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ABSTRACT 

Normal human endometrium was initiated and estab

lished into a primary tissue culture. Success in culturing 

was primarily dependent on whether the tissue was obtained 

during the proliferative or secretory phase of the 

menstrual cycle. Seventy-one per cent of the unsuccessful 

attempts and only 2 per cent of the successful attempts 

were derived from secretory endometrium, whereas 96 per 

cent of the successful and 17 per cent of the unsuccessful 

attempts (due to bacterial contamination) were derived from 

proliferative endometrium. The cells maintained their 

estrogen responsiveness in culture as evidenced by their 

requirement for estradiol for exponential-type growth and 

by the stimulation of cAMP dependent-protein kinase 

activity by estradiol. 

Autoradiography was employed to investigate the 

3 nuclear and chromosomal binding of H-estradiol in both the 

endometrial cells (target tissue) and normal male skin 

fibroblasts (non-target tissue). Both nuclear and 

3 chromosomal binding of H-estradiol is observed in the 

endometrial cells but not in the skin fibroblasts, indi

cating tissue specificity. The chromosomal binding of 

^H-estradiol appears to be saturable, and to be mediated 

by specific acceptor sites located on specific regions 

x 



along certain chromosomes. 

stration of the chromosomal 

suggested to represent some 

sites in the target genome. 

The autoradiographic demon-

3 binding of H-estradiol is 

of the estradiol effector 



INTRODUCTION 

Genetic regulation in eucaryotic organisms has 

proven to be much more complex than regulation in pro-

caryotic organisms. The eucaryotic genetic material is 

organized in a highly complex structure called chromatin, 

consisting of DNA, its associated chromosomal proteins, 

and some RNA (1). This complexity would seem to be re

quired when one considers the added requirements for regu

lation in the eucaryotic system. The genome of every cell 

in the multicellular organism contains the complete 

complement of genetic material for the organism, yet, during 

the process of cell differentiation each cell of a specific 

tissue selectively regulates specific genes such that only 

certain genes are turned on at any given time. The process 

of repression and derepression takes on even greater 

importance in the development and survival of multicellular 

organisms. The nuclear chromosomal proteins are believed to 

be responsible for these processes CD• The histones are 

basic nuclear proteins comprising six major classes with 

molecular weights ranging from 8,000 to 16,000 daltons. 

They are enriched in arginine and lysine residues but are 

completely lacking tryptophan. Their role in the fine 

tuning of gene regulation is doubtful since they are 

present in similar amounts in both active and inactive 



2 

tissues and show no tissue or species specificity (although 

they appear to undergo rather complex modifications) (2). 

The non-histone chromosomal proteins comprise an extremely 

heterogeneous group of nuclear acidic proteins. They are 

very numerous compared to the histones and have molecular 

weights ranging from 41,000 to 400,000 daltons. The non

histone chromosomal proteins exhibit tissue as well as 

species specificity and demonstrate a great deal of 

fluctuation in amount and type not only during the cell 

cycle but during the development of a specific tissue (2). 

These proteins, therefore, are the most likely candidates 

for the modulators of gene expression. 

The steroid hormones through their interaction with 

the target genome, provide a valuable tool for the 

investigation of gene regulation. They are carried via the 

blood stream to essentially all parts of the body but 

affect only select target tissues. The steroids enter the 

cell by simple or facilitative diffusion. In the cytoplasm 

they bind to high affinity receptors whereupon a temperature 

dependent nuclear translocation occurs. This nuclear 

steroid-receptor-complex then binds to the chromatin after 

which an increase in RNA synthesis and ultimately protein 

synthesis occurs (3-11) (see Figure 1). 
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Figure 1. Molecular mechanism of sex steroid hormone action — The schematic 
representation of the subunit structure of steroid hormone receptor. 
S represents steroid hormone and RA and Rg steroid hormone receptor 
subunits. After Chan and O'Malley (9). 
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Mechanism of Steroid Hormone Action 

Cytoplasmic Receptor^ 

Jenson and Jacobson (12) demonstrated that estrogen 

was preferentially retained against a concentration gradient 

in rat target tissue (uterus and vagina), but not in non-

target tissue (muscle). This accumulation was shown to be 

mediated by the binding of the steroid to a specific 

cytoplasmic receptor protein (3-11). Steroid receptors 

have been described in rat pituitary tumor cells (13), 

developing rat CNS cells (14), rat anterior pituitary 

(.15) , rat mammary gland (16) , bovine uterus (17) , benign 

human prostate (18), blood erythrocytes (19), human 

endometrium (20-26) and myometrium (21, 25-28), and chick 

oviduct (3-11). 

Peck, Burgner, and Clark (29) demonstrated that the 

rate of uptake of estrogen was not mediated by the estrogen 

receptor. The rates of uptake of the steroid were similar 

in the uterus (target) and diaphragm (non-target), indi

cating that the availability of steroid from the extra

cellular compartment was not a determining factor in 

steroid retention. These findings indicate that the 

differential steroid retention of this tissue is due to an 

event following the entrance of the steroid into the cell. 

The estrogen receptor of the chick Mullerian duct 

has been isolated and characterized as a protein of high 
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affinity and low capacity for estrogen with a of 

_9 3.2 x 10 M. It is present in the cytosol in 8S and 4.5S 

forms (30) . Erdos and Fries (31) have characterized the 

uterine estradiol receptor as a dimer consisting of two 

monomers of 55,000 daltons each. The myometrial cytosol 

receptor has been shown to have a 3-4S form of molecular 

weight of about 45,000 daltons, which binds to DNA, and a 

low salt extractable 7-8S form with a molecular weight of 

160,000 daltons, with no DNA binding (32). An in vivo 

scheme for estrogen receptor synthesis has been put forth 

in which a "basic" microsomal 3.5S form is believed to be 

converted to an "acidic" microsomal 3.5S form. This 

"acidic" form is believed to be the precursor of the 4S 

cytosolic receptor observed by others (.33) . Dibutyryl cAMP 

has been shown to enhance the conversion of the 8S estrogen 

receptor to the 4S form with a concomitant increase in the 

uptake of estrogen into the neonatal mouse uterus (.34) . 

Katzenellenbogen, Johnson, and Carlson (35) observed a 50% 

decrease in stability at 37°C when the estrogen receptor is 

unoccupied by the steroid. 

A fluctuation in the concentration of the estrogen 

receptor in human endometrium has been observed during the 

menstrual cycle. There is a rapid increase in receptor 

concentration during the proliferative phase followed by a 

striking decrease during the secretory phase (23-24). 

Estrogen receptor levels have also been shown to fluctuate 
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during embryogenesis. Teng and Teng (36) showed that in 

the chick Mullerian duct system the receptor was identical 

throughout all stages of embryo genesis with a KD of 

_9 1 x 10 M. While the receptor remained the same, there 

was a linear increase in the amount of receptor present 

from day 8 to day 12 after which the levels remained the 

same until the fourth day after hatching. 

Progesterone has been shown to inhibit the accumula

tion of estrogen in target tissue (37-40). Hsueh, Peck, 

and Clark (41, 42) demonstrated that when rat uteri were 

treated with estrogen there was an increase in the nuclear 

accumulation in one-half to one hour with a concomitant 

decrease of the estrogen receptor complex in the cytoplasm. 

During this depletion of the cytoplasmic receptor, the 

cells were refractory to further estrogen stimulation. A 

replenishment occurred from four to twenty-four hours 

following the initial treatment. They observed that this 

replenishment did not occur when progesterone was also 

given. They proposed that the antagonism of progesterone 

was due to the inhibition of the replenishment of the 

estrogen receptor. This same mechanism has been postulated 

for the non-steroidal anti-estrogens nalfoxidine, Cl-628, 

and clomiphene (43). 

The progesterone cytoplasmic receptor of the chick 

oviduct is by far the best characterized steroid receptor. 

This receptor appears to be a cigar shaped 225,000 dalton 
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dimer composed of two dissimilar subunits, A and B, with 

molecular weights of 110,000 and 117,000 daltons respec

tively (44, 45). Both subunits bind progesterone, but the 

A subunit binds to DNA and not target chromatin, while the 

B subunit will only bind to target chromatin (46). Affinity 

chromatography (47) and preparative ion-exchange filtration 

gel electrophoresis (48) have been used to purify the 

receptor to near homogeneity. 

Estrogen pretreatment has been shown to increase 

the amount of cytoplasmic progesterone receptor in target 

tissue. Janne, Luukkainen, and Vihko (49) observed an 

increase in the progesterone receptor concentration in 

women undergoing estrogen therapy. In ovariectomized 

dioestrus guinea pigs the progesterone receptor was deter

mined to be identical in the endometrium and myometrium. 

The amounts were different, however, in the two tissues 

with approximately 3,500 binding sites per diploid genome 

calculated for the myometrium and 20,300 for the endo

metrium. Treatment with estrogen for one to three days 

before analysis elicited a ten fold increase in the number 

of progesterone receptors in the myometrium and a 3-4 fold 

increase in the endometrium (50). 

A fluctuation in the progesterone receptor concen

tration was observed in human endometrium during the 

menstrual cycle, peaking during late proliferative and 
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early secretory phase and declining during the late 

secretory and early proliferative phase (51-53) 

Nuclear Translocation and Binding 

Autoradiography has been used with great success to 

visually demonstrate the presence of steroids in various 

tissues as well as their subcellular distribution (14, 15, 

54-62). The tritium labeled steroids appear to be almost 

exclusively contained in the nucleus after only relatively 

short incubation periods (as little as 15 minutes) (14, 

54-55). This nuclear accumulation appears to be a distinct 

characteristic of steroid target tissue. 

Migration of the cytoplasmic estrogen-receptor 

complex to the nucleus is preceded by a temperature-

dependent transformation (3-11). The estrogen-receptor 

complex exhibits this activation in a change in its 

sedimentation coefficient from 4S to 5S (3-11, 63). Buchi 

and Villee (.64) showed that nuclear accumulation of estrogen 

was extremely slow at 0°C but rapid at 15° and 25°C, and 

was due to the activation of the 4S cytoplasmic complex to 

the 5S form. This activation requires the presence of 

estrogen as well as the appropriate temperature, and 

activated 5S cytoplasmic complex is identical to the 5S 

complex found in the nuclei (65). Limited proteolysis of 

both the cytoplasmic and nuclear receptors yields identical 

estradiol binding fragments indicating, that the nuclear 
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receptor is composed of at least a portion of the cyto

plasmic receptor (66). 

The nuclear concentration of the activated estradiol 

receptor has been shown to reach maximal levels during the 

first 10-30 minutes after treatment with a fairly rapid 

decline to a steady state level in about 6 hours. Williams 

and Gorski (67) observed a 90% accumulation of total 

cellular estradiol in the nuclei of rat uteri after a 

thirty minute in vitro incubation at 37°C. Juliano and 

Stancel C68) observed maximal nuclear accumulation of the 

5S complex one hour after injection of estradiol into an 

immature rat. This level diminished at about six hours but 

was still significantly greater than controls. An 87-95% 

nuclear accumulation of total cellular estrogen was 

observed after thirty minutes in the chick Mullerian duct 

system with a 30% relocation back into the cytoplasm after 

six hours (69) . Nuclear uptake by chick liver was observed 

to be one-half maximal after only one minute following an 

I.V. injection of estrogen, with maximal binding occurring 

after 10 minutes (70). 

Clark, Anderson, and Peck (71) demonstrated a 

positive correlation between the circulating levels of 

estrogen during the rat estrus cycle and the amount of 

nuclear accumulation of estrogen, observing maximal nuclear 

accumulation during maximal circulating estradiol plasma 

levels and minimal accumulation during minimal circulating 
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levels. They therefore postulated that the nuclear 

accumulation in target tissue was of physiological 

significance. 

The transformation of the 4S cytoplasmic estrogen 

receptor complex to the 5S nuclear form has been proposed 

to be mediated by an as yet undefined activator. The 4S 

estrogen complex does not bind to DNA cellulose whereas the 

5S estrogen complex does. When the 4S receptor was passed 

through an oligo (dT)- cellulose column there was no 

binding; however, when the 4S complex was incubated in a 

target tissue cytosol and then run through the column, a 

5S complex was observed to bind, indicating that the 

activator was present in the cytosol of the cell (72-73). 

The nuclear estrogen binding in target tissues appears to 

be saturable with from 10,000 to 20,000 molecules of 

estrogen bound per nucleus (3-11, 74). The duration of 

the occupation of these nuclear acceptor sites by the 

estrogen-receptor complex appears to be important in the 

expression of the target response. Estriol has been 

defined as a weak estrogen because of its inability to 

maintain true uterine growth. Anderson, Clark, and Peck 

(75) showed that the estradiol levels in rat uterine nuclei 

were the same as estriol levels up to six hours after 

treatment. The estriol levels fall off dramatically after 

six hours whereas estradiol levels remained the same up to 

24 hours later. When estriol is given as a bolus 
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injection, it will not maintain uterine growth, but when 

given repetitively it will maintain uterine growth as well 

as estradiol (76-77). Martin, Pollard, and Fagg (78) 

have shown that even though estriol exhibits mitogenic 

activity in mice uterine cells the response is only half 

that of estradiol. 

It has been stated above that there are about 

10,000-20,000 acceptor sites per target nucleus. The 

probability that these sites are not all true acceptor 

sites has been suggested by Yamamoto and Alberts (79), who 

postulated that a small number of high affinity nuclear 

acceptor sites, on the order of several thousand, could 

easily be masked by a larger number of lower affinity 

sites. Clark and Peck (80) have proposed that the long 

term retention of 1,000 to 3,000 estrogen receptor 

complexes to their acceptor sites is sufficient to main

tain true uterine growth in the rat. 

Target cell nuclei have been shown to contain two 

species of estrogen acceptor sites. When target cell 

nuclei are treated with 0.5M KCl, 80-90% of the estrogen 

receptors are extracted, leaving 10-20% tightly bound to 

chromatin (80-82). There are approximately 1,400 such non-

salt-extractable sites per rat uterine nucleus (80) and 

2,000 per laying hen nucleus (81). These sites have 

therefore been proposed as the true nuclear acceptor 

sites (80). 
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Treatment with actinomycin D will selectively 

release the salt-extractable estrogen receptors whereas 

ethidium bromide will release the non-salt-extractable 

fraction (83). Ethidium bromide has also been shown to 

inhibit in vitro binding to DNA by the estrogen-receptor 

complex, thus indicating the involvement of the nature of 

the double stranded DNA configuration with estrogen-

receptor-chromatin binding (84). Binding of the estrogen 

receptor-complex to DNA appears to be nonspecific as to 

the source of the DNA and non-saturable with respect to the 

amount of DNA, limited only by the number of estrogen 

receptor-complexes available for binding (3-11, 85). 

Target tissue chromatin is bound to a greater extent than 

non-target tissue by the estrogen-receptor complex. More 

binding sites are exposed in dehistonized chromatin, and 

0.4M KC1 extraction removes certain elements of the 

acceptor sites, indicating that histones are not the 

acceptor molecules (9). 

The cytoplasmic progesterone receptor must undergo 

a temperature dependent activation in the presence of 

progesterone before translocation to the nucleus can occur. 

Unlike the estrogen receptor there is no concomitant change 

in the sedimentation coefficient (86). Hsueh, Peck, and 

Clark C87) identified low capacity-high affinity pro

gesterone binding sites in rat uterine nuclei. When the 

animal was pretreated with estrogen for one week prior to 
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the progesterone treatment, within thirty minutes there was 

a 280% increase in nuclear accumulation of progesterone in 

the uterine nuclei. 

Buller, Schrader, and O'Malley (88) demonstrated in 

a cell-free system that isolated nuclei from target tissue 

contained 9,000 progesterone acceptor sites while non-

target nuclei had 1,000-3,000. The for these sites in 

— 8  
both target and non target nuclei was about 1 x 10 M. 

They also found a second class of sites with a KD of 

10"10 - 10"~^^M, which was only observed in the target 

nuclei. 

Nuclear acidic proteins have been implicated as 

the acceptor molecules of chromatin (89). Chromatin can 

be dissociated to yield DNA, histones, and the non-histone 

chromosomal proteins. These different fractions can then 

be reconstituted to form functional chromatin. When non

histone chromosomal proteins from target chromatin are 

reassociated with non-target DNA and histone, the resulting 

"hybrid" chromatin exhibits progesterone binding. When the 

non-target non-histone chromosomal proteins are re-

associated with target DNA and histones no binding occurs. 

Switching the histones makes no difference. These find

ings support the theory that the non-histone chromosomal 

proteins and not the histones are involved in the chromatin 

acceptor sites. 
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In an in vitro system, transcription will not occur 

when the A subunit of the progesterone receptor complex is 

introduced, but transcription will occur when the B sub-

unit is used at a concentration 10 fold greater than that 

needed by the 6S dimer. This suggests that the dimer is 

the functional progesterone receptor species in which two 

molecules of progesterone are required per dimer. A model 

has been proposed in which the activated dimer enters the 

nucleus whereupon it binds to a specific area of the 

chromatin specified by the B subunit. Subsequent to this 

initial binding the dimer dissociates, liberating the A 

subunit which then binds to the DIJA and in an undefined 

manner, opens up that region of DNA for RNA polymerase 

binding (.7, 90) . 

Transcriptional Control and Translation 

A temporal relationship exists between the nuclear 

accumulation of the estrogen receptor complex, the number 

of initiation sites on the chromatin, and the synthesis of 

RNA. In the chick oviduct, the nuclear accumulation of the 
/ 

estrogen receptor complex is maximal at twenty minutes 

followed by a 2 fold increase in the number of initiation 

sites at thirty minutes and a 3 fold (maximal) increase at 

sixty minutes. The amount of ovalbumin mRNA increases 

linearly from 60 to 240 minutes after estrogen treatment 

(91, 92). These findings would indicate that the estrogen 
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receptor complex, through binding to the chromatin, opens 

up new initiation sites for transcription, which results in 

increased RNA synthesis. 

The major gene product of estrogen stimulation in 

the chick oviduct is the egg white protein ovalbumin. 

Messenger RNA for ovalbumin has been isolated and purified 

(93). This mRNA has been shown to synthesize ovalbumin 

in the Xenopus laevis oocyte translation system (94). 

Complementary DNA CcDNA) for the ovalbumin messenger has 

been synthesized using the enzyme reverse transcriptase 

(95, 96). The advantages of synthesizing cDNA from mRNA 

are that DNA is more stable than mRNA and also a molecule 

of extremely high specific activity can be synthesized. 

These properties greatly facilitate an investigation of 

the number of ovalbumin genes per genome as well as the 

number of ovalbumin messengers per cell. 

Although there is a great increase in the amount 

of ovalbumin mRNA after estrogen treatment, there is only 

one ovalbumin gene present per haploid genome (97-102).. 

When estrogen-withdrawn chicks are given estrogen, there 

are about 48,000 ovalbumin mRNA molecules per cell after 

18 days of treatment. The estrogen-withdrawn chick has 

only 0-10 (103) and the mature hen approximately 80,000 

(104). The half-life of the ovalbumin mRNA is approxi

mately 40-60 hours, and the message appears to be translated 

about 50,000 times in a lifetime (103). Total poly (A)RNA 
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can be isolated from diethylstilbestrol (DES)-stimulated 

and withdrawn chicks on oligo (dT) columns. In the 

stimulated chicks there is a great increase in 3 unique 

mRNA's with about 25,000 copies per cell each. There are 

also 20,000 different RNA's, each with about 1 to 2 copies 

per cell. Of the total poly (A)RNA, 22% are transcribed 

from repeated sequences. In the withdrawn chicks there are 

only 10,000 different RNA's with about 3 copies per cell 

and no trace of these three unique RNA's observed in the 

stimulated chick, indicating that the three unique 

messengers probably code for the egg white proteins (105). 

These findings would, therefore, suggest that in 

the chick oviduct system, the induction of ovalbumin is not 

regulated through gene amplification or translational 

control but through transcriptional control (102-104). A 

similar mechanism has been demonstrated for the synthesis 

of vitellogenin in the avian liver (106-108). 

Estrogen has been observed to exhibit a selective 

temporal control on the activity of RNA polymerases in 

target tissue. An increase in nucleolar and nucleoplasm 

RNA polymerase activity has been observed 24 hours after 

estrogen treatment in the chicken liver (109). RNA 

polymerase I and II activity have been shown to be stimu

lated by estrogen but not by progesterone (110). Webster 

and Hamilton (111) showed that RNA polymerase I, but not 

XI and III, was turned on by both estriol and estradiol 
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after 4 hours. After 24 hours, all three polymerases were 

turned on by estradiol but the estriol stimulation had 

disappeared. They proposed a biphasic mechanism for estra

diol of initiation and maintenance, which is not observed 

with estriol. Other investigators have shown that 

polymerase II activity peaks at one hour after treatment 

by estradiol, estriol, and nafoxidine, but goes down to 

control levels at 2 hours. A second peak in polymerase II 

is observed at four hours in the estradiol- and nafoxidine-

stimulated cells but not by estriol. RNA polymerase I was 

shown to steadily increase to a maximum after four hours 

with all three compounds but was maintained at that level 

only with estradiol and nafoxidine (.112) . These findings 
i 

support the idea that estriol's short chromatin retention 

time is responsible for its inability to maintain true 

uterine growth. 

Cox CH3) demonstrated that the number of initia

tion sites available for RNA polymerase binding to chromatin, 

and not chain elongation, is the rate-limiting factor for 

transcription in the estrogen stimulated chick oviduct. 

Estrogen has also been shown to increase the 

synthesis and accumulation of tRNA but without any increased 

methylation or increased tRNA methylase activity (114). 
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The Estrogen-Cancer Link 

Estrogen has been linked to cancer in humans in two 

different but perhaps not totally unrelated ways: first, 

through statistical studies indicating an etiologic role 

in the development of breast and uterine cancer and 

second, through the role of the cytoplasmic estrogen 

receptor as a determinant for endocrine therapy for 

breast and uterine cancer patients. 

Statistical studies have implicated estrogen as a 

causative agent in the development of both breast and 

uterine carcinomas (115). A substantial increase in the 

risk of contracting endometrial carcinomas has been demon

strated in those women who had been undergoing therapy 

during menopause and post-menopause (116-118). Hoover 

C119) has demonstrated an increased incidence in breast 

cancer among women using estrogens during menopause when 

compared to women not using estrogens. 

The cytoplasmic estrogen receptor has been 

investigated as a possible marker for the determination of 

treatment in breast and uterine carcinomas. It has been 

shown that approximately 50% of all malignant breast 

carcinomas have cytoplasmic estrogen receptors while the 

other half does not C119-132). Those tumors which do not 

have the cytoplasmic estrogen receptor are refractory to 

any endocrine therapy, but approximately 60% of those 

tumors possessing the receptor will respond (122-125, 
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129-132). It has been proposed that those tumors which 

have the cytoplasmic estrogen receptors but which are 

refractory to endocrine therapy could possibly have 

altered chromosomal acceptor sites (132). 

Cytoplasmic estrogen receptors have also been found 

in uterine carcinomas as well (133-135), with well differ

entiated tumors containing greater concentration of 

receptor than poorly differentiated ones (136). 

Proposal 

The steroid hormones represent an active area of 

intense research. Their importance in the investigation 

of gene regulation is apparent and becomes even greater 

if they prove to have an etiologic role in breast and 

uterine cancer. 

The chromatin in eucaryotic organisms exists as an 

indistinguishable mass throughout most of the cell cycle. 

During metaphase of mitosis, the chromatin condenses to 

form morphologically distinct chromosomes. Each normal 

organism has a chromosomal complement Ckaryotype) which is 

distinct for its species, and abnormal karyotypes have been 

associated with abnormal phenotypes in humans (137). 

Tissue cultures of hormone sensitive tissues are 

becoming more prominent in the study of steroid hormones. 

The literature has described many normal and abnormal 

cultures which maintain their target tissue response 
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(13, 138-152). The tissue culture system offers many 

advantages over organ cultures or whole tissue experiments 

in studying the end target mechanism of steroid hormones. 

Essentially one cell type can be grown per culture, thus 

allowing a more precise interpretation of the results. The 

use of subculturing would allow a great many different but 

related experiments to be performed, while the growth 

parameters could be precisely controlled and their effects 

readily recorded. Perhaps the most important feature of 

the tissue culture system is that the cells are usually 

actively going through the cell cycle. Metaphase chromo

somes can readily be obtained by the use of the drug 

colchicine, which arrests cells in metaphase. 

Endometrium is an ideal tissue to use in the 

investigation of steroid hormone action. It is a target 

tissue for both estrogen and progesterone in vivo, and 

endometrial carcinomas are not uncommon. Both normal and 

abnormal endometrium can be established into tissue culture 

and appear to maintain their steroid responsiveness while 

in culture. 

This study investigates whether the estrogen 

chromosomal acceptor sites in the target genome can be 

visually located and identified on metaphase chromosomes 

from a primary tissue culture of normal human endometrium 

using the technique of autoradiography. 



METHODS AND MATERIALS 

Establishment of Primary Endometrial Tissue Culture 

A modification of the Whitson and Murray (138) pro

cedure for the initiation of rabbit endometrium was used 

in the establishment of the human endometrial tissue 

cultures. 

Endometrium was obtained from patients undergoing 

hysterectomies. The uterus was opened longitudinally and 

some of the endometrium was scraped off using a sterile 

scalpel in such a manner as to not include any myometrium. 

3 A sample of approximately 3 mm was usually obtained and 

deposited in a sterile jar containing Puck's Saline A 

(.5.4 mM KC1; 13.8 mM NaCl; 4 mM NaHCC>3; 5.5 mM glucose; 

pH 7.4). Microscopic examination was performed by a 

pathologist on the remaining endometrium in the course of 

pathological review. The tissue was transported to the 

tissue culture lab, whereupon it was washed two times in 

Puck's Saline A supplemented with penicillin (1,000 units/ 

ml) and streptomycin (1,000 mcg/ml). The washes served the 

purpose of insuring the sterility of the sample and 

removing large amounts of contaminating red blood cells, 

the presence of which tended to impair successful establishr-

ment of the culture. 

21 



22 

The washed tissue was placed in a small, sterile, 

glass Petri dish to which a few drops of endometrial medium 

(EM) (Gibco medium 199 supplemented with 20% fetal calf 

serum, penicillin 1100 units/mlj, and bovine insulin 140 

mcg/mlj ) was added. The tissue was then minced by bringing 

two sterile scalpels across the tissue in a scissors-like 

motion. This procedure was continued until pieces were 

produced which were from 0.5 to 1 mm in diameter. These 

pieces were then transferred to sterile 60 x 15 mm Falcon 

plastic tissue culture dishes by means of a Pasteur pipet, 

arranging them on the bottom in a circular pattern approxi

mately 1-2 cm apart. These explants became attached to the 

bottoms of the plate in approximately five to ten minutes, 

EM was then carefully applied to each piece so as not to 

dislodge any of them. After approximately two mis of 

medium was added, the dishes were carefully transported to 

a CC>2 water jacketed tissue culture incubator set at 37°C. 

The gas environment was maintained at 5% CC^, 95% air, and 

the chamber was kept at 95% relative humidity. 

The cultures were checked every two days with an 

inverted microscope for the appearance of monolayers of 

quasi-epithelial-like cells radiating out from the explants 

(Figure 2). When these were observed, two mis of fresh EM 

was added to each dish. The appearance of the monolayers 

usually occurred from four to six days after initiation of 

the culture. Approximately two days later, the dishes were 



Endometrial tissue explant (dark area) with 
radiating cellular monolayer after 7 days in 
culture; 10OX negative enlargement. 
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carefully washed twice with Puck's Saline A to remove 

debris from the explanted tissues and fresh EM was added 

to the cultures. When the monolayers appeared to have 

doubled in area, the explants were completely washed off 

the dishes by repeated pipetting with Puck's Saline A. 

Fresh EM was then added to the remaining monolayers. 

Medium was changed every four days until the 

monolayers covered about 40% of the surface of the dishes. 

This period is the most variable in the initiation of the 

cultures lasting from 1-2 months, and it is during this 

period that fibroblast-like cells begin to proliferate in 

the areas between the quasi-epithelial monolayers (Figure 

3). Their population was normally small compared to the 

endometrial cells, and at this stage did not appear to 

inhibit the continued growth of the quasi-epithelial 

monolayers (Figure 4). 

When the monolayers were of sufficient density 

(40% of the surface area of the dishes), the cultures were 

trypsinized in an effort to spread the cells throughout 

the dishes. The medium was poured off and the cultures 

washed two times with Puck's Saline A, after which one ml 

of 1 X trypsin: EDTA solution (0.05% trypsin; 0.02% EDTA in 

Puck's Saline A) was added to each dish. The dishes were 

placed in the incubator for about two to four minutes after 

which time they were scanned with an inverted microscope 

for dislodged cells. The trypsin solution was then agitated 
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Figure 3, Cellular monolayers of quasi-epithelial cells 
(E) and fibroblasts (F) after 6 weeks in 
culture; 100X negative enlargement. 
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Figure 4. Fibroblast monolayer after removal from quasi-
epithelial cells through selective trypsinization 
(see text); 20OX negative enlargement. 
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with a pipet and transferred to a new tissue culture dish, 

fresh EM was added to both dishes, and the dishes were 

returned to the incubator. The fetal calf serum in the EM 

contains a trypsin inhibitor so that fresh medium will 

inactivate the trypsin action. 

The trypsinization procedure had a differential 

effect on the two cell types present in the cultures. The 

fibroblast-like cells were extremely sensitive to the 

trypsin and were easily dislodged from the dish during the 

two to four minute period. The quasi-epithelial-like cells 

on the other hand were extremely resistant to the initial 

trypsinization treatments and remained securely attached. 

All of the fibroblast-like cells were effectively removed 

after only two treatments thus producing culutres of essen

tially only the quasi-epithelial-like cells. These 

resultant cultures were then referred to as endometrial 

cultures and were used as the estrogen target cells in all 

subsequent experiments. 

After the fibroblasts were removed, the endometrial 

cells were trypsinized in an effort to develop them into a 

workable culture which was easily transferable and 

exhibited uniform growth characteristics. The cells were 

trypsinized as before but the trypsin solution was retained 

in the dish to which fresh EM was added after the incuba

tion period. This procedure was repeated until the cells 

were sensitive enough to the trypsinization treatment so 
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that they spread throughout the dishes upon reattachment. 

After the fourth treatment the cultures were allowed to 

grow out to a lacey monolayer at which time they were 

divided into two new cultures and again allowed to grow 

out. This was repeated approximately two more times or 

until the cultures appeared to exhibit fairly uniform 

growth characteristics, at which point the cultures were 

defined to be established and were maintained by splitting 

the cultures one to four every four days (Figure 5). 

Freezing Cultures 

Once the cultures were established several dishes 

were allowed to grow to near confluency at which time they 

were trypsinized from the dishes. The trypsin was in

activated with EM and the suspension spun at 100 x g for 

five minutes. The supernatant was decanted; the pellet 

dislodged by gentle tapping and the cells resuspended in 

EM supplemented with 8% glycerol. An aliquot was removed 

for cell count determination with a Coulter counter and 

the final concentration was adjusted to approximately 

1 x 10^ cells/ml. One ml samples of the cell suspension 

were placed into sterile freezing tubes which were then 

securely sealed. The tubes were then slowly frozen at 

-10°C for one hour after which the tubes were placed in a 

styrofoam container and deposited in a -90°C freezer. 



Figure 5. Endometrial monolayer (quasi-epithelial cells) 
after removal of fibroblasts through selective 
trypsinization; 100X negative enlargement. 
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Frozen cultures were retrieved through rapid 

thawing by submersion in 40°C water for several minutes. 

The cell suspension was then transferred to a sterile 

centrifuge tube to which fresh EM was added, spun down as 

described before, and the supernatant poured off. The 

cells were resuspended in fresh EM and transferred to a 

sterile 60 mm Falcon plastic tissue culture dish, which was 

then placed into the incubator. The culture was allowed to 

grow out to a lacy monolayer after which it was split one 

to four and maintained as described before. 

Establishment of Primary Skin Fibroblast 
Tissue Culture 

Skin fibroblasts were used as a non-target control 

and were established into the culture in a similar manner 

to the endometrial cultures. 

3 A 3 mm piece of skin was obtained in a sterile 

manner from the forearm of a human male volunteer. 

Cultures were initiated and established as described above 

with the major exception that the fibroblast cell type, the 

predominant cell type to grow out, was preferentially 

retained by selective trypsinization. 

Extraction of Steroids from Fetal Calf Serum 

Steroid analysis by Endocrine Sciences, 18418 

Oxnard Street, Tangina, California, of the fetal calf 

serum used in the EM indicated that there were substantial 
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amounts of estrone, estradiol, estriol, progesterone, and 

dihydrotestosterone present (Appendix A). 

Steroids were extracted from the fetal calf serum 

using the following charcoal extraction procedure: 

One hundred mis of fetal calf serum was supple-

3 mented with 1,000 cpm/ml of 12,4,6,7- H]estradiol 

(91 Ci/mmole, New England Nuclear). Ten grams of Norit A 

(fines removed) was then added. The resultant slurry was 

then incubated for thirty minutes in a 55°C shaker bath. 

The charcoal was pelleted by centrifugation at 20,000 x g 

for one hour at 5°C. Two runs are usually required to 

remove all of .the charcoal. An aliquot of the fetal calf 

serum was mixed with a toluene fluor scintillation cocktail 

(New England Nuclear) and counted in a scintillation counter 

3 to determine the amount of residual H-estradiol remaining 

in the sample. The detection of more than 100 cpm 

dictated that an additional charcoal extraction be per

formed on the sample. When the extraction was successful 

the fetal calf serum was filter sterilized by passage 

through a 0.45-micron Millipore filter and stored at -10°C. 

Endometrial Culture Growth Characteristics 

Doubling times and estradiol requirement for 

proliferation were determined as follows: 

5 One x 10 cells were plated into 60 mm Falcon 

plastic tissue culture dishes containing either EM, EM made 
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with steroid extracted fetal calf serum referred to as 

-9 SEEM, or SEEM supplemented with estradiol (1 x 10 M 

final concentration) and the cultures incubated at 37°C. 

Samples were taken every 24 hours for 6 days at which time 

the cells were scraped off the dishes with a rubber 

policeman and counted with a Coulter counter. 

cAMP Dependent-Protein Kinase Activation 

Endometrial cells were grown in EM in 100 mm Falcon 

plastic tissue culture dishes to a density of 1.5 x 106 

cells per dish. Twelve hours before the assay the cultures 

were washed three times with Puck's Saline A and refed 

with SEEM. 

After the twelve hour period the cultures were 

supplemented with either theophylline CO.5 mM final con-

_9 centration)., estradiol (1 x 10 M final concentration) , or 

Puck's Saline A (same volume as estradiol and theophylline). 

They were then incubated for 15, 30, or 60 minutes at 37°C. 

Following the incubation the cells were washed two times 

with ice cold Puck's Saline A, removed from the dishes with 

a rubber policeman and pelleted. The cells were sonicated 

in 0.4 ml/106 cells of 10 mM sodium/potassium phosphate 

buffer, pH 6.5, containing 0.5 mM l-methyl-3-isobutyl-

xanthine, 10 mM EDTA, and 5 mM NaF. This homogenate was 

then used as the source of enzyme in the measurement of 

cyclic AMP-dependent-protein kinase activity by a 
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modification of the procedure of Costa, Gerner, and 

Russell (153). 

Protein kinase activity was measured in the 

presence and absence of 5 pM cAMP by the incorporation of 

32 32 P from y- P ATP (0.05 mM, approximately 300 cpm/pmol, 

New England Nuclear) into calf thymus histone (3.00 mg/ml). 

The reactions were terminated after a 12 minute incubation 

period at 30°C by precipitation with 10% cold TCA onto 

Whatman #3 filters. The filters were then counted in an 

Omnifluor-toluene fluor (New England Nuclear) cocktail and 

counts per minute were then taken as a measure of the 

protein kinase activity. The activation ratio was deter

mined as the radioactivity in the sample lacking cAMP 

relative to the sample with cAMP. 

Metaphase Chromosomal Analysis 

Metaphase chromosomes were obtained from established 

endometrial and skin fibroblast by a modividation of the 

procedures of the Cytogenetics Laboratory, Arizona Health 

Sciences Center, Tucson, Arizona (154). 

Cultures grown for three days following a one to 

four split were fed with fresh EM containing 1 x 10 ^ M 

colchicine. They were then incubated at 37°C for three 

hours, after which they were trypsinized from the dishes 

and pelleted as described before. 
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The pellets were resuspended in warm hypotonic 

solution CO.075 M KC1) and incubated for 8 minutes at 37°C. 

The cell suspension was then centrifuged for exactly five 

minutes at 100 x g, the supernatant decanted and the pellet 

dislodged by tapping. Three mis of fixative (3 methanol: 

1 glacial acetic acid) at -10°C were then added under 

constant agitation. The suspension was then placed in a 

-10°C freezer for 15 minutes after which the cells were 

washed two more times in fixative. The pellet resulting 

from the final wash was then resuspended in about one ml 

of fixative. A Pasteur pipet was used to deposit some of 

the cell suspension onto a glass microscope slide which 

had been coated with distilled water at 17°C. Approxi

mately four to five drops of the cell suspension were 

dropped onto the slide from a height of about three feet. 

The slides were then air dried and viewed with a phase 

contrast microscope for determination of cell distribution 

as well as the spreading characteristics of the metaphase 

chromosomes. 

Autoradiography 

Cultures were arrested in metaphase as described 

above. The cells were trypsinized from the dishes and 

pelleted in the presence of EM to inactivate the trypsin. 

The cells were then washed three times by successive 

pelleting and resuspending in warmed medium 199. The 
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washed cells were resuspended in fresh medium 199 at 37°C 

and equal aliquots were transferred to 15 ml Falcon plastic 

centrifuge tubes. The cells were then incubated for 30 

3 
minutes at 37°C with either £2,4,6,7,- HJestradiol CI x 

— 9 3 10 M final concentration); H-estradiol at this concen

tration containing in addition either diethylstilbesterol 

-7 -7 CI x 10 M final concentration) or testosterone CI x 10 M 

3 -7 final concentration); or H-estradiol at either 1 x 10 M 

or 1 x 10 M final concentration. Cells not treated with 

3 H-estradiol were used as controls for the determination of 

background. Following the incubation the cells were then 

washed two times by pelleting and resuspending in cold 

Puck's Saline A. Metaphase chromosomal spreads were then 

prepared as described before. 

The microscope slides were air dried for one week 

before being used for autoradiography. The procedure of 

Durie and Salmon C155) was employed in all cases and all 

work was done in total darkness. Kodak nuclear track 

emulsion NTB-3 was warmed at 42°C for one hour in a light 

tight water bath. The microscope slides were immersed in 

the emulsion for approximately 10 seconds after which they 

were transferred to a light tight box and air dried in a 

vertical position for one hour. After drying, the slides 

were then dipped in a dioxane based scintillation cocktail 

C.70 grams of 2,5-diphenyloxazole IPPOJ and 200 mg of 

1,4-bis-2-I4-methyl-5-phenyloxazolyl3-benzene 
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Idimethyl-POPOPj dissolved in one liter of dioxane) for ten 

minutes and returned to the light tight box to dry. After 

one hour the slides were transferred to black plastic 

8 x 10 cm microscope slide boxes into which several pellets 

of Drierite CW. A. Hammond Drierite Co.) had been added. 

The boxes were then sealed with black tape and wrapped in 

three layers of aluminum foil. They were then stored at 

-10°C for five to six weeks. 

After the exposure period the autoradiographs were 

developed. All work was done in total darkness and all 

solutions were brought to 17°C before developing. The 

slides were transferred to a slide cradle and developed 

in Kodak developer D-19 for three minutes, washed in dis

tilled water for ten seconds, fixed in Kodak Fixer for three 

minutes and washed in distilled water for 15 minutes. After 

the final wash the slides were dipped in absolute methanol 

for approximately 10 seconds to remove the scintillation 

fluid and then washed one more time in distilled water for 

fifteen seconds. The emulsion was then removed from the 

bottom side of the slides with a razor blade and the slides 

were air dried for two days before staining. 

The autoradiographs were stained in a 2% Giemsa 

stain (2% Giemsa: 98% Gurrs Buffer, pH 6.5) for 1.5 hours, 

air dried overnight, and coverslipped. 

The autoradiographs were then scanned on a Nikon 

photomicroscope for metaphase chromosomes and 
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photomicrographs taken using Kodak 35 mm high contrast copy 

film at a magnification of 100OX and with additional 

enlargement of the negative during printing. 

3 
Determination of H-Estradiol Binding 

in Endometrial Cells 

3 The amount of H-estradiol lost by the cells 

during the preparative procedure for metaphase chromosomes 

was determined as follows: 

Cells were arrested in metaphase, incubated with 

12,4,6,7-^Hjestradiol (1 x 10 ^ M final concentration) and 

harvested for metaphase chromosomes as before. Samples of 

the incubation medium, the hypotonic and fixative washes 

were taken for tritium determination. Cell numbers were 

determined, after which the cells were lysed in 10% 

solution of 1% Sarcosyl in saline solution (1:9) for 

fifteen minutes at room temperature. Lysis was verified 

by phase contrast microscopy. 

The homogenate was then incubated with cold 10% 

TCA for 20 minutes. The precipitate was collected on 0.45 

micron Millipore filters and washed three times with cold 

10% TCA. The filters were air dried overnight and then 

counted in a toluene fluor scintillation cocktail with 2% 

Bio-Solv (Beckman). The amounts of tritium per fraction 

3 were determined as well as the amount of H-estradiol per 

cell. 
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3 
Determination of Purity of H-Estradiol by 

Thin Layer Chromatography 

3 Thin layer chromatography of H-estradiol was 

performed on the alcohol extracts of the medium prior to 

and following the 30 minute incubation and on the cells in 

order to determine the purity of the estradiol prior to 

and following the incubation with the cells. 

Samples of medium prior to and following the 30 

minute incubation were extracted twice with absolute ethanol 

and once with absolute methanol. The cells were first 

sonicated in 0.1 mis of Puck's Saline A with verification 

of cell homogenization by phase contrast microscopy. The 

homogenate was then extracted in the same manner as the 

medium. The alcohol extracts were reduced to 100A by 

evaporation in a stream of nitrogen and spotted on separate 

5 x 20 cm aluminum backed silica gel thin layer strips with 

fluorescent indicator (EM Laboratories, Inc.). One x 10 ^ 

grams of unlabeled estradiol was co-spotted on each plate 

as a marker. The plates were then dried and placed in a 

glass chamber containing the solvent system of benzene: 

ethanol (9:1). The strips were removed from the chamber 

when the solvent front had moved 10 cm from the origin. 

The location of the unlabeled estradiol was 

determined under UV illumination as a purplish spot and 

recorded. The strip was then run through a Packard 



Radiochromatogram Scanner and the distribution of tritium 

along the strip was recorded. 



RESULTS 

Endometrial Tissue Culture 

The establishment of endometrium into tissue 

culture was attempted in order to obtain a continually 

dividing population of estrogen target tissue. During the 

course of this study ninety different endometrial tissue 

cultures were attempted with the successful establishment 

of 48. Of those 48, 46 were determined to have been from 

normal proliferative endometrium, one from hyperplastic 

endometrium and one from secretory endometrium by review 

of the pathologist report on the sample of origin. The 

unsuccessful cultures fall into three major groups; those 

that were terminated because of bacterial contamination 

I10J, those in which the uterus had been irradiated prior 

to culturing I2J, and those which were determined to be 

normal secretory endometrium by microscopic examination 

13OJ. Only those cultures which were determined to have 

been derived from normal proliferative endometrium were 

used in the study. Although different cultures apparently 

reacted the same during the preliminary experiments, only 

one culture was used in the final series of experiments 

presented here. 

The established endometrial cultures were never 

allowed to become confluent while in culture. The 

40 



maintenance regimen was such that the cultures would only 

be at half maximal density at the time of transfer. 

Cultures maintained in this manner exhibited an active 

culture life for approximately two months after which the 

cells stopped dividing but remained attached to the dish. 

The length of quiescence was variable between the different 

cultures, but usually lasted for three months during which 

the medium was changed every four days. Usually by the end 

of the third month, the cells had taken on a long, drawn-

out, stringy morphology and started to detach from the dish 

and essentially all the cells became detached within a week. 

Freezing was explored as a means of preserving a 

culture for prolonged periods because of this limited 

culture life of primary cultures. The endometrial cells 

showed a lower survival to freezing than did HeLa and 

CHO cell lines. This, therefore, necessitated freezing 

cells at relatively high densities since success of 

thawing and plating was dependent on the number of viable 

cells present. The 8% glycerol freezing medium was 

determined to maximize survival, relative to the various 

other freezing media tested. Successful plating of thawed 

culture was also dependent on the length of time the 

cultures had been frozen. Those cultures which had been 

frozen for greater than six months at -90°C were almost 

always unsuccessful. Therefore, the cultures were thawed 

after four months, plated, grown in culture for one week, 
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then refrozen. Cultures have been maintained in the lab 

for over one year using this procedure. Although cultures 

which had been frozen for 4 months exhibited very similar 

growth parameters to the original stocks, the estrogen 

binding experiments were never performed on them. 

Figure 6 represents the growth characteristics of 

the endometrial tissue culture in three different media. 

In EM, the culture exhibits an exponential type of growth 

with a doubling time of about 45.3 hours. When cultures 

are grown in steroid free medium (SEEM), there is a dramatic 

decrease in the growth rate with essentially no growth 

after three days in culture. Cultures grown in SEEM 

supplemented with estradiol demonstrate enhanced growth 

over those grown in just SEEM and have a doubling time of 

about 64 hours. 

cAMP Dependent-Protein Kinase Activation 

cAMP levels as well as cAMP dependent-protein 

kinase activity levels have been shown to be stimulated by 

estrogen in target tissue C.156-161) . This effect was 

therefore investigated in the endometrial tissue cultures. 

The effects of estradiol on cAMP dependent-protein kinase 

activity are presented in Figure 7. Cultures grown in the 

absence of steroids for 12 hours were treated with either 

estradiol, theophylline, or saline A for 15, 30, and 60 

minutes. The cAMP dependent-protein kinase activity 



Figure 6. Endometrial culture growth characteristics in 
regular endometrial medium (EM) • •; steroid 
extracted endometrial medium (SEEM) • •; 
SEEM supplemented with 1 x 10"9 m estradiol 
A A. 
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Figure 7. Estradiol stimulation of cAMP dependent-protein 
kinase activation in the endometrial cultures — 
Endometrial cultures were grown in steroid 
extracted endometrial medium (SEEM) for 12 hours; 
washed in Puck's Saline A and incubated with 
fresh SEEM (controls) or SEEM supplemented with 
either 0.5 mM theopylline • • , or 1 x 10~9 M 
estradiol A A for 15, 30, and 60 minutes. The 
cAMP dependent-protein kinase activity was 
measured as the ratio of 32p incorporation into 
histone in the absence and presence of 
exogenously added saturating cAMP in the reaction 
mixture. 
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Figure 7. Estradiol stimulation of cAMP dependent-protein 

kinase activation in the endometrial cultures. 
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32 
measured as the ratio of P incorporation into histone in 

the absence and presence of exogenously added saturating 

cAMP in the reaction mixture was then determined for each 

point. The results were expressed as per cent control for 

each time point. 

Theophylline, a phosphodiesterase inhibitor, 

maximizes the activation levels of the cAMP dependent-

protein kinase and was used as a positive control. In the 

theophyline treated cells, the cAMP dependent-protein 

kinase activity was observed to be relatively uniform 

throughout the experiment with an average 48% increase 

over the control levels. The cAMP dependent-protein kinase 

activity of the estradiol treated cells was elevated above 

the controls throughout the experiment with a maximal 

effect observed at 30 minutes. 

3 
Autoradiographic Detection of Bound H-Estradiol 

3 Cells pretreated with H-estradiol were harvested 

for metaphase chromosomes and autoradiography performed. 

The tritium decay was detected as exposed silver grains in 

the emulsion and the location of the silver grains indi

cating the position of the estradiol. 

The metaphase chromosomes as well as interphase 

nuclei were identifiable as darkly staining structures after 

Giemsa staining. Estradiol binding was therefore demon

strated as the presence of exposed silver grains 



superimposed over those structures. Figures 8a and 8b are 

autoradiographs of control cultures not treated with ^li

es tradiol. Very low background of silver grains as well 

as no accumulation of grains over any chromosomes is 

3 
observed. Figure 9 demonstrates H-estradiol accumulation 

in an interphase nucleus of cultures treated with 1 x 

-9 3 10 M H-estradiol. The small black dots represent the 

exposed silver grains in the nuclear track emulsion and 

are very nicely superimposed over the grayish and black 

area of the nucleus. Very few exposed silver grains were 

observed outside the nucleus. 

3 Figure 10 presents H-estradiol-labeled metaphase 

chromosomes. These chromosomes were harvested from 

-9 3 
cultures treated with 1 x 10 M H-estradiol. In these 

autoradiographs the exposed silver grains are superimposed 

over some, but not all of the grayish chromosomes which 

are too short and condensed to identify morphologically. 

Figure 11 is a karyotype of a partial metaphase 

3 spread of H-estradiol-labeled metaphase chromosomes. 

Because these chromosomes were not banded they are arranged 

by groups. This karyotype demonstrates varying degrees and 

locations of label along several but not all of the 

chromosomes. 

Figures 12a and 12b are autoradiographs of 

metaphase chromosomes from cultures incubated with both 

3 H-estradiol and unlabeled DES. There are no large 
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Figure 8. Autoradiograph of metaphase chromosomes from an 
untreated endometrial tissue culture demon
strating only occasional silver grains (black 
dots) over the grayish chromosomes; 1000X 
negative enlargement. 



(b) 

Figure 8.—Continued 
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Figure 9, Autoradiograph of an interphase nucleus from an 
endometrial tissue culture treated with 1 x 10~® M 
^H-estradiol demonstrating substantial accumula
tion of silver grains (black dots) superimposed 
over the grayish and black nucleus; 1000X 
negative enlargement. 
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Figure 10. Autoradiograph of metaphase chromosomes from an 
endometrial tissue culture treated with 1 x 10~9 
M 3H-estradiol demonstrating a significant 
number of silver grains (black dots) super
imposed over several but not all of the grayish 
metaphase chromosomes; 1000X negative enlarge
ment. 
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Figure 10.—Continued Autoradiograph of metaphase chromo
somes from an endometrial tissue culture 
treated with 1 x 10~9 m 3H-estradiol demon
strating a significant number of silver grains 
(black dots) superimposed over several but not 
all of the grayish metaphase chromosomes; 1000X 
negative enlargement. 
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(c)  

Figure 10.—Continued Autoradiograph of metaphase chromo
somes from an endometrial tissue culture 
treated with 1 x 10"^ M ^H-estradiol demon
strating a significant number of silver grains 
(black dots) superimposed over several but not 
all of the grayish metaphase chromosomes; 1000X 
negative enlargement. 
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Figure 11. Partial kaxYotyPe of autoradiographically prepared metaphase chromo
somes from an endometrial tissue culture treated with 1 x 10"^ M %-
estradiol demonstrating accumulation of silver grains (black dots) 
over several but not all of the grayish metaphase chromosomes; 1000X 
negative enlargement. U1 

u> 
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Figure 12. Autoradiograph of metaphase chromosomes from an 
endometrial tissue culture treated with 1 x 
10~® M H-estradiol plus 1 x 10"^ M diethyl-
stilbesterol demonstrating no accumulation of 
silver grains (black dots) superimposed over 
the grayish metaphase chromosomes; 1000X 
negative enlargement. 
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Figure 12.—Continued Autoradiograph of metaphase chromo
somes from an endometrial tissue culture treated 
with 1 x 10~9 M 3H-estradiol plus 1 x 10~7 M 
diethylstilbesterol demonstrating no accumula
tion of silver grains (black dots) superimposed 
over the grayish metaphase chromosomes; 1000X 
negative enlargement. 
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accumulations of silver grains over the chromosomes and the 

background is very light. 

Autoradiographs of metaphase chromosomes from 

3  cultures treated with both H-estradiol and testostesone 

are presented in Figure 13. The accumulation of exposed 

silver grains over some chromosomes is observed and these 

autoradiographs appear quite similar to those in Figure 10, 

Figures 14 and 15 are autoradiographs of metaphase 

3 spreads of endometrial cultures treated with H-estradiol 

at 1 x 10~^ M and lxl0 M final concentrations 

respectively. There is an accumulation of silver grains 

over several but not all of the chromosomes. These results 

are similar to those observed in cultures treated with 

1 x 10 9 M CFigure 10) . 

Autoradiographs of a nucleus and metaphase spread 

3 -9 
from skin fibroblasts treated with H-estradiol CI x 10 M 

final concentration) are presented in Figures 16 and 17. 

respectively. Both figures demonstrate the absence'of any 

accumulation of silver grains over the nucleus or chromo

somes . 

Estradiol Binding 

Maximal nucleaf accumulation has been observed to 

occur 15-20 minutes after estradiol treatment with 

approximately 90% of the total cellular estradiol present 

in the nucleus (67, 69, 70, 75). The endometrial cells 
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Figure 13. Autoradiograph of metaphase chromosomes from an 
endometrial tissue culture treated with 1 x 
10~9 M 3H-estradiol plus 1 x 10"^ M testosterone 
demonstrating significant accumulation of 
silver grains (black dots) superimposed over 
some but not all of the grayish metaphase 
chromosomes; 1000X negative enlargement. 
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Figure 13.--Continued Autoradiograph of metaphase chromo
somes from an endometrial tissue culture 
treated with 1 x 10~9 M %-estradiol plus 
1 x 10~7 M testosterone demonstrating signifi
cant accumulation of silver grains (black 
dots) superimposed over some but not all of 
the grayish metaphase chromosomes; 1000X 
negative enlargement. 
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Figure 13.--Continued Autoradiograph of metaphase chromo
somes from an endometrial tissue culture 
treated with 1 x 10"^ M -^-estradiol plus 
1 x 10"? M testosterone demonstrating signifi
cant accumulation of silver grains (black 
dots) superimposed over some but not all of 
the grayish metaphase chromosomes; 1000X 
negative enlargement. 
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Figure 14. Autoradiograph of metaphase chromosomes from an 
endometrial tissue culture treated with 1 x 
10"^ M ^H-estradiol demonstrating substantial 
accumulation of silver grains (black dots) 
superimposed over some but not all of the 
grayish metaphase chromosomes; 1000X negative 
enlargement. 
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Figure 15. Autoradiograph of raetaphase chromosomes f.om an 
endometrial tissue culture treated with 1 x 
lO*"1® M 3H-estradiol demonstrating an accumula
tion of silver grains (black dots) superimposed 
over some but not all of the grayish metaphase 
chromosomes; 100OX negative enlargement. 
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Figure 16. Autoradiograph of interphase nucleus from a skin 
fibroblast tissue culture treated with 1 x 10"^ 
M 3H-estradiol demonstrating no accumulation of 
silver grains (black dots) superimposed over 
the grayish area of the nucleus; 1000X negative 
enlargement. 
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Figure 17. Autoradiograph of metaphase chromosomes from a 
skin fibroblast tissue culture treated with 
1 x 10~9 m 3H-estradiol demonstrating no 
accumulation of silver grains (black dots) 
superimposed over the grayish metaphase 
chromosomes; 100OX negative enlargement. 
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3 were therefore incubated with H-estradiol at 37°C for 30 

minutes to maximize the uptake and accumulation of the 

steroid into the cells. Complete exchange between the 

tritium labeled exogenous estradiol and the unlabeled 

endogenous estradiol would also be accomplished under these 

conditions CI62). 

Total bound estradiol was determined after this 

incubation (Table 1). Cells were lysed with Sarcosyl, the 

homogenate was precipitated with 10% cold TCA and the 

precipitate collected on Millipore filters. Any protein 

3 bound H-estradiol would therefore precipitate out during 

the TCA treatment and be collected on the filters 

while the free estradiol would be washed off. Approximately 

9,000 molecules per cell were calculated to be in the 

unfixed culture which is in close agreement with the 

literature where 10,000 to 20,000 molecules per cell have 

been reported C3-11, 74). 

The harvesting procedure for metaphase spreads 

consists of a hypotonic incubation followed by several 

3 
washes in fixative. The amount of H-estradiol lost due 

to this procedure was therefore determined in a similar 

3 manner. The amount of bound H-estradiol present after 

harvesting decreased 74%, leaving approximately 2,000 

molecules per cell. 

3 It therefore appears that the H-estradiol under

goes two types of binding in the endometrial cells. Most 



65 

3 Table 1. H-estradiol bound to endometrial tissue culture 
cells before and after fixation — Cells were 
incubated with 1 x 10"^ M 3H-estradiol for 30 
minutes at 37°C, washed in ice cold Puck's Saline 
A, and divided into two samples of 24 x 10^ cells 
each. One sample was harvested for metaphase 
chromosomes and the hypotonic and fixative washes 
were collected. The cells for both samples were 
lysed with Sarcosyl, the homogenate precipitated 
with cold 10% TCA and the precipitate collected 
on Millipore filters. The Millipore filters and 
the hypotonic and fixative washes were counted 
in a toluene fluor scintillation cocktail. The 
amount of bound -^H-estradiol was then calculated 
for each sample. 

H-Estradiol recovered 
(cpm) 

Hypotonic 
wash Fixative Cells 

Molecules 
H-estradiol 
per cell 

Before fixation 

After fixation 12,860 1,634 

399 

93 

9 x 10' 

2.1 x 10' 
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3 of the H-estradiol (74%) is extracted during the harvest

ing procedure, while the rest is non-extractable, remaining 

firmly bound after fixation and accounting for the minority 

of the total molecules bound in the cell (26%). Similar 

results have also appeared in the literature where two 

distinct types of binding have been observed for both 

estrogen and progesterone. Clark and Peck (80) have shown 

that about 80% of the total bound estradiol in rat uterine 

cells is extracted with 0.4 M KC1, while the remaining 20% 

is securely bound to chromatin. A similar situation is 

observed in the chick oviduct where there are approximately 

2,000 non-salt extractable binding sites per cell (81). 

Buller et al. (88) have demonstrated the existence of lower 

— 8 
affinity progesterone acceptor sites (K^ of 10 M) in both 

target (9,000 sites per cell) and non-target (1,000-3,000 

sites per cell) and very high affinity sites (KD of 10~10 

-12 to 10 M) found only in target tissue. 

Thin layer chromatography was used in order to 

determine whether any substantial estradiol metabolism 

occurred during the 30 minute incubation. The alcohol 

extraction procedure was employed because it would extract 

not only the parent steroids but also their more polar 

metabolites (163). Therefore, any metabolism of the 

3  H-estradiol would be observed on the thin layer chromato-

grams as a redistribution of the tritium from one major 

peak to several. The strip scanner recordings of the two 
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medium samples as well as the cells all demonstrate 

essentially one major peak of tritium which comigrates 

with the estradiol standard (Figure 18). These findings, 

therefore, would indicate that there was no detectable 

metabolism of the estradiol after the incubation period 

and that the subsequent binding observed is due to estradiol 

and not a metabolite. 



3 
Figure 18. Demonstration of the H-estradiol purity during 

the binding experiments — The alcohol extracts 
from medium with 1 x 10"^ M 3H-estradiol prior 
to the 30 minute incubation (A), following the 
30 minute incubation (B), and the cell homogenate 
following the 30 minute incubation (C), were 
chromatographed along with an unlabeled pure 
estradiol marker on 5 x 20 cm silica gel thin 
layer strips with a fluorescent indicator in the 
solvent system 9 benzene:1 ethanol. The strips 
were run through a Packard Radiochromatogram 
Scanner and the distribution of tritium along 
the strip was recorded. The marker estradiol 
was detected under U.V. illumination. There is 
essentially one major peak of tritium in all 
three samples which comigrates with the marker 
estradiol. 
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3 Figure 18. Demonstration of the H-estradiol purity during 

the binding experiments. 



DISCUSSION AND CONCLUSIONS 

Endometrial Tissue Cultures 

Until recently essentially all investigations into 

the mechanism of action of steroid hormones were done on 

whole tissues or organ cultures. Interpretation of the end 

target cell responses from whole tissue and organ culture 

experiments is limited due to the heterogeneity of the 

source of the sample which must be obtained prior to each 

experiment. 

The tissue culture system circumvents these limita

tions by supplying a continual source of actively growing 

cells from one sample. Therefore, a large number of cells 

from the same tissue of origin can be obtained for use in 

a multitude of experiments. It is primarily for these 

reasons, as well as the ability to harvest metaphase 

chromosomes and control the growth parameters, that the 

tissue culture system was employed in this study. 

Endometrium was chosen as the tissue of origin because it is 

a steroid target tissue which undergoes cyclic phases of 

regeneration in vivo as well as the fact that it could 

readily be obtained after removal from the patient while 

still in a sterile condition. 

The primary determining factor to the success of 

initiation and establishment of the endometrium into tissue 

69 
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culture appears to be the position of the tissue sample in 

the menstrual cycle. Seventy-one per cent of the un

successful attempts and only two per cent of the successful 

attempts were derived from secretory endometrium, whereas 

96% of the successful and 17% of the unsuccessful attempts 

Cdue to bacterial contamination) were derived from pro

liferative endometrium. These results are not entirely 

unexpected since, in vivo, the proliferative endometrium 

has a high mitotic activity under the stimulation of 

estrogen, while in secretory endometrium this mitogenic 

action is repressed by progesterone resulting in a 

significant decrease in the mitotic index. Therefore, 

samples of proliferative endometrium should contain a 

greater number of dividing cells than samples of secretory 

endometrium. 

Two distinct cell types grow out during the 

initiation of the endometrial tissue cultures, quasi-

epithelial-like cells and fibroblast-like cells. The 

fibroblast-like cells are probably derived from the 

connective stromal cells in the sample while the quasi-

epithelial cells are most likely of endometrial origin. 

The quasi-epithelial cells have a somewhat elongated 

epithelial-like morphology, but are very distinct from the 

long, narrow fibroblast-like cells and therefore, do not 

appear to be of stromal origin. Since there are no 

definitive morphological or biochemical markers for 
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endometrium in tissue culture, these quasi-epithelial-like 

cells were interpreted to be of endometrial origin due to 

their epithelial-like morphology and the close resemblance 

to the rabbit endometrial tissue cultures of Whitson and 

Murray (138). 

In order to obtain a tissue culture of only quasi-

epithelial-like cells, the fibroblast-like cells were 

preferentially removed from the initial cultures through 

selective trypsinization. The fibroblast-like cells were 

much more sensitive to trypsinization than were the 

endometrial cells and a population of endometrial cells 

free of fibroblast-like cells could therefore be obtained. 

This differential response to trypsinization lends further 

support to the assignment of the quasi-epithelial-like 

cells to endometrial origin since epithelial cells in 

culture are much less sensitive to trypsin than fibroblasts. 

The hormone responsiveness of the established endometrial 

cultures was demonstrated by the requirement of estradiol 

for growth and the activation of cAMP dependent-protein 

kinase by estradiol. 

The concentrations of the estrogens and progesterone 

in the fetal calf serum used in the EM are partially within 

the physiological ranges found in normal human females 

during the proliferative phase of the menstrual cycle. 

Cultures grown in this medium are therefore continually 
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exposed to physiological concentrations of these steroids 

and the cells exhibit exponential-type growth. 

Cultures grown in SEEM supplemented with estradiol 

grew significantly better than those grown in SEEM not 

supplemented with estradiol. This enhancement of growth 

with its concomitant decrease in doubling time did not, 

however, return the cultures to those levels observed when 

grown in the normal maintenance medium. The extraction 

procedure used to remove the steroids from the fetal calf 

serum also removes other constituents such as low molecular 

weight polypeptides. It is possible that one or several of 

these polypeptides as well as some of the other steroids 

are also required for maximal cell growth. It is signifi

cant, however, that estradiol exhibits a mitogenic action 

on these cells in culture; a response which would be 

expected if the cells were derived from proliferative 

endometrium and had maintained their target tissue response 

in culture. 

The endometrial culture also demonstrated an 

estradiol mediated stimulation in cAMP dependent-protein 

kinase activity. Both cAMP levels as well as cAMP 

dependent-protein kinase activity have been shown to be 

stimulated by estrogen in target tissue (156-161), and the 

peak in activation 30 minutes after estradiol treatment of 

the endometrial culture is in close agreement with the 

results of Schumacher, Seidel, and Stratling (159).. 
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Autoradiography 

The two major means of detecting radioactive 

decay are the electronic counters and the photographic 

emulsions. Electronic counters present the data as counts 

per minute per sample. A correlation is then made between 

the amounts of radioactivity and the source of the 

sample. Autoradiography represents a different approach 

in that samples with the radioactive material are 

appropriately mounted and placed in close contact with a 

suitable photographic emulsion. After exposure and 

processing the radioactive decay is represented in the 

emulsion layer as exposed silver grains. 

Autoradiography has proven to be one of the most 

sensitive methods available for the localization of 

tritium-labeled steroid hormones in tissue and sub-cellular 

compartments. Because tritium will only expose the emulsion 

at a distance of one micron from its origin, a very clear 

and precise visual representation of the radioactive decay 

can be obtained. 

The exposure of the silver grains in the emulsion 

is dependent on the amount as well as the energy of the 

beta emitters present in the sample. Because tritium is a 

weak beta emitter and the number of labeled steroid 

molecules bound per cell is relatively low, the exposure 

times normally required for autoradiographs of steroid 

hormone localization in target tissues are from six to 
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twelve months. These long exposure periods put severe 

limitations on the number and types of experiments that can 

feasibly be performed, since so much time is lost between 

the actual experiments and the retrieval of the data. 

One way to shorten these exposure times is to use 

the high speed scintillation autoradiography of Durie and 

Salmon CL55). The emulsion is impregnated with a 

scintillation cocktail, and photons are released as the 

beta particle passes through this scintillator. The 

photons activate more silver grains, thus amplifying the 

beta decay and shortening the exposure period. It has been 

shown that this increased sensitivity is accompanied by a 

slight decrease in resolution due to greater emissions 

scattering (155). 

All autoradiographs presented in this study were 

prepared by the Durie-Salmon technique. An exposure period 

of five to six weeks was required before significant 

accumulation of exposed silver grains were observed over 

nuclei and chromosomes. Longer exposure periods did not 

enhance this labeling dramatically and were deemed less 

desirable due to the increased background. 

Interphase as well as metaphase cells were 

deposited onto the microscope slides during the preparation 

of metaphase spreads, and autoradiographs of endometrial 

3 cells incubated with H-estradiol demonstrate very 

distinct nuclear as well as chromosomal labeling. 
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The specificity of this labeling was determined by 

incubating the cells with either unlabeled DES or unlabeled 

testosterone. DES is a synthetic estrogen and has been 

shown to compete for the estradiol binding sites in target 

tissue, while testosterone, a naturally occurring androgen, 

does not compete for the estrogen binding sites. There-

3 fore, if the H-estradiol is actually binding to specific 

sites, the addition of excess unlabeled testosterone will 

make no difference in the labeling observed, while DES 

should compete for those sites and the amount of label 

3 should be dramatically reduced. If the H-estradiol 

binding observed is non-specific, then testosterone and 

DES should compete and therefore reduce the labeling. 

3 
Autoradiographs of cultures incubated with H-

estradiol and unlabeled DES show no labeling of either 

nuclei or chromosomes, and are very similar to those of 

controls. Both nuclear and chromosomal labeling are 

observed, however, in the autoradiographs from cultures 

3 treated with H-estradiol and testosterone. These results 

would therefore indicate that the nuclear and chromosomal 

labeling observed is specific for estradiol and is not due 

to nonspecific binding. 

In order to see if this accumulation was saturable, 

3 —10 cells were incubated with H-estradiol at 1 x 10 , 

-9 -7 1 x 10 t and 1 x 10 M. The autoradiographs obtained 

from cultures treated with the three different 



concentrations are very similar. When the number of silver 

grains per nucleus was determined in 25 nuclei for each 

-10 -9 
dose the results were: 10 M = 150 + 20; 10 M = 

_ 7 140 + 25; 10 M = 135 + 25 silver grains/nucleus. These 

results demonstrate that approximately the same amount of 

3 
H-estradiol remains bound at the three concentrations 

after harvesting, and suggests that the binding observed 

autoradiographically is saturated at those concentrations. 

The nuclear uptake and retention of estradiol has 

been demonstrated by autoradiography to occur only in target 

tissue C54). The nuclear label observed in the endometrial 

3 cells after incubation with H-estradiol is therefore 

another piece of evidence supporting the conclusion that 

the cultures are derived from target tissue and have re

tained their steroid specificity in culture. 

Human skin fibroblasts have been shown to be a 

target tissue for testosterone in tissue culture. They 

retain the cytoplasmic receptor and demonstrate nuclear 

accumulation of dihydrotestosterone (.the active metabolite 

of testosterone) (164-166). The area from which the skin 

is obtained appears to be critical in its response to 

steroids in culture. Cultures derived from samples from 

the gonadal regions demonstrate a marked increase in the 

metabolism of testosterone compared to those cultures 

derived from samples from the abdomen and deltoid regions 

(164). While the skin fibroblast system has been shown to 
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be androgen responsive, to date no data have been presented 

to demonstrate an estrogen response or nuclear uptake and 

accumulation in these cells. It was for those reasons as 

well as the ease with which a culture could be established 

that male human skin fibroblast was used as a non-target 

tissue in this study. The autoradiographs of skin fibro-

3 blasts treated with H-estradiol demonstrate no nuclear or 

chromosomal accumulation of silver grains. These results 

would indicate that the nuclear and chromosomal binding of 

3 H-estradiol observed in the endometrial cells is target 

tissue specific. 

The nuclear retention of estradiol has been shown 

to be due to the binding of the estradiol-receptor complex 

to chromatin C3-11). Therefore, the chromosomal labeling 

allows a more detailed look at the nuclear labeling 

observed in the interphase cells. 

Most of the labeled metaphase spreads obtained 

contained very condensed chromosomes which were morpho

logically unidentifiable. This did not pose a problem as 

far as determining whether the chromosomes were labeled or 

not, but it did make it impossible to identify which 

chromosomes were labeled and where. The harvesting pro

cedure developed to obtain labeled metaphase chromosomes 

placed several limitations on the interpretation of the 

chromosomal labeling since there was an extremely high 

incidence of incomplete metaphase spreads Cless than 46 
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chromosomes) produced and the metaphase chromosomes were 

generally of poor quality for banding. These features 

appear to be due to the technique employed and not due to 

the culture in that the banding quality of the chromosomes 

and the number of complete metaphase spreads improved when 

flame-dried slides were made. The flame-dried technique 

was not used in this study, however, in that no chromosomal 

accumulation of label was ever observed using this pro

cedure . 

Several incomplete, labeled metaphase spreads were 

obtained which did have relatively long chromosomes. A 

partial karyotype of one spread is presented in Figure 11. 

Since the chromosomes were not banded, the arrangement of 

the chromosomes in the karyotype was made solely on gross 

morphological characteristics. Without banding it is 

impossible to absolutely identify any chromosome nor pair 

it to its homolog, therefore the partial karyotype presented 

is only one possible interpretation. Because the karyotype 

is incomplete the total number of chromosomes involved in 

the binding of estradiol can not be determined, but a 

minimum number of at least four different chromosomes is 

suggested. Of the A group chromosomes, the number 2 

chromosome has a relatively distinct morphology which allows 

tentative identification and pairing of homologs without 

banding. The labeling observed on the number 2 chromosome 

would therefore appear to be similar on both homologs. 



79 

Several other incomplete spreads have been observed in 

which the proposed number 2 chromosome exhibited similar 

labeling. 

The indication that both homologs of the number 2 

chromosome are similarly labeled with estradiol would 

suggest that the estradiol binding is specific for those 

regions along the chromosomes since each homolog is a 

similar copy of the other. If the label were non-specific 

and occurred indiscriminately along the chromosomes, then 

one would expect to find both homologs labeled differently. 

Estrogen stimulation of uterine tissue induces many 

metabolic and growth responses, and it is suggested that it 

is highly unlikely that the only function of the estrogen-

receptor complex is to trigger a primary event which 

results in a cascade of these responses (75). The dis

tribution of the label among several chromosomes rather 

than the clustering at just one region on a single chromo

some would tend to support this proposition. 

Chromosomal banding £G, Q, and R) was attempted on 

suitable metaphase spreads both prior to and following 

autoradiography. The nuclear track emulsion proved to be 

a substantial barrier to post-autoradiographic banding, 

and could not be removed from the slide without severely 

damaging the chromosomes. Pre-autoradiographic chromosomal 

G banding produced metaphase chromosomes which did not 

3 exhibit any H-estradiol labeling, and Q and R banding 
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proved unsuccessful due to the quality of the chromosomal 

spreads. 

The procedure of chromosomal G banding consists of 

denaturation and renaturation of the chromatin, producing 

differential staining regions along the chromosomes. It is 

therefore possible that this attack on the chromatin 

structure during the banding procedure releases the bound 

3 H-estradiol from the metaphase chromosomes, thus producing 

unlabeled autoradiographs. This proposition is supported 

by the work of Baudendistel and Ruh (83) who showed that 

ethidium bromide (which can produce G bands in metaphase 

chromosomes) will selectively release the non-salt 

extractable chromatin bound estradiol in target tissue. 

This apparent release of label through G banding in the 

endometrial cells would also indicate that these non-

extractable sites present after harvesting are similar to 

the non-salt extractable sites described in the literature 

(80-82)  .  

While the significance of the very high affinity, 

non-salt extractable binding sites is not fully understood, 

Clark and Peck (80) have proposed that these are probably 

the true effectors of steroid action in the target genome 

since the number of these sites is extremely close to the 

number of sites theroetically required to maintain true 

uterine growth in the rat. 
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If these sites are the true effector sites in the 

genome, then one would require that they be specific for 

estradiol and show a specificity for location on the 

chromatin. The autoradiographs presented in this study 

would suggest that these requirements are met. While the 

identification of the chromosomes in the partial karyotype 

is not absolute, the number 2 chromosome does suggest that 

the location of the label, at least with respect to this 

chromosome, is indeed specific along its length. 

If the labeling observed in the autoradiographs 

does indeed represent the sites of gene regulation by 

estradiol, then this procedure could be used to determine 

the extent of gene regulation by this steroid throughout 

the genomes of both normal and neoplastic cells. Once com

plete karyotypes of long chromosomes are obtained, a 

complete description of both the number and location of 

the acceptor sites would be available and a comparison 

could therefore be made between these sites in normal and 

cancerous tissue. 

Neoplastic tissue has been shown to exhibit unusual 

karyotypes, and there appears to be a positive correlation 

between increased malignancy of the lesion with increased 

chromosomal abnormalities. It is becoming more apparent, 

through the work on leukemias and some solid tumors, that 

these karyotypic changes are not random but specific 

(167). The question arises as to whether the specificity 
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is agent or tissue dependent. In the rat, dimethylbenz(a)-

anthracene (DMBA) and Rous Sarcoma Virus induce sarcomas 

which are histologically indistinguishable but which have 

unique abnormal karyotypes. When DMBA is introduced into 

the animal by another route, a leukemia is induced in which 

the leukemic cells have the identical karyotype found in 

the DMBA induced sarcoma cells, supporting the concept that 

the non-random chromosomal changes in abnormal tissues are 

agent specific (16 7). 

If the abnormal karyotypes detected in tumors are 

indeed agent specific then one could explore the role of 

estradiol in breast and uterine cancers by using the 

technique described in this study for the visual detection 

of the chromosomal acceptor sites. If estradiol is a 

causative agent in breast and uterine cancers, then one 

would expect the abnormal karyotypes from the tumor cells 

to exhibit changes in the amount and/or distribution of the 

estradiol acceptor sites such as alterations in the number 

of those chromosomes to which estradiol binds, deletions of 

certain acceptor sites, or additions of new acceptor sites 

not detected in normal tissue. The detection of identical 

changes in the estradiol acceptor sites in estrogen 

sensitive tumors from different tissue would be strong 

support for the concept of agent specificity. The results 

of such studies would be most informative in the estrogen-

cancer controversy. 



APPENDIX A 

STEROID CONCENTRATIONS IN FETAL CALF SERUM 

Steroid 

Estradiol 

Estrone 

Estriol 

Progesterone 

Dihydro-
testesterone 

Normal 
Serum concentration physiological levels' 

(ng/100 ml) (ng/100 ml) 

10.8 

4.7 

8 x 10 

2 . 8  

2 . 8  

-3 

1.0-9 

2.0-15 

2.0-90 

10-50 

aNormal human female plasma levels during the proliferative 
phase of the menstrual cycle. 

83 



LIST OF REFERENCES 

1. Stein, G., T. C. Spelsberg, and L. J. Kleinsmith 
(1974). Non histone chromosomal proteins and 
gene regulation. Science. 183, 817-824. 

2. Stein, G., and R. Baserga (1972). Nuclear proteins 
and the cell cycle. Adv. Can. Res. 15, 287-330. 

3. O'Malley, B. W., and A. Means (1974)• Female 
steroid hormones and target cell nuclei. Science. 
183, 610-620. 

4. Yamamoto, K, R., and B. M. Alberts (1976). Steroid 
receptors: elements for modulation of eukaryotic 
transcription. Annu. Rev. Biochem. 45, 721-746. 

5. Gorski, J., and F. Gannon (1976). Current models of 
steroid hormone action: a critique. Ann. Rev. 
Physiol. 38, 425-450. 

6. Buller, R. E., and B. W. O'Malley (1976). The 
biology and mechanism of steroid hormone receptor 
interaction with the eukaryotic nucleus, Biochem. 
Pharm. 25, 1-12. 

7. O'Malley, B. W., and W. T. Schrader (1976). The 
receptors of steroid hormones. Sci. Am. 234, 
32-43. 

8. O'Malley, B. W., and R. E. Buller (1977). Herman 
Beerman Lecture "Mechanisms of steroid hormone 
action." J. Invert. Dermatol. 68, 1-4. 

9. Chan, L., and B. W. O'Malley (1976). Mechanism of 
action of the sex steroid hormones (1st of 3 
parts). N. Engl. J. Med. 294(24), 1322-1328. 

10. Chan, L., and B. W. O'Malley (1976). Mechanism of 
action of the sex steroid hormones (2nd of 3 
parts). N. Engl. J. Med. 294(25), 1372-1381. 

11. Chan, L., and B. W. O'Malley (1976). Mechanism of 
action of the sec steroid hormones (.3rd of 3 
parts). N. Engl. J. Med. 294C26), 1430-1437. 

84 



85 

12. Jensen, E. V., and H. I. Jacobson (1962). Basic 
guides to the mechanism of estrogen action. Recent 
Prog. Horm. Res. 18, 387-414. 

13. Mester, J., R. Brunelle, I. Jung, and C. Sonnenschein 
(197 3). Estrogen sensitive cells. Hormone 
receptors in tumors and cells in culture. Exp. 
Cell Res. 81, 447-452. 

14. Sheridan, P. M., M. Sar, and W. E. Stumpf (1974). 
Autoradiographic localization of 3H-estradiol or 
its metabolites in the CNS of the developing rat. 
Endo. 94, 1386-1390. 

15. Sheridan, P. J., M. Sar, and W. E. Stumpf (1973). 
Cellular and subcellular localization of 
estradiol or its metabolites in the pituitary of 
the neonatal female rat. Experientia. 29, 1418-
1419. 

16. DePerez Bedes, G. D. (1974). The effects of 
chloromadinone acetate upon estradiol uptake by 
the rat mammary gland in organ culture. Am. J. 
Obstet. Gyn. 118, 1050-1053. 

17. Jackson, V. , and R. Chalkley (1974). The cytoplasmic 
estradiol receptors of bovine uterus: their 
occurrence, interconversion, and binding 
properties. J. Biol. Chem. 249C5), 1627-1636. 

18. Hawkins, E. F., M. Nijs, and C. Brassine (1976). 
Steroid receptors in the human prostate. Some 
properties of the estrophilic molecule of benign 
prostate hypertrophy. Biochem. Biophys. Res. 
Comm. 70(3), 854-861. 

19. Ige, R. O., and B. K. Adadevoh (1975). Binding of 
progesterone, oestradiol, and testosterone to 
human A, C, and S erythrocytes and haemoglobins. 
J. Steroid Biochem. 6C8), 1253-1256. 

20. Makler, A. , and A. J. Eisenfeld (.1974) . in vitro 
binding of ^H-estradiol to macromolecules from 
human endometrium. J. Clin. Endo. Metab. 38 (.4) , 
628-633. 

21. Krishnan, A. R., V. Hingorani, and K. R. Laumas 
(1973). Binding of ^H-oestradiol with receptors in 
the human endometrium and myometrium. Acta. Endo. 
(Khb) 74, 756-768. 



86 

22. Muecheler, E. K. , C. H. Flickinger, C. E. Mangan, and 
G. Mikhail (1975). Estradiol binding by human 
endometrial tissue. Gynecol. Oncol. 3(3), 244-
250. 

23. Lympaphayon, K., C. Lee, H. I. Jacobson, and T. M. 
King (1971). Estrogen receptor in human 
endometrium during the menstrual cycle and early 
pregnancy. Am. J. Obstetrics Gynecology 111 (.8), 
1064-1068. 

24. Bayard, F., S. Danielano, P. Robel, and E. E. 
Baulieu (1976). Variations in the estradiol and 
progesterone receptors in human endometrium during 
the menstrual cycle. Ann. Endo. (Paris) 37(2), 
93-94. 

25. Robertson, D. M., J. Mester, J. Beilby, S. J. Steele, 
and A. E. Kellie (1971). The measurement of high 
affinity estradiol receptors in human uterine 
endometrium and myometrium. Acta. Endo. 68, 
534-542. 

26. Green, B. (1974). Proceedings: Cytoplasmic steroid 
hormone receptors in reproductive organs. J. Endo. 
61, ii. 

27. Haukkamaa, M. (1974). Binding of progesterone by 
rat myometrium during pregnancy and by human 
myometrium in late pregnancy. J. Steroid Biochem. 
5, 73-79. 

28. Mester, J., D. M. Robertson, P. Feherty, and A. E. 
Kellie (1970). Determination of high-affinity 
estrogen receptor sites in uterine supernatant 
preparation. Biochem. J. 120, 831-836. 

29. Peck, E. J., Jr., J. Burgner, and J. H. Clark 
(1973). Estrophilic binding sites in the uterus, 
relation to uptake and retention of estradiol in 
vitro. Biochem. 12(23), 4596-4603. 

30. Teng, C. S., and C. T. Teng (1975). Studies on sex 
organ development: isolation and characterization 
of an estradiol receptor from chick Miillerian duct. 
Biochem. J. 150, 183-190. 

31. Erdos, T., and J. Fries (1974). The subunit 
structure of the uterine "oestradiol-receptor." 
Biochem. Biophys. Res. Comm. 58, 932-939. 



87 

32. Ratajczak, T., and R. Hahnel (1976). Chromato
graphic and other properties of the estrogen 
receptors from human myometrium. J. of Steroid 
Biochem. 7, 185-197. 

33. Little, M., P. Szendro, C. Teran, A. Hughes, and 
P. W. Jungblut (1975). Biosynthesis and 
transformation of microsomal and cytosol estradiol 
receptors. J. Steroid Biochem. 6(3-4), 493-500. 

34. Eide, A., P. A. Hjzfisaeter, and S. Kvinnsland (1975). 
Estradiol receptor in uterine tissue from neonatal 
mice. Influence by cyclic AMP. J. Steroid 
Biochem. 6(7), 1121-1125. 

35. Katzenellenbogen, J. A., H. J. Johnson, Jr., and 
K. E. Carlson (1973). Studies on the uterine 
cytoplasmic estrogen binding protein. Thermal 
stability and ligand association rate. An 
assay of empty and filled sties by exchange. 
Biochem. 12(21), 4092-4099. 

36. Teng, C. S., and C. T. Teng (1975). Studies on sex 
organ development: ontogeny of cytoplasmic 
oestrogen receptor in chick Mullerian duct. 
Biochem. J. 150, 191-194. 

37. Tseng, L., and E. Gurpide (1975). Effects of 
progestins on estradiol receptor levels in human 
endometrium. J. Clin. Endo. and Metab. 41C2), 
402-404. 

38. West, N. B., H. G. Verhage, and R. M. Brenner (1976). 
Suppression of estradiol receptor system by 
progesterone in the oviduct and uterus of the cat. 
Endo. 99C4), 1010-1016. 

39. Resko, J. A., J. L. Boling, R. M. Brenner, and R. J, 
Blandau (1976). Sex steroids in reproductive 
tract tissues. Regulation of estradiol concentra
tion by progesterone. Biol. Reprod. 15(2), 153-
157. 

40. Tchernitchin, A. (1976). Effect of progesterone on 
the in vivo binding of estrogens by uterine cells. 
Experientia. 32(8), 1069-1071. 

41. Hsueh, A. J., E. J. Peck, Jr., and J. H. Clark 
(1975). Progesterone antagonism of the estrogen 
receptor and estrogen induced uterine growth. 
Nature. 254, 337-339. 



88 

42. Hsueh, A. J., E. J. Peck, Jr., and J. H. Clark 
(1976). Control of uterine estrogen receptor 
levels by progesterone. Endo. 98(2), 438-444. 

43. Clark, J. H., E. J. Peck, Jr., and J. N. Anderson 
(1974). Estrogen receptors and antagonism of 
steroid hormone action. Nature. 251, 446-448. 

44. Sherman, M. R. , P. L. Corvol, and B. W. O'Malley 
(1970). Progesterone binding components of chick 
oviduct. I. Preliminary characterization of 
cytoplasmic components. J. Biol. Chem. 245, 
6085-6096. 

45. Schrader, W. T., S. S. Heuer, and B. W. O'Malley 
(1975). Progesterone receptors of chick oviduct: 
identification of 6 S receptor dimers. Biol. 
Reprod. 12(1), 134-142. 

46. Schrader, W. T., D. O. Toft, and B. W. O'Malley 
(1972). Progesterone-binding protein of chick 
oviduct. VI. Interaction of purified progesterone-
receptor components with nuclear constituents. 
J. Biol. Chem. 247(8), 2401-2407. 

47. Kuhn, R. W., W. T. Schrader, R. G. Smith, and B. W. 
O'Malley (1975). Progesterone binding components 
of chick oviduct. X. Purification by affinity 
chromatography. J. Biol. Chem. 250(11), 4220-
4228. 

48. Sherman, M. R., F. B. Tuazon, S. C. Diaz, and L. K. 
Miller (1976). Multiple forms of oviduct 
progesterone receptors analyzed by ion exchange 
filtration gel electrophoresis. Biochemistry 
15(5), 980-989. 

49. Janne, O., T. Luukkainen, and R. Vihko (1975). 
Oestrogen-induced progesterone receptor in human 
uterus. J. Steroid Biochem. 6(3-4), 501-509. 

50. Thi, M. T., E. E. Baulieu, and E. Milgrom (1975). 
Comparison of the characteristics and of the 
hormonal control of endometrium and myometrium 
progesterone receptors. J. Endo. 66 (.3) , 349-356. 

51. MacLaughlin, D. T., and G. S. Richardson (1976). 
Progesterone binding by normal and abnormal human 
endometrium, J. Clin. Endo. Metab. 42(4), 667-
678. 



89 

52. Hankamao, M. , 0. Karjalainen, and T. Luukkainen 
C1971). In vitro binding of progesterone by the 
human endometrium during the menstrual cycle and 
by hyperplastic, atrophic, and carcinomatous 
endometrium. Am. J. Obstetrics Gynecology 111(2), 
205-210. 

53. Grundsell, H., I. Nilsson, and S. Nordquist (1973). 
Progesterone concentration in human endometrium. 
Lancet. 1(808), 888. 

54. Stumpf, W. E., and M. Sar (1975). Autoradiographic 
techniques for localizing steroid hormones. 
Methods in Enzymology Vol. XXXVI, 135-156. 

55. Uriel, J. C1975). A radioautographic method for 
cell affinity labeling with estrogens and 
catecholamines. Methods in Cell Biol. 10, 365-
374. 

56. Pfaff, D. W. (1976). Autoradiographic localization 
of hormone-concentrating cells in the brain of the 
female rhesus monkey. J. Comp. Neurol. 170C3), 
279-293. 

57. Sar, M., and W. Stumpf (1976). Autoradiography of 
mammary glands and uteri of mice after injection 
of I-estradiol. J. Steroid Biochem. 7(5), 
391-394. 

58. Eide, A., and T. M. Foosberg (1976). Autoradio
graphic study on the localization of estradiol-17B 
in neonatal mouse uterus and cervix. Cell Tissue 
Research 174(3), 329-337. 

59. Eide, A., and T. M. Fossberg (1976). The effect of 
cAMP on the uptake of estradiol by the neonatal 
mouse uterus: an autoradiographic study. Cell and 
Tissue Research 169(1), 1-6. 

60. Weiller, S., C. LeGouscogne, and E. E. Baulieu 
(1975) . Steroid hormone radioautography in 
cultured cells. Studies with Shronogi cancer 115. 
Exp. Cell Res. 102(1), 43-50. 

61. Tchernitchin, A., L. Tseng, W. E. Stumpf, and E. 
Gurpide (1973). Radioautographic study of human 
endometrium superfused with estradiol-17B, estrone, 
estriol, and progesterone. J. Steroid Biochem. 
4, 451. 



90 

62. Tjalve, H., and L. E. Appelgren (1973). Chromosomal 
accumulation of 3H-estradiol in dividing ovarial 
granulosa cells and ovarial squash preparations. 
Experientia. 29C9), 1143-1144. 

63. DeSombre, E. R. , S. Mohila, and E. Jensen (1975). 
Receptor transformation, the key to estrogen 
activation. J. Steroid Biochem. 6(3-4), 469-473. 

64. Buchi, K. , and C. A. Villee (.1976). Influence on 
heating and estradiol of the activation and 
transformation of the estradiol receptor of the rat 
uterus. J. Steroid Biochem. 7, 539-544. 

65. Notides, A. C., and S. Nielson (1975). A molecular 
and kinetic analysis of estrogen receptor 
transformation. J. Steroid Biochem. 6(3-4), 
483-486. 

66. Vallet-Strouve, C., L. Rat, and J. M. Sala-Trepat 
(1976). Limited proteolysis of cytoplasmic and 
nuclear uterine estradiol receptors yields identical 
estradiol-binding fragments. Eur. J. Biochem. 
66(2), 327-337. 

67. Williams, D., and J. Gorski (1971). A new assess
ment of subcellular distribution of bound estrogen 
in the uterus. Biochem. Biophys. Res. Comm. 
45 CD, 258-264. 

68. Juliano, J. V., and G. M. Stancel C1976). Estrogen 
receptors in the rat uterus. Retention of hormone 
receptor complexes. Biochemistry. 15(4), 916-920. 

69. Teng, C. S., and C. T. Teng (1976). study on sex 
organ development. Oestrogen-receptor transloca
tion in the developing Mullerian duct. Biochem. 
J. 154(1), 1-9. 

70. Joss, U., C. Bassand, and C. Dierks-Ventling 
(1976). Rapid appearance of estrogen receptor in 
chick liver nuclei: partial inhibition by 
cyclohexane. FEBS Letter. 66(2), 293-298. 

71. Clark, J. H., J. N. Anderson, and E. J. Peck CL972). 
Receptor-estrogen complex in the nuclear fraction 
of rat uterine cells during the estrous cycle. 
Science. 176, 528-530. 



91 

72. Thrower, S., C. Hall, L. Lim, and A. N. Davison 
(1976). The selective isolation of the uterine 
estradiol receptor complex by binding to oligo 
(dT) cellulose. The mediation of the essential 
activator in the transformation of the cytosol 
receptor. Biochem. J. 160(2), 271-280. 

73. Thrower, S., C. Hall, L. Lim, and A. N. Davison 
(.1976) . An essential factor in the translocation 
of the estradiol receptor. Biochem. Soc. Trans. 
4 (_4) , 769-772. 

74. Tseng, L., and E. Gurpide (1972). Nuclear concen
tration of estradiol in superfused slices of human 
endometrium. Am. J. Obstetrics Gynecology. 
114(8), 995-1001. 

75. Anderson, J. N., J. H. Clark, and E. J. Peck (1972), 
The relationship between nuclear receptor, estrogen 
binding and uterotrophic responses. Biochem. 
Biophys. Res. Comm. 48(6), 1460-1468. 

76. Anderson, J. N., E. J, Peck, and J. H. Clark (1975). 
Estradiol induced uterine responses and growth 
relationship to receptor estrogen binding by 
uterine nuclei. Endo. 96(1), 160-167. 

77. Clark, J. H. , Z. Paszko, and E. J. Peck (.1977). 
Nuclear binding and the retention of the receptor 
estrogen complex: relation to the agonistic and 
antagonistic properties of estriol. Endo. 
100 (1), 91-96. 

78. Martin, L., J. W. Pollard, and B. Fagg (1976). 
Oestriol, oestradiol-17 Beta and the proliferation 
and death of uterine cells. J. Endo. 69(1), 
103-115. 

79. Yamamoto, K. R., and B. Alberts (1975). The 
interaction of estradiol-receptor protein with the 
genome: an argument for the existence of un
detected specific sites. Cell. 4, 301-310. 

80. Clark, J. H., and E. J. Peck (1976). Nuclear 
retention of receptor-estrogen complex and nuclear 
acceptor sites. Nature. 260(5552), 635-637. 

81. Best-Belpomme, M., J. Mester, H. Weintraub, and E. E. 
Bauleiu CI975). Oestrogen receptors in chick 
oviduct. Characterization and subcellular dis
tribution. Eur. J. Biochem. 57C2), 537-547. 



92 

82. Martel, D., and A. Psychoyos (1976). Endometrial 
content of nuclear estrogen receptor and 
receptivity for ovoimplantation in the rat. 
Endo. 99(2), 470-475. 

83. Baudendistel, L. J., and T. S. Ruh (1976). 
Antiestrogen action: differential nuclear reten
tion and extractability of the estradiol-receptor. 
Steroids. 28(2), 223-237. 

84. Andre, J., A. Pfeiffer, and H. Rochefort (1976). 
Inhibition of estrogen receptor DNA interaction 
by intercalating drugs. Biochemistry. 15(14), 
2964-2969. 

85. Aberga, A., M. Ferrez, and E. E. Baulieu (1976). 
Estradiol-receptor-DNA interaction ligand polymer 
phase partition. FEBS Letters. 61(2), 223-226. 

86. Buller, R. E., D. O. Toft, W. T. Schrader, and B. W. 
O'Malley (1975). Progesterone binding components 
of chick oviduct. VIII. Receptor activation and 
hormone dependent binding to purified nuclei. 
J. Biol. Chem. 250(3), 801-808. 

87. Hsueh, A. J., E. J. Peck, and J. H. Clark (.19 74). 
Receptor progesterone complex in the nuclear 
fraction of the rat uterus: demonstration by 
H progesterone exchange. Steroids. 24(5), 599-

88. Buller, R. E., W. T. Schrader, and B. W. O'Malley 
(1975). Progesterone binding components of chick 
oviduct. IX. The kinetics of nuclear binding. 
J. Biol. Chem. 250(3), 809-818. 

89. Spelsberg, T. C., A. W. Steggles, F. Chytel, and B. W. 
O'Malley (1972). Progesterone-binding components 
of chick oviduct. V. Exchange of progesterone-
binding capacity from target to non-target tissue 
chromatins. J. Biol. Chem. 247, 1368-1374. 

90. Buller, R. E. , R. J. Schwartz, V7. T. Schrader, and 
B. W. O'Malley (1976). Progesterone-binding 
components of chick oviduct. In vitro effect of 
receptor subunits on gene transcription. J. 
Biol. Chem. 251 (17), 5178-5186. 



93 

91. Tsai, S. Y., R. Schwartz, M. Kalimi, J. H. Clark, and 
B. W. O'Malley (1975). Effects of estrogen on 
gene expression in chick oviduct: nuclear receptor 
levels and initiation of transcription. Proc. Nat. 
Acad. Sci. U.S.A. 72(11), 4228-4232. 

92. Kalimi, M., S. Y. Tsai, M. J. Tsai, J. H. Clark, and 
B. W. O'Malley (1976). Effect of estrogen on gene 
expression in the chick oviduct. Correlation 
between nuclear-bound estrogen receptor and 
chromatin initiation site for transcription. 
J. Biol. Chem. 251(2), 516-523. 

93. Woo, S. L., J. M. Rosen, C. D. Llanakos, Y. C. Choi, 
H. Busch, A. R. Means, B. W. O'Malley, and D. L. 
Robberson (1975). Physical and chemical charac
terization of purified ovalbumin messenger RNA. 
J. Biol. Chem. 250(17), 7027-7039. 

94. Chan, L. , P. D. Kohler, and B. W. O'Malley (1976). 
Translation of ovalbumin messenger RNA in Xenopus 
laevis oocytes. Characterization of the system 
and effects of estrogen injected mRNA population. 
J. Clin. Invest. 57(3), 576-585. 

95. Woo, S. L., and B. W. O'Malley (1975). Hormone 
inducible messenger RNA. Life Sci. 17(7), 1039-
1047. 

96. Monahan, J. J., S. E. Harris, S. L. Woo, D. L. 
Robberson, and B. W. O'Malley (1976). The 
synthesis and properties of the complete comple
mentary DNA transcript of ovalbumin messenger RNA. 
Biochemistry. 15(1), 223-233. 

97. Schimke, R. T., R. E. Rhoades, R. Palacios, and D. 
Sullivan (1973). Ovalbumin messenger RNA, comple
mentary DNA, and hormone regulation in chick 
oviduct. Acta. Endo. (sup.) 180, 357-379. 

98. Tsai, M. J., R. J. Schwartz, S. Y. Tsai, and B. W. 
O'Malley (.1975) . Effects of estrogen on gene 
expression in chick oviduct. IV. Initiation of RNA 
synthesis on DNA and chromatin. J. Biol. Chem. 
250(13), 5165-5174. 

99. O'Malley, B. W., S. L. Woo, S. E. Harris, J. M. 
Rosen, and A. R. Means (1975). Steroid hormone 
regulation of specific messenger RNA and protein 
synthesis in eucaryotic cells. J. Cell Physio. 
85 (2pt, suppl. 1), 343-356. 



94 

100. Means, A. R. , S. Woo, S. E. Harris, and B. W. 
O'Malley (1975). Estrogen induction of ovalbumin 
messenger RNA: evidence for transcription control. 
Mol. Cell. Biochem. 7(1), 33-42. 

101. Tsai, M. J., H. C. Towle, S. E. Harris, and B. W. 
O'Malley (1976). Effect of estrogen on gene 
expression in the chick oviduct. Comparative 
aspects of RNA chain initiation in chromatin 
using homologous versus escherichia coli RNA 
polymerases. J. Biol. Chem. 251 (7), 1960-1968. 

102. Harris, S. E., R. J. Schwartz, M. J. Tsai, B. W. 
O'Malley, and A. K. Ray (1976). Effect of 
estrogen on gene expression in the chick oviduct. 
In vitro transcription of the ovalbumin gene in 
chromatin. J. Biol. Chem. 251(2), 524-529. 

103. Harris, S. E. , J. M. Rosen, A. R. Means, and B. W. 
O'Malley QL975). Use of specific probe for 
ovalbumin messenger RNA to quantitate estrogen-
induced gene transcripts. Biochemistry. 14(10), 
2072-2081. 

104, McKnight, G. S., P. Pennequin, and R. T. Schimke 
(1975). Induction of ovalbumin messenger RNA 
sequences by estrogen and progesterone in chick 
oviduct as measured by hybridization to comple
mentary DNA. J. Biol. Chem. 250(20), 8105-8110. 

105. Monahan, J. J., S. E. Harris, and B. W. O'Malley 
(1976). Effect of estrogen on gene expression in 
the chick oviduct. Effect of estrogen on the 
sequence and population complexity of chick 
oviduct poly (A) containing RNA. J. Biol . Chem. 
251(12), 3738-3748. 

106. Mullinix, K. P., W. Wetekam, R. G. Deeley, J. I. 
Gordon, M. Meyers, K. A. Kent, and R. T. Goldberger 
(1976). Induction of vitellogenin synthesis by 
estrogen in avian liver: relationship between 
level of vitellogenin messenger RNA and vitellogenin 
synthesis. Proc. Nat. Acad. Sci. USA. 73(5), 
1442-1446. 

107. Jost, J. P., and G. Pehling (1976). Immunochemical 
isolation and characterization of vitellogenin 
messenger RNA from liver of estradiol-treated 
chicks. Europ. J. Biochem. 66(2), 339-346. 



95 

108. Wetekam, W. , K. P. Mullinix, R. G. Deeley, H. M. 
Kronenberg, J. D. Eldrige, M. Meyers, and R. F. 
Goldberger (1975). Effect of estrogen on gene 
expression purification of vitellogenin messenger 
RNA. Proc. Nat. Acad. Sci. USA. 72(9), 3364-3368. 

109. Weckler, C., and M. Gschwendt (1976). The effect 
of estradiol on the activity of the nucleolar and 
nucleoplasmic RNA polymerases from chicken liver. 
FEBS Letters. 65(2), 220-224. 

110. Spelsberg, T. C., and R. F. Cox (1976). Effects of 
estrogen and progesterone on transcription, 
chromatin, and ovalbumin gene expression in chick 
oviduct. Biochim. Biophys. Acta. 435(4), 376-390. 

111. Webster, R. A., and T. H. Hamilton (.1976). Compara
tive effects of estradiol-17B and estriol on 
uterine RNA polymerases I, II, III in vivo. 
Biochem. Biophys. Res. Comm. 69(3), 737-743. 

112. Hardin, J. W., J. H. Clark, S. R. Glasser, and E. J. 
Peck, Jr. (1976). RNA polymerase activity and 
uterine growth. Differential stimulation by 
estradiol, estriol, and Nafoxidine. Biochemistry. 
15(7), 1370-1374. 

113. Cox, R. F. (1976). Quantitation of elongation from 
A and B RNA polymerases in chick oviduct nuclei 
and effects of estrogen. Cell. 7(3), 455-465. 

114. Manns, T. W., H. F. Sims, and P. A. Katzman (1975). 
Effects of estradiol on uterine ribonucleic acid 
metabolism. Assessment of transfer ribonucleic 
acid methylation. Biochemistry. 14(21), 4758-4764. 

115. Hertz, R. (1976). The estrogen-cancer hypothesis. 
Cancer. 38(1 suppl), 534-540. 

116. Smith, D. C., R. Prentice, D. J. Thompson, and W. L. 
Herrmann (1975). Association of exogenous 
estrogen and endometrial carcinoma. New England 
J. Med. 293(23), 1164-1167. 

117. Ziel, H. K., and D. F. Finkle (1975). Increased 
risk of endometrial carcinoma among users of 
conjugated estrogens. New England J. Med. 293, 
1167-1170. 



118 

119 

120 

121 

122 

123 

124 

125, 

126, 

127, 

128. 

96 

Ziel, H. K., and W. D. Finkle (1976). Association 
of estrone with the development of endometrial 
carcinoma. Am. J. Obst. Gyn. 124(7), 735-740. 

Hoover, R. (1976). Menopausal estrogens and breast 
cancer. New England J. Med. 295(8), 401-405. 

Terenius, L., H. Johansson, A. Renasten, and L. 
Thoren (1974). Malignant and benign human mammary 
disease. Estrogen binding in relation to clinical 
data. Cancer. 33, 1364-1368. 

Wagner, R. K., and P. W. Jungblut (1976). Oestradiol 
and dihydrotestosterone receptors in riormal and 
neoplastic human mammary tissue. Acta. Endo. 
(Kbh) 82 (1), 105-120. 

McGuire, W. L. ' (1975). Current status of estrogen 
receptors in human breast cancer. Cancer. 36(2), 
638-644. 

Block, G. E., E. V. Jensen, and T. Z. Polley (1975). 
The prediction of hormonal dependency of mammary 
cancer. Ann. Surg. 182(3), 342-352. 

Singhakowenta, A., H. G. Potter, T. R. Burcher, B. 
Samal, S. C. Brocks, and V. K. Vailkevireus 
(1976). Estrogen receptors and natural course 
of breast cancer. Ann. Surg. 183(1), 84-88. 

Persijn, J. P., C. B. Korsten, and E. Englesman 
(1975). Oestrogen and androgen receptors in breast 
cancer and response to endocrine therapy. Br. 
Med. J. 4 (5995), 503. 

Hawkins, R. A., A. Hill, E. Killin, I. Smith, M. M. 
Roberts, A. R. Currie, and A, P. M. Forrest (1975). 
Proceedings: oestrogen receptor activity in human 
breast tumors. Br. J. Surg. 62(8), 654. 

Braunberg, H. (1975). Factors influencing the. 
estimation of oestrogen receptors in human 
malignant breast tumors. Eur. J. Cancer. 11(7), 
499-507. 

Johansson, H., L. Terenius, and L. Thoren (1970). 
The binding of estradiol-17B to human breast 
cancers and other tissues (in vitro). Cancer Res. 
30, 692-698. 



97 

129. Bland, K. I., J. P. O'Leary, E. R. Woodward, and 
L. R. Dragstedt (1974). Letter: estrogen binding 
in breast cancer. New England J. Med. 240, 914. 

130. Maass, H., B. Engel, H. Hohmeister, F. Lehmann, and 
G. Trams (1972). Estrogen receptors in human 
breast cancer tissue. Am. J. Obst. Gyn. 113, 
377-382. 

131. Lippman, M. (1976). Steroid hormone receptors in 
human malignancy. Life Sci. 18(2), 143-152. 

132. McGuire, W. L., G. L. Chamness, M. E. Costlow, and 
N. J. Richert (1975). Steroids and human breast 
cancer. J. Steroid Biochem. 6(5), 723-727. 

133. Crocker, S. G., P. J. D. Milton, and R. J. B. King 
(1974). Uptake of (6-7-3H)oestradiol-17B by normal 
and abnormal human endometrium. J. Endo. 62, 
145-152. 

134. Terenius, L., A. Lindell, and B. Persson (1971). 
Binding of estradiol-17B to human cancer tissue 
of the female genital tract. Cancer Res. 31(12), 
1895-1898. 

135. Brush, M. G., R. W. Taylor, R. J. B. King, and A. A. 
Kalinga (1968). The uptake and metabolism of 
(6,7-3H) oestradiol by human endometrial carcinoma 
tissue in vivo and in vitro. J. Endo. 41, xii. 

136. Evans, L. H., J. D. Martin, and R. Hahnel (1974). 
Estrogen receptor concentration in normal and 
pathological human uterine tissues. J. Clin. Endo. 
and Metab. 38, 23-32. 

137. Smith, David W. (1970). Recognizable patterns of 
human malformation; genetic, embryologic, and 
clinical aspects. W. B. Saunders Company, 
Philadelphia, pp. 33-57. 

138. Whitson, G. L., and F. A. Murray (1974). Cell 
culture of mammalian endometrium and synthesis of 
blastokinin in vitro. Science. 183, 668-670. 

139. Chen, L., H. R. Lindner, and M, Lancet (1973). 
Mitogenic action of estradiol-17B on human 
myometrium and endometrium cells in long term 
tissue cultures. J. Endo. 59(1), 87-97. 



98 

140. Jung-Tentas, I., F. Bayard, and E. E. Baulieu 
(197 6). Two sex steroid receptors in mouse 
fibroblasts in culture. Nature. 259(5539), 136-
138. 

141. Berlinger, J. A., and L. E. Gerschenson (.1976). 
Sex steroid induced morphological changes in 
primary uterine cell cultures. J. Steroid Biochem. 
7 (3), 153-158. 

142. Gerschenson, L. E., and J. A. Berliner (1976). 
Further studies on the regulation of cultured 
rabbit endometrial cells by diethylstilbestrol 
and progesterone. J. Steroid Biochem. 7, 159-165. 

143. Yamamoto, K. R., U. Gehring, M. R. Stampfer, and 
C. H. Sibley (1976) . Genetic approaches to 
steroid hormone action. Recent Prog. Horm. Res. 
32, 3-32. 

144. Milo, G. E., W. B. Malarkey, J. E. Powell, J. R. 
Blakeslee, and D. S. Yohn (1976). Effects of 
steroid hormones in fetal bovine serum on plating 
and cloning of human cells in vitro. In Vitro. 
12 CD, 23-30. 

145. Soto, A. M., A. L. Rosner, R. Farookhi, and C. 
Sonnenschein (.1976) . Characterization of 
oestrogen-binding proteins in sex steroid target 
cells growing in long term cultures. Methods Cell 
Biol. 13, 195-211. 

146. Thompson, J. R. , and R. J. B. King (.1976) . A 
potential model for studying the control of 
estradiol binding. Biochem. Soc. Trans. 4 (.4) , 
772-774. 

147. Kuramoto, H. , S. Tamura, and Y. Notake (1972,. . 
Establishment of a cell line of human endometrial 
adenocarcinoma in vitro. Am. J. Obstr. Gyn. 114, 
1012-1019. 

148. Sonnenschein, C., M. Posner, K. Sahr, R. Farookhi, 
and R. Brunelle (.1974) . Estrogen sensitive cell 
lines: establishment and characterization of new 
cell lines from estrogen-induced rat pituitary 
tumors. Exp. Cell Res. 84, 399-411. 



99 

149. Horrowitz, K. B. , M. E. Costlow, and W. L. McGuire 
(1975). MCF-7: a human breast cancer cell line 
with estrogen, androgen, progesterone, and 
glucocorticoid receptors. Steroids. 26(6), 785-
795. 

150. Lippman, M. E., and G. Bolan (1975) . Oestrogen-
responsive human breast cancer in long term tissue 
culture. Nature. 256(5518), 592-593. 

151. Serbasku, D. A., and W. L. Kirkland (1976). Control 
of cell growth. IV. Growth properties of a new 
cell line established from an estrogen dependent 
kidney tumor of Syrian hamster. Endo. 98(5), 
1260-1272. 

152. Sonnenschein, C. , A. M. Soto, I. Colofiore, and R. 
Farookhi (1976). Estrogen target cells. 
Establishment of a cell line derived from rat 
pituitary tumor MtT/F4S. Exp. Cell Res. 101(1), 
15-22. 

153. Costa, M., E. W. Gerner, and D. H. Russell (1976). 
Gj specific increases in cyclic AMP levels and 
protein kinase activity in Chinese hamster ovary 
cells. Biochim. Biophys. Acta. 425, 246-255. 

154. Veomett, I. C. (1973). Arizona Health Science 
Center, Tucson, personal communication. 

155. Durie, B. G., and S. E. Salmon (1975). High speed 
scintillation autoradiography. Science. 190 
(4219), 1093-1095. 

156. Kuehl, F. A., Jr., M. E. Zanetti, V. J. Cirillo, 
and E. A. Ham (1975). Estrogen-induced 
alterations in cyclic nucleotide and prostaglandin 
levels in target tissues. J. Steroid Biochem. 
6(6), 1099-1105. 

157. Cohen, M. E., and L. J. Kleinsmith (1976). Stimula
tion of non histone protein phosphorylation and 
nuclear protein kinase activity by estradiol-17B. 
Biochim. Biophys. Acta. 435(2), 159-166. 

158. Nicol, S. E., and N. D. Goldberg (.1976). Inhibition 
of estrogen induced increases in uterine cGMP 
levels by inhibition of protein tRNA synthesis. 
Biochemistry. 15(25), 5490-5496. 



100 

159. Schumacher, M., I. Seidel, and W. H. Stratling 
(1977). Elevated cyclic GMP concentrations during 
estrogen induced differentiation of the chick 
oviduct. Biochem. Biophys. Res. Comm. 74(2), 
614-620. 

160. Rinard, G. A., and C. S. Chew (1975). Interaction 
effects of estrogen, progesterone, and 
catecholamines on rat uterine cyclic AMP and 
glycogen phosphorylase. Life Sci. 16(10), 1507-
1512. 

161. Doskeland, S. 0., S. Kvinnsland, and P.M. Ueland 
(1975). Protein kinases activated by cAMP in the 
genital tract of spayed mice treated with 
oestradiol-17B. J. Reprod. Fertil. 44(2), 207-
216. 

162. Clark, J. H. (1976). Dept. Cell. Biology, Baylor 
Medical Center, Houston, Texas, personal 
communication. 

163. Kircher, H. W. (1977). Dept. Nutrition and Food 
Sciences, University of Arizona, Tucson, personal 
communication. 

164. Mulay, S., R. Finkelberg, L. Pinsky, and S. Solomon 
(1972) . Metabolism of 4-1<̂ C testosterone by 
serially subcultured human skin fibroblasts. J. 
Clin. Endo. Metab. 34, 133-143. 

165. Shanies, D. D., K. Hirschorn, and M. I. New (1972). 
Metabolism of testosterone -^C by cultured human 
cells. J. Clin. Invest. 51, 1459-1468. 

166. Keenan, B. S., W. J. Meyer, A. J. Hadjian, and C. J. 
Migeon (1974). Syndrome of androgen insensitivity 
in man. Absence of 5-alpha-dihydrotes-tosterone 
binding-protein in skin fibroblasts. J. Clin. 
Endo. Metab. 38(6), 1143-1146. 

167. Rowley, J. D. (1976). Chromosomes in human cancer. 
J. Reprod. Med. 17(1), 36-40. 


