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Abstract Tissue from 20 surgically resected uteri was
examined in order to test the hypothesis that the oestro-
gen receptor content of the myometrium may not be uni-
form throughout the uterus. All patients were premeno-
pausal, had no history of any exogenous steroid hormone
use and were in the proliferative phase of the menstrual
cycle. Material was taken from the subserosal, midmyo-
metrical and subendometrial regions of both the fundal
and lower uterine segments. Care was taken to remove
all endometrium. Suitable samples were analysed by ra-
dioimmunoassay (RIA) for oestrogen receptors. An adja-
cent block from each area was fixed in formalin and
stained immunocytochemically for oestrogen receptors.
The results of the RIA show a significantly higher recep-
tor content in the subendometrial region than in either
the midmyometrial or the subserosal region. No signifi-
cant difference was demonstrated between the numbers
of receptors in the fundus and in the lower uterine seg-
ments. The differences were also well demonstrated by
immunocytochemistry, according to which 83% of all
cells counted in the subendometrial region were positive,
while only 61% of cells in the middle and 47% of those
in the subserosal region were positive.
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cific proteins or receptors that bind the reproductive ste-
roid hormone oestrogen preferentially [6, 10, 17] have
been isolated in both breast and uterine tissue [15, 29].
The interaction between oestrogen and its specific recep-
tor produces a conformational change at the midreceptor
region, unmasking high-affinity DNA-binding sites with
subsequent DNA activation [7] and, ultimately, the syn-
thesis of new proteins. Thus, under the influence of oes-
trogen, increases in uterine size and endometrial prolifer-
ation are achieved [2]. This oestrogen-receptor complex
interaction also produces an increased affinity for subse-
quent oestrogen binding, as well as the activation of pro-
gesterone-specific receptor production [25].

Multiple studies involving the reproductive steroid
hormone receptor for oestrogen have been conducted in
uterine tissue, in an attempt to elucidate the relationships
between the phase of the endometrial cycle, the level of
circulating oestrogen and the quantities of myometrial
oestrogen receptor [21, 23]. Variations between the re-
ceptor levels of normal and diseased uterine tissue have
also been investigated {13, 15, 16, 24, 27, 31]. In most of
the studies involving myometrial tissue a basic assump-
tion is made that the distribution of the oestrogen recep-
tor is uniform throughout the depth of the myometrium.

This study was undertaken to determine whether this
assumption holds true.

Introduction

In recent years the accurate localisation and quantifica-
tion of various hormone-specific receptors has become
valuable in the identification and prognostic assessment
of many disease states [4, 26]. Groups of hormone-spe-
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Materials and methods

Samples of uierine tissue were obtained from 20 patients undergo-
ing hysterectomy for either menorrhagia or dysmenorrhoea. The
patients ranged in age from 35 to 45 years and had no history of
exogenous reproductive steroid hormone administration. At the
time of surgery all patients were calculated to be in the prolifera-
tive phase of the endometrial cycle. Uteri were sectioned in the
sagittal plane within 10 min of surgical removal from the patients.
Two paralle] transmural blocks of tissue were dissected from both
the fundus and the lower segment of each uterus. One block from
each region of six suitable uteri was further subdivided into three
equal portions following careful resection of the endometrium and
serosa. These blocks were labelled subendometrial, middle and
subserosal before being snap-frozen in liquid nitrogen. This tissue
was subsequently stored in a —70° C freezer until analysed by ra-
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dioimmunoassay (RIA). The remaining blocks of fundal and lower
segment tissue, with the endometrium and serosa intact, were used
for routine histology and immunohistochemistry, following fixa-
tion in 10% formalin and processing to wax.

Wax sections 1 um thick stained with haematoxylin and eosin
(HE) were used to confirm both tissue normality and the endome-
trial cycle phase. The anatomical position of dissection (fundal or
lower segment) was also confirmed histologically. The sections
were viewed by standard bright-field microscopy.

The oestrogen receptor content of the myometrium was deter-
mined by RIA using the single saturation point assay method [12].
The tritiated steroid [2,4,6,7-3H]Joestradiol (102 Ci/mmol), ob-
tained from Amersham International Laboratories (Amersham,
Bucks., England) was used at a final concentration of 6 nmol. The
concentration of oestradiol was measured by an exchange proce-
dure in which the unbound hormone was removed using dextran-
coated charcoal [5]. The binding data were analysed by Scatchard
analysis [22] and expressed as ferntomoles per milligram of cyto-
solic protein. This protein was quantified by the method of Lowry
et al. [11], bovine serum album being used as standard.

Immunocytochemical staining for oestrogen receptors in the
paraffin-embedded tissue was performed by the avidin-biotin tech-
nique. The technique, described in detail elsewhere [8], can be
summarised as follows: blocked dewaxed sections were micro-
waved in citrate buffer (pH 6.0) in a 600-W household microwave
oven at 75% power for two 10-min periods to effect antigen retri-
eval. Sections were successively treated with (1) normal rabbit se-
rum (1:20 dilution) and then (2) the monoclonal oestrogen recep-
tor antibody (Dako-ER M7047 1:50 dilution), after which (3) a
biotinylated rabbit anti-mouse was applied. (4) Streptavidin at a
1:500 dilution was applied prior to (5) diaminobenzidine-H,0,
(DAB). Each antibody application was followed by a 3-min wash
in TRIS buffer (0.01 M TRIS-HCL, 1.5 mM ethylenediaminetetra-
acetic acid, pH 7.4). The sections were then lightly counterstained
with haematoxylin, dehydrated and mounted. Sections were
viewed and photographed by Hoffman modulation contrast mi-
croscopy [20].

For counting purposes, each section was subdivided into sub-
endometrial, midmyometrial and subserosal regions. The total cell
populations of 120 oil immersion fields were counted in each re-
gion where any cell showing evidence of the DAB reaction prod-
uct was considered to be positive, A quantitative assessment of the
percentage of nuclear staining of positive cells was conducted on a
random sample of tissues from 12 of the 20 patients, in which

Fig. 1 Haematoxylin and eosin (HE) stained section of a suben-
dometrial myometrium and b subserosal myometrium. Note the
marked difference in cellularity between the two regions. x135;
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1000 positive nuclei in each region were examined. Nuclear stain-
ing was divided into three broad categories. First, those nuclei in
which less than one third of the nucleus was obscured by reaction
product. Secondly, those in which between one third and two
thirds of the nucleus was stained, and finally, those with greater
than two-thirds staining.

Results

Bright-field microscopy of the HE-stained sections con-
firmed that the dissected blocks of tissue were taken from
the fundal and lower segment regions, that all uteri were
in the proliferative phase of the endometrial cycle [3] and
that the tissue was histologically normal. In all uteri the
HE sections of the subserosal tissue appeared less cellu-
lar than those of the subendometrial tissue (Fig. 1).

Table 1 shows the results for the receptor content of
the myometrium, as determined by RIA. The oestrogen
receptor content of the subendometrial portion of the
myometrium is shown to be statistically significantly
greater than that of the middle and subserosal regions
(Student’s T-test [1], P<0.01). No significant difference
is demonstrated between the receptor contents of the
middle and subserosal regions. The receptor content of

Table 1 Myometrial concentration (fmol/mg)? of oestradiol re-
ceptors as determined by radioimmunoassay (M middle, SE suben-
dometrial, SS subserosal regions)

Patient SE M SS Fundus Lower segment
n=20) ((®=20) (®=20) (n=30) (n=30)
1 2569  13.36 8.03 1570 15.81
2 1192 1050 4.63 851 10.84
3 4443 1643  13.03 2571 2355
4 4351 1050 1008 2241  20.58
5 20.98 6.86 559  12.63 9.65
6 4329 2619 15.63 3257 2416
Mean  31.64 14.01 950 19.59 1743
SD 13.99 6.78 4.28 8.95 6.31
SEM 0.44 0.48 0.45 0.46 0.36

2 Subendometrial region significantly different from subserosal
and middle regions; no significant difference between fundus and
lower segment regions




Table 2 Oestrogen receptor staining? of fundal region (Zor
cells/HPF total cells counted per high-power field, Pos/HPF total
oestrogen-receptor-positive cells counted per high-power field)

Area  Subendometrial ~ Midmyometrial ~ Subserosal

Tot cells/ Pos/ Tot cells/ Pos/ Tot cells/ Pos/

HPF HPF HPF PHF  HPF PHF
(n=20) (n=20) (n=20) (n=20) (n=20) (n=20)
Mean 111.70 88.15 60.55 39.70  36.75 16.70
Max. 133 110 91 67 55 33
Min. 83 68 46 20 11 7
SD 12.66 1206 13.51 1525  10.61 7.38
SEM 0.11 0.11 0.14 022  0.38 0.29

2 Positive cells per high-power field in the subendometrial region
significantly more numerous than in subserosal and midmyometri-
al regions

Table 3 Oestrogen receptor staining? of lower segment region

Area  Subendometrial Midmyometrial Subserosal

Tot cells/ Pos/ Tot cells/ Pos/ Tot cells/ Pos/

HPF HPF HPF HPF HPF HPF
n=15) (n=15) (n=15) (n=15) @=15) (n=15)
Mean 105.27 94.13 5553 3240 3753 18.67
Max. 140 136 79 49 47 37
Min. 71 62 38 17 27 7
SD 20.80 2437 11.66 8.77 6.29 7.83
SEM 0.20 0.20 0.26 0.21 0.27 0.17

a Positive cells per high power field in the subendometrial region
significantly more numerous than in subserosal and midmyometri-
al regions

the fundal and lower uterine segments is also shown in
Table 1. No significant difference is discernible between
these two segments.

In immunohistochemically positive cells, the DAB re-
action product is limited to the nucleus, with no evidence
of cytoplasmic or background staining. The nuclei of the
uterine blood vessels to not stain for the oestrogen recep-
tor. Variations in myometrial cellularity, expressed as to-
ta] cells per high-power field, are presented in Tables 2
and 3. Of the three regions, the subendometrial region
proves to be the most cellular, confirming the qualitative
assessment of the HE sections. There are significant dif-
ferences between the numbers of receptor-positive cells
in the three transmural myometrial regions (analysis of
variance test, P<0.0001). Almost 83% of all cells count-
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Fig. 2 Section of midmyometrium showing nuclear localisat in
oestradiol receptors. Closed arrow indicates full staining of the
nucleus, while open arrow indicates a circumferentially stained
nucleus. x775; bar 10 wm

ed in the subendometrial region were positive, while on-
ly 61% and 47% of cells in the middle and subserosal re-
gions were positive. No statistically significant differ-
ence in positivity is discernible between the regions of
the fundus and lower uterine segment (Tables 2, 3). The
percentage nuclear staining of the positive cells varied
greatly. In the subendometrial region the entire nucleus
was often obscured by reaction product (Fig. 2), while in
the middle and subserosal regions, nuclear staining was
often circumferential or unilateral (Fig. 2).

Quantitative assessment of the percentage nuclear
staining reveals that over 60% of nuclei within the sub-
endometrial region were greater than two-thirds stained,
while in the subserosal region an almost equivalent pro-
portion of nuclei are less than one third stained (Table 4).

Discussion

In recent years the biochemistry of the oestrogen recep-
tor has been more clearly elucidated [7, 14]. It is now
known that the receptor is a purely nuclear resident [9,
18, 30], which is only loosely bound to the nucleus when
in the unoccupied state. Any disruption of the cell, such
as that produced by RIA techniques, causes the oestro-

Table 4 Percentage nuclear

staining of normal myometrium Area Subendometrial (n=12) Midmyometrial (n=12) Subserosal (rn=12)
in proliferative phase
<33% 3B%to >66% <33% 33%to >66% <33% 33%to0 >66%

% Stain 66% 66% 66%
Mean 892  29.00 62.08 19.92  62.17 1792 6425  29.75 6.00
Max. 31 47 85 41 74 32 86 47 18
Min. 3 11 41 8 49 7 49 12 1
SD 7.53 10.51 13.43 10.18 7.79 8.49 1091 9.48 4.95
SEM 0.84 0.36 0.22 0.51 0.13 0.47 0.17 0.32 0.83
% Area 892  29.00 62.08 1992 6217 1792 6425 2975 6.00
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gen receptor to leak out into the cytoplasm. The cytosol-
ic receptor fraction measured by RIA is thus an extrac-
tion artefact, and the value of such figures is of minimal
use in the determination of total actual quantities of oes-
trogen receptors. However, the figures can be useful for
investigating trends, provided that all the samples are
treated in precisely the same manner and are quantified
at the same time. As evidenced by the results obtained in
this study, a difference does exist insofar as there is an
increase in the myometrial receptor content of the suben-
dometrium compared with that of the subserosa. These
results, and the nuclear nature of the receptor may pro-
vide a partial explanation for the large standard devia-
tions obtained by previous researchers into myometrial
oestrogen receptor content [13, 21].

Immunocytochemistry, in comparison with RIA, pro-
vides both a more accurate and a visual method for local-
isation of the oestrogen receptor [19]. As noted by oth-
ers, the oestrogen receptor is confined to the nucleus of
positive cells [9, 18, 30]. Tsibris [28] postulated a steep
concentration gradient in the oestrogen receptor levels
from the fundal to the cervical regions of the human
uterus, suggesting that this gradient persists throughout
the menstrual cycle. We, like Press [19], have not been
able to demonstrate such a gradient. However, from the
immunological cell counts obtained for positivity, it ap-
pears that there are transmural differences in the concen-
tration gradient of the oestrogen receptor in the human
myometrium.

For the purposes of this study Hoffman modulation
contrast microscopy was used. This form of microscopy
eliminates tissue variations in the intensity of staining in
terms of light reflection, as well as offering a 3D-type
picture of the cells, with enhancement of the visualisa-
tion of DAB [20]. Being an operator-independent
system, it is an accurate form of microscopy for quantifi-
cation purposes, as it allows for repeatability. A number
of scoring systems are available that take intensity of
staining into account [14]; however, many of these sys-
tems, although accurate and repeatable, are cumbersome
and time-consuming. In this study the form of microsco-
py used has eliminated certain variables, making the
scoring of nuclear staining simple and easier to interpret.
In general, the differences in the percentage nuclear
staining seen using this method reflect the pattern of oes-
trogen positivity within the myometrium. The subendo-
metrial region not only has a higher percentage of posi-
tive cells; the cells also show greater amounts of reaction
product, compared with those in the subserosal region.

Whether the differences noted in the transmural
myometrial receptor concentration and nuclear staining
percentages are due to varying levels of receptor produc-
tion, or to sensitivity, remains unclear. This study will be
repeated to examine the remaining components of the
endometrial cycle. One of the most striking features of
this study is its confirmation of the need for standard
sampling techniques in order to ensure experimental re-
peatability and the avoidance of error due to intratissue
variation.

Acknowledgements This work was supported in part by a grant
from the South African Medical Research Council.

References

1. Allan JC (1982) About the significant difference between
means. In: Learning about statistics. MacMillan, Johannes-
burg, pp 141-172

2. Anderson JN, Peck EJ, Clark JH (1975) Estrogen-induced
uterine responses and growth: Relationship to receptor estro-
gen by uterine nuclei. Endocrinology 96:160-167

3. Blandau RJ (1983) The female reproductive system. In: Weiss
L (ed) Histology. Elsevier, Amsterdam, pp 936-937

4. Bhrlich CE, Young PCM, Cleary RE (1981) Cytoplasmic pro-
gesterone and estradiol receptors in normal, hyperplastic, and
carcinomatous endometria: therapeutic implications. Am J Ob-
stet Gynecol 141:539-546

5. Farber M, Conrad S, Heinrichs WL, Herrmann WL (1972) Es-
tradiol binding by fibroid tumours and normal myometrium.
Obstet Gynecol 40:479-486

6. Gabb RG, Stone GM (1974) Uptake and metabolism of tritiat-
ed oestradiol and oestrone by human endometrial and myome-
trial tissue in vitro. J Endocrinol 62:109-123

7. Gorski J, Welshons WV, Sakai D, Hansen J,Walent J, Kassis J,
Shull J, Stack G, Campen C (1986) Evolution of a model of
estrogen action. Rec Proc Horm Res 42:297-329

8. Hegele-Hartung C, Chwalisz K, Beier HM (1992) Distribution
of estrogen and progesterone receptors in the uterus: an immu-
nohistochemical study in the immature and adult pseudopreg-
nant rabbit. Histochemistry 97:39-50

9. King WJ, Greene GL (1984) Monoclonal antibodies localize
oestrogen receptor in the nuclei of target cells. Nature
307:745-749

10. Krishnan AR, Hingorani V, Laumas KR (1973) Binding of *H-
oestradiol with receptors in the human endometrium and myo-
metrium. Acta Endocrinol 74:756-768

11. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Pro-
tein measurement with the Folin phenol reagent. J Biol Chem
193:265-275

12. Marugo M, Cordone G, Fazzuoli L, Rocchetti O, Bernasconi
D, Laviosa C, Bessarione D, Giordano G (1987) Cytosolic and
nuclear receptor activity in the cancer of the larynx. J Endo-
crinol Invest 10:465-470

13. Marugo M, Centonze M, Bernasconi D, Fazzuoli L, Berta S,
Giordana G (1989) Estrogen and progesterone receptors
in uterine leiomyomas. Acta Obstet Gynecol Scand 68:731-
735

14. McCarty KS, Miller LS, Cox EB, Konrath J, McCarty KS
(1985) Estrogen receptor analysis. Arch Pathol Lab Med
109:716-721

15. Notides AC, Hamilton DE, Rudolph JH (1972) Estrogen-bind-
ing proteins of the human uterus. Biochim Biophys Acta
271:214-224

16. Okulicz WC, Savasta AM, Loncope C (1990) Biochemical and
immunohistochemical analyses of estrogen and progesterone
receptors in the rhesus monkey uterus during the proliferative
and secretory phases of artificial menstrual cycles. Fertil Steril
53:913-920

17. Pollow K, Geilfuss J, Boquoi E, Pollow B (1978) Estrogen and
progesterone binding proteins in normal human myometrium.
J Clin Chem Clin Biochem 16:503-511

18. Press MF, Greene GL (1988) Localization of progesterone re-
ceptor with monoclonal antibodies to the human progestin re-
ceptor. Endocrinology 122:1165-1175

19. Press MF, Nousek-Goebl NA, Bur M, Greene GL (1986) Es-
trogen receptor localization in the female genital tract. Am J
Pathol 123:280-292

20. Richards PDG, Richards PA, Tiltman AJ (1994) Quantitative
evaluation of low contrast immunopositive cells. I. Contrast
enhancement. Proc Electron Microsc Soc South Afr 24:73



21.

22.
23.

24.
25.

26.

Runnebaum B, Klinga K, von Hurst T, Junkerman H (1978)
Steroids in human myometrium and peripheral blood during
the menstrual cycle. Am J Obstet Gynecol 131:628-631
Scatchard G (1949) The attractions of proteins for small mole-
cules and ions. Ann NY Acad Sci 51:660-672
Schmidt-Gollwitzer M, Eiletz J, Genz T, Pollow K (1979) De-
termination of estradiol, estrone and progesterone in serum
and myometrium: correlation with the content of sex steroid
receptors and 17-—hydroxysteroid dehydrogenase activity
throughout the menstrual cycle. J Clin Endocrinol Metab
49:370-376

Soules MR, McCarthy KS (1982) Leiomyomas: Steroid recep-
tor content. Am J Obstet Gynecol 143:6-11

Speroff L, Glass RH, Kase NG (1989) Hormone biosynthesis,
metabolism, and mechanism of action. In: Clinical gynecolog-
ic endocrinology and infertility. Williams and Wilkins, Lon-
don, ppl—-46

Sumida C, Magdalenat H, Pasqualini JR (1985) Cytosol and
nuclear estrogen receptors (occupied and unoccupied sites)

27.

28.

29.
30.

31.

307

and progesterone receptors in human breast cancer. Breast
Cancer Res Treat 5:165-169

Tamaya T, Motoyama T, Ohono Y, Ide N, Tsurusaki T, Okada
H (1979) Estradiol 173-progesterone and 5o-dihydotesterone
receptors of uterine myometrium and myoma in the human
subject. J Steroid Biochem 10:615-622

Tsibris JCM, Fort FL, Cazenave CR, Cantor B, Bardawil WA,
Notelovitz M, Spellacy WN (1981) The uneven distribution of
oestrogen and progesterone receptors in human endometrium.
J Steroid Biochem 14:997-1003

Walters MR (1985) Steroid hormone receptors and the nucle-
us. Endocrinol Rev 6:512-543

Welshons WV, Lieberman ME, Gorski J (1984) Nuclear local-
ization of unoccupied oestrogen receptors. Nature
307:747-748

Wilson E, Yang F, Rees D (1980) Estradiol and progesterone
binding in uterine leiomyomata and in normal uterine tissues.
Obstet Gynecol 55:20-24



