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Summary--The expression of steroid hormone receptors as molecules reflecting processes of 
development and differentiation in the human uterine tissue was analysed in a spatial distinct 
fashion: tissue samples were excised at the fundus and at different, spatially distinct positions 
of the uterus. They were analysed for con~ntrations of cytosolic estrogen and progesterone 
receptors in supernatants from frozen sections using an isoeiectric focusing technique. The 
spatial and molecular distinct, qualitative and quantitative pattern of their expression in the 
human uterus and uterine adenocarcinomas were studied by sectioning tissue sample from 
the functionalis through the basalis of the endometrium until reaching deep myometrial parts 
of the tissue: (1) Specific spatial patterns of estrogen and progesterone receptor levels were 
detectable throughout the menstrual cycle. (2) For proliferative endometrium from the 
functionalis to the basalis of the endometrium, the content of both cytosolic receptor species 
increased up to 6-fold. (3) Differences detectable were less pronounced in the myometrial part 
of the tissue. (4) Differences of steroid receptor ~n~ntrations measured in the endometrium 
at different uterine positions were highest between fundus and corpus of the endometrium. 
(5) Maximal differences were detectable around ovulation. (6) After secretory transformation 
of the organ, specific patterns were still detectable, however quantitative differences were 
less pronounced. (7) Additionally, quantitative differences measurable were accompanied 
by variations of molecular properties of the progesterone receptor as demonstrated in an 
isoelectric focusing gel. (8) In endometrial adenocarcinomas, not only significant quantitative 
alterations in steroid receptor content were measured, but also a significantly changed spatial 
pattern of receptor concentrations, also a change of the molecular properties of the 
progesterone receptor was resolved if these tumor parameters were compared to those detected 
in the normal tissue of the same organ su~ounding the tumor. 

INTRODUCIION 

The human uterus is an organ exposed to a periodi- 
cally changing hormonal environment [l, 21. In re- 
sponse to the hormonal exposure the concentrations 
of estrogen (ER) and progesterone receptors (PR) 
undergo characteristic variations throughout the men- 
strual cycle. With ligand binding assays these changes 
have been resolved in normal uterine tissue [3-61 and 
in uteri bearing endometrial carcinoma [7-g]. After 
the availability of specific monoclonal antibodies 
against the ER [lo] and the PR (1 l] the quantitative 
alterations in receptor content could be attached to 
the precise cellular localization, stromal or epithelial, 
of the altered receptor species, both in the normal 
uterine tissue dependent on the respective stage of the 
menstrual cycle [12-l 51 and in the endometrium after 
its neoplastic transformation [ 16,171. Concerning 
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spatial aspects of receptor expression only comments 
on receptor distribution between endometrium and 
myomet~um or on differences between receptor 
concentrations of functionalis and basalis of the 
endometrium were made (12, 131. 

Like others [ 181 with homogenated endometrial 
tissue we tried to establish the specific spatial dis- 
tribution of quantative levels of ER and PR depen- 
dent on a given stage of the menstrual cycle and 
dependent on spatially distinct positions of the 
uterus. For comparison the resolved pattern of 
ER and PR expression in the endometrium were 
compared to those detected in the myometrium and 
in the endometrial adenocarcinoma as well as to 
transversally sectioned tissue specimens. The obser- 
vations were validated by comparative histological 
and enzymatic examinations and by studying alter- 
ations of the PR at molecular levels, which can 
be done if the receptor content is quantitated by 
isoelectric focusing. 
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MATERIAL AND METHODS 

Tissues and preparation of the tissue 

Uterine tissue of 18 women with an apparently 
normal menstrual cycle (13 proliferative specimens, 
one specimen originating from a uterus immediately 
after ovulation and four secretory specimens) and 9 
cases of endometrial adenocarcinomas were included 
in this study. Uteri were brought to the department 
of pathology immediately after hysterectomy per- 
formed for different reasons e.g. descensus uteri, 
endometrial carcinomas as well as carcinoma in situ 
of the squamous epithelium of the cervix. 

To study spatial aspects of uterine development, 
samples to be analysed were excised from as many 
different uterine positions as possible. In normal uteri 
samples from the midfundus within the uterine 

cavity, samples from the midcorpus uteri, a sample 
originating from a peripheral position of the corpus 
quite close to the cervix and in some cases a specimen 
from the uterus near the tube were taken. Uterine 
positions where the specimen originated are illus- 
trated in Fig. 1. The samples containing both endo- 
metrium and myometrium were fixed to a piece of 
cork by deep freezing in liquid nitrogen with the 
myometrial part attached to the cork [19]. 

In cases of endometrial adenocarcinoma a sample 
was excised out of the tumor and cut of adhering 
normal tissue as complete as possible. For compara- 
tive studies, if possibe, specimen of normal tissue 
originating from the same uterus were prepared as 

described above. 
To obtain a spatial orientation within a given piece 

of tissue the sandwiches, prepared as described 
above, were sectioned from the luminar surface of the 
endometrium through the basahs of the endometrium 
until reaching deeper myometrial portions of the 
tissue. Within a given plane sections were collected 

midfundus 
/ \ 

corpus 
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cervix 

Fig. I. In this figure the positions in the uterus where 
specimens were obtained are schematically illustrated. 

alternating for ER and PR quantitations and in some 
cases for the quantitative determination of estradiol- 
17/j’ hydroxysteroid dehydrogenase ( 17/?-HSD) as 

well. As controls transversally sectioned tissue was 
used, meaning each section approx. contains the same 
tissue composition. 

Chemicals and buffers 

Radiolabelled ligands [2,4,6,7-‘Hlestradiol (855 
110 Ci/mmol), [6,7-‘Hlestradiol (40-60 Ci/mmol) 
and [3H]ORG (16a-ethyl-21-hydroxy-19-nor[6.7-3H]- 
pregn-4-ene-3,20-dione); (40-60 Ci/mmol) as well 
as unlabelled ORG 2058 were purchased from 
Amersham (Braunschweig, F.R.G.). Estradiol-17B, 
acrylamide, NJ’-methylenebisacrylamide (BIS) and 
inorganic buffer substances were from Merck 
(Darmstadt, F.R.G.). Ampholines were from LKB 
(Sweden). The buffer for all hormone receptor 
analyses was composed of 10 mM NaH,PO,, 10 mM 

Na, Mo0,,.2Hz0, 10% glycerol (v/v), 1.5 mM 
EDTA. 1% monothioglycerol (v/v); pH = 7.4. The 
enzymatic analyses for 17b-HSD activity were per- 
formed in the a buffer composed of 5 mM Na, HPO,, 
1 mM dithiothreitol, 10 mM Na,MoO,.2H,O and 
10% glycerol (v/v): pH = 8.5). 

Preparation and incubation of sections for receptor 
determination 

ER and PR quantitations and assays for 17/I-HSD 
were performed as described recently [ 19-211. For 
DNA determination insoluble cellular components 
and tissue ghosts were centrifuged (800g; 10 min; 
O‘C). Thereafter the tissue was washed with phos- 
phate buffered saline once, centrifuged as described 
above, and DNA was extracted and determined using 
the diphenylamine reaction [22] with the modification 

of Richards[23]. 
For evaluation, IEF-gels were placed on diagram- 

matic paper. Then gels were cut into sample contain- 
ing stripes and thereafter fractioned manually into 
3 mm wide pieces. For this purpose we used a micro- 
tom knife spanning the entire width of the gel. In this 
way the results and pattern obtained for a single 
receptor species of a single specimen in various 
section planes were highly reproducible. To obtain 
quantitative results graphs of radioactivity vs slice 
number were drawn for each sample and the cumula- 
tive height of the points in a single peak attributable 
to receptor-bound hormone was measured above the 
diagramatic baseline. The amount of hormone recep- 
tor within this peak was calculated and the result 
expressed in fmol/mg supernatant protein or DNA. 

Assay for estradiol- I7/3 hydroxysteroid dehydrogenase 
actkit!, 

The method for the quantification of 17/I-HSD- 
activity, an enzyme predominantly located in the 
mitochondrial and microsomal sub-fraction of the 
cells [24], and the kinetics of the enzyme reaction has 
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been described recently 1211. We proceeded as de- 
scribed earlier with modifications in the preparation 
of the tissue. The extracted, insoluble residue of the 
sections was carefully rinsed by three washes with 
phosphate buffered saline by intermediate centrifu- 
gation at 800g at 4°C for 10min. Thereafter cell 
particles were resuspended in 275 ~1 buffer sup- 
plemented additionally with 20pM estradiol and 
0.5 ptci [6,7-3H]estradiol. The enzymatic reaction was 
started by the addition of 50~1 NAD (2g/l). The 
incubation and separation of the estrogens was per- 
formed as already described. The loss during the 
experimental procedure was estimated directly by U.V. 
detection of the estrone added as carrier. For protein 
determination [25] the small remaining organic phase 
was evaporated and the complete residue solubilized 
in the presence of 0.3 M KOH. 

Finally, as a control the first and the last section 
(8 pm thick) within a given section plane was stained 
for histology with a standard hemalum/eosin 
procedure. 

RESULTS 

To study spatial aspects of uterine development we 
have examined uteri from premenopausal women 
with an apparently normal menstrual cycle under- 
going hysterectomy. The results of these analyses 
were compared to those obtained by the analysis of 
nine uterine adenocarcinoma and their surrounding 
normal tissues. Each uterus was analysed at 2-6 
independent uterine positions in 4-9 independent 
section planes. Although determinations within a 
given section plane were not performed in duplicate 
and therefore runaways could not be ruled out, the 
validity of the results and of the conclusions drawn 
is substantiated by more than 1200 analyses for ER 
and PR. 

Controls 

As controls transversally sectioned tissue samples 
were used. Typical analyses are illustrated in Fig. 2. 
For each specimen individual dete~inations and the 
mean values are plotted. 

Endo~etrial/m~o~etria~ relation 

Differences in receptor content between function- 
alis and basalis of the endometrium and the relation 
of the expressed receptor levels to those detected in 
the myometrium are more evident during the prolifer- 
ation phase of the menstrual cycle than during the 
secretory phase. As illustrated in Fig. 3 and schemati- 
cally summarized in Fig. 4 the cytosolie receptor 
content measured, typically increases from the lumi- 
nar surface of the endometrium until approx. the 
basalis of the endometrium at the border of endo- 
metrial and myometrial parts of the tissue. In the 
myometrium the receptor content decreases, but is 
less pronounced than the increase in the endometrial 
part of the tissue. The described pattern for the 
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Fig. 2. Controls: as controls transversally sectioned tissue 
samples were used. This means each section comprises 
approx. the same amount of endometrial and myometrial 
tissue and therefore the receptor con~ntratio~ measured in 
the extracts of these sections should be independent of the 
section plane and approx. identical. The quantification of 
the concentrations of the ER (circles) and PR (triandes) for 
individual samples (open symbols)’ and the ‘mea; values 
(solid symbols) for transversally sectioned tissue is shown. 

endometrial part of the tissue is resolvable even if all 
experiments performed with endometriat tissue are 
summarized (Fig. 5). The average of all experiments 
shows that these patterns are more obvious for PR 
than for ER. In comparison to these mean values 
during the secretory phase of the menstrual cycle the 
observed pattern becomes less pronounced (Fig. 6; 
ER) or even irregular (Fig. 6; PR) as illustrated with 
a specimen originating from the early secretory phase 
of the menstrual cycle. 

As the maximum we measured up to a 13-fold 
increase in PR concentration and about a 1 l-fold 
increase in ER concentration from the functionalis to 
the basalis of the endometrium. The maximal differ- 
ences in the myometrial part of the tissue were in a 
single case 3-fold for ER and 2.3-fold for PR, how- 
ever in general were below a 2-fold fluctuation. This 
means that the endometrial increase in receptor con- 
centrations is much higher than the decrease in the 
myometrium. AdditionalIy, these relative differences 
in receptor levels are dependent on the position of the 
uterus from which the tissue had been obtained. 
Again the measured differences are less pronounced 
or hardly detectable for tissue originating from the 
secretory phase of the menstrual cycle. 

As described elsewhere [19] a variety of peak pat- 
tern can be resolved if analysing uterine, ovarian or 
mammary tissue for PR content by isoelectric focus- 
ing. With respect to changes in PR peak pattern in the 
endometrial/myometrial direction we were able to 
resolve three groups of cases: the first major group 
comprises samples which exhibit no change in the 
peak pattern (Fig. 7a). The PR in this group was 
mainly represented by a single peak. A second major 
group (Fig. 7b) is characterised by a complex peak 
pattern for PR in the endometrium (two or more 
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Fig. 3. The ‘analysis of proliferative phase endometrium. The complexity of the analysis used is shown 
in this figure. A tissue specimen excised from a distinct uterine position, here from the fundus was sectioned 
from the luminar surface of the endometrium, starting on the left side of the graph through the basalis 
of the endometrium towards deep myometrium and analysed for ER and PR content. If the measured 
protein content is similar in each test tube the receptor analysis can be illustrated directly as a fractioned 
isoelectric focusing gel which for each individual fraction was counted for radioactivity. For all section 
planes the PR (upper panel), the ER (middle panel) and the hem aulaun/eosin stained control sections 
(Lower panel) are shown. The receptor concentrations expressed in fmol~mg and the estimated composition 

of the tissue (% endometrial tissue) is included. 

peaks or a double peak with shoulders) than in the 
myometrium (PR mainly represented by a single 
peak). In the third group, minor in occurrence. we 
found an alteration of the peak pattern from the 
functionalis of the endometrium to the basalis of the 
endometrium and a second change from the basalis 
of the endometrjum to the myometrium. 

Positional aspects 

Quantitatively significant differences in receptor 
content at different uterine positions in a given 
section plane and therefore in the depth of the tissue 
are resolvable for both receptors (Figs 4 and 5). 
For the PR within a comparable section plane we 
measured up to &fold differences if the receptor 
concentrations measured in the fundus of the uterus 
are compared to those measured in the corpus of the 
identical organ. However, the data shown and dis- 
cussed originate from specimens which have to be 
dated as proliferative tissues. More interesting in 
the sense of spatial differences are cases in which the 
organ is in the transition from the proliferative to the 
secretory phase of the menstrual cycle e.g. at a stage 
of differentiation when the hormonal environment 
changes immediately after ovulation. Uteri described 

by this stringent definition are rare in occurrance and 
therefore single cases have to be described. 

As described above, a clear and pronounced 
pattern of expression of steroid hormone receptors 
is obvious during the proliferative phase of the 
menstrual cycle. Positional they become even more 
pronounced if the stage of the menstrual cycle is 
immediately after ovulation. This clearly can be 
demonstrated by the analysis of the uterus of a 
28-year-old patient undergoing hysterectomy because 
of descensus uteri. For ER neither a pronounced 
pattern of receptor expression nor significant differ- 
ences in quantities are detectable when fundus speci- 
men, transversally sectioned fundus specimen and 
those obtained at the corpus region of the tissue were 
compared (Fig. 8a). If looking at PR levefs (Fig. 8b), 
the spatial pattern characteristic for proliferative 
tissues was still detectable in the fundus specimen, 
while apparently most PR binding capacity of the 
corpus is undetectable. As a control the transversally 
sectioned fundus specimen is ir$hrded. 

Again the significant changes in receptor quantities 
are reflected by changes in the peak pattern of the PR. 
While there is a rather complex peak pattern de- 
tectable in the endometrium of the fundus (Fig. 9a), 
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Fig. 4. Endometrial/myometrial relation: quantitative aspects in proliferative phase endometrium. To 
demonstrate endometrial/myometrial aspects of receptor expression quantitatively, data obtained from 
mid-proliferative uterine tissue are shown. The data are presented schematically as receptor content 
(fmol/mg) measured in a distinct section plane, starting from the luminar surface of the endometrium (first 
section plane) and proceeding until reaching deep myometrial portions of the uterus. Positions included 
are the fundus (a), the mid-corpus (b), the peripheral corpus near the cervix (c) and the uterus near the 
tube (d). The quantity of cytosolic receptor content increases many-fold if analysed from the functionalis 

of the tissue towards the basalis and decreases in the myometrium. 

in the myometrium of the fundus (Fig. 9b) and in the activity. As can be delineated from Fig. 8c even for 
corpus (Fig. 9c) only a single peak can be resolved. 17B-HSD activity a specific spatial pattern of expres- 

To verify and to evidence the detected receptor sion can be resolved. Significantly, high activities are 
pattern biologically we questioned for 17fi-HSD detectable in the endometrium while there is hardly 
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Fig. 5. Mean values of receptor content in endometrial 
section planes. The values for endometrial section planes of 
all normal specimen analysed (proliferative and secretory) 
were averaged and plotted. Data are expressed as fmol/mg. 

any activity measurable in the myometrium~ Position- 
ally there are significant higher Ievels detectable in the 
corpus specimen than in the fundus area, although 
17fl-HSD activity in the endometrial part of the 
fundus is significantly higher than in the myometrium 
or in the transversally sectioned fundus specimen. 

In other specimens originating from early secretory 
phase endometria usually the resolvable differences 
are less dramatic. In general, the receptor levels 
decrease if compared to those measured during the 
proliferative phase of the menstrual cycle. In the 
example shown, this finding in particular is evident 
for the ER (Fig. lOa). The pattern of receptor 
distribution becomes less pronounced or even irregu- 
lar. as is demonstrated for PR (Fig. lob). At stages 
later in the menstrual cycle the ER levels remain 
constant or slightly increase (Fig. lOc), while the 
measurable PR content again decreases (Fig. 1Od). 
The resolved pattern becomes even more irregular 
and positional differences in receptor content at this 
late stage of the menstrual are by far less pronounced 
than those observed during the proliferative phase. 

The problem tf standardisation 

To rule out the possibility that the analysed 
patterns of receptor expression are evoked by the 
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Fig. 6. Endometrial/myometr~al relation: quantitative 
aspects in secretory phase endometrium. Here the data for 
an early secretory phase endometrium are shown. Again the 
uterus was analysed at different uterine positions (fundus, 
mid-corpus, corpus peripheral near cervix, and the uterus 
near the tube) in different section planes of the tissue starting 
at the functionalis of the endometrium and sectioning 
through the basalis until reaching myometrial parts of the 
tissue. In (a) the ER in (b) the PR is shown, data are 
expressed in fmol/mg depending on the analysed section 

plane. 

standardisation of the data on protein, some experi- 
ments were additionally normalised to total DNA- 
content of the samples or for endometrial parts of the 
tissue to cell number/area as evaluated in the micro- 
scope. The relative differences of receptor concentra- 
tions were not significantly altered if referred to DNA 
content. However, the pattern of spatial expression of 
receptors vary slightly (figures not shown). 

Endometrial ~denocarci~o~as 

The applied method allows the parallel analysis of 
tumor and surrounding normal tissue in immediately 
adjacent tissue blocks. In general in the analysed 
specimen, which were mainly obtained from post- 
menopausal women, we made the following obser- 
vations: in the normal part of this postmenopausal 
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Fig. 7. Endometrial/myometrial relation: PR qualitative aspects. If steroid receptors are analysed by an 
isoelectric focusing procedure in a polyacrylamide gel they are concentrated according to their isoelectric 
points at distinct positions of the gel. If the gel-is fractioned manually and the cpm measured in each 
fraction were plotted depending on the corresponding fraction number of the gel, as the final result a peak 
is obtained comprising all receptor bound, radiolabeled hormone. For the PR different peak patterns are 
obtained. Comparing these peak patterns in the endometrial/myometrial direction we were able to 
distinguish three classes of peak pattern. The first major class comprising approx 50% of the analysed 
uteri was characterized by a single peak for PR in the endometrium and in the myometrium (a), for the 
second major class of uteri analysed a complex peak pattern was resolved in the endometrium and a single 
peak in the myometrium (b). A single uterus has been analysed so far where the peak pattern changed 
from the functionalis (open circles) to the basalis (solid circles) and a second alteration was detectable 

in the myometrium (triangles). 

tissue the spatial pattern of the distribution of cyto- 
solic estrogen and progesterone receptors resembled 
that observed in proliferative uteri (Fig. 1 l), however, 
the differences in magnitude were not as prominent as 
observed in the normal proliferative tissue. As in 7 
out of 9 uterine carcinomas in the case shown here the 
levels of both ER and PR were much lower in the 
tumor than in the surrounding normal tissue. In these 
cases the measured receptor content increases to 
deeper section planes reflecting decreasing parts of 
the tissue infiltrated by the tumor tissue (Fig. 11). 
In the noninvaded myometrium which surrounds 
the tumor, receptor levels are detectable which 

SB M: 1,*--E 

are comparable to those observed in the normal 
myometrium. The differences in PR-concentrations 
between normal and tumor tissue again are accom- 
panied by alterations of qualitative PR peak pattern. 
Mainly we observed a shift from complex peak 
pattern in the normal tissue to a single peak in the 
tumor (Fig. 12), with one exception where the tumor 
was found to contain the most complex peak pattern. 

Most striking were the profound differences in 
absolute receptor quantities in normal and tumor 
tissue. Regarding only the most superficial section 
plane, we had one specimen with the tumor exhibiting 
the higher receptor concentrations. Only in one case 
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Fig. 8. Positional aspects: maximal quantitative differences. 
The maximal differences in receptor content between differ- 
ent uterine positions were measured after ovulation. Data 
are illustrated as receptor content per section plane. In (a) 
the ER measured in the fundus, a transversally sectioned 
fundus specimen and in the corpus is shown. Maximal 
differences between fundus and corpus were detected for PR 
(b), again a transversally sectioned fundus specimen is 
included as control. For verification the same sets of tissue 
sections have been analysed for estradiol-I 76 hydroxy- 
steroid dehydrogenase (c). a progestin inducible enzyme. 

of a moderately differentiated carcinoma the receptor 
content of the normal tissue approx. equalled that 
measured in the tumor. All other carcinomas 
analysed exhibited a moderately or poorly differenti- 
ated morphology and were characterized by far 
higher receptor concentrations in the normal than in 
the tumor tissue (Table 1). 

a 

b 

Fig. 9. Positional aspects: qualitative alterations of PR 
expression. The quantitative differences in PR content de- 
scribed in Fig. 7, which were detectable after ovulation were 
accompanied by significant qualitative alterations of the PR 
peak pattern. While the PR of the endometrium of the 
fundus is represented by a tripfe peak in the isoelectric 
focusing gel (a), in the myometrium at the same position (b) 
or in the corpus of the same organ only a single peak is 

detectable. 

DISCUSSION 

The periodically changing processes of develop- 
ment and differentiation in the adult uterine organ 
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Fig. 10. Positional aspects: secretory phase endometrium. Again tissue samples were analysed from the 
functionalis of the endometrium through the basalis until reaching the myometrium. In general, the 
receptor quantities measured were significantly lower (a) especially for ER and the pattern resolved were 
less pronounced, as illustrated for PR (b) than during the proliferative phase of the menstrual cycle or 
even became irregular. At late secretory stages of the menstrual cycle ER content slightly increases 

again (c), while the measurable PR content decreases again (d). 

were analysed to determine if spatial and temporal in a high spatial order within this organ. Addition- 
aspects of these processes can be resolved. Especially ally, evidence is provided that especially for prolifer- 
for proliferative endometrial tissue evidence can ative phase endometrium high differences in receptor 
be provided that the quantitative expression of concentrations can be detected if measured at differ- 
molecules, reflecting development and differentiation, ent uterine positions. In contrast to Tsibris er a1.[18] 
in particularly, the expression of ER and PR, occurs who detected a graded decline of concentrations of 
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Fig. 11. Tumoranalysis: quantitative aspects of receptor 
expression. Completely differing quantitative patterns of 
receptor expression were detectable if analyses were per- 
formed in tumor or normal tissue of the identical organ. In 
deep myometrial section planes without tumor in~ltration 
the ER content was similar to that of the normal tissue (a) 

while the PR content differed significantly (b). 

steroid hormone receptors from fundal regions to- 
wards cervical positions, we detected in particular 
for ER slight increases of ER concentrations from 
fundus to corpus regions with a significant drop of 
receptor concentrations towards cervical positions. 
Finally, for PR these quantitative patterns or 
resolvable positional differences are accompanied 
by specific variations at the molecular level, as is 
detectable in an IEF analysis of the PR. For ER these 

lb 2.0 - 
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Fig. 12. Tumoranalysis: qualitative aspects of PR expres- 
sion. Two crude classes of uteri bearing endometrial adeno- 
carcinoma could be di~riminated according to measured 
receptor quantities. The first class had significant lower 
receptor concentrations than the surrounding normal tissue. 
The second class was characterised by similar or even higher 
receptor concentrations in the tumor than in the normal 
tissue. In the first class usually in the tumor tissue only a 
single peak for PR was detectable, while the normal tissue 
exhibited the more complex PR peak pattern (a). In con- 
trast, in the second class of tumor specimen the PR peak 
pattern of the tumor was as complex as that found in the 

normal tissue (b). 

qualitative analyses could not be performed because 
for better evaluation the ER had been trypsinised 
prior to IEF-analysis. 

Very complex changes especially on the level 
of PR expression are detectable qualitatively and 

Table 1. Relation of steroid receptors in normal and tumor tissue of identical uteri 

ER PR 
Corpus Tumor corpus Tumor Tumor 

Case (fmoi/mg) (fmol~mg) Factor (fmol/mg~ (fmol/mg) Factor di~erentiation 

9157/86 1356 173 7.8 792 48 16.5 Moderate-poor 
10914/86 954 59 16.2 462 269 1.7 Data not available 
12207186 369 SO 7.4 - - - Data not available 

574187 126 168 0.75 38 255 0.15 Moderate 
1121/87 230 26 8.8 182 48 3.8 Moderate-high 
371 l/87 841 162 5.2 541 123 4.4 Moderate 

I I893/87 451 105 4.3 76 II 6.9 Poor 
1365 I /87 354 107 3.3 385 28 13.8 Poor 
14226187 252 259 0.97 226 248 0.9 Moderate 

This table summarizes the results obtained by the analysis of tumor specimen and the corresponding normal tissue 
of the identical organ. The results are expressed in fmol/mg protein. In addition a factor gives the relation 
of receptor content in normai and tumor tissue. The degree of the differentiation of the tumor is given. 
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quantitatively after ovulation when the tissue is in 
transition from the proliferative to the secretory 
phase endometrium. The quantitative pattern be- 
comes far less pronounced, the significant reduction 
in receptor quantities found at this stage of the 
menstrual cycle for PR are accompanied by the 
reduction of a multi-peak pattern to a single peak 
(Fig. 9) as revealed by the IEF analysis. 

Even in endometrial adenocarcinoma quantitative 
differences if compared to the surrounding normal 
tissue are found to exhibit significant alterations in 
the quantitative and qualitative pattern of receptor 
expression. Especially when those tumors with com- 
parable receptor levels in the tumor and in the 
surrounding normal tissue are compared to those 
cases with high receptor concentrations in the normal 
and low levels in the tumor tissue. 

We feel that our data are a completion to immuno- 
cytochemical data, which were obtained with tissue 
originating from the fundus uteri only. Immunocyto- 
chemical analyses of ER and PR of the myometrial 
receptor content detect no difference in the staining 
pattern of ER [12] and PR [13] throughout the men- 
strual cycle. A maximum staining intensity in this 
part of the tissue is described in the midproliferative 
phase [15]. In the myometrium we found slightly 
higher receptor quantities during the secretory phase. 
In the myometrium the PR is mainly represented by 
a single peak in the IEF analysis. 

We detected the highest receptor concentrations 
and the most pronounced quantitative differences of 
their distribution in the late proliferative stage of the 
menstrual cycle. These quantitative findings are con- 
sistent with immunological findings since the highest 
percentage of labeled cells with the highest staining 
intensity were detectable at this particular stage 
by immunocytochemistry [12, 13, 151. However, our 
data show significant quantitative differences in the 
relation of the functionalis and the basalis of the 
endometrium, while in this respect no comparable 
differences were detectable by immunological means. 

During the secretory phase of the menstrual cycle 
immunocytochemical staining for ER disappears 
gradually [12, 151, this finding can now be validated 
by our quantitative data. The regulation of the PR 
obviously is much more complex in secretory endo- 
metrial tissue than is the ER. In glandular epithelium 
by PR immunocytochemistry high scores of labeled 
cells with a high staining intensity of the cells is 
detectable until postovulatory day three. In epithelial 
cells both the percentage of stained cells and the 
staining intensity rapidly decreased from postovula- 
tory day 4 [13, 15,261. Conversely, by immuno- 
cytochemistry a high percentage of stromal cells 
in the functionalis of the endometrium [16] or 
the entire endometrium [13, 15,261 is constitutively 
stained with a median staining intensity throughout 
the entire secretory phase. This finding suggests a 
different regulation of PR in stroma and epithelium. 
To us the question arises whether or not these 

functional differences are reflected by different peaks 
of the PR in an IEF analyses. Our findings provide 
evidence for this suggestion since, in the case of the 
early postovulatory endometrium described by us, 
we find proliferative phase-like receptor concen- 
trations at the fundus location associated with a 
complex peak pattern for the PR. On the other hand 
the down regulated levels in the corpus position 
were associated with a single peak of the PR. In 
the myometrial part of the tissue the PR is also 
represented by a single peak and again in immuno- 
cytochemical analyses PR in myometrium seems not 
to be down regulated during the secretory phase of 
the menstrual cycle [13, 15,261. 

Whether the histochemical findings as well as 
quantitative and qualitative differences in PR content 
described here can be correlated to the specific A and 
B isoforms of the PR [27] which can be discriminated 
immunologically [28,29] or to specific phosphoryl- 
ation events [30-321 described for the human PR 
remains to be elucidated. First evidence for molecular 
changes of PR after transition from proliferative to 
secretory endometrium was provided by Western blot 
analyses [33]. They found a high molecular weight 
triplet and a low molecular duplet of PR in prolifer- 
ative endometrium which was reduced to a high 
molecular weight duplet and low molecular singulet 
in the secretory endometrium. 

With receptor concentrations as a tool we were 
able to discriminate two crude classes of endometrial 
adenocarcinomas. The first class had quite similar 
or even higher receptor levels compared to the 
surrounding normal tissue. The second class was 
characterised by significantly decreased receptor con- 
centrations. It was conspicuous that the significantly 
different receptor concentrations were reflected by 
different PR peak pattern. High PR levels showed 
a complex peak pattern, in tumors with low PR 
concentrations only a single peak could be detected. 
To correlate these PR results to histological par- 
ameters [34] hyperplasias within the tumor [35] or to 
a possible clinical relevance [17] much more cases of 
endometrial carcinomas have to be studied. 

With this study we were able to demonstrate spatial 
and temporal differing pattern of the expression of 
concentrations of ER and PR, meaning that mechan- 
isms may exist that create an unequal pattern of the 
distribution of molecules reflecting differentiation, 
not only on a quantitative but also on a qualitative 
level. The question remains open if by those mechan- 
isms e.g. implantation sites can be specified biochemi- 
cally. However, first evidence exists that this might be 
the case because in rat uterine tissue it has been 
shown that implantation sites are characterised by 
significantly different cytosolic and nuclear ER and 
PR levels as is the surrounding uterine tissue bearing 
no oocyte [36]. 
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