent1y found in women with a high plasma estrogen (Ez) level and 

an absence of biologically effective progesterone (P), these lesions 

may be the result of unopposed Ez action (2,3). The precise role of Ez 

in endometria1 carcinogenesis, however, is not c1ear (4). 

The presence of estrogen receptors (ER) and progesterone receptors 

(PgR) are a prerequisite for the expression of Ez and P action, 

respectively (5). PgR synthesis is mainly regulated by Ez and 

therefore its presence also reflects the Ez -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 ne thods, however, used oomogena tes of tissue and did rot 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 Ez action in hyperplastic and neoplastic 

human endometria, ~ have examined the PgR content and its relative 

distribution between the epithelium and the stroma in these tissues by 

an immunocytochemica1 method, using a specifie 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 '-"Omen ranging in age from 40 to 68 and 52 to 87 

years old respectively. With the E:xception of three patients with 

endometrial hyperplasia and intraepithelial neoplasia, cmly one type 

of tissue was derived from 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. AlI the tissue samples were divided in two pieces. One 

for histology was fixed in 10% buffered formalin (hysterectomy 

specimens) or in Bouin's solution (biopsy specimens) and processed and 

stained in a routine fashion. The other one was snap frozen in liquid 

nitrogen and kept at lUltil it was processed for 

irnmunohistochemistry. 

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 hyperplas ia, 
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simple hyperplasia and adenomatous hyperplasia (2). By definition, the 

glandular lining epithelium was devoid of cytologie atypia. 

Hyperplas tic les ions in which the lining epithelium displayed 

signiflcant ruclear atypia including nuclear rounding, pleomorphism, 

1055 of ruclear organization and macronucleoli 'Nere classified as 

endometrial intraepithelial neoplasia (EIN). Most of these lesions 

contained glands with architectural alterations with complex intra-

and extraluminal epithelial buddings. Traditionally these les ions were 

referred to as atypical adenomatous hyperplasia, adenomatous 

hyperplasia with cytologie 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 Gynecologie 

Oncology Group grading system. They were subdivided into grade 1 

(well-differentiated with 0-5% of undifferentiated ceUs), grade 2 

(moderately-differentiated with 5-50% of undifferentiated cel1s), and 

grade 3 (poorly-differentiated with IOOre than 5O~ of undifferentiated 

cells) carcinoma. 

Antibodies. Details about avian PgR purification, immunization of 

mi ce , celi fusion, hybridoma cloning and screening procedures have 

been described eisewhere (16). aPR6 was selected for these studies due 

to its known cross-reactivity with human progesterone receptor 

(16 -19). The normal horse serum, biotinylated immunoglobin against the 

mouse and the avidin-biotin peroxidase complex 'Nere obtained from 

Vec tor Laboratories, Burlingame, Ca. The non-immune mouse 

immunoglobulin was obtained from Dako Laboratories. 

Immunohistochemical technique. Frozen tissue b10cks were eut with 
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a cryostat at 4 p.m and thaw-mounted on gelatin- coated glass slides. 

The initial section was stained with hematoxyl in-eos in for tissue 

diagnosis. Assignment of histologie diagnosis, particularly tumor type 

and grade, was confirmed by review of forma 1 in- or Bouin - fixed 

paraffin-embedded, hematoxylin-eosin stained sections taken from the 

same specimens. Sections were then fixed immediately without drying ln 

picric acid paraformaldehyde (20) for 15 min at -10 to - 20·C. Indced, 

preliminary experiments in normal hum an cyclic endome tria (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 oC. Sections were treated with a 0.5% solution of 

hydrogen peroxide in PSS for 10 min, put in PBS for 10 min and 

incubated for 10 min in normal horse serum to reduce the non-specifie 

binding of primary antibody. The sections "-Iere incubated with 

monoclonal mouse anti -PgR antibody (aPR6) for l 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% ~02) at room temperature. Sections were then 

dehydrated and mounted for examination by light microseopy wi thout 

counterstaining. 

A limiting dilution for the aPR6 was tested from l to 30 p.g IgG/ml. 

The immunostaining was optimal at 20 JJg IgG/ml and was therefore 

chosen for these experiments was 20 p.g IgG/ml. Di lutions for the other 

antibodies and normal serum \>lere 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 aPR6 or with 

antibody (aPR6) presaturated with purified PgR. The PgR used for 

lJresaturation stlldies was purified from oviduct cytosol by affinity 

chromatography using antibody aPR22 (16) covalently linked to protein 

A-Sepharose (22). For presaturation antibody and antigen were mixed 

(10 /Jg receptor/J.'g IgG) and incubated 2 hr at room temperature. 

Mixtures were then used on sections instead of antibody (aPR6) alone. 

Additional controls i.1cluded 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 pe.rcentage of positive cells (1-0-25%. 2-26 - 50%. 3-51-75%. 

4-76-100%), and b) the staining intensity (1 te 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 microscopie 

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 ceUs and 

the intens i ty values for the tissue. The maximum score leS 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 me ans of students' modified T 

tests. 
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RESULTS 

Immunohistochellical analysis of PgR in hyperp1astic and 

intraepithelial neoplastic tissues. The immunolocalization of PgR in 

the nuclei of hyperplastic endometria is shown in Figure 1. In the 

cpithelial cell component, the staining was strong with 75% of the 

cells being positive (Fig. lA), \<.hich was abolished with the use of 

antibody preincubated with purified receptor (Fig. lB). Overall the 

percentage of positive cells varied from 25% to more than 75% with the 

mean score for 13 hyperplas tic endome tria being 5.46 ± 1. 26 ; ,,± sn 

(Table 1). The stroma1 cell nuclei were also positive (Fig. 1) in al1 

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 10w (Fig. 2), the mean score for the five cases of EIN in the 

epithelial component was 2.2 ± 0.44; ,,± sn (Table 2). However, the 

PgR content in the stromal cell nuclei remained relatively high (Fig. 

2); the mean score was 3.8 ± 2.04; ,,± SD. In sorne cases (specimens l 

and 3) more than 75% of the stromal cells contained PgR (Table 2). 

IDlm1Ilohistochemical analysis of PgR content in inva·~ive carcinoJaa. 

Histological patterns of the 18 endometrial carcinomas included 11 

endometrial carcinomas, four adenocarcinomas with benign squamous 

differentiation (adenoacanthoma), ewo adenocarcinomas with clear eell 

features and one adeno-squamous earcinoma. There was no differenee in 

the PgR distribution among these histologieal variants, and the 
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squamous component of turnors failed ta stain. The inununolocalization 

of PgR in well differentiated and poorly differentiated carcinomas is 

shown in Fig. 3A and 3B, respectivply. 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 (){ ± 50) in the epithelial 

component and 4 ± 1.14 (,c ± 5D) in the stromal component (Table 3). 

Two cases fai1ed to stain in the epithelial component even though 

histologically they did not differ from the usual endometrial 

card.nomas; these occurred in a 74 and an 81 year old ~,':ltient. All 

grade 2 carcinomas contained PgR both in their epithelial and stromal 

components. The average score for the epithe lial (3.57 ± O. 78; Jt: ± 5D) 

or the stroma1 component (4.85 ± 0.69; ,c SD) was rot signiflcantly 

different from that found in grade l carclnomas (Table 3). The average 

PgR score of the epi thelial component in grade 3 carc inomas (0.4 ± 

0.89; ~ ± 50) was significantly lower (P<O. 001) than ln their grade 1 

and 2 counterparts. Only one of 5 cases contained PgR in the 

epi thelial component. The stromal PgR coutent remained high (3 6 ± 

2.70; ~ ± SD) and was not significantly different from that found ln 

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>O. 1). 

The myometrium was available in a limited number of cases. The PgR 

content in normal smooth muscle cell nuclel was generally hlgh 

irrespective of the tumor grade (Data not shown). 
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DISCUSSION 

Inununoeytochemieai localization of PgR in hyperplastic and 

neoplastic h..unan endometria was found only in the Il.lclei rut rot in 

the cytoplasm of epi thelial and stromal ceUs. Similar nuclear 

localization of PgR has also been observed in other 

immunohistochemical studies do ne on normal cyelic human endometria 

(19,23), and other target tissues for progesterone (21,24-27). This 

nuc1ear localization of human PgR is similar to that of ER, in the 

normal cyclic endometrium (28,29) and hyperplastie and neoplastie 

endometria (29,30). 

The PgR content was highest in the epithelium of hyperplasia 

without cytologie atypia. We have previously demonstrated that these 

tissues contain high levels of ER in the epithelium (29). Thus the 

combined analyses of ER and PgR suggest the presence of funetional ER 

in these tissues and support previous suggestions that the epithelium 

of hyperplasia may be sensitive to Ez. In contrast, the PgR level was 

10w in the epithelium of endometrial intraepithelia1 neop1asia 

(hyperp1asia with cytologie atypia) and is consistent with the 10w 

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 celis. This suggestion is 

further supported by the data obtained in our study in the three cases 

where hyperplasia and EIN were Iocalized in the same endometriwn (case 

1 hyperplasia specimen 5 Table 1 and case 1 EIN specimen 2, Table 2; 

case 2 hyperplasia speci men 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); in these specimens the epithelial content of PgR was 

characteristic of the respective lestons and hence different within 

the same endometrium. Overall, these data suggest that the epi thel1um 

cf endometrial hyperplasia may be relatively more sensitive to 

progesteron~ as compared to the epithelium of EIN. This suggestion i5 

supported by recent clinical data shuwing 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 ta be cc.rrelated with the degree of 

tumor differentiation as also found wi th previous biochemical asSL J s 

for PgR (9-13). In conLrast, 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 !)iochemical analyses in the evaluation of 

endometrial adenocarcinomas and help to select patients better able to 

respond to exogenous progestin therapy. 

The h1gh 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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leve 1s found in the stroma of these tissues (29). lt 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 ENDOHETRIAL HYPER"LASIA 

SPECIMEN EPITHELIUM STROHA 
No. 1& ill ~ .01 ill (él+~ 

1 4 3 7 2 2 4 
2 3 3 6 2 1 3 
3 4 3 7 2 3 5 
4 3 2 ') 3 3 6 
5 2 2 4 2 2 l. 

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 3 3 6 2 2 1. 

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) 

1 
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TABLE 2. IMMUNOHISTOCHEMICAL SCORE OF PgR IN ENDOMETRIAL 

INTRAEPITHELIAL NEOPLAS lA 

SPECIMEN 
No. 

1 
2 
3 
4 
5 

EPITHELIUM 
hl ill ~ 

1 
1 
1 
1 
1 

1 
2 
1 
1 
1 

2 
3 
2 
2 
2 

STROMA 
hl ill (a+b) 

3 
1 
3 
1 
1 

3 
2 
3 
1 
1 

6 
3 
6 
2 
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. IMMUNOHI STOCHEMI CAL SCORE OF PgR IN ENDOMETRIAL CARCINOHA BY 

HISTOLOGIC GRADE 

HISTOLOGIC SPECIMEN EPITHELIUM STROHA HymlETRIUH 
GRADE No. i& ru (a+b) ill ill (a+h) .ÉD. _0.~ _~ 

l - weil 1 2 1 3 2 2 l. NIA 
differentiated 2 0 1 1 2 2 2 t. 

3 0 2 1 3 2 2 l, 

4 2 3 5 2 3 5 3 3 6 
5 2 1 3 2 1 3 NIA 
6 3 4 7 2 1 3 2 2 I~ 

2 - moderate1y 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 NIA 
10 2 2 4 2 2 4 NIA 
11 1 3 4 3 3 5 NIA 
12 2 2 4 2 3 5 3 3 6 
13 3 2 4 3 3 6 3 3 6 

3 - poor1y 14 1 1 2 2 3 5 NIA 
differentiated 15 0 4 3 7 NIA 

16 0 1 1 2 1 1 2 
17 0 0 0 
18 0 2 2 4 3 3 6 

a- % of positive ce11s, (1-0 - 25%, 2-26-50%. 3 ... 51-75% , 1,"'76-100%) 
b- staining intensity. 1 (weak) to 3 (very strong) 
NIA ... not availab1e 
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Figure 1. Immunochernical localization of PgR in endometrial hyperplasia. 
A) aPR6 was used as is, without any prior treatment. Strong nuclear 

staining is observed in the epithelial cell lining of a complex voluminous 
gland. Sorne strornal cells nuclei (arrow) stain strongly as ",ell (x250; No 
counters tain) 

B) aPR6 preincubated with purified receptor was used. None of the tissue 
cOll1ponents conta in nuclear staining (x200; No counterstain). 
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Figure 2. Immunohistochemical localization of P~R in endometrial 
i ntraepi thel ial neoplasia. The gland cells growing in a cribriform pattern 
,Ire devoid of receptors. In contrast the stromal cells contain strong 
nuclear staining reaction L~ glandular lumen, S - stroma (x250; no 
countersta ln) 
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Figure 3 Immunohistochemical localization of PgR in endometrial 
l'ôre i noma. 

A) Well-differentiated adenocarcinoma cells demonstrate intense nuelear 
staining (x250, no counterstain) 

B) Inununostaining is confined exclusively to the nuclei of stromal eells 
(.1rrow) c;urrounding poorly-differentiated epithelial proliferations (x450; 
!lO coun U' rs ta in) 
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Figure 4. There is a lack of correlation of immunochemical scores between 
tht> malignant epithelial and the stromal component (n- 18, r ... 0.32, y
J 379 ~ 0 248 x). 
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Chapter V 

GENERAL DISCUSSION 

1 



.. 

Major regulatory factors controlling the growth of the normal uterus 

are sex-steroid hormones, especially estrogens (E2 ) and progesterone. 

HowevE?:r, the hormonal regulation of endometrial hyperplasia and carcinoma 

and their mutual relationships are still highly debated (see Chapter l, 

part III). These, in turn, may jeopardize the appropriate management of 

uterine carcinoma and its precursors. The presence of ER and PgR 15 a 

prerequisite for the action of E2 and progesterone, respectiv~ly. These 

receptors have ~Hle·.1 rneasured mainly using biochernical r:echniq'-~es in both 

healthy and pathologic endometrium (see Chapter l, part IV). Accordingly, 

we have analyzed by immunohistochemistry the ER and PgR cont~nt and lts 

relative distribution in the stroma and the epithelium in a variety of 

human endometrial tissues: normal, hyperplastic and neoplastic (see 

Chapter II, III, and IV). 

Immunohistochemical analysis of ER in the normal cyclic human 

endometriUJ1l was first published by Press et al, 1984. using H222 

monoclonal antibody. The specificity of this antibody for ER has been 

largely demonstrated (see Ghapter l, 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 conrirrned 

and extended the observations made by Press et al, 1984, in Chapter II 

using the sarne antibody. Since then, two other studies (Garcia et al, 
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1988; Scharl et al, 1988) have been published on the normal cyelic human 

endornetriuln supporting our results; that is a diffenntial loss of ER 

expression in the various cel1 populations of cyclic hwnan endometrium. 

Accordingly, the highest levels of ER in bath the glandu1ar and stroma1 

cornponents occur in pro1iferative phase endometrium, they decrease in the 

stromd of early secretory phase endometrium but remain high in its 

g 1andu1ar component; finally, an important decline and a complete 

disappearance are observed in both stroma1 and g1andu1ar components of 

the functiona1is during the mid/late secretory and menstrual phase 

endometrium. respective1y. 

Recently, severa1 monoclonal antibodies against rabbit, chicken and 

human PgR have been deve10ped (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 ta 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 eC al, 1987) Using these antibodies, 

immunohistochemical studies have first localized PgR in target celis of 

the chick oviduct (Gase 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 l)ave been the most studied by inununohistochemistry 

for PgR (Perrot-App1anat 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 immunohistochemical methods .inti 

biochemica1 assays has been found Akin ta dVlan PgR, lts counterpart ln 

humans, is a1so found in two forms with mo1ecuLlr welghts of dpproximatt>lv 

95 and 120 Kd (Wei and Horwitz, 1986) aPR6 recogni:::es on1v the B farm ot 

PgR ln the oviduct (Sullivan et al, 1986) and in human ln-t'cist cancer cel1s 

(Wei et al, 1987; Estes et al, 1987) cDNA for the l'gR receptor has 

recently been cloned from rabbit uterus (Loosfelt et ;li, 1986), ehick 

oviduct (Je1tsch et al, 1986, Connee1y et al, 1986), and hwnan brc'clst 

cancer cells (Misrahi et al, 1987) l t indicates thE' presence of 0111y ont' 

gene for these PgRs. It is unclear at this time whether thE' E'xistence ot 

these two receptor forms is a consequence of proteolysls elther in vivo OL· 

during experimental candi tians from a un ique product (Looste 1 t et .-Ji, 

1986, Lamb t::t al, 1986) or ;.;hether A dnd B forms are the result ot 

dlfferentia1 spltclng events (Carson et al, 1987, Gronemeyer et al, 1987) 

We have studled the distnbution of PgR ln the normal human cye 1 ie 

endometrium (Chapter III) using the mouse monoclonal antlbouy (oPR6) to 

the avian PgR. lts specificity for human endometria1 PgR has been shawn hy 

Sullivan et al, 11186. There is no evide :1ce Lhat, ln hwnan endometr ia1 

tissues, the receptor exists exclusive1y in the "A" form or in a dif{en~nt 

ratio ta the "B" form. The fact tha~ oPR6 recognizes on1y the "B" tarm rnay 

1ead ta reduced irnmunostaining lntenslty, however thls is probably flot 

restricted to any particu1ar type of endometrial tlssue Furthermore, 

recent uumunohis tochemical s tudles on the normal cycltc human endometr l urn 

with rat antibodies. JZB39 and KD68 , recognJ ad bath the A and B [orrns (Jt 

human PgR (Press et al, 1988; Press and Greene, 1988; Lessey et 81,1988) 

The dis tnbution of PgR in these studies was s imilar to our re<,u l ts 

presented ln Chapter III. 
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Immunoblot analysis • .... ith crPR6 on the human endometrial cytosol 

(Chapter III) confirmed the speclflcity of crPR6 for the B subuntt of hwnan 

f'lldometrial PgR. ùemonstrated by Sullivan et: al, 1985 Furthermore. our 

competition studies (ChapLer III) demonstrated the spec~flcity of the 

1 rnmunocytochernlca l ~ta i ning for human endometrial PgR. Spec ific staining 

'Nd~ ~ound only in the nuclei of epithehal and stromal cells of the 

('ndometrium when incubated with crPR6. but disappeared when crPR6 was 

prelncubated wlth hlghly purified receptor The exclusive nuclear 

di'itrtbution of PgR ln the eplthelial and stromal cells of the endometrium 

WclS dbo found in nuclei of smooth muscle cells of the myometrium 

Endometnal PgR concentrations varted in the menstrual cycle PgR contept 

Inc redsed betwpen the early and la te pro l iferative phase, remalned 

l'levated ln the t'arly secretory phase and decllned by the mid-secretory 

phase in the épi thelldl component l t remained hlgh, however, in stromal 

l'e11s throughout the 'iecretory phase However, future inves tigations for 

pndomf'trial tissue flxation may 1I11prove distortion due to ligand nitrogen 

III t hr;> secretory endometrium Investlgators have reported on the 

distribution of PgR ln the normal cyclic endometnum with Inouse monoclonal 

,1Iltlbodies to human endometrial PgR (Clarke et al, 1987), to rabbtt 

uterine PgR cross-reacting with human PgR (Garcla et: al, 1988), and rat 

lIIonoclondl ,mtlbodies to human breast cancer celis PgR (Press et al, 1988, 

I.l'~Sl~V et dl, 1988) The distribution of PgR in these studies was similar 

to ours descnbed ln Chapter III. However, future investigations for 

l'ndometnal tissue fhation may improve dlstortion due to ligdnd nitrogen 

in the secretory enoometrl wn. 

The comblned analys is on the distribution of both ER and PgR provides 

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

l'oncentrat ions have beer' shown by biochemlcal assays to be the highest 

dur i ng the late prol iferat i ve-early secretory phase, declining thereafter 

during the rpmaining of the 



menstrual cye le. These stud1es led to the conclus ion that PgR synthes 15 

1s mainly indueed by Ez in target cells via the Ez·receptor cornplt'x 

mechanism (see Chapter I, part II; Nardul1i et .:d, 1988), Progesterone 

decreases the 5ynthesis of ER, thus indirect1y decreases the synthesls of 

PgR. However, the existence of an Ez- independent pool of PgR has dlso heen 

suggested in hamster and rabbit uterus and vagina (I:..ota10 "t lil, 1981, 

Allen and Leavitt, 1983; Okuli.cz, 1986). As a result, PgR synthpsis in 

these tissues may exist independent1y of either Ez or progesterone 1t·vpls. 

Toppila et &1, 1986 and Hild Petito et al, 1988 have suggested that the 

same phenomenon rnay exist in the normal hlUnan and monkey ovary, 

respectively, a!ld Korte and Isola, 1988 fai1ed to find Ez-indudbility of 

rabbit ovarian PgR Our study in Chapt.er III confirmed the concept of E2-

regu1at of PgR synthesls and on1y progesterone down-regulation in the 

epithelial component of the endometrium The presence of PgR !li the 

epithe1ium may thus be a good marker of eplthelLal E~·sensltlVlty 

Converselv, lack of FgR ln estrogen prlmed endometrlal eplthe1ll1In reflects 

the action of progesterone PgR in the stroma of the endometriurn dnd the 

myometriurn, however, appears to exist independent ly of either Ez oc 

progesterone levels This led to the suggestion that PgR may be ln part 

constitutlvely synthetlzed l.n the latter The precise significance of thls 

finding i5 not elear. The functiona1 response of uterine tissue to Ez and 

progesterone seems ta be determined in part by the fluctuationing 1evels 

of ER and PgR in the ep1thelium and stroma The decllning functlonal 

importance of the glandular epithe 1 ium dur ing the late secretory pha<;e 

parallels the depletion of PgR. The stroma which becornes decidualized in 

the mid-secretory phase would loglcally require receptors to support lts 

development induced by proges terone. The same 1s true for the myometrluro 
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during gestation, s ince progesterone is 

contractibility. 

thought to inhibit its 

In our study, ER and PgR were not found in endothelial cells of 

endometrial and myometrial vessels nor in the muscular wall of myometrial 

hlood vessels Press et al, 1984, Press et al, 1988; Lessey et al, 1988, 

found the same resul ts wi th rat monoclonal antibodies to hurnan ER and PgR. 

However, Perrot-Applanat et al, 1988 recent1y showed the presence of ER 

,md PgR in muscle cells of myometria1 uterine arteries in rabbits and 

humans The discrepancy between this immunocytochemica1 study and ours 

and others may be due to dlfferences 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 on1y through their indirect action on 

prostaglandins Whether E2 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 1uteal 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 

ig receptor-related is entertained but has not been proven 50 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 steroid plasma levels, for 

studying infertility during short luteal phase or lute al phase defect and 

related conditions of infertility. 
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ER and PgR have been found elevated in endometrial hyperplasia by 

bioehemical assays (see Chapter 1. part IV) However. the eplthellal dnd 

stromal eell components of endometrial hyperplasia have not bet'n evaluated 

separately in these studies Our immunohistochemical dnalysis of the 

cellular distribution of both ER and PgR \.Chapter Il ,md IV) ln 

hyperplastic endometria provides lnsight to understand the complexlty of 

possible steroid hormone effects on these tissues Endometrial hyperplasia 

wi th or wi thout cytologie atypia displayed different ial express ion in 

their ë:R and PgR immunoreactivity. In hyperplasia without cytologie 

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 endornetrial 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 biochernical assays 

The various biomorphologic characteristics (other than PgR) that 

distinguish EIN from hyperplasia have been described (see Chapter 1. part 

III) They support the two disease hyperpla5la-neoplasia concept 

(Ferenczy. 1988). The difference in cellular distribution of steroid 

receptors between hyperplasia and EIN is an additional characteristic 

which distinguishes these two pat~ological states Although lt 15 admitted 

that the presence of ER and PgR in normal target tissues is a prerequis i te 

for the action of Ez and progesterone, little ls known about the hormonal 

regulation of hyperplastic proliferations in the human endometriwn High 

levels of ERs and PgRs ln hyperplaslas suggest their sensitivity ta E?" and 

their possible response ta progesterone. The low levels of ERs and PgRs 
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in the epithelial component of EIN suggest a different, if any, hormonal 

regulation of this lesion and a potential lnsensitivity ta El. and 

progesterone. This hypothesis seems to be supported by a recent clinico

pathologlc study on hyperplastic endometrit.un with and without cytologie 

dtyp ia (Ferenczy and Gelfand, 1989) Endometrial response to exogenous 

progestagens, medroxyprogesterone acetate (Provera (R», was significantly 

higher in hyperplasia without cytologie atypia (80%) than EIN (25%). 

lIistologically, endometrial response ta 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 aIl in EIN lt is also possible that the difference in steroid 

receptor dis tribut ion in these tissues is a reflec tion of 

dedlfferentlation and 1055 of ER and PgR expression in hyperplasia prior 

to its conversion to neoplasia.ln this case, hyperplasia and EIN may be 

con~idered as a continuum of disease In contrast to normal endometrlum, 

hyperplas ia and EIN, invas ive carc inoma displayed heterogenous staining 

for ER and PgR in bath their epithelial dnd stromal components This may 

indicate that EIN and carcinoma are not necessarily successlve pathologie 

steps on a transformation pathway. Unfortunately, at present, there are 

no experimental models to verify our contentions on hormonal regulation 

of hyperplastie and neoplastic endometria. Even in mice, the best 

experimental model for studying human endometrium in relation ta hormonal 

influence, i t 1s impossible to ascertain morphologically and distinguish 

between hyperplastic and intraepithelial neoplastie endometrium 

Our observations of the heterogenous distribution of ER and PgR in 

the epithelial and stromal cell components of endometrial earcinoma 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 t>t 

al, 1988; Charp1n et al, 1989; Segreti et al, 1989 for PgR S Imildr 

heterogeneity has been reported for ER dnd PgR in breast carcinoma (King 

et al, 1985, Mc Carthy et al, 1985, Pertschuk et dl, 1985; Perrot-App1anat 

et al, 1987, Charpin et al, 1988; Elashry-Stowers et" al, 1988, Helin et 

al, 1988, Pertsehuk et al, 1988) It may indicate that regulation of 

steroid receptors during malignant transformation of el1dometrlal tis,>ue 

15 altered and/or different from the normal eyclic eounterpart. Howevpr, 

Satyaswaroop et al, 1983 and Zaino et al, 1984 have shown that receptor

positive hUJl'an endomE'trial adenocarcinoma transplanted to nu de mica showed 

growth response and histologie a1terations after ec;tradiol or progesterone 

s imilar to those observed in normal endome triwn Conversely, steroid 

receptor-negative carcinoma failed ta respond to Ez injection The results 

indicate that response of E'ndometrial carcinoma ta exogenous, suppressive 

hormone therapy requires the presence of steroid reeeptors, whereas their 

absence implie5 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 sorne endometr ial earcinomas by 

immunohistochemistry is not c1ear. A1though the presence of PgR in the se 

tissues suggests the presence of functional ERs and estrogen sensitivity, 

PgR i5 on1y one measure of estrogen aet:on The latter 1s better 

ascertained by a combination of measurements. For exemp le, measuring 

es trogen- 1.nduced .nitogenic action of endome trial stroma wi th '!'ynthesis 

and/or secretion of s tromal estradio1- induced growth fae tors such as 

fibroblast growth factor (FGF) , plate let derived growth factor (PDGF). 
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I?eta transforming growth factor (J?TGF) and insulin-like growth factor 1 

(IGFl) wou1d confirm that ER are functiona1 (Baird et al 1985; Neufe1d et 

al, 1987; James and Bradshaw, 1984, Sporn et al, 1987; C1emmons, 1984; 

Huff et al, 1986) A1so, akin to secretory phase endometriwn, PgR in the 

~troma of EIN and carcinoma may not be a marker of estrogen action but 

rather may be constitutive1y synthetized. If sa, presence of PgR may not 

necessarly reflect cellular response to exogenous progest:ogens. On the 

other hand, presence of stromal progestin-induced proteins such as SlK or 

pregnancy associated endornetrial a-globulin CcU PEG or IGFBP) (Maudelonde 

and Rochefort, 1987; Waites et al, 1988) together with histologie evidence 

of stromal cel1 secretory differentiatlon (deeidua1ization) after 

progestogen administration would suggest the functiona1 nature of PgR. A 

recent elinical study (Ferenczy and Ge1fand, 1989) has ana1yzed the 

longterm efficaeity of exogenous progestogens in 8) patients with 

pndometrial hyperplasia wlth (20 patients) and without (65 patients) 

cytologie atypia. While 80% of enùornetnal hyperplasia without cytologie 

atypia were converted on a longterm basis ( rnean 7 years ) into seeretory 

endometrium, 75% of the 20 cases with cytologie atypia (EIN) failed to 

respond ta ordl medroxyprogesterone aeetate (provera (R) therapy ). These 

lesions relllained unchanged both in their epithelial and stromal cornponents 

and 5 of 20 progresseJ ta 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 

ot" 3bsence of PgRs. Sirni lctrly, an earl ier clinico-morphological study on 

progestogen treated endometrial carcinoma failed to evaluate cellular 

difference, if any in the stroma of these twnors (Ferenczy and Gelfand, 

1982). As a re&ùlt, lt 1s not known whether or not PgR in such Lesions is 
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eicher absent or, if present, functional An alternative hvpotheslS lS ,1 

paracrlne hormonal regulat:Lon of eplthell.'1l ct>lls \'1.3 sr-r0mal-epltht,11,d 

lnCeractlon mechanlsm Hl EIN and sorne endometr1.11 C.lrClll(l1I!,IS COllt.JlIllll,l; 

ER- and PgR-pos le L ve stromal cells This parac rine st imulat ion mav bl' 

induced via stromal-secreted growth factors which <Ire known to hdVt' " 

paient mitogenic effect on eptthelial cells (Yee et ,d. 198q) 

In conclusion, while intimate interrelationshlps between hormolll's 

which influence growth and development of secretory function 111 the 

normal cycltc endometrtum have been well documented, much remains ll) IH> 

done for a better tnstght lnto the honnonal tnt lUE'nce 011 tht'illld 

pathogenes 1S of endometrial hyperplas ia and neoplas i a Speciflcally 

designed experimental studies of human endometria uSlng steroidobinding

immunohistochemistry and molecular biology may improve our unClersLlIldillg 

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

1) On the specificity of the monoclonal antibody aPR6 for human 

endometrial progesterone receptors and, 

2)On the systematic immunocytochemical study of estrogen (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 specifie marker of epithelial 

Ez sensitivi ty during the menstrual cycle and lack of epithelial PgR 

reflects the action of progesterone. PgR in the stroma May be in part 

cons titutive ly synthetized. 

b) high Ievels of ER and PgR in hyperplasia without cytologie atypia 

correspond to high Ez sensi tivity of these tissues and their potential to 

respond to progesterone. 

c) low levels of ER and PgR in the epithelium of endometrial 

intraepithel laI neoplasia and the maj ority of invasive carcinoma 

correspond to relative epithelial insensitivity of these abnormal 

proliferations to Ez and their limited potential to respond to 

progesterone and, 

ct) the presence of ER and PgR in the stroma of endometrial 

intraepithelial neoplasia and in sorne invasive card noma suggests a 

possible paracrine hormonal regulation of epithelial cells in these 

les ions . 

198 


