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This 1s not primarily the place where we!have to be,
it is the place where we are. : :

. r R L
This 1s npot our prison but our home. It, {s the coad’
we must w&lk and the walking of it is calded life.
Because we will walk it only once, then how important
it is that we should walk it with some purpose that we
can call our own. - - Ty :
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‘ ‘o ABSTRACT

The development of assays which measure the estrogen‘

i
A

L

and progesterone receptor odntent of human mammary tumors‘

has provxded valuable information for the prognosis landf

\ "

-selection of therapy for patients with breast carc;noma The .

\

current theory of the interaction of steroids' with' target
tissues suggests that the inclusion of the ~ total ’nuclear

estrogen recegtor data in routine assays may further improve |

. the accuracy of identlfying'thOSe patients‘Who‘may benefit

from endocrine therapy.
~ \
A , ’\\

An TaSSay for quantifying KCl*éoLuble'and KCl-insoiuble.

\

Co nuclear estrogen receptors was evaluated in order to achieve

a’ standardized ‘method and consequently more- reliable nd
A

4

accurate data for the estrogen receptor content ‘in human

' breast cancer tissue.'

5
"w

" A !

The analy31s of estrogen receptor was standardized by
st

using finely powdered rat uteri as a reference tissue.w The'

'use -of powdered tissue minimized 1naccurate quantitative

",

7z estimates of receptor content due to tissue heterogeneity.

o~

o

: ‘ ‘ %
" ? The KCl-extraction procedure employed for this nuclear

'Wassay was' found to solubilize approximately 40- 50% of bound-‘r’

.estradioL from rat uterine nuclei The aEsay was validated

v_by comparing levels of macromolecular-bound [3H]estrad101 in -

,the cytosol fraction of uteri from control rats and leveISj

in the. nuclear fraction determined by . exchange after an \‘in .

]

| vi;ul}l7



\

vivo' injection of [3H]estradlol Scatchard analysis
conflrmed that the number of hxgh aﬁflnlty estradxol blndlng

sites in the nuclear fraction LY: uteFL from estradxol~prxmed

rats was szmllar to the number of estradlol bxnding sltes in
‘the cytosol . fractlon of uter; from control rats It was’
concluded 'from these experlments that the assay .could be

used to measure the nucleaﬂ estrogen receptor content 1of

P

human breast tumors. Lo " | E

0
{
,

Using rat uterine tissue, as a reference powder, the
assay as applled to 34 human - mammary tumors. As well as

,3assaying the tumors for the presenc;;of nuclear estrogen
‘ [

“receptors, 'the relationshlps between cytosollc estrogen

receptors, total nuclear estrogen receptors, and cytoplasmxc

"

progester%ne receptors was studled

None’of‘the‘human‘breast tumor samples analyzed in this‘
“prellmlnary study ‘were found to . contain KCl-insoluble
\"‘1 : ! .

nuclear estrogen receptors. Both:nuclear estrOgen,receptOrs
and cytdsollc progesteroné?Yreceptors uere ‘found"-more
frequently in tumors w1th hlgher concentratlons of cytosolic
"estrogen receptots,~ but. glven the ‘small sample size, tnerep

%'appeared‘ to be no ‘significant - relatlonshlp betWeén
il o . it R ‘
concentrations of elther Tnuclear' estrogen receptors or

cytosolic 'progesterone‘ receptots and cytosolic estrogen
’ receptors; S T

There appeared to" be a posxtlve -relationshlp between~w

““age and the 1nc1dence of tumors contalnxng all threeﬁv
,,\m“ l ‘ : N ’ o

Cw



receptors. The 1ow'incidence oftnucfEar‘estrOgenwreceptors
in tumors from premenopauSal Qomen ‘suggests that low

N

'cytosolic steroid-binding actLVLty is. ot due to b;ndxng of

[

receptors by endogenous estrogens‘and may be ‘due to" other .

——

fd;tdrs,‘f .

.One. ' of cfwelve tumors that lacked cytosolic estrogen

o . e \ - . g : ) ) .
receptorS- contained both nuclear estrogen receptors and

cytosolic progestetone receptors. This finding may explain
‘why. a. small proportxon of cytosolic ‘estrogen.urecéptor—

negativel‘tumors‘consistently respond to endocrine . therapy.

“Aiso}';the frequency of ‘tumors in 'whicpzlelr three

receptor populations could be measured was comparable to the

[

_ N
actual ;rate of tumor regression 1n response to endocrine

#

therapy._nThese findings suggestvthat the,presence of both

_cytosolic ﬁ -and -_nuclear estrogen “receptors - along “with
. . L) ' R ' '

cytosoliég progesterone receptors in human breast tumor

Msamples mlght prov1de a more accura e 1nd1cat10n of hormone—

sensitive'tumors.‘

-

owiddo.
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. CHAPTER I

S . " GENERAL INTRODUCTION o \

1. “Human Breast Carcinoma

»

Breast carCinoma is the most common malignancy in
| women, and Ls the leadxng cause of all deaths ;n ‘women aged
35-54 years (Statlstxcs Canada, 1983). Slnce early detectlon
of this dlseasev'can lead to a more favorable prognos;s
(Strax, 1978- Wexler,'1978), the xdentxflcatxon of women who
may be: at hlgh rxsk for breast cancer is essent1a1 (MacMahon

-

et al., 1973' Morgan and Vakll, 1974).

'-‘a)rﬁisk Factors -

The. etiolog§ of breast cancer is unknown, but ‘severai
factors .are ‘associated with an 1ncreased rlsk of developlnq
the disease. As wzth a11 mallgnant drseases, the rlsk of.
breast cancer‘1ncreases w1th 1ncrea51ng age (Kalache, 1981j
Envxronmental determlnants such as . v1ral, chemlcal dand
nutritional J.Eactors are~ suspected ‘as possiblei" causes
(Carrollvet al., i968} MacMahon et al., 1973 Henderson et
‘ai.: 'I9f43r Hems, 1976~ Levxq’et al., 1981 Gask111 et al.,f
;979) and they may explaln why the lnc1dence of the d1seasef.:
le significantly hlgher 1n women of the western world than
in Asian or Afrlcan women (Kalachey 1981) In addltlon,,
factors in the reproductive hlstory are 1mportant and appearff

to be related to estrogen productlon or metabollsm (MacMahon'

c‘ o . C . \




-
et al., . 1973; Wallace et al., 1978; Henderson and’ Canellos,
1980; Henderson et ai. | 1982) The correlatxon between the‘
«reppoductive hoFmones and tumorigeﬂes;s (Bittner, 1947) hastb
- led seve:al investlgators to suggest that the cauSes of
breast cancer among premenopausal women may differ ‘Etomi
those among postmenopausal women (de Waard et ‘al., l964}
1979} Craig et al., 1974; Henderson et al.;‘l974; Blot et

a0y

al., 1977; Choi et al., 1978; Wallace et al., 1978).

e b) Prognosis”of Patients with Bteast‘Cancer
The prognosis of'each patient is“determined by the
severity\ of ‘the disease. u Severity is detetmined 'by‘
‘evaluating ‘the‘ following characteristics: tumor size,
attachment to ove:lying skin or unde:lying che,; wall, "the
presence or absence of palpable lymph nodes,yﬁand‘ distant
-metastases (Saviov et al., l978). Patients thh Stage I or
;lI disease, involving a small‘tumor (<2 cm) w1thaor~without
Inodal ‘involvment;‘ have the best‘piognosis._ JPatients vith
7»stage tlII and . IV disease, anlafgewntumor k>5'.cm); and’
malignants lymph nodes, have the"wotst‘ prognosis .(Eaun;'
1976) “With -Stage v disease, metastases ’occur‘ and may
| 1nvolve the lungs, bones, cutaneous tlssue, liver, and brain-.
.‘(Cutler and Myers,' 1967) Metastatlc disease is not curable
Hby conventional methods and these patients have a limited
life expectancy irrespective of treatment. Any involvement

,of the lymph nodes 1s conszdered indicative of more advanced

vdisease, thus "the degree of nddal involvement in the axilla



R
A
”

is currently the most important prognostic \indicator in
patlents with early carcinoma oE the breast (Fisher et al.,

A1975) | E ‘ R

c) The Management of Breast Cancer -

The generally acceptéd  treatment for most . breast
. . o

fCarcinoma:~ is mastectomy, which ‘may .or may not bes
\accompanied.by radiation (Fisher'et al.,‘l970a; Baum, 1976):’
Treatment of patxents w1th metastatrc dlseaseslstage‘ Iv)
includes chemotherapy and/or “endocrine’ therapy. Howeyery
despite ‘ numerous cllnical ‘trials to evaluate“plhe.

effectlveness of adjuvant therapy,‘.no optimal,treatmeht‘has.\

- yet been_deflned (Llppman, 1985).

TreatmehtJ of carCinoma of - the .breast by radical“
mastectomy '(removal -of the entlre breast plus ‘underlying
mqscles‘and‘lymphpnOdes, Halsted, 1907),'was based on the
'helief‘ that the cancer spread very slowly from one 'of
severaL loci -in the breast along lymphatlc channels untxl it
became trapped 1n the reglonal lymph nodes.rOnce the' lymph :
| nodes became \saturated, the cancer then‘ spread to the
skeleton and v1tal Qrgans. Later evzdence 1nd1cated that
‘tumor cells could 1nvade the vascular system wlthout any _
lymphatic involvment (Fxsher, 1970b) Consequently,'current
Ipsurgical therapies are less severe and radical mastectomles

v‘are now seldom performed (Haagensen, 1974n Baum, 1983).

,,,.I'

L0



'Metastatic disease is virtually incupable; and the main.
emphasis is given to pallxatrve care, that is, ;mprovrng the
“quality Of, rather than the lengtn of the patlent s ‘llfe

(Baum,- 1980). Since approx;mately 308 of aLl breast tumofs

depend upon stero;d hormones for their growthr($ccu;pe et

al.,“l975a, 1975b), patients thh hormone- depen ent tumors -

e ' : V'

nay ‘experxence relief fpom symptom5~ as, weay’ as ‘tumor
' regressxon w;th some form of endocrlne manrpulation (Rossof,
1980). Endocrine manmpuiatxon, defxned oy‘Rossof (}980) as
the removal of the sex.steroid hormone producing tissue, or
"the addition of.steroidjor steroid~like sex-hormones, is

'currently the recommended ‘treatment. for metastaﬁic 'breast.

i
.

‘carcinoma in most postmenopausal pat;ents (DeSombre et al
1979; .Lippman, 1985). Given the fact that hormonal therapy
has minimal "toiicity compared to :chemotherapy,‘f.lt ;is
,de51rable to 1dentrfy those patxents who could benetlt ‘f£rom
“this less tOxic mode of treatmentr | "_
" Breast. tumors con51dered the most lLkely to respond tO“'
endocrlne 1nterventxon (tumor regressxon) have cons;derablei
' amounts. of cytosolxc (high speed supernatant Eraction -of=
Ycellt‘ homogenates) '~estrogen‘ and’ progesterone ‘receptor
protelns (McGuire etral;' 1975b, Heuson et al., 1975, Block.
. et al.;;,19784; Alledralet‘al., 1980).‘ For’ patlents lwithﬁ

| comparable"lymph node involvement, . ‘those whose . tumors~"

contaln apprecxab e . amounts of estrogen‘ and progesterone$"=

receptors show a rower'recurrence rate and sxgniflcantly,

e

.longer ‘diSease-free.‘xnterval followrng mastectomy than dop“



x

those patxents whosé tumors contaln no or only, low receptor
concentratxons (Jensen et al., 1975; .1976; - Jensen; 1980).
Consequently, in ‘order . to pEQVLde the-'cliniCLAn f@itn
information relevant td'prognosis and selection of therapy,
samples of excised tumorsnare rcutinely assayed to'aete:mxne J

-

.‘estﬁogen anq‘progeeterone receptqr‘contenc.- e~

N

N a - _
2. HistCry of Hormbnal'Manipulatibn for Human Breast Cancer
] oA

a) Introduction

The concept that endocrine‘manipulatibn could play an
”important role’ in the manaquent of breast- ‘cancer was
apparently first recognlzed by Albert Sch1n21nger .in 1889
‘when he noted Nthat,progn051s was worse in younger women
' (Rossof, 1980). Schinzinger hypothesizea that removal of the
ovarles would cause the mammary gland to atrophy, contalnlng‘

\ h

the tumor thhln the shrlnklng tzssue.

- In 1896,5 George' Beatson'independently reported the
‘first therapeutlc ovarlectomles in two premenopausal women
‘with inoperable breast tumors and descrlbed 31gn1f1cant
fttumor regre551on.. Although his flndlngs were ccnflrmed by'j‘
’othefsi (Boyd 1897,\ Gould 1897), ‘the’ benefrc1al effects,
ﬂjwhich occured in only 30% of thg pat?ents, appeared toﬁ be

"transient,l lasting from 6 12 months.. Thus ovarlectomy, for

—./-.

_‘the treatment of breast cancer was not accepted as a

-standard procedure unt11 many years later.-

‘«'



‘The observation that changes’ in the hormonal

environment could Lnfluencé the 'in vivo' growth rate of

mouse mammary Cumors‘(Lacassagne, 1936;'Haddow etqal.,1244)
led Bittner. 01947)‘to suspect that reprOGuctive ‘hormones
were associated with tumocigepesis in humans, The assumption
that decreasxng cxrculatlng levels ‘of hormones could Anduce

regressxon of hormoneadependent tumors renewed xntereSC for -

endocrine ablatlve procedures such as ovarlectomy (Pearson‘

et al., “1953,‘1954),‘adrenalectomy (Huggins and Berqenstal,

1952; Pearson and Ray,"l959a) and hypophysectomy é&uﬂt and
i

Ollvecrona, 1953; Pearson et al. 1956, Pearson-and Ray,

1959b) .. :
'7ParadoXically, ‘lt: wasfdiscovered that’ whlle ohysio~ N
~log&cal ‘amounts othormone could ‘stimulate tumor . growth',"
(Crile, 1958; Huseby, A1965;. Clifton‘anderldharan,‘1975,e I
Kelly et al.,' 1979),' the admlnlstratlon of pharmacolog1cal’
doses of hormones, suchas estrogens (Haddow et al., .l94g)

dor ' androgens (Nathanson, l952)~ could ‘1nduce ~ tumor’

regression. More recently, a class of compounds known - as

IS

E antlestrogens have also been shown to +inhibit -estrogen-‘

' P

..1nduced tumor< growth in rat uterus and prol1feration ‘of‘

hormone dependent neoplasms. (Hugglns, 1967 Coﬂgwetlal,,\

1971 Ward, 1973 Jorden et al., l976a, 1976b)

.

The outcome of early clinlcalf‘trlals‘ ofr‘treating'

‘advanced,rbreast disease with‘synthetlc| estroéens flrmly

establlshed hormonal therapy as a valuable mode of treat- C

)

ment. However,‘_ only 25 30% of human breast cancers were



to be hormone~dependent and thus “responsive to

ti],ocrxne. manipulatlon (McGuire et al., l975b~ Jensen,

wxgxdxstinguxshxng 'those patients who would respond to endo~

Cebnt

or IRe tpeatment,, from those ‘Who\could best be managed by
chemotherapy. The .development of estrogen receptor assays

provided a useful toé;‘for separating these two groups,

Ll Vv
. ; A

[

.. b) Steroid;AéFion within .the Cell

A

“ , .

;Steroid hofmohes ekert'uhéir biological effect upon
target t;ssues bylbxndxng to appropriate steroid receptor
.proi:exns within the cell Human breast carcinoma tissue has
been shown to contain vérious',éteroid receptors  and
measurements .Of ‘the estrogén‘ and progesterone ‘receptor
content of human breast tumors has enabled the clxnxcxan to
moréf?gccurately identify those patxents whgirqpld benefit
from endocrlne manipulation (McGuire and Ch§ﬁness,. 1973;

’.‘

McGulre et al., 1975b).

'The first ;;Bication that physiological responses of
tafget fissues were brought about by steroid interaction
witﬂ spécific'macroméiecular proteins (receptors) was demoh—
strated when élascocklénd Hoekstra (1959) and Jensen ;nd
. Jacobson 01962),“using tritiated estrogens, observed that

estrogens could be selectlvely concentrated and . rebaxned by

estrogqn—rbsponsxve tlSSueS of various anlmals.

.-\‘



The receptor,.also called estrophilin, was confirmed to
| be a protein by various analyses, sQoh as astereospecificity
and gél filtration chromatography (Walters,'l985), Receptors
are limited in number, have high affinity for a ?péoific
ligand, and are cbncentrated iﬁ target tissues, The criteria
used to identify steroid receptor proteins are desc:ibed in
detail by Clapk‘and Peck (1981). Receptor levels are highest
in tissues of the reproductive system (Toft and Gorski,
1966; Jensen and DeSombre, 1972; O'Malley and Means, 1574;
Gorski and Gannon, 1976) and are also féund to a Jlesser
_extent in pituitary, hypothalamus and various other organs

(Noteboom and Gorski, 1965).

Much of the current understanding of the mechanism of
steroid~induced biological response has been provided by
observing the physiological changes in animal target
tissues. Although‘biological responses have been extensfvely
analysed in some hormone systems, for example, esfrogenic
stimulation of uterine growth (see review by Wafters, 1985),

the exact mode of steroid altion remains undetermined.

The first .model (Figure 1) to describe steroid-
- receptor interaction wés called the two-step model (Shyamala
and Gorski, °1967; Gorski et ai., 1968; Jensen et al., 1968).
Thgs model -has been rgfe:red Eo'as the two-step model
because it was thought that the interaction of steroid.

with. cytoplasmic receptor first converted the receptor into

an activated form (transformation) which was then capable of



Plasma
Membrane
' Nuclear .
_ Membrane
. R
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Transformation Translocation
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cell response " mRNA
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modification of cell fgnction

1

Figure 1. Two- step model of steroid-receptor interaction
and induction of cellular responses.

a) Lipophilic steroid hormones (S) diffuse freely through
- the plasma membrane and b1nd to cytoplasmic receptors.

b) Steroid binding to,the'receptor results in a
transformation of the receptor (SR*).

‘c) Transformatlon of the receptor allows the SR* to
penetrate the nuclear membrane.

d) After transloca- ion, the SR* lnteracts with chromatin to
regulate cellular function.

¥



penetrating 'the nucleus (translocation). Sterojd-receptor
complexes then become associated with chromatin in an

interaction that stimulates nuclear RNA pblymerase activity

to induce biological responses as defined by synthesis of-

)

various proteins (Muellei et al., 1958, Palmiter, 1972;
Schimke et al., 1975; Yamamoto and Alberts, 1976; MacKnight

and Palmiter, 1979; Tata and Smith, 1979).

There is a lack of uniformity in the terminology used
to describe the .individual reactions associated with
. specific changes in the physical properties of the estrogen

receptor. Throughout this paper, “"transformation" refers to

the reaction by which the 8S or 4S esprogen—reéeptor complex

is modified to the 5S dimer and is altered from a state _with
fast to slow dissociation , rates (Bailly et al., 1980;

Milgrom, 1980) ‘The term "activation” is used to describe

those changes in the estrogen receptor complex which lead td

increased binding of the receptor to nuclei or DNA (Bailky

et al., 1980, Milgrom, 1980; Walters, 1985).

10

i Recently, the <classical two-step model has been

challenged by the affinity model (ngure 2) propoéed by

Wélters (1985). The affinity model '~ which represents a

&omposite .of theories -based on the observations of several

investigators, depicts. receptors in dynam1c‘ equllibrxum

between cytoplaém and hucleus;‘ The  distribution, -

predominantly nuclear, ‘ié., determined by receptor

concentration and cell volume. The affini;y of receptors

for 'nuclear components depends upon indi@idual molecular



a)
b)
c)

d)

v 11
‘Plasma e ‘ %
Membrane : ‘ ‘ ’
\ Nuclearg®. -
Membrane.
— S S —) —— R+A] | (SR*)
{ :
¢ ' cell response . mRNA
Protein synthesis — synthesis

modjification of cell function

Figure 2, 'Simpiified schematic of the.Affinity Model of
”

steroid-receptor interaction and .induction of
: cellul&r responses (Walters, 1985).

vt ’ ' ‘ p

Lipophilic steroid hormones (S) are distributed within
‘both cytoplasmic and nuclear‘compartments. -

Unoccupled receptors (R) are predomlnantly nuclear in an
equilibr1um bindlng state with chromatln components.

Steroid bindlng to receptors results in transformatlon‘of'

' receptors into a blologxcally active form (SR*)

The afflnlty (Ka) of the transformed receptor for the
nuclear acceptor sites (A) is increased, resulting in‘- *
induction of mRNA polymerase activity, protein synthesis,
and regulat1on of cell functlon (Walters, 1985).



!

N " ‘% ) ,
. classical two-step model above, the affinity of the receptor

-faCCUmulated -in' the nuclear fractxon (Jensen and Jacobson,"

12

properties of’ the various receptor proteins.: As with the. .

for- DNA increases when the :eceptor is bound by steroid“

(Skafar and Notides, 1985). . Although this model describes
most receptor systems,_ there lS no completely satxsfactory
model that can be applied to all s?stems and as ' Walters

points out, even her rev;sed model wxll most llkely continue

“to ‘change as more highly, sophisticated - experimental

techniques are developed.

The ciassical two—step model for stepoid ‘action‘ was
derived from early biochemical and autoradioorapnic'stuoies
of 'thev inttacellular localization of steroid receptors
(Walters, 1985).' leferentlal centrifugation ‘indicate
thatﬂ in target tissues not prev1ously exposed to 'stero d,
receptors were located in the ,cytosol- (supernatant fraction
obtaxned by high speed centrlfugatlon), whereaS‘Ln At}ésues

exposed ‘in. vivo' or 'in vitro' to ster01d, receptors

'1962-' Klng et al., 1965 Gorsk1 et al., 11968 Brechet et

al., 1967 Jensen et al./ 1968)

‘

‘s Sucrose gradient analysxs of ‘theﬁ estrogen-receptor\ o

binding ‘teaCtion at v37°C demonstrated a depletion _‘off'

unoccupied. 8S . cytosollc receptors w1th a concomztantf

increase  in occupled SS nuclear receptors (Gorski et 'al}.

1968 Jensen and DeSombre, 1973) Th;s phenomenon, hich did

e

transformation, and nuclear localization were temperature-

not © occur at 4°¢, 1ed”to.the.x’conclnsionf thatt.receptonf



~

. investigatOrs studylng dlfferent hormone ‘systems;"claimed‘

.1978;y 1980, Carlson and Gorskl, 1980 G1annopoulous et al.w

dependenr (Jensen et al., .1968; Vonderhaar et al., 1970;

T

Giannopoulous and  Gorski, 1971).  The . concept . that
leytoplasmic receptors migrated intOr;the“nucleus upon
" binding to steroid . was further supported by  .early

'autoradlographs wthh showed obvxous nuclear localizatlon of -

[3H]estradlol at 379C but not at 4°C (Ullberg and Bengtsson,

! .

_1963;v8tumpf, l968a;'l968b; 1969; Jensen et al., 1969).

"e

13

Over time, other models- describing steroid-cell

interaction were formulated and the theory of oytoplasmic

localization and  nuclear translocation of teceptors' was

gradually modified (Williams and Gorski, 1972a; 1972b;

'DeSombre €&t al., 1975; Gannon et al., 1976; Gannon and

Gorski 1976; Sheridan et al., 1979; 1981; Traish et al.,

' 1981; Miyabe and Harrlson 1983 Raaka'andfsamuels, 1983,

-Gorskl 'et al., 1984, Callard and Mak, ‘~l985);' Several
that receptors exlsted w1th1n nuc1e1 in lthe'iabsence' of

»steroid (Martln and Sherldan, 1882;‘ Mester- and 'Baulieu,

.1972,\ 1975, Garola and McGuire, 1977a, 1§77b, zavd et al.,

procedures of autoradlography (Sherzdan 1975,‘ Sherldan‘ et

Veomett et al., N 1974¢,; Welshons et al., 1984),~ and

_lQ?ia, 1977b,. Linkie and Slltetl,‘ 1978, Walters et al.,'f
11980; . Maeda et al., 1983, Rousseau, 1984), ‘and experxmental,‘

.al.,= 1979, cellular enucleation (Gorsk1 and Raker, 'i973; ‘

immunocytochemistry (McClellan et al.,: 1984- Greene‘et'all;“f

A . . -

| 1984'\ King and Greene, 1984, Perrot-Applanat et al., 1985ff .



Miller et al., 1985; Molinari et al., 1985), supported these

observations. The ‘various' theories déscribing steroid~

hor@oneh interaction. with target cells were\dsubsequently'

amalgamated by Walters (1985) dnto the“afﬁinity ‘model,‘

descrlbed above. ’ : L ' .t

14

- c) Nuclear Estrogen Receptor Binding and Biological

)

Responses

In some systems such as chick oviduct, the'reiationship o

between receptor saturatlon by estrogen and . synthesis of
0vaibuﬁin 1s exponential ( Mulvihill and Palmiter, 1977r
Walters, 1985) In some systems such as rat buterus, a
slmple llnear :relationshlp exxsts between the number of
occup1ed estrogen receptors and the synthesis of a specifxc

"induced proteln"-(IP) v(Katzenellenbogen,‘ 1980) However,

the number of occupred nuclear estrogen receptors ginf'rat

uterus' does not correlate well w1th the dose response curve

of early uterotrophlc responses (Anderson ‘et” al.,~ 1972a;

1972b; 1973; 1975; Stancel et al., 1973). ~

i) Nuclear“reCeptorsAandﬂuterine‘growth-

¢

x'within'hl—Z hoursf after exposure, to pharmacologlcal‘

doses (1. 0- 2. 5 vuq)' of estradlol, 100% of 'the nuclearV

n

~e‘s‘trogen receptors are OCCUpled but early metabolrc .events'

fdo not result 1n PrJe uterrne growth (Clark and Peck, 1976)

‘,The true growth response of uterus occurs after 6 hours whenf';f

J'

'the number.'of occupxed ‘nuclear estrogen receptors has

v T S ' g
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declined to 10 lS% " of the total amount Clark and‘ Peck

"(1976) hypotheslzed that if only 10 15% of nuclear receptors
were -requxred to 1n1t1ate uterlne growth,“these receptor~
nuclear acceptor sites must. be dxfferent from the ;renaining

‘_85 90% Aof sates observed 1 hOur after rats were exposed to

" estradiol. Nucle1 were then extracted ‘with. 0 4 M KCl to test

for differential extractab1llty of nuclear estrogen—receptor

: complexee. The results“ 1nd1cated that while most ~of the

eceptors),v~ the number of receptors remalnlng in the
nuglear fraction despite : KCl extractxon (KCl-insoluble

re eptors) corresponded to the number of sites estimated to

be ‘requlred.ﬁor true;uterlne growth. Thus, Clark and Peck

suggested that‘KCl—insoluble receptors 'were responsiblie for

" estrogen-mediated biological effects.

ﬁii)':KCl+insolubleAreceptOrs'

Although KCl-lnsoluble receptors'have been' reported

__;EOrf other receptor systems (Puca and Brescxanl 1968,ﬂ

“Bruchovsky and Wllson,‘ 1968;f‘Best—Be1pomme et alr,d 1975),

the physrologlcal ‘srgnlflcance of these receptors has not -

;'been EStablished and thelr exlstence has been ‘quest1oned?

”Assay conditlons (Barrack et al.,’ 1977,‘ 1979) as well

”"receptors could be extracted wlth 0. 4 M KCl (KC1-soluble -

Tlmethods of extractzon (Juliano and Stancel,_ 1976, Muller eth'

"al., 1977, Trarsh et al., 1977), are known to 1nE1uence the )

',amount of receptor that can be extracted and consequentlyV”

r,the amount that appears to be KCl-lnsoluble.

s



d) Nuclear Localization of Receptors

’

‘Although it ‘ is now generally accepted that steroid
. \
receptors 'are locallzed ‘within the nuclear compar tment of
'target,‘ tissues and‘ of hormone—dependent breast ' tumors

(Walters, 1985), the precise nuclear component remalns

undefined ‘Barrack and Coffey (1980) proposed that KClc

lnsoluble steroxdoreceptor complexes (Barrack et al. 1977)

were assoc1ated with the nuclear matrlx, a nuclelc' acid~

"

16

.depleted framework of‘nuclear nonhistone protelns. The,

nuclear matrlx is thought by some lnvestlgators ‘to play-an

important ‘role in DNA repllcatlon and. hnRNA synthesis

(Berezeny and Coffey, 1976; " Agutter'and Birchall,{ 1979;
Barrack and Coffey, 1982; Pietras]and Szego, 1984).

»

Recent studles using purlfled chromatln rather than the

.nuclear matrlx suggest that steroxd receptors‘ bind -to

‘anclear acceptor sites whlch are composed of a «DNA-proteln

complex of cnromatln assoczated nonhlstone protelns and the

-

DNA backbone (Steggles et al., 1971' Spelsberg et al., 1983,

'1984) These flndlngs suggest that" nuclear matrlx blnding by”'

e \

ster01d receptors observed by some groups, may alsog’be.‘

.affected by extractlon p;ocedures.‘ C f‘
. o

In"summary,_ 1t appears that ster01d receptors”’are‘

assoc1ated w1th speclfxc acceptor sltes located on:.the

. chromatln ‘and when steroxds interact with receptors, ;hef"

ffreceptors are altered such that thexr effect is "def.

' repressed Consequently, RNA polymerase activity, and thusg



physiolog;cal‘events, can be inltiated (Mohla et al.,. 1972;
Silva et al., 1977; Singh et al., 1986).
3. Historical Development of Estrdogen Receptor Assays ' for

Human Breast Carcinoma

w

Shortly ‘"after ‘reports ‘of specific estrogengxndLng‘

' components in estrogen—respon31ve reproductlve txssues of

laboratory animals appeared (Glascock and Hoekstra, 1959),

Folca et al (1961) demonstrated that ‘the. uptake of labelled'

hexestrol “in v1vo by breast tumors was hlgher ln patlents
who ‘re nded to adrenalectomy than in those patlentsl‘who
did not respond. But, because most_of the‘radioactivlty was
excreted in the urine, this method'waslnot considered to be
satisfactOry for the‘characterization‘of‘breast tumors;

——

' After Mobbs (1966) demonstrated spec1f1c [3H]estradf61

uptake by hormone dependent rat mammary tumors, and Jensen

. et"al;Q (1967) dev1sed methods to. study estrogen receptor

interactlon ~“in ’v1tro . c11n1ca1‘tr1als were bequn' to

aétermine"dif ‘the response“of‘breasti cancer patlents toi

5endocrine ablatxon was correlated w1th’spec1f1c b1nd1ng of

[

estradiol by thelr tumor sllces.

With the formulation of the two-Step ‘mechanism of

: hormone action (Gorsk1 ‘ot al.,J 1968,‘ Jensen et al., 1968),

r'Jensen and colleagues (1971) speculated that if some breastx
‘carctnoma cells depended on estrogenlc stimulation for

mfgrowth, hormone-dependent ;breast.carcxnoma cellsfmight be

L . ' .
- e - ‘ e ‘ R
Y - -




a

expected to contain the cytoplasmic estrogen receptor,
o) : ' o ‘

would no longer produce the receptor. ' Thus, clinical

. ' . \ . ; 3 ‘ ’ ¢ : )
responses were correlated with the presence. of estrogen

receptor 'in the cytosolic fraction of tumor homogenates

whereas,“if the tumor had. lost its hormoha;‘dependency, it

l(Jensen' et al., 1971). The results xndlcated that breast

cancers with low estradiol~binding or . lackxng cytosolic

. estrogen’ receptor rarely responded to endocr;ne ,treatment,

whereas ' most patients whose tumors contained significant

amounts_»of““receptor, ~received objective‘ benefit - from -

horhonal therapy. These fzndlngs were conf;rmed and extended
'by reports from other xnvestxgators (Wlttliff et al.,ﬂ“”ﬁﬁ
Wlttl;ff,. 1974- Leclercq et. al., 1973; 1975; Engelsman‘et
al., 1973; Leung et al., '1973: Maass, 1972-:Maass'et al.,

‘_1975;; MCGulre et al., 1974 ~Savlov et al., 1974), ‘and. the

observatlons from several laboratorles were presented At a.

’}workshop sponsored by the Breast Cancer Task Force of the

Nat10nal Cancer Instltute (McGulre et al., 1975b). 1 "

19¢72, )

The Task‘Force concluded that desplte the varlety of

analyt1ca1 methods used for - determlnlng receptors, breast

"tumors lacklng estrogenl receptor rarely responded -Hto

‘endocrlne therapy._ ‘Most prlmary and metastatlc breast

‘cancers were found to contaxn some detectable receptor, butw‘

60 70% could be classlfled as receptor-poor and were‘l

unrespon31ve “,‘to hormonal ‘ ttEatmeg; Although R the"

.percentage of breast'tumors reported to be 'receptor rich'j

' later 1ncreased to 70 85% (McGuxre et al., 1975b), one third"




‘Of the tumors that contalned estrogen receptors also falled

to re5pond to hormonal therapy

\

'The rise in the inCidence of.the detection of receptor-
‘posxtxve tumots has been attrlbuted to rncreased care in the
‘handllng ot tissue samples as well as to rmproved assay
techniques which minimize receptor degradation‘(McGujre et

'al., l975a)

4. ngnxf;cance of Progesterone Receptors and Nuclear

r

Estrogen Receptors: el Ve
\ ' ! ! \

" Since only 54% of'women’with breast.tumors' containing

19

‘ estradiol b1nd1ng 51tes responded to therapy (Proceedlngs of

the NIH Consensus Meetxng, 1980) it was obvious that a‘more‘

':accurate 1nd1cator of hormone dependent tumors was requlred
~As a result, two approaches have been generally taken for
asses51ng ‘the 1ntegr1ty of the estrogen receptor mechanism’

.1n hUman breast tumors

One - procedure depends on “the “‘simultaneous'

“quantzflcatlon ‘of both estrogen and progesterone' receptor

'vlevels (Horwitz et al‘,i 1975,; McGulre and Horw1tz, 1977).

Thls approach was “basedr.on thec'hypothe51s that '.t:he"~

_[biosynthesxs of progesterone receptor ‘is, controlled by

y

o)
Zestrogen actlon (*oft and 0 Malley, 1972) Therefore, breast“

“tumors contalnznq both receptors would be expected to. retalﬂ‘

thormonal responsx:e"ess (Horwztz and McGuzre,‘ 1977, 1978

‘*1979) Indeed.l‘ the | clxnxcal response for ,patlents w1th
: e e SN



e

[

‘tumors . containing‘both»cytosolio‘esﬁrogen‘and . Progesterone

recepcors was found to be approximately 74% (Edwards et

al.,  1979; Osborne et al., L980)q Consequennly, assaysuto

cytosolic and'unuclear estrogen receptor content of preast

e
ot

translocation ,proceSS‘(Thorsenland' Stoa, 1979) - Initjal

‘regre531on as opposed to only 54% .of‘wtumors with only .

‘reCeptor ‘content in relatlon tofboth patlent management and.ﬂ'

mestrogenmand_progesﬁeronemreceptojs.fme;“T_;;“

determine the’ presence of both estrogen and progesterone

20

receptors in human breast cancers are currently performed by

major laboratories on a routjine basis, i /_'
!

Another method has been to determine ‘both  the’

tumors (Laing et al., 1977; ‘Cowan,et ‘al., 1984). ,» This
\ ) o Qs ,

approach was based on the hypotnesis that the absence of

"

eatrogen receptor would -indicate a  defect in the

»

studies ‘correlating the .presence‘ of nuclear estrogen

‘receptors’ 'rh “human breast tumors thh patlent response

nuclear estrogen receptor . in the presence 'of <cytosolic

indicated that approxlmately 71% of tumors contalning bothu-.‘

-

;soluble and nuclear estrogen receptors underwent ob;ective"

.oYtOsol;c estrogeh‘reCeptors (beake et al. ‘ B l981a, 1981b)‘“3

v

- 1979; Blshop et al., '1979; Fazekas and MacFarlane,/tl980 i
Hahnel et al., 1980 O Connell et al., 1982) and ‘the results"y”‘

of these stud1es are comparable to the cllnlcal 'response'

observed for patlents whose tumors

nta;n b
o -

.Severa}. other’ groups have 31nce studled nuclear estrogen, '

progn031s (Garola and McGulre, 1977a. 1977b Barnes et al.,fu

th  cytosolic.

Y
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tumor contaxned a 1arge number of receptor negatxve ce§ls.7

‘

\ it &17@4\ ! ' o

5. Limitation of Receptor Assays
: n
t

21

+ The assessment of copcentrations of estrogen and

2 :
B : [ ' s
progesterone receptors in human mammagy tumor specimens has
. : ' B |

been significant for the selection of therapy in the manage-
ment of breast carcinoma (McGulre et alﬂ, 1975b; 1978; 1982;
Wittliff et al., 1976) However, app:oxxmately 25% of

patients ' whose breast tumors contaln estrogen  and

progesterone receptors fail to respond to.endocrine treat~

ment. Algo, there is '‘a 5-10% fesponse rate to endocrine
. ‘ . ¥ . _
therapy in patients with estrogen receptor-negative tumors

(Lippman, 1980; Seiberp and Lippman, 1982).

[ ‘ ;

The failure of some breast tumors to respond to

B
treatment may be explained by the fact that tumors have ' a

high ‘degiee of cellular heterogeneity and these various

tissue types are known to contain mixed populations of both

el &

M

receptor~poéitive, and receptor-negative cells (Allegra

. al., 41975; Wittliff; 1981; Woodruff, 1983). A receptor-

‘positiﬁe assay would have little prognostlc value if the

o

Also, . tumors . are often assocxated with sxgnxflcant amounts

'

of stromal qeterxal which usually requlres high' shearing
SR -
forces to fragment the tlssue and to. disrupt ' the pla%ma

membrane (Dounce, 1963). Excesslve and potentlally damaging
. »
homogenization can be avoided by grxndxng the tissue to a

fine powder in liquld nxtrogen (Wittllff et al., 1980). This

I
‘A

, .
q R Al
R



procedure  also provides a uniform distribution of cell
types and thus minimizes inaccurate receptor determinations

due to heterogepeity. “

A tumor response to endocfiﬁe therapy, Jindicated by
tumor regression, may occur in some tumors which apparently
lack estrogen receptors. Degradation or ipnactivation of some
receptors may occur due to improper stOpage or e;cessive
handling of‘the tumor specimen. Also, some receptors which
may be occupied by endogenous steroids.may not be quantified
due toAinapppopriate assay conditions. Endogenous estrogens
Oor = therapeutic antiestrogens occupying nuclear estradiol-
binding sites do not appear to undergo significant exchange
with [3ersttadiol at low temperatures ufed for, routihe
receptor assays (Edwards et al., 1980). This ﬁayiexplain the
lower incidence of cytosolic eét:ogen receptor , content

observed in breast tumors from premenopausal patients (20%

versus 64% of breast tumors from postmenopausal patients,

Y

Hahnel, 1981).' - . !

The two approaches mentioned above for assessing

estrogen-receptor interaction both provide a more accurate

correlation between receptor status, hormonal senstivity,

and clinical responsivenéSs than the method based on the

22

quantification of cytosolic estrogen receptors alone. Both °

of these appfoaches were taken in an attempt to identify

the various types of receptor deféct; that are now known to

~dizﬁupt' the biological responsivess of some cells to a

steroid stimulus (Wittliff, 1984), yet interestingly, the



\ ' )

relationship between cytosolic and nuclear  estrogen

receptors and progesterone receptors has not been studied in

detail (Romic-Stojkovic and Gamulin, 1980) .

Additionally, the full potential of nuclear estrogen
receptor assays has ot yet been completely explored.

-Nuclear estrogen receptor concentrations of human breast

tumors have been determined mainly by KCl-extraction of

nuclei,. a procedure which may miss KCl-~insoluble receptoré

which may be of biologlical importance.

6. Summary |

-,

The  development of estrogen receptor assays has

provided valuable" information for the prognosis and

’on

selection of therapy for patients with breast cancer. The

presence of cytosolic estrogen receptor in the_ tumor has

' been related to increased disease-free interval and total

. - ﬂ
survival ' time (Knight et al., 1977; Osborne and McGuire,
1979; Hawkins et al., 1980; McGuire et al., 1982); the

incorporation of either progesterohe receptdr or KCl?solublg

nuclear estrogen receptor data has improved the Qpcutacy of

identifying those patients who may have a better prognosis.,

Howéver, the inclusﬂ;q of both cytosolic progesterone
receptor and total nuclear estrogen receptor data in routine
éssgys’may further improve the accuracy of identifying those

patients who méy benefit from endocrine therépy.

23
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7. Research Objective

\

The purpose of this research was to compare the data

\

for total nuclear estrogen receptor content of human breast

tumors with ﬁne data for cytosolic estrogen and progesterone

\

receptors. In order to accomplish this it was negéssary to:

i)

Y

1ii)

[

\ T~

v

validage the separation techniques required to

isolate [3H]estradiol~receptor complexes from free

and non-specifically bound [3H]estradiolh

evaluate the reliability of the nuclear éstrogen

\ , ,
receptor ' assay and also establish a reference

\
) |

tissue for this assay.

-

1

apply the nQ?lear‘assay to test both Kleéolpre

and KCl-insoluble fractions of nuclei for the
\ .

: \ ‘
presence of estrogen receptors in a.small series

of breast: tumdr ‘samples.

24



CHAPTEK'II

VALIDATION OF BINDING ASSAY TECHNIQUES

\

1. INTRODUCTION S

a

The first research objecﬁi&e was to validéte assay
éeChniques required for-the isolatlén'of eét:ogenjreceptor
complexes. Assay methods for. the determination of estrogen
(aﬁd also proqesteroqé) receptor concentfations of target
tissues are generally based on the..amouht of tfitiated'
sééroid l that" bln@s to7receptorjprotein§ present ‘in. thé"

‘»cytoéol fractioq of tissue homogenalés“(Chaﬁness ghd
| Mcéuire, 1979). .FBH]egtradiol binds not only to recepESS
p;oteinsl b@t aléé"to plasma proﬁeins .such ‘as \albumin,
glycoprotéin, and sex—horhone Blnding vglobulin. (SHBC)‘

7(Chamness and McGuire, 1979), which often contaminate‘hﬁmanv

tumors (Maass et al., 1975).

Incieasing}‘concentrafiéns of '[3H]stefoia and *a
patéllel range of unlabelled steroxd competltor are used to
dééetmine_ speciflc steroxd b1nd1ng sites under saturation
1cohditions.: Dleghylstllbestrql (DES) is usdally used as la
uhonradioééthe“'competitiye ;ligénd in  the pfesence' ,ofl'
’ \n[3H]estradlol in order £o,estlmételVlfaﬁioactivity  that
\binds to ptoteins other Eﬁan reéeptOrs. DES equals‘ or
f'j.exceeds estradlol in its affinlty for receptors,‘ But hés a

vgry low’ afflnlty for ,plasma prqtexps ~such as _SHBG.l

kThérgfo;e, DES'oééupiesﬁmost of thé récepﬁérs;, yét has no -
'effect;" on. estradlol that bu‘u'l* to nonreceptor ‘ptotelns""-‘

(Chamness and McGuire, 1979)

25 -



Current‘ routinel assays for detection of estrogen

receptor leVels differ mainly in the procedures used to

lseparate [BH]sterold bound to receptor,l from free or

ndnspeCLElcally bound steroid (Godefrox and Brooks, l973;
N . N

Gore~pangton' et al., 1973; Chamness and McGulre, 1979).

- Adsorption procedures are generally fast and easy to ' use.

Other. techniques 'such 'as equilibrium dialysis are not as

well studied and are lengthy and dlfficult to quantltate.;

Despite, the availability of several assay technlqdes, there
is. no" single method that can be used to isolate [3H]—
estradlol recep@or' complexes qulckly and efflc1ently * from

both the cytosollc and . nuclear fractlons of target tissues.

Thé dektran¥coated charcoal (DCC)‘assay is the most

widely used method to isolate those receptors which can be

‘solub1llzed lnto the cytosol fractlon (Feherty et al., 19717‘

Hawklns et al., 1975, McGulre and Chamness, 1973), but other

techniques - must be employed to lsolate receptors which are

intricately‘ assoc1ated with the nuclear fractipnz The

dextran- coated charcoal assay is popular because .it is

prapld, ‘ 51mple, accurate and economical . (Seibert and

na

Lippman, 1982) Exposure of cytosol t0"dextran-coated

charcoal followed by centrlfugatlon removes' free '[3H]-'

26"

steroid) whlle leav1ng agceptor-bound [3H]ster01d in .

solution.. Charcoal has a moderate afflnity for steroids and

‘thu37>can‘mln1mlze,low-afflnzty‘bxndlng to cytosol-proteins.f

.'The’ 1nclu51on of dextran and BSA in the charcoal suspension.

reduces adsorptlon of estrogen- receptorﬂ‘complex ‘to‘ the



Co27

‘charcoal'(Korenman, 1968;\Chamness and McGuire, 1979; Powell

‘ ‘ t g oo o . e '
et al., 1981). Howevery«dissoc1atlon of (3H]steroid from the

LR

receptor complex  may occur if exposure 1is  prolonged,

. temperatures, are elevated (Chamness and McGuire, 1979), or

[
- , i

buffers of highiionlc strength ‘are. used (Peck and Clark,

N

1977). Moreover, under the conditions of the DCC assay; the

;receptor “is susceptlble to degradation by proteolytic

" enzymes which are .present in nuclear extracts prepared from

human\‘breast.tumors'(Garola and McGuire, 1977a; 1977b).

.Therefore 'this method cannot be used to ' separate nuclear

estrogen-receptor - complex and is best suited to ' the

A

isolation of ' unoccupied receptors' which can . easily be

extracted. into the cytosolic fraction.

-

In order to determlne nuclear estrogen receptor levels,

assay technlques that include extractlon of receptors from

Lsolated nuclel,‘, and the~*use of hlgher 1ncubat10n

'temperatures (30-37°C)‘ to exchange prev1ously bound'

"'endogenous estrogen with A[3H]estradlol, are often ,used"

(Anderson et‘hl., 19?Ya) In addxtlon,‘*assays for nuclearl'"

",receptor o must provide protection : aga;nst ' receptor -

gdegradation‘ from proteolytlc enzymes which- are . present kn

i the nuclear ftactlon (Edwards et al.,} 1980-‘ Horw1tz and

N

' McGuire,‘ 1980) ' rn' the Eollowxng study, ltwo"assays,v}

!ﬂSephadex\ LH—ZO ,and hydroxylapatite (HAP), were‘ eValuated

f their‘u ab111ty to separate [3H]estradlol receptor

complexes from free and nonspecifzcally bound [3H]ster01d

\



v a) Sephadex LH-20 ChromAtography : o

‘The technlque of gel flltratlon chromatography using

hydroxylated Sephadex LH~20 has been used by several groupel',

'

to measure estrogen receptor present in the KCl extracts of
purified .nuclei- of human breast cancer.speclmens (Godefrol
and Brooks, '1978; Singhakowinta et al. 1975, 1976; Thorsen

and Stoa, ' 1979; ‘Martin and‘Sheridan, 1982; Vandewalle et

al., 1983). This procedure takes advantage of dlfferences in

»

‘molecular size between free steroxd ~and receptor-bound

steroid.: S | | o j” !

\

28

‘Sephadex LH-20 is lipophilic and thus'haé'high affinity

. for free steroid rand . retains it on the gel.'without

~

» appearing to affect the rad10act1v1ty that ls' specifically_‘

f

bound to receptor (Glnsberg et al., 1974) In addltlon, this

method - is_‘a, ‘51mple, accurate‘procedure wh;ch- has the

/

advantage of enabllng one' to process wlarge numbers of ..

"samples"WLth good estlmates of K4 and nnmber of blnding‘

'sites.' However, the‘ nuclear pellet whlch remalns followzng‘

\f expoeure to 0 4 M KCl is too tthk and flbrous to pass' .

‘throuéh»the gel, thereby rendering thls method unsultable

for the separatlon of estradlol receptor complexes that may"

’remaln 1n the salt 1nsolub1e nuclear fractlon.



. LN ,
b) Hydroxylapatite
. % .

The hydroxylapatlte (HAP)rassay has‘also been used by

receptor complexes which | may be present in the nuclear

- fraction of tissue homogenates' (Wllllams and Gorskl, l972a[

1972b; Garola and McGuire, 1977a; 1977b)..Small molecular

weight - molecules"do not‘associate readily'with HAP: while

proteins b1nd rather tlghtly (Erdos et al., 1970), The

sterold-receptor complex 1s adsorbed onto HAP whlle most of

"

.the plasma contamlnants and free steroid are: removed by

a2

r washlng the HAP several tlmes ‘with  low ionic ‘strength

“phosphate buffer. The HAP is then extracted with 95% ethanol

McGu1re, 1979) . Exten51ve ‘washlng at 4°C of 'HAP-bound
estrogen-receptor complexes makes thls a tedlous procedure,

lnefficxent for separatlng [3H]ster01d receptor complexes

numbernof samples."

i 'lly bound [3H]ster01d 1n ‘a -large’

29

. various _investiéators 'to effectively separate estrogen-

4
‘to determlne bound steroxd (Erdos et al l970° Chamness and_

Validation of ) assay technlques included comparlng'

iltesults obtalned by the Sephadex LH 20 and HAP assays ‘with

‘,ifats obtalned by the pce assay ' ‘The data were generatedt, 3

!

.Vusing cytosols prepared from uter1 of ,untreated.‘ lmmaturea,'

ermale tats.. Rat uterus was used as a' source’ of tlssue .

2because prev1ous ‘studxesiuS1ng rat'uterusf(see rev1ew by

aWalters,,: 1985) haVe‘ prov1ded conSLderable"1nformat10nf

th this tissue. In addxtxon,_ the anxmals ‘are. easy

i

‘:regarding both receptor content and steroxd cell 1nteract10n’g] e



‘maintain, relatively inexpensive and readily available.
‘ | o : N . |
The receptor content .of a target tlssuev\can be

T
determlned Erom the data obtalned from binding assays, by a
varlety of mathematrcal transformatxons Scatchard analysis)
(Scatchard .l949) of bxndlng data (Table l) 1s most often}:

' used (Chamness and McGulre, 1979) to calculate receptor’
content, ’as' well as to obtaxn the dlssoc1ation coﬁ§tant
(Kd) for steroid blndlng to receptor Scatchard analysls of

}sterold ~binding data ”&:. simply a graphp in which the

concentratlon‘ of bound/free steroid (vertical axis; ~Y) ilsn‘

»

. plottedl agalnst'.the amount of specifically bound steroid .
(horizontal agis, X) for'each‘concentratioh of ‘steroid used
(Flgure; 3). The best straightfline‘is drawn throuph these
polnts conneCtingfboth ares. ‘The total'number1of steroxd—

p.receptor complexes lS calculated Erom the X- 1ntercept h(n).

fThe d1550¢1atron constant,‘ a measure of the‘ aftlnlty of

. ster01d for ‘receptor, ‘ ist calculated from thehdnegatiﬁe"'

‘rec1procal of the slope of the llne. The amount of receptor
proteln ls generally expressed as femtomoles (lo'lSM) per

Vuterus (Clark and Peck,‘ 1976), or as femtomoles per mg of l“f

" ‘cytosol : proteln (Chamness ‘and, Mcéulre,- 1979) ”TheVﬁ

X

concentratlon of receptor may also be expressed as fmol per
g of tlssue (O Connell ‘et al., 1982) or. as fmol per mg of
DNA (Wlttllff, 1984) ' These latter two modes of exprepsion

are particularly useful Eor nuclear ster01d receptors.;‘



Table’l | ~ o

Sémple Calculatxons of binding data for Scatchard analeis

of the estrogen receptor coqtent of rat, utbrlne cytosol

Speoifid aotivity, £3H]~estradiol: 91 Ci/mmol
' = 202 DPM/fmol

2 ' o ' ' ‘
" . [

_J Uterine‘weight‘= 0;255mg/uterus

, . Total Total . - S SpecifioLBonnd '
[PH]-E  cCounts 'Bound NSB ' TB-NSB .Y (B)
'nM ' DPM . DPM  DPM  DPM ' B/F . fmol/ml

5 . 253465 .11914 1906 10008  0.041 200, 2
.2, " 104615 10660 765 9895 . 0.105 197.9 .

o ) R . ! . . . | t

1L . 51850 ' 9266 381 8885 0.209 . 177.7

0.5  25095. 8228 180 8048 0.477  161.0

0.2 . 10650 5285 . 172 5113 . 0.953  102.3
‘\p;lt;“_f 5710, ‘ 3366~ 7353331 ‘:1;420_‘ . 66.6 '

. V

For the Scatchard plot (Scatchard, 1949), specxflcally bound
- steroid (B) is plotted. (x-axis) against. Bound . Steroid/Free.
Steroid (B/F) as shown in" Figure.3. TB = Total Bound

‘.NSB = Non Specxfically Bound ey o f;:” 
Co : CR , -nx#intercept (fmbl/ml) ' fmol bound -
‘Binding capacity = - —_— Sl —

e _.“ CYtosol vol (ml) ‘; Uterinefv uterus

R — K Welght.' ’
' o Reactlon vol (ml) »
. .b : _«3-,‘ T ’.~.>.f =.1020 SRR

. uterus

. i B
N .
| | | A /

Dissociation constant (Kd)

| '=lo;iop aM
*_slope_ DA
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1.4

..1;01 slope'=,-1/Kd -

Bound/Free

0.6

‘f "j.zo,I‘so', 100 140 . 180‘,;
Estradlol Bound S
fmol/ml (10 12mol/l_)

. Figure ‘ 3,.  _Typical Sc"atf:chatd plot.

'
o



2.  MATERIALS and METHODS

a)‘ChemicaIS‘

]

[2,4 6 7r3H1estradxol,, Specxflc accxvicy 92 CQCi/mmol,

was ‘purchased from New England Nucleap (Boston, MA, USA).

Dextran,

‘(DES)I‘

"
A}

Qlyce:bl (MTG), "activated charcoal and ethylenedlamine—

bovine ‘serum“albgmin (BSA), vdiethylstilbeaﬂrbl‘

calf ' thymus DNA, dithiothreitol (DTT),. monothio-

'

‘tetraacetxc apld‘(EDTA), were obtained from Sigma Chemlcal ‘

\
Vo

Co." (St. Louis, MO., USA) ' TriaLHCl" was obtained ‘Erom.

Shwartz/Mann (Sprxng Valley, Nx, USA) Hydroxylapatlte (HAP)

was obtalned from Bio-Rad Laboratorles (Rlchmond CA, Usa),

N Sephadex Lﬂ—20 was  from Pharmac1a Fine Chemlcals (Uppsala, -

)

Swedén)

Ready- Solv HP sc1nt111at10n flu;d was obtaxned from

Beckman Instruments (Fullerton, CA, . USA) Ethanol (95%) was

obtalned from Stanchem (W1nn1peg, Man) All other chemlcals.

were purchased from Fxsher‘Sc1ent1f1q.Co. (Quebec, Canada).

i"“ llo‘ “

TDK.4: 10 mM Tris-HCl, 10 mM DTT, 0.4 M KC1,

Buffersqla' v v "; -
Trls—M004. 10 mM Trls-HCI, 1.5 mM EDTAh 10%
- glycerol (v/v), 10 mM sodlum molybdate

. (Na2M004)u:L2 mM MTG, pH-7.4wat,22°C

T

‘TK.4:  10°mM Tris-HC1, 0.4 M KCl, pH 7.0 at 22°C -

A
R .

pH 7.0 at 22 - . . Lo

TKP: 50 mM Tris-HCl, 10 mM KHpPO4, pH 7.2 at 22°C

KH2PO4: 10 mu'potassiunfpnoéphate, ‘PH 7.2 at 22°¢‘

B |




Q) Suspensions: . T S

1. DCC; 10 g/L charcoal (Norit A), 1.0 g/L Dextram 500,

KERERRK o , el |
. 1.0 g/L BSA in TFiSf‘MOO‘l buffer - AN

2. LH-20: a 1:1 ratgb of hydra?ed Sephadex LH~20 beads.

N P dn K. 4 buffer (1g5mm Tr;s~HCl,‘0 4 M kel

pH 7.0 at 2290)

i

3. HAP: 100 g/L in TKP buffer (50 mM TELSAHCI, 10 mM '
| xnzpo4, pH 7.2 at 22°c .

- ' - o : : +
[ : ! . \
'

. . . " ' o ~ .o )
Double-distilled water was used to prepare buffers.

'd) Animals

N}

Female _SpfagueeDawley rats,  5-6 weeks old,. were '
~obtained ‘frdm the onsc1ences Animal Services"at the

‘.University of Alberta. Rats were kllled by carbon dioxidern

-

asphy*iation; the uterl were exEﬁéed ‘cleaned of - adherlng

‘fatfand‘mesentery, rlnsed in. cold 10 mM KH2P04 buffer and -

.bloﬁtedl Uteri were~ ground to a flne powder _in llquid:

d

,nltrogen and stored at —70°C unt;l requxred

e) Preparation of the Cytosol "

The cytoscl = was prepared~énd‘aésayed as “out;ined in .
Flgure 4. ALl prJCedures were catried ~out at  o0- 4}°C{

’Approxlmately 0. 2 0. S g of powdered rat uteri that had been

r

o

ny
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Rat Uﬁefus

‘pulverize’ in }liquid nitrogen

(A
\ -

.Polytron homogenize (ééttingZBASLfdr 2 x5 sec) in
‘u K Tris-molybdate buffer
’

K

- Centrifuge 200,000 x g for 10 min

N . —» discard pellet
A ‘ ‘

supernatant .

', ‘ o (Cytosol Fraction)

, ‘ Binding assay

LH-20 assay - . HAP assay

«

DCC assay

L4
o

Figure 4. FloW‘diagtam for the préparation and aéséy of ‘the

cytosol fraction.

(I
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\

stored at ~70°C were homogenized on ice in Tris-MoO4 buffer

using a Polytron PT-10 homogenizer (Brinkmann) set at 3.5
for two S5~second bursts;’.The homogenate was ceptrifuged in
4 Beckman L8-70M ultracentriéuge at 200,000 x g’fgr 30 v min
in a SW60 Ti rotor. The resulting supernatant (cytosol
fraction) was decanted and diluted to approximately 1.0-~2.0

mg  of protein/mi of Tris-MoO4 buffer. The / proteih

concentrations were determined by the method of Lowry et al. .

(1951) . - -

1
1

£) Binding Assays

'Aliquots of rat uterine cytosol (200 pl) were incubated

_,overnight at 4°C with 50 pl of one of 6 concentrations (0.1~

36

5.0 nM) of [3H]estradiol.fFollowing an overnight incubation,

the experimental samples were exposed to DCC, LH-20 and HAP

, ‘ .
as described below. The amount of tritiated estradiol that
was bound to non-receptor proteins was determined by linear
regression from a series of three tubes containing a 100-

fold excess oleES and was subtracted from the total amount

of bound radioactivity to yield a measure of estradiol-

specifically bound to receptor. The total number of specific
estradibl—bihding~‘sites-and the dissociation constant were
' determined by analysis of Scatchard plots (Table 1 'and

Figure 3, Scatchard, 1949). For the purposes of this study,

the total number of receptors was expressed as fm@}/uterus.u

C \
‘The ' uterine weights used represented the mean weight

obtained from twelve uteri.



i)‘Dextran~coa§ed Charcoal Method
A 500 gl aliquot-oﬁ dextran~coated éharcoal {DCQ)
suspensjon was added to the cytosol and incubated at 0-4°C
for 10 min. The charcoal and adsorbed free [JH]estradiol

were precipitated by centrifugation at 12,800 x g in an MSE

Micro Centaur microcentrifuge. A 500 Ll aliquot of the

resulting’' supernatant was mixed _with 5.0 ml of Beckman

‘Scintillation counting fluid and the radioactivity was.

measured using a Beckman LS9000 liquid scintillation

counter.

ii) Sephadeg'LHjZO Method -
‘ N

Sephad%x LH-20 wa; prepared by hydrating the beads for
3 hrs at éoom temperapure in TK.4 buffer. The gel was washed
twice with TK.4 buffer and resuspended in ?K.4 buffer to
'give a ]i:l ratio of gel to buffer. The LH-20 rhad 'been
swollen for less than one week before use. Columns were
prépared by, placing a -3 mm glass bead in the béttom of a
disposable, blue plastic; 1.5 ml pipette tip and filliﬁg the

tip with approximately 1.2 ml of prepared gel. 'Phe columns

37

‘were washed once with 400 pl of TDK.4 buffer; 100 pl of .

sample were applied to columns at 4°C, washed with 100 pl

of TDK.4. buffer and eluted with 400 ul of TDK.4 buffer

~directly into scintillation vials; 5 ml of scintillation

-

- fluid - were' added togeach vial'and the radioactivity was

. determined as above.

~
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iil) Hydroxylapatite Method
Bio-Gel HTP hydroxylapatite (HAP) was prepared by

suspending 100 g/L of HAP in TKP buffer and washing the HAP "

3 times in the same buffer. The settled HAP was resuspended

"in TKP buffer in a ratio of one volume of HAP to five

L]

volumes . of TKP buffer gnd 500 pl were a@ded to Each tube
cohtaining 500 pl of TKP buffer and 200 pl of cytosol. The
mixture was. incubated for 30 min at 4°C, stirring every 10
qia\on a vortex mixer, followed bj'cehtrifugation ét 12,000

x g for 2 min. The supernatant was decanted and discarded.

The pellet was resuspended in 400 ul TKP buffer plus 100 al

of labelled steroid.

Alternatively, cytosol'hhich had already been incubated
with steroid as above as for the DCC assay, was then bound
to HAP. The HAP was then washed and processed to radioactive

counting as above.

Free steroid was removed by centrifugation at 12,800
x g for 2 min and washing the pellets 3 times with 1 ml of

10 mM KH2PO4 buffer; bound steroid was extracted by the

38

addition of 500 pl of 95% ethanol to each tube. Both the

‘ethanol extract and incubation tube were piacéd. in - a
counting wvial with 5.0 ml of scintillation f£luid for

determination of radioactivity.



3. RESULTS

To validate the binding aésays,‘a'series‘of rat uterine
cytosols were prepared as described in the Materials and
Méthédé sectioh, and assayed for eétrogen feceptot‘using Chel
tgchhiques- of DCC, LH-Zd‘and HAP to separate estradiol-
redeptor. >comp1éx from free .and ‘nonsgebifically " bound’
estradiol. Analysis of vafiaqce (<;= O;OS,.F = 1.00) of the
results, as showr in . Table '2, ihdicate@ thé; " these
separation ‘techniques " had no‘significaq; éffect .. on the
estimated receptor concentration. The estrogen receptor
concentration as determined by the standard DCC assaf‘ was

954+141 fmol/uterus or 318149 fmoi/ﬁg cytosol protéin.

Initially, when the cytosol was incubated with HAP
‘prior to the"additfon of steroid,- the tot#l nuﬁbér of
reéebtor sites ‘and dissociation constaht"appeared to be
:sligh;ly ‘iower thah expected‘(tésults not shown}), bgssibly
due to. some,inaéceséibility‘of-the receptor pihding"site
oncel it had “adSofbéd onto 'the HAP. By modifjing: the
ptocédﬁté éiightly; (additipn.of 100 pl‘of steroid and 400,
pl . of 'bufferj,. data closer to'thé‘estfblisﬁed mean wére‘

obtained (Table 1, HAP-2).

39



The

concentration

t

'Of

Table 2.

estradiol-binding sites in the

.cytosol fraction of uteri .of untreated immature rats.

.40

. Binding data from Sephadex:LH-20 and HAP assays were-

compa;ed with binding data from the DCC aésay.

]

Concentration of Estradiol—Binding Sites

Receptor adsorbed onto HAP béfdféfétetoid wés added. '

fmol/uterus Dissociation Constant

Assay (N) (mean+S.D.) (mean+S.D. ; nM)

v l ' *.

DCC (16) 9541141 0.111+0.105 '

LH-20 (5) 10504108 . 0.113%0.037

HAP-1 (6) 10384144 70.113£0.130

HAP-2 (8) '1014+144 - © 0.115%0.024 '
~HAP-1 : HAP added after receptor was‘incuﬁated with steroid. .

' * Equivalent to 318 fmol/mg of cytosol prbﬁéin.

" Analysis of variance (x=0

' difference . between

§
the

Sephadex LH-20" and HAP. ..

.05, F=1.00) showed no siénifibant

>

[T

‘separationvjtechniqués‘ of . DCC,
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- 4) DISCUSSION -

4

’ LY

The, concentration of estrogen receptor< of cytosols

]

prepared from uteri of untreated iﬁmature rats apparently'

can have a  2-3 fold range of values k243—551 fnol/mg . of

protein),,‘ These results - were from assays performed on

) -

frdzen” cytosols prepared . from 'twd, groups of rats and |

41

"analysed over a six-month period by th{ej personnel of . the
p

Hormone Receptor Labdratory of the Department of Medicine of
the University of Alberta and Crossllcancer.‘InStitute/
'Edmonton. The ‘mean receptor level forj 89 consecutiVeJ
cytosols was. determined to be 373170 fmol/mg of proteln The”’
observed varlatlon w1th1n batches of cytosol could be causéd
by technlcal 1ncon51stenc1es in performlng the: assay "or

vpossxbly by dlfferentlal stabllxty of allquots of cytosol'

‘prepared and stored at’ —70°C (Love et,‘ al.,‘ 1983).

fVariations among batches -of cytosol may be due . to

“differences between anrmals (Shih and Lee,f 1978) Olderd

animals .may' have slightly hlgher 1evelsp of .endogenous

,estrOgen which could result not only n':an' increasedbﬂ"\

-afflnity of’ the receptor for nuclear components but also 1n~'1'

.an lncreased ‘rate . of synthesis of rthef receptor protern

'(Kassxs and Gorsk:., . 1981,' 1983) : o:.--, the total cellular

protein concentratlon and welght of the uter1 may dszers'

between younger and older rats.~ Other as yet unrecognlzed

¥

"factors may.also be 1nyolved.



‘The estfogen.‘reqeptof ‘concentration of ~rat uterxne
cytosols dete:mined in this: study was’ WLtth the range  of
‘expected. values (see.above). The result of Sephadexd LH-20

chromatogfapny of :eceptorebound radxoactxvxty elutipg' in

If'the void volume (400 nl) and in. the same volume as 81 e .

. dextran, was in agreement w1tn results reported by Roy and

N -

.McEwen (1977) and” by Thorsen -and- Stoa (1979), Therefore, 1t

‘was concluded that the separatlon technlques of Sephadex LH-

20 and hydroxylapatlte were ‘functlonaly\ equlvalent to

'

dext:an—coated charcoal ‘in their abilitieé to‘VseparaEe,

estrogen*receptof” complexes . from f:ee and nonspecxflcally‘

@bound estradlol in cytosols prepared from rat uterx.v



CHAPTER ILT
EVALUATION OF THE NUCLEAR ESTROGEN RECEPTOR ASSAY ¥,
1. INTRODUCTION

Having establlshed the valldlty of technlques for the

s

o separationv of bound from free ster01d (Chapter II), the .

Vsecond ' research'i‘objectlve ‘was‘ to .ensure that 'assay‘

g condltlons | for the;idetermination of‘vnuclear ; estrogenl
receptors“ provided accurate,ll‘reproducible .results The .
objectivés of'assays_that arevdesiQned' to measure speciflc
;t*nuclear‘ proteins of target tissues are to isolate purified
nuclei 'from ‘cytoplasmlc constituents‘and to ‘protect the'
protelns from degradatlon whlle mlnlmlzlng entrapment w1th1n

‘the nuclear components (Mayer and Gullck,_ 1942' Zbarsky and

Georglev, 1959; Zbarsky et al., 1962- Wldnell et al., 1969)“f

'Tissues ,can be processed ln a number of buffers us1ng
homogenlzers such as the Polytron apparatus (Brlnkmann) The

homogenate 'c‘ then ~be-

‘f bjected ‘a varlety “E
.centrlfugat1onl procedure»,
”i speed and duratlon of centrlfugatlon,: dependlng upon the'

desired product (Steel and Busch, 1963 Busch and Daskalq;“

whlch dlffer w1th regard to the‘;;

1977) The method most wrdely employed for the' preparatlon:;

of nuclel uses sucrose solutlons ”Eorl stabllrzatlon .of

nuclear structures (Busch and Daskal,; 1977) i Magneslum,‘

?. usually coupled wx h potassrum, ,1s 'often used for ‘xonlc;"“

stabilizatlon 1n nuclear 1solatt/y teChnlques because 1t ls?‘

. L
e

o . . . e . .
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‘required‘ as a cofactor by a varxety of nuclear associated

| enzymes (Wldnell and Tata, 1964) A bufferxng .agent ‘such as

B

‘Trls or . phosphate' is requlred to‘ maintain the ~ PH. of

suCrose—magneslum solutlons in the acidicArange‘(pH 6- 7),‘

because under more alkallne condltxons, drvalent catxons may

become complexed wlth hydroxyl groups, causlng dlstortlon of

nuclel and thereby poor nuclear preparatlons or low yields

(Busch and Daskal, 1977)

Detergents' arev often lncluded ‘in - procedures fcg

’

isolation of nuclei,' partlcularlly from tumor tlssues

Detergents such as Trlton x 100 1mprove nuclear. purlty and

ryleld by destroylng cell membranes and by strlpplng off athe

outer nuclear membranes,(Smuckler et al., 1976). Detergents‘

“also‘ act to reduce. tritiated estradiol b1nd1ng to'

nonspec1E1c proteins in human breast tumors (Syne et al,,

.ﬂ1982) S BT L B jW

k Sulfhydryl reducing‘ agents, such {as‘ dlthlothreltol

(DTT), are also 1nc1uded 1n solutxons used to process-f

’nuclear fractlons (Lleberburg and McEwen, 1979)~1n order to

fprotect the receptor ‘ agalnst agaxnst 1nact1vation bj

_oxldatlon“offvessentlal sulfhydryl groups (Selbert “and'u“‘

L1ppman, 1982) DTT has ar been reported to inhlblt lzgandf

I;Vblndlng to low afflnlty, hlgh capacxty type II' estrogen_'3.

”b1nd1ng,31tes 1n rat uterus (Markaverlch et al., 1982), andl;j'

A

:to a lesser extent 1n human breast tumors (Syne et al.,

”v1982, Panko and crark, 1981)

. . . ‘ . . IS N
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In summary, . steroxd receptors are thermolablle, pH. and

45

ionlc strength dependent, unstable protelns (Katzehellens‘

’bogen et al., 1973' Seibert and Llppman, l982) Therefore,

approprlate assay condxtlons that prov1de excellent ‘nuclear

yield whlle maintaining receptor Lntegrlty ‘must 'be . chosen -

in order to minimize underestimation of receptorlcontent. In

'order\to fulflll the second research objectlve, the nuclear
,estrogen xreceptor assay of Roy and ‘McEwen.‘(l977) ‘was
evaluated by - quantiinng.the estrogen'reCEptor contentl'oﬁ
uteriloﬁ' immature rats:ﬁThe éxtent of the assaypvariabillty

was .subsequently determined in order to use immature rat

uteri as a reference tissue for the assay of nuclear-

estrogen receptors of human breast tumors.’

'immaturev.rats}u presumably w1th no.or low levels of

‘endogenous estrOgens,“were estrad101 prlmed ‘Wlth a: 51nglek

‘pharmacologlcal ddse of estradlol in order to. enhance “the‘

dafflnity of estrogen receptors for nuclear acceptor 51tes.

_tThe advantage of u81ng rat. uterus is that uterlne ‘nuclear

"‘Tfestrogen receptor content ls well documented (Walters, 1985)v

xdand it permlts a rellable evaluatlon of assay procedures.

'
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2. MATERIALS and METHODS

“a) Chemicals
\ Sucrose was obtained from Schuaftz/Mann (Spring. Valley,.
- NY, USA). Triton-'x~100 was purchased £ rom BDH Chemlcals

'(Tor0nto,“ Ontario). All other reagents were purchased from

A

Fisher éciéntificfcd.nm(ouebec, Canada) or as 'described in

.Chapter'II.

b) Buffers
1. NI 1 mM KHPO4, 0.32 M sucrose, 3 mM MgCly,

0.25% (v/v) Triton X-100, pH 6.5 “at 22°C

.2. NII: 1 'mM KHpPOg, 0,32 M.sucrose, 3 mM MgClp,

pH 6.8 at+22°C

3. NITI: 1 mM KHzpo4; 2.4 M sucrose, 1 mM Mgc12,
pH 7.0 at 22°c
4. TD:"ﬁib'mM“?risFHC}} 10 mm DTT, pH 7u4,at‘22°c

‘\. ‘ n? ¥ . ) .
5. TDK 4 vﬁo mM Trls—HCI, 10 mM DTT, 0.4 M kel
' l P»¢ @ A - I
. pH 7.4 at 22°c
6. TDK.8: 10 ‘M Trls-HCl, 10 mM DTT, 0.8 M KCl, ’
| | pH 7.4 at 22°c SR o
7 Trls Moo4..10 mM Trls HCl, l 5 mM EDTA, 10% glycetol,-
R lO mM sodlum molybdate, 12" mM MTG, PH 7.4

‘ b
- at 229c |

,SUSpensidds of rSephadek‘rLﬁézba and HAP -fused‘!for ‘nuclear ;

estrogen reéeptqr assays fwerejdeSCribedsigﬂChapter'Ir.‘




c) Animals

lfémale, Spfaguq;Dawley‘ ‘rats,. 5-6 weeks old, were

estradiol-primed by intraperitoneal injedtion of 10 pg . of
) . . \ . . \ i

‘l7pfestradiol' in‘200 pl of 5% ethanol‘in normal,saline, 30

- min prior to . sacrifice. Control  animals received no

treatmeént before being sacrificed Uteri were . excised,

stripped of adhering mesentery, pulverized, and stored at

~70°C until required

-d) Preparation of the Nuclear Fraction

(i) Isolation of nuclei. The nuclear fraction was

47 .

prepared and assayed for estrogen keceptor as shown in -

'Figure S.u‘ Powdered' uterine tissue was processed by the
\method of Roy and McEwen (1977) Tissues»were homogenized as

descrlbed prev1ously, in 10 volumes of NI buffer and centrl—]

fuged in a Beckman J2-21 at 800 x g for 10 min at 4°C. The

‘supernatant was discarded ahd’ the pellets were washed twice

' wzth lO volumes of NII buffer. The - pellet, comprised of

nuc1e1 and dense cellular components,'was resuspended in NII o

'buffer ‘and diluted in 2. 2 M sucrose V(NIII buffer). The
. ¢

: final;} high-viscosity suspens1on was “centrifuged" at

le‘OOO x g for 1l.h at 4°C, to sedlment the nuclei, leav1ngc_

most of the cytoplasmic constltuents in . suspensxon. . rhe‘

4.

, supetnatant was decanted and discarded. "The‘ remaining

“sucrose was w1ped ftom the sxdes of the centrifuge tube w1th""

”

a tissue. f Sucrose-purified nuclei in pellets of selected

.;samples were determined to be free of extensive cyt0plasm1c

ticontamination by phase-contrast microscopy (not shown).



Rat uteruys, Human Breast TiSsue

pulverize in liquid nitrogen

POlyt:On homogenlze (settlng 3.5 for 2 x S sec) .

in NI (sucrose phosphace buffep with 0. 25% T:;ton)

| . . ) : v
) )

Centrifuge 800 x g for 10 min

discard superpantant

'

Wash pellet 2x with‘NI bﬁﬁfer

R A
Purify nuclei through 5.2 M sucrose by |
”,cenﬁrifugatioh at 10,960 X g‘for 60 min-
T

Extract huclear‘bellet witn‘0.4 M KC1l for 30 min

. i f :
o
! ’ ’ ' lf

Centrifuge 10,000 x g for 15 min

Supernatant o . o "HPe&lét
(KCl soluble fractxon) .“ ;(KCl—in$olub1e ffaqtion)
LH-20 Binding Assay '~  HAP Binding Assay

<’

Figure . 5. ' Flow diaggam for the preparation and assay of _the:
. ~nuclear frac:idn 3 coe BRI

A
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(ii) KCl extraction. “Sucrose~,urified nuclear pellets -

7 ' 1y

were suspended in a hypotonic (TD) ' buffer and nuclear

)

~estrddiol-receptor complexes were e€xtracted By addition -of

an equai volume of TD buffer containing ‘0.8 M KCl. The

1

mixture was kept at 0-4°C for 30 min with occasiopal

stirring on a vortex mixer and was then centrifuged at

10,000 x g for 10 min at 4°C to yleld a KCl- soluble

upernatant fract;on and'a KC1l~ Lnsoluble pellet.

. [\

e) Binding Assays

. Aliquots of both KCl-soluble and KCl-insoluble nuclear
fractions were incubated with tritiated estradial at 4°cC

overnight as described for cytoeol fractions in Chapter II.

~ To determine the amount of estradiol binding in the nuclear

!

ffectioh( estraaiol, complexed to receptors as a result of
‘inevvito; injection, was . exchanged with [3H]estradiol by
'ineﬁbating the ‘samples . for ‘30 min at 379C’ (exchange
conditidns, Anderson et al., 1972af Samples were then
"cooled at 4°C for 30 min. -prior to ‘the separation of free:

"‘IBH]estradiol from estradlol-receptor cqmplexes. '

. The pellet rema1n1ng after KCl treatment (KCl 1nsolub1e
/ftaction) was~fesuspended 1n TrlS~M004 buffet and 1ncubated
yith HAP prlor'to the addltlon,of steroid. Non—specifically
"bodﬁhh and " free 3H]estradlol .in the KCl soluble fraction
and in the KCl insoluble. fractlon were removed by adsorptxon
L,on Sephadex LH-ZO and by repeated washing of HAP-adsorbed

[3B]estradiol-recept0t complex, respectxvely, ag descrlbed

-



in  Chapter 1I1. -Receptor concentration was determined by
Scatchard analysis and expressed as fmol/uterus (Chapter

1), >

3. RESULTS
a) Estradiol-~Binding Capacity of Untreated Immature Rat

Uteri )

The ‘spec}fic estradiol~binding capacity of utérine
tissue from immaturé rats was determined 'using the - method
of Roy and McEwen (1977) as described in the Materials and
Methods .section. TaSIe 3 éhows that all of ;he. estr%dioif
binding sités were partitloned in thé'nuclear fraction'”anﬁ
that approximately half of these sites could -be extrécted
with KCl. The totai amount ofrréceptor,.1226t212 (meantS.D.)
fmol/ﬁterus, was similar to the amount of receptor observed
in'.expegiﬁents where'épeCifically b?gﬂg estradiol in éhe

cytosol fraction was determined by DCC assay (Chapter II).

b) Influence of Estradiol on Estrogen'Redéptors of

. Immature Rat Uteri
. ",;w‘ ’ ‘ S
Estradiol tteatment appeared to result in an incrgase
in the fotal numbeé of specifip estradiol—bindingﬁsites An
.the nuclear fréctioﬁ Sf émmaturg réEA;tef; (Tab1e|3). Th;a
numbér‘,Was significgp;ly higher (t=9.37,:p<0.05) than the’

number of specific estradiol-binding sites obse:ved‘in_ the



Table 3

”

~i, Estradiol-binding capacity of immature rat uteri.

' Concentration of estrogen receptors

fmol/uterus (meanxS.D.)

s

Control Estradiol-primed

Cell éraction (n=4) (n=4) (n=3) (n=3) (n=3)
Cytosol no binding ~-~---- - no binding --——-=~-~--
KCl-soluble 5981168 566+50 638+£105 484+81 1 673+103

i

']
1

KCl-insoluble 628+143  696+59 1006+75 16204137 1091151

Total [ER] = 12264212 1262%56 1644£154 2104+158 1764+187

Weights of‘gmmature rat utefi.ranged“from 0.25-0?30 mg.

Mean rat uterine weights for individual batches were
determinea from the weights of twelve uteri. '

Tissue powders were homogenized in NI buffer (see Materials

and Methods); thus this control differs from that of Table
2. . o . ’



cytosol fraction (see Table 2).: For thirteen determinations

on four groups of animals, the average number of speclflc
nuclear estradiol-binding sxtes per immature rat uterus, 30
min after injection of 10 ug of ‘estradiol, was 1693£509 fmol
(Table 3)., The cogcentration of estrogen recepters of uteri
of immature rats observed in this study was consistent with
the receptor. levels observed by other-investigators (Clark
and Peck, 1976; Gannon and Gorski, 1976; deBoer et< al.,
‘1977; Schoenberg and Clark, 1980; Markave:}ch et al., 1981;
Jordan et al., 1985) whose results ranged from 985-1700

fmol/uterus.

¢) Estradiol-Binding in KCl-Soluble and KCl-Insoluble
Nuclear Fractions of Estradiol~Primed Immature ﬁat

"Uteri

‘Also shown in Table 3 is the amount of specific’

estradiol-binding in the KCl-soluble and KCl-insoluble
nuclear fractions. The amount of specxfxcally bound

estradiol observed in’ the KClqsoluble fraction represented

a mean of 34% of the total amount of specific nuclear'

estradiol-binding. The remaining 66% represeﬁted the ‘amount
of receptor that remained resistent to salt treatment.
S
d) Influence of Homogenization Buffer on Cytosolic/
- Nuclear Distribution of Estrogen Receptors of

Untreated Immature Rat Uteri

In expergments designed to'determine‘the ihflpence’ of

52
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the homogenizationvbuffer on the‘iﬁtracellular localizarion
of estrooen‘:receptors,‘ it was found that Trls—molybdate
buffer (used in.ﬁhe preparation of cjtosolsl,* was effectlve
in solubilizing unoocupied " receptor intoilrhe ~cyrosolic

compartment (Table 4). of the total estradiol-binding sites,

74% were partitioned in the cytosolic fraction, and the'

remaining 26% could be extracted from the nuclear pellet.
Tnis observation was consistent with the results reported by
Carlson and Gorski (1980) who demonstrated that 89% of

strogen binding sites were solubilized into .the cytosol

‘53

fraction of uteri of 21-24 days-old untreateg -rats, ‘while

11% remained in the nuclear pellet. .

>
Sodlum‘ molybdate results in receptor aggregation and

.thus’ inhlbxts receptor transformatlon and subsequent binding

of the estradlol receptor complex to DNA cellulose (Muller

et al., 1983).. Consequently, although KCl itself can

'result in receptor activation and vblndlng to DNA (Muller'éts

al., 1983), the 1nh1b1tory -effect of molybdate on the trans-

formatlon , reactlon may explaln‘ why no KCl 1nsoluble,

estrogen-blnding 51tes were observed in uterlne nuclei that

‘had been homoéenlzed in Trls—MOO4 buffer. Furthermore, when -

uteri - from estradlol*prlmed 1mmature rats were . homogenlzed‘

in Tr1s-molybdate buffer (data not shown),v we found that

vthis buffer could no longer solub1llze occupled estrogen‘-

o

:éceptors into the cy.osolxc compartment:v‘
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Table 4

54"

‘Influence of homogenikation buffer on cytosolic/nuclear

distribution of estrogen receptors of untfeated‘immatu:e

rat uteri.

Homogenization Buffer*

NI

Tris-MoOy

P Estrogen ;eceptor concentration
Cell Fraction** : l fmol/uterus_(meénts.d.)
: 1 : .
Cytosol . ~ no binding (n=4) 10614128 -
KCl-sokuble . . - ’ 598+168 368+129
KCl-insoluble - »a628£143 c no bindihg

. ‘ RPN . N . ' hY :

Total [ER] - - 1226+212 1429+65

n \

j ‘* Sée Buffers under Materials and Methods

»

*# See'Materia1s and Methods - e



e) Assay Variability

55,

The'-range of nucledr receptor'content observed between

: batches of powdered uteri (Table 3) was consrstent wlth the

| ”range observed for cytosolxc receptor content (Chapter IT).

The coeff1c1ent of variation in estradlol -binding capaclty‘

/

observed within each batch of powders (rntra—assay)'was 8%
'and‘ between batches (inter-assay)' the coefficient of
‘ variation‘-was‘dotg . The hlgh inter-assay Variation‘observed
in‘KCl—soluble ahd KCl-insoluble fractions'may, in part, be

' related to the small sample srze or to the age of the rats

and levels of endogenous hormones. However, a major source

*y

of varlatlon was llkely due to the change in the ,phy51cal‘

‘ characterlstlcs of the nuclear fractlon upon exposure to 0 4

M KCl. P?he' hlgh 1on1c strength buffer caused ‘the ‘nuclear

"materlal to become very gelatlnous andl flbrous,‘ perhaps

I

'protectlng receptors from extractxon.

Inltlal ekperiments to determlne the DNA" content ofb

fthe rat uter1 were carrred out on the entlrg, pellet that\

e s

‘Fbmalned followrng exposure to' KCl (Burton, 1955) However,f

o when the KCl 1nsolub1e pellet was - resuspended ‘in. buffer for

the determlnatlon of receptor concentratlon, the consrstency\‘"

4of the KCl—insoluble pellet 'was such that homogeneous g

‘ialiquots Qand ; accurate oDNA determlnatlons were qulte"*

‘ impossible “to obtaln.' A br1ef\“polytron homogenlzatlon"

h*f(Polytron PT-lO) of the salt—rnsoluble fractlon to overcomel o

' 3thls problem was runsuccessful and the results were- moref

,jconsistent when the receptor concentratron was expressed as"“'

. e

v N
L



homogeneous aliquots. |

‘ExpoSure to a pharmacolog1 al dose of estradiol appears to&'

56

fmol/uterus. The KCl-insoluble pellets were also incubated ,

~with DNase I in an attempt to makel the ' pellets more‘

manageable.v However, perhaps because of the smalb quantlty

of nuclear peliet,' this >procedure stxll did not- yield .

~ ! '

4. DISCUSSION

a) Estradiol-Binding Capacity of .Rat Uterus
i , _ \

The ' variation of receptor ~content .observed. in

preparat;ons of rat uter1 was dlscussed 1n detall in Chapter

1 . * i

sites 1n uteri of untreated}rats may reflect the quantlty of‘

endogenous ‘estrogen that . 1s present in the 1mmature animal

P

~ and - HAP aSSays on the quantlfrcatlon of nuclear estrogen_

i

. IT. ‘For example, the number of.nuclear estradlol blndlng"

 result in;fa‘ increase in the total nzﬁber of estradlol-‘

Ubinding'sites; Pllot studles, comparlng the effect of LH 20[‘;

‘receptors, 1nd1cated that the 1ncreased number of receptors”

' was” not due to these assay technxques., Although the LH =20 -

‘ ;assay could not be used to quantlfy receptors in»pthep

7assays‘-were equally effectlve for the- quantzflcatlon of‘r

flj gelatlnous 3 KCl lnsoluble fractlon, both LH-20 and HAP

nuclear estrogen ,receptor‘ inf the KCl-soluble . fractiongw-,‘

|

(results not shown)

‘ Estradlol,‘ wh1ch is rﬁsponsxble Eor the characteristic',ﬂfﬂf

physrologlcal changes in estrogen-sensxtive tlssues, couldd'”"

e KIS
L LR
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 promote ah'inCrease in "receptor synthesis and thus result

~in .fan ‘1ncrease 1n ‘the total number of 'binding sites in

estrogen target‘ tlssues. But, this increase Ln rreceptor'

‘vcontent would not happen in the 30 mlnutes durlng whlch the‘

“‘anlmals are" exposed to a pharmacologlcal dose of: estradlol

(Anderson 1972b Clark‘et al,, 1972). However,- a Chronic~

exposure to low. concentratlons of estadxol 1n some! animalsf

could ‘account for hlgher nuclear levels 'of | receptor

‘ (C1dlowski and Muldoon, 1974; ”Zava’et al.; 1976).<DAnother"w

explanation for the,apparent increase in‘the concentratlon‘

of cellular estrogen receptors following estradlol 1njectxon

has been proposed by Garola_‘and McGulre (1977b) These"

‘lnvestlgators attrlbuted the 1ncrease to protectlon of the

‘,receptOr'nby estradlol durlng homogenlzatlon and fractldn-,

'atlon procedures.

'th)'fmportancegOE‘Buffers for the Assay of Nuclear =
‘EstrogenfReceptgrs L o |

!

There is" con51derab1e evxdence whlch lndlcates that”‘f

ilocallzatlon of * unoccupied estrogen receptor sxtes 1n 'the

'jnuclear fractzon of uter1 of untreated 1mmature rats does

not arise‘ as ‘a result of »cytoplasmlc estrogen receptorf

"becomxng trapped 1n the nuclear pellet as a ‘result of

:‘homogenization (Panko and MacLeod, 1978) Flrst, as shown by

'sother worxers (Carlson and Gorskx, 1980),‘-when uter1 of“"

ﬁfuntreated immature rats were homogenxzed 1n the presence of'

ﬁfhigh cytosolic estrogen receptor levels, only a’. small'z

’ - "‘,A”"rg o :- r - ' . .
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increase »in‘ estrogen‘}receptOr levels . was _subsequEntIy'
- measured in the nuclear fractlon of these“uteri. Thus,

o '

Carlson and Gorski (1980) concluded from thelr experrments

that estrogen receptors were not randomly trapped by a large

N number of non spec1f1c SltES in the nuclear pellet

ot

. Second, the lncluslon 1n the homogenxzatxon buffer (NI)

'of 0.25% Trlton X- 100 ' whlch strxps away ‘the outer plasma
membrane and";s able to freely penetrate 1the:-nuclear ;
membrane (Snucklerzet‘al;, 1976) did not reduce the total‘
:estradiol—bindlng capac1ty of ratl uterl..* Thls ’result
suggests that estrogen receptors are not assocrated w1th the

nuclear pellet through hydrophoblc bondlng

‘ Third, nuclear estrogen b1nd1ng srtes probably doc not

Qﬁib arise as ar result of chemlcal transformatlon of cytoplasmlc
receptor 'and subsequent translocatlon to the nucleus.‘ The"v
evldence for thxs comes in part from the studles of Fukai
amd Murayama (1984) who observed that " concentratlons of pﬁf“k

10 mM Mg++ had no effect on nuclear translocatlon of of
': cytosollc estrogen receptors."rId\'addltlon, the concen- ;b:&’
tgatlon of 0 25% Trlton X- 100 and 3 mM Mg, whlch are present

: o

Q in the homogenlzatxon buffer, has been reported to fresultuhv

(q

1n degradatlon Nof' cytosollc estrogen‘ receptors ~in75the'

“-absence;of:nuclex (Roy and McEwen, 1977) e
SN I l*,‘, ﬂ‘; ‘ ot ' TR S
2 &gourth,'gpur;f;ca:ion of nucle1 through 2 2 M sucrose S

'resultedw:' , very lxtfle contamlnatlon with cytopla ""“"'

-——ﬂ—debrls_when—themtxssae was—homogen1zed—1n_Nr_buffer.{;,;g,f;"ﬁpr2

y .
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“Fifth, the observatlon that 0. 4 M KCl could extract one

~half  of the total nuclear receptor content ln untreated

‘rat uteri- suggests. that unoccupred receptor chromatxn

lnteractlon is in part, due to ionic bxndlng.
v o v w
‘All. of the above data are consxstent thh the.: current

hypothe51s, that steroxd receptors in target trssuesmyare

],predomlnantly //nuclear . and can  be artlfactually

.redlstributed Ito the cytosol during trssue processxng.n

M‘Unoccupled estrogen receptors can be easxly solublllzed and

'

separated from &f%e partlculate components “of untreated

immature -rdt uteri; However, an lnjectlon of- estradiol

quickly results ;in high afflnlty blndlng of estradiol-"

receptdr complexes to chromatln acceptor sites. Receptor

:‘sltes occupled by endogenous estrogens cannot be“readlly'h

"solub111zed, but appear to be dlfferentlally extracted by

0. m RCL. a
c)“KCl:Solubleiand'KCI-InSOlubIevEstrogen Receptors

. . 4
LA

Attempts to galn a better‘ understanding of h'theﬂ\

‘jmeéhanism of ster01d actlon have been dlrected towardsf

ﬁ"defining the relatronship between ster01d receptor complexesjf~

_fand nuclear acceptor srtes.- Clark and Peck (1976) were the -

Y.first to demonstrate v that the number of KCl 1nsoluble

¢

;receptors in uter1 of estradlol-prlmed 1mmature rats ‘;was:

N

gapproximately equal to the number of 31tes requrred for true;*nr

ji;uterine growth and suggested that 1t was these sxtes that"'

“fwereﬁphysiologically the most 1mportant¢phgﬂ,
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Severa&\ 9gher lnvestxgators have also observed KC1l-

Lnsoluble SLtes Ln uterxne nucler of meature rats, however,

[

there is consxderable dlsagreement regarding the proportlon‘

‘- of KCl soluble to KCl lnsoluble sxtes For' lnstance, .some

lnvgstlgatorS‘ clalm extractlonw percentages ‘of ‘ 80 -90%

‘(Juliano and Stancel, 1976 Muller et al. 1977), whereas,

others are able to extract only 35—35%~of‘nuclear estradlol~

binding sites (Ruh and Baudendistal, l977;f Ruh et .al.,

1977; Barrack and Coffey,  1982; ‘Katzenellenbogen.et al.,

1978; Attardl, 1983). © In the present.study,.,thg‘results'

"were' more in agreement with the results of Ruh and

colleagues than with Jullano and colleagues.

Several methodologlcal dlfferences have been suggested

as ‘ explanatlons - of"’ the' contradlctoryf'*results . for

>

ektraction of receptors from rat‘uterl.(Ikeda et al.,
1982). 1Ikeda’ observed ‘that a single extraction of rat

uterine nuclel w1th 0.4 M KCl 1 or 6 hr after ‘ln:;xiyo'

’j.lnjectron of [3H]estradlol (dlrect assay) removed ' 80- 85%

. of the total nuclear bound [3H]estradlol -Two addltlonal;?

extractlons removed 95% of the total nuclear bound ;[3H]- "'

‘ %
estradlol.j' .

L0

However, when the- KCl extractabllzty of the estradiols-.~g

‘ receptor ﬁ complex was determlned .USlng [3H]estrad1ol j‘r;

”'exchange assay (lmmature rats were injected wlth dhlabelled

the(gpuc@ﬁar bound [3H]estradiol rn the KCl- e




binding sites could be further manipulated, .depending on
- whether the [BH]estradxol exchange assay was performed
before or after KCl extractlon of the nucle; (Ikeda et al.,

"

1982).

*  The ' most \signiflcantr'factors‘ 'affectlng‘ receptor‘
extractability'n appeared to be conditions used .'for‘
3 extraction ‘of.receptors and’ for the exchange assay (Ikeda‘
‘et‘al., 1982), as well as the osmolarlty and constltuents
of solut ons used for assays of nuclear receptpr (Ruh and‘
 Baudend1stal, 1977) The‘ con51derable varlatlon‘ln the
ratio of KCl—soluble to KC1- lnsoluble estrogen receptor;
’ reported in the “llterature, leaves. little ~douht that
. ;‘experimental condltlons are crltlcal to the evaluatzon 6:,
y‘the"FCharacterlstlcs ‘of nuclear binding of" estrad1014
teceptor complex; Thus it remaiﬁs to be establlshed whether
two unlque receptor populatlons, a KCl soluble and a Kle

1nsolub1e receptor populatlon, exlst' in v1vo .

ddj‘heceptor Stability

vv-The longer ‘period of cold storage of uter1 used in th:\\
study (batches l vand 2 were. stored 4 6 months prlor vté

i receptor assay as opposed to 1 2 months for batches 3 andh
" -4) “may have resulted in a sma11 loss of receptor‘ concen4

ttration,:‘ however,' receptor concentratlons were- W1th1ndf

‘the expected :range ‘of values..f, Controlled studies to

" ':. : determine the Stabllity of_l-_nuclear__,.estrogen _,_receptor___,__of‘m________,_,:;_‘_

Sk R Y

‘gqrat uteri stored at -70°C”were not.carried out, but others
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have reported that estrogen recepto; remalns stable at

“fok several months (Wittliff et al., 1980; Hyder and LeaRe,

.1982).

5. CONCLUSTONS
Comparison 'of the ‘quantity of specific estradiol-
binding 'sites in uteri of estradlol~pr1med rats Qith “the

. quantity of estradlol~blndlng sltes in uteri of untreated

rats led to. the followlng conclusions:

o

A
l

\ 1) Exposure of 1mmature rat uterl to éstradl%l results
c

in an apparent 1ncrease ln the number of Sp6C1f1 nuclear

‘ estradlol blndlng sites. N o .
) t ,

@_ . '

ii) Estradiol—binding sites are not degraded durlngx

nuclear assay procedures used

i) Estradiol, prevlouSly complexed with nuclear

' estradiol-binding ' sites as a result of hormone ‘injections . -

s . . ' . . ] o

apparently,?exchanges'with I;H]estradiol durlng incubatiop -

of the nuclear fraction at 37°C.

" T'
a

Therefore,‘nuCIear assay‘brocedures used in this‘study

can be used to accurately determine the number of speciflc

nuclear estradlol b1nd1ng 51tes in the estrogen sensitive
tlssue,‘ rat uterus. Consequently, it was assumed that this
‘ method could be useful for quantzflcation of nuclear

-westradlol-blndlng 51tes ln both normal and neoplastic

'ﬁtestrogen target tlssues durzng the estrousvcycle.‘ni'




CHAPTER 1V

NUCLEAR AND CYTOSOLIC ESTROGEN RECEPTORS

AND PROGESTERONE 'RECEPTORS IN MALIGNANT BREAST TISSUER
v ‘ :
“rlea T RODUCTION il ) '
W SR m"'r ' o
¢ ! l
'~f\ é‘ sensrtlve assay Eor the determlnatlon of the nuclear

'

estrogen reCeptor conteﬁt of’ human breast tumors may help to

explaln why 25% of tumors containlng .‘estrogen and

"

progesterone receptors fail to regress - when exposed to

endocrine ‘therapy and/why 5~10% of tumors which apparently

. L
lack rec ptors regr%ss in response to endocrine rtherapyr

Such a nuclear assa may prov1de a more accurate correlatlon

between receptor status' nd clinical response.

Q0
i

¢ ' e : \
. ~ ’ -
1 ' ¢

Having valldated assay technxques for the quantzflcatlon

of nuclear estrogen receptors in.rat uterus, the"methods-

4

'*were applied to‘samples.of human breast tumors. Quantifying

‘niclear . estradiol blndlng sites'.ln‘ human breaste tumort.

[ . N ,
| . , ,

~

samples Eor the purpose of determlnlng thé‘ relationship"”'

- between- the '1§%ldence of nuclear and cytosollc estrogen

"

receptors and progesterone receptors was the flnal research“

IV R '

.

’ objectlve of this prolect oy B ." .




2. METHODS
, Aa) Tissue

samples of human breast tumor tissue were obtained from
pOrtionsf of frozen' specimefs (stored at ~70°C) that
remained following routine clinica& assays for cytosolic
estrogen receptors and progesterone receptors. The criteria
- for selectlon of consecutlvely numbered specxmens was based
on tissue weight (0 25-5.0 g) to ensure an adequate amount
. Of material for incubation with a sufficient numbér of
steroid concentrations in order to perform . Scatchard

analysis’ of ’?Ke. binding data. TLSSues werer powdered in

‘“llquxd nxtrogen and stored at -70°C until requxred

64

Rat uterus wast used as’a reference powder for the’

| determlnatlon of nuclear estrogen receptor content.
.b) Binding Assay
. R [N

The nuclear assay for estrogen receptor, as valxdated

prev10usly (Chapter III), was applled to 34 human‘ breast

- N

tumor samples. The saﬁples were. conflrmed to be mallgnant by

®

lchecklng the pathology report. The estrogen receptor status'

-

‘ ofL the nuclear fractlon was then compared to the estrogen

‘and’ progesterone receptor status, whlch hag - been prevxouély.'fl

o’s; a

'determlned for the cytosolrc fractxon of the same tissue.

f,



3. RESULTS

3

Samples of breast cancer tissue from 34 patients were
assayed for nuclear estradiol-binding sites using techniques
described previously (Chapter III). Nuclear estrogen
receptors could be detected in approximately one half of the
samples. (The data obtained are shown in Appendices I and
II.) Nuclear estradiol-binding sites were those sites wnich
could.be extracted from nuclei using’0.4 M KCl; 'noneée of the

" human breast tumor samples analyzed' ‘in this preliminary

study were,fodnd to contain KCl-insoluble nuclear ‘estrogen

receptors.

The relationship between concentrations of nuclear and

cytosolic estrogen receptors and progesterone receptors is

_shown in Table 5. Among the 34 samples,. 19/34 (56?)

contained  both ‘cytosolxc— estrogen and progesterone '

65

‘receptors,. 13/34. (38%) contaxned cytosollc and nUciear. ‘

estrogen ‘receptors, .and 13/34 (38%) contained..all" three”

.’ receptors. .

-

The dlstrlbutlon of . nuclear estrogen receptors and/or

.

progesterone‘ receptors - was analyzed‘ by the test of -

| proportions. Both ’types of receptors were present more -

, frequently in tumors contarnlng cytosolic estrogen receptors: v

than in tumors lacklng cytosollc estrogen receptors. More . '

'than half of the samples (13/22) whlch contalned cytosollc-'

"estrogen Peceptdrs also contained nuclear estrogen receptors

‘(g=2.49‘¥ p<0 05). ;and -a - significant proportion (19/22);"

—



66

Table 5
Frequencies of the presence of cytosolic progesterone
receptors (PgR) and nuclear estrogen receptors (ERn) at
various concentration ranges of cytosolic estrogen réceptors

( ERC) in human breast tumars.

P

Concentration of cytosolic estrogen receptors

(fmbl/mg cytosol protein) S

Receptor . ‘

' Status : <10- ' 10-100 >100 ~ Total
PgR +ye' . 1/12 7/9 12/13 1 20/34 .
ERn fve " 3/12 ¢ . 3/9 10/13 16/34

PgR +ve, ERn +ve  1/12 3/9 . 10/13  14/16

L)

, -

<10 fmol/mg of cytosol protein is defined ‘as.,cy;osblic
. ERc/PgR-negative. » - o o

. . . «
i ' S

<25 fmol g of tissue is defined as ERn-negative. The cut-off
value for ERn is a measure of the sensitivity of the assay.

PgR and ERn were ptegenf more frequently ‘n‘ERé +ve"tum0r§ai'm
than in ERc -ve tumors (PgR: 19/22 vs 1/12, 2=8.12, p<0.05;
ERn: 13/22 vs 3/12, z=2nﬁ9, p<0.05). - o

e

@ o
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-

contained cytosolic progesterone receptors (z=t.12, p<0.05).
Also, the incidence of tumors containing all three receptor
populations was found to increase as. the concentrationpﬂof
cytosoiic t'estrogen receptors' in ‘the\.tumors increased

(3/9 vs 10/13, 2=2.02, p<0.05).

\

6

Three tumors which had no measureable cytosollc estrogen -

receptors (3/12) contalned nuclear estrogen receptors and

only ‘one,of the‘tumors-(l/lZ) contained both progesterone

]

receptors ‘and nuclear estrogen receptors'(Table 5).

The majority of tumors containing .nuclear  ,estrogen
‘ A Wi A . ‘

-

receptors (14/16) also ‘COntained progesterone receptors,

(Table 6).

The quantitatlée . relationship between cytosolic

eStrogen receptor content and nuclear estrogen receptor

-

lc tent'_ls shown in Table 7 ‘ The cut-off vaiuelfor nuclear

‘estrogen mateptors of 25. fmol receptor/g ‘wet welght of tumor

' was based on sxmllar studles on nuclear estradlol receptors

m’in ‘human mammary caqpxnoma (O Connell ‘et al.,: 1982) and 1s

vthe cyt;

more a measure of the sens1t1v1ty of the assay rather than a .

response to endocrxne therapy Because the blndlng d ta of

’1 fractlon was not calculated as fmol/g of t1 sue,

7

.

ereflectioh of the receptor content requlred ‘to e11c1t a.:

o a true, omparison of thxs data w1th the - blndlng data o the E

Vinucleara

u{using

-

ract J.Oﬂo

% pterx (Chapter III), '1t was expected that all of
“‘thatvwere measured 1n the nuclear fract;on

‘“‘grﬁ the total estrogen recéptor content oﬁxthe cell
X NEERRY : ‘ T ,(

as‘not.possxble, however, based on stud1es



- Table 6

’

Presence of cytosolic progesteronev,receptors (PgR) and

nuclear estrogen/;éceptors (ERn) "in 34 human breast tumors.

K . @ :
—PGR " M PgR - -
, negative  positive

N ) et o . Iy
nuclear ER-negative .. . 12 = = 6
. s s ‘ ‘ . . (RINEY . \ {*L'?’:;!‘
nuclear ER-positive 2, & ’
, \ . { ‘
N d% !
* <10 fmol/mg of ‘cytosol protexn is defxned as | L,
progesterone receptor-negative. , . i

—
"

-

** <25 fmol/g of tissue is defined as " nqcleéi Jest}cgenl”’

receptor-negative = .

e,

XZ‘? 8.2 - ~ :  .' 1 o o S

68
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Table 7.

I"

Quantxtatlve relatlonshlp between nuclear estrogen receptors‘

and cytosollc estrogen receptors of 34 human breast tumors.

?
" Cencentration of estrogep receptors (ER)
:"
Nuclear ER R - Cytosollc ER’

-

‘ (fmol/g'tissue) C ~ (fmol/mg cytosol proteln)

. C _ . o = . . .
; o o ‘<10 ‘ 10-100 >100
. **"‘ ' L "‘ ' . :' ' ‘ p" . i i ‘ ¢ ) \ ,.
<25 o 9 6" .3
25-100° . . .2 . 3 0
o>100, ., 1 o 100 ¢

T e

Cx <10 fmol/mg of oftosol proueln is qefined as -
o cytosollc ER—negatlve. _{,~_ ,*‘r - ;T‘N”a~h
.\ ‘ 3 . Hl » < L

-f** <25 fmol/

_ﬁo% tissue lS deflned as nuclear ER*negatlve

b ;. . | ,." > . ' . . . . - ' e “v‘, ' ‘~, .". ‘, .
Nuclear ER were present more frequently in [ER>100] 9051tive
tumors . than.in [ER=10- 100]-pqs;t1ve tumors (10/13 vs’ 3/9.
»-qrz 02 p<0 05)'4d'"3;

. 4 . -
L N

AN

69
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and. indeed, there_was a positive relationship between .the ’

nuclear ‘estrogen receptor content and the cytosolic
’estrogen receptor content (z—2u02,_p<0,05). ‘ g

‘ " BERSEERY o S ‘ . v )
The frequency of nuclear and cytosolic " estrogen

_ receptors and progesterone receptors relatlve to - menstrual

'V‘status is shown 1n‘Table 8. There was a tendency ‘for tumorS'

contalnlng CytOSOllC estroge receptors to be more prevalent
- in. postmenopausal women (18 24) than in premenopausal women
(4/10) (z=1.69, p<0 05) id receptor4p051t1ve tumors in

older Qomen"had higher 1levels of cytosolic " estrdgen
T . - 1 : ' .

receptors. . _ ; o . s

~

! .
e

As there was .a- p051t1ve relatlonshlp between cytosollc-

y L4
estrogen receptor content

‘and . th presence of - " both .

jprogesterone' receptors and nuclear estrogen receptors (see“'

"above),‘ there was* a sxgnlfncantly hlgher» percentage IOEU‘J.

cytosollc estrogen receptor— osxtlve tumors contalnlng both“

\

“progesterone receptors and n‘clear estrogen receptors from ‘5 :

fpostmenopausal patlents tha-;from premenopausal pat1entsf’

. f} N

1?111/24 vs 2/10 ;espectlvely,, =2.28, p<0 05)
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:Tabie 8
ﬂgrequeney” of‘ethe'presesce of'prOgesterdne reeepters 1(PQR)
and/er n@clear‘ estrogen"receptors .fERﬁ) v’relative .‘to‘,
cytosolic estrogen receptors‘(ERe) aﬁd ‘patient ‘mehstrual

‘ status in human breast tumors.,

Menstrual Status

fr
,

' Premenopausal = = Postmenopausal

ERC -ve ERc +ve = .  ERc -ve ERC +ve #/Total

T .. (n=6) (n=4) . (n=6)  (n=18)
‘ — i ' —— -

PgR +ve . 1/6 | 474 . 0/6 * - 15/18  (20/34) -

..ERn #+ve'  2/6  1/4 . 1/6  11/18.  (15/34)
e SR IR AR

g
/

- Fj;p/fve . Y/6.  2/4 - - 8/6 . 11/18 _  (14/34) ¥

<10 tmol/mg of cytosol protexn is. deflned as cytosollc‘

estrogen (ERc) and progesterone receptor (PgR)-negatlve

}iF‘<25 fmol/g wet werght of tlssue 1s deflne
.estrogen: receptor (ERn)-negatlve el

_as nuclear
There”was a tendency,for ERc ‘to’ be ‘more prevalent in, tumors ]
Erom postmenopausal pat;ents (18/24) than in. tumors from ;;g

th ceptor”
, o R ~ﬂpostmenopausal‘
than,'zn”'premenopausal patients. (2/10).




"~d'1981) leferences 1n methodology and subsequent handllng offb”‘;

L

4. DISCUSSION

-a) Valldrty of nuclear assay technlques
Despite the (fact ‘that two. uniquev nuclear' estrbgen
receptor  populations . could be detected in ‘uteri ‘Nof

i“estradiol—primed immature‘rats, no KCl xnsoluble receptors

" were .detected in the nuclear fractlon of human breast

T

tissue"'Some‘ authors claim that KCl—Lnsoluble“receptors .
L : ' N

represent the blologxcally active form of the receptor‘

(Clark and Peck, l976), whereas others doubt thelr exrstence:"
‘(see Chapter III) Dlscrepancles 1n»the reported ratros= arl
KCl—so?uble ‘to . KCl- 1nsoluble estrogen reisptdrs 1n animal'

models' have been explalned on the basis of methodologrcal

Y

‘drfferences 1n nuclear assay technlques (Ikeda et al ‘1982),

§
) . . o . [ ' . [ .

s .q. . , ol [ . . \ : ol ‘.m

: . . . K . f - R

There Hare’ several technlques avallable for measurlng

s

‘!’the estrogen receptor content of target tlssues, however, an
gldeal assay,h one that 1s relatlvely fast,-‘yet rnexpen51yey\

. i = npt yet avallable (Chamness and Munlre,; 1979, Leake,\w-?7

B 4
=S . ‘\-v

. l

l,datav are the. maJor sources of}lzrlatron'fln quantitativejﬁl"

Y

‘f,estlmate 'f'receptog content (o} arget tlssues (Wxttliff[f

f“il984) Therefore, the'lnrtlal-objectlve of thrs study was to&ﬁ

) \
'“ﬁensure that the methodology used for“

fyreceptor analysrs would result 1n~

reproducible data



KI . . L . )
[P v Lo '

Silfversward et al. 1980) ThIs problem was mlnlmIZed by

'

'm o ' ' ' ; L

preparlng homogeneous powders

\ . A I A ! . . . ;-

Co »The;‘assay‘ resultsyof” the]nnciear estrern reoeptor'

l‘"content of ‘rat uterx were in good agreement wrth tho e .of-
*'other authors"(see Chapter III) and lndlcated that<:aﬂnﬁ;

'

were no methodol‘glcal factors related to the Sephadex LH~20
HAP technlques, or to the nuclear assay 1tse1f that

3

‘ 4”“ . Lo
-would ‘ explaxn why ‘no KCl 1nsolub1e nuclean ~vestrogen

| o S
receptors could be detected in human breast tumors.. RSO

o . ! } . . ' T '\li

oo ‘ L o g ‘
IStudies of the estrogen receptor ‘content . of  tdrget

tissues of anlmal models are based malnly on sxngle hormone

! o

‘Fxnjections to’ hormone—depleted anlmals. The growth OE breast.

”‘eplthelium has ‘been found to be lnfluenced by estrogens,

L;progestins, glucocort1001ds, androgens, prolactln, 1nsu11n,

-w'. 'f‘.?'

4

‘d.and growth hotmone (Leake, 1984) ‘ Therefore,. hypotheses

"

ffderived from experzmental models cannot be readlly applxed!;h@{?

fﬂto the v1vo sxtuatlon where hormones are 'contlnually’w”

i

ﬁ7secreted and thelr effects*modlfled by complex“1nteractlon35,w7




:,gf‘}: ﬁb)! Receptors and Response to Therapy

'l‘l;ea fi‘ research‘obgectlve of th;s progect was to
. germme ;f a relatxonshxp exLSted between nuclear estrogen

\

o rebeptors and cytosoerr?strogen and progesterone receptors

of human ‘mammary tumors In the four »classxflcatmons of

' !
tumors, based on cyt05011 receptor status, the d;str;but;oq

of - cytqsollc estrogen nd progesterone receptors ln ;the '
tumor, “samples that were ested in thxs stddy was sxmxlar to
that reporteq by the Hormone Receptor Laboratory fh a serles N

of 100 consecutxve samples (ER+ve, PgR+ve'= 55%;,ER-ve, PgRe

v ve]=ﬂ27% ER+ve, PgR ve

Me'_%‘,- ER-ve, pgR+§z’e =10%). Thus it

) ;c‘ . :
was]‘concluded that the tumors assayed 1n thls study werev
‘”"!“ o

. 'falrly representatlve of" the tumor populatlon ‘in general

. . ._ . Ve D . B -

Several groups have -stressed ‘the;grlmpOrtance Qfof,]ff

‘71dent1fy1ng a '"functlonalﬁ‘estrogen receptor ,system (see ﬁﬁ%
."" . \ . '

ffChapter I)ffor the assessment_o'.the hofmonal sen31t1v1ty of .l
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. ‘ ' ' ‘ . ‘ . ‘
estrogen ‘receptors would identify ”false~positives" (those

patlents ‘whOSe 'tumors contained estrogen‘,receptors but

i
L)

‘falled to respond to endocrlne treatment) Lalng suggested
: t fw '

that false posxtlve measurements resulted from a breagoown

‘Jv. . s L

the translocatlon process. However,/‘the \presence'VOf

nuclear ' strogen receptors alone WOuld ,nqt Lndxcate%‘a
‘ N

' ‘"functlonal"‘ receptor‘ system as proposed by Lalng et al.

b

'_ w(1977) because the *mere' pres€nce . of ‘nuclear ~estrogen‘

: receptors ~does not preclude the pOSSlblllty of a defect in
. L ! ' (,\ F. V '
‘th reCeptor \such that 1t can no. longer blnd estrogensij
1 , l ! ‘ 4

!(Thprse“ a“d St°a"'1979)'- | Addltlonally, an inability of

v estradlol receptor complexes to bxnd to. the app:oprlate DNA
ﬁaites (Sato et al 1981w Taylor et al., 1980), or a break-' K
down‘ at the postvtranscr;ptlonal level at any one ofﬂ

v

uld occur“

neven 1n the presence of estrogen receptor complexes.,i

"H.\“"

W"translocatlon"“is 'now‘ recognlzed as’ an,if'

;artifact by most workers (Jensen,‘ 1984, ‘Walters, 1985),f

Hfthere 1s evzdence to suggest that as.many .as. 20% of breastfj

‘}':cancer patlents have tumors cont 'ang estrogen receptors?

”f,that faxl Qto undergo actlvatl h or to b1nd to chromatlnﬁ

~Wacceptor*

:Ltes (Leake,'.lsgﬁ,v Fazekas and MacFarlane, 1983,ﬁ“¢fiﬂ

b lfzed‘into”the cytosol fractxon as compared ton 1ntacthm'pr“

receptors._ If this were true for thzs group of_ﬂ‘ﬁ”

A

if'patients, ﬂthe;wpresence of cytosolic estrogen receptors ;nfifnft




{?(33%) lrather’ than for 22/34 (6*&) patrents if 'cytosollo

Ly .

|7.. A LY .
N .

. to end é?lne treatment. K o

‘ the lnductlon of prOgesterone receptor synthesxs requlres a

‘iresponse' could be predlcted for 14/34 (41%) tather than fbrm

".‘ ‘ : o , i

the absence ‘of nuclear estrOgen reCeptors would probably

mean tefdt the tumor was one whlch would not likely respond

L
hi

| ' ", C . "
Based on the crxterla that both cytosolrc and nuclearJ
estrogen receptors would be requlred in order for the tumor
to be respon51ve to endocrlne‘therapy, our, resuL;s allow us;

to] hypothesize that a response could be, predlcted for 13/34?.

'estrogen receptor status alone ls consxdered Slmllarlly, 1f‘“

3

functlonal nuclear estrogen receptor, ‘then the presence of ce
both ' nuclear estrogen reqeptors and progesterone receptors
tumors would lndlcate an 1ntact receptor mechanlsm that

'would be respon51ve to therapy Thus,; hypothetiaally, ‘a

“#, '

”;19/34 ‘(56%) patlents based only on cytosollci estrogen}'and T

-

*;progesterone 'receptor status. If 1t lS assumed that the,f«'ﬁ

_yaccurate 1nd1cator oE hotmonal dependence‘ of tumors, ”a a

5ﬁlresponse could be Pradlqted for 13/34 (38%) patlents.f,»

’et al., 1979), the data from thple

o
v

1vbreast

',ﬁ.

'presence of ail three receptors'would provx&e a more‘

i

N
T . [ L
~, Lo A Ve . T

tumor

Samples mxghg provxde

msteroid receptor;adsays_‘;

suggested that the response rate mightlindeed be _slightlylt

&lghe‘;ﬁcﬁ“&_sbﬁé “bypothesis renaif.



a) \

further clinical trials. !

c) Receptors and Menstrual Status

i

Patients can be divided into groups with :espect to
aytosolic eétrogen receptor levels{and a;e or menstrual
status. The Ege éroups of <50 apd >50'yearé are usually
equated, for conQenience, with prémenOPausal and postmeno-~

pausal states, ‘respectively (McGuire et al., 1975b). In

77

praqtice however, age, which may be the more important .

.factoxr (Elwood and Godolphin, 1980), does not necessarily
reflect the menstrual status, In our study, one patient »50

was found to be premenopausal, . '
\

Many authors have found that breast cdncer tissue from
postmenopausal women contains higher levels of :cytosolic
€strogen receptors than that from premenopausal patieﬁts
(McCuire et al., 1975b; Allegra et al., 1979; Jensen, 1981;
Kinne et al., 198l1). The presenée of steroid {eceptors'in
some tumors from postmenopausal women can be detected

;becauSe, although circulating levels of steroid hormones are
lower, apparently .the level of\ endogenous estrogen is

sufficient for receptor activdtion and induction of

progesterone synthesis (Saez'et‘al., 1978).

Although there  is a 1lower incidence of cytosolic

0 .« - .
estrogen receptors in tumors of premenopausal patients, a
' ),"‘ .
lower concentration of receptor can elicit a response . to

endocrine intervention (Jensen et al., 1975; King et al.,



~

1985; Rochman et al., 1985).\ It has been hyébthesized that

. ' ' . -
the lower incidepnce of cytosolic estrogen receptors in

)

tumors from premenopau57ﬂ‘patients dould be explained by
C

assuming that standard pe\‘pgor Assays were not designed to

)

detect nuclear estrogen receptors, Ho@gvep, the lower
incidence of ‘all three receptor populétions in tumors 'from
these patiengs suggests that 1oQ estradiol~binding activity
cannot be explained bj saturation of estrogen feceptor sites
with endogenous estrogens. It may instead , ‘be’a reglection
of other hormonal influences, In preménopéusél women,
circulating levels of estrogens are high during the first
half of the menstrual cycle, but‘decrééifvduring the segond

half of the cycle when high levels of progesterone, released

éfter ovulation,  repress estrogen. receptor synthesis

(Wittliff, . 1984). Therefore, a greatér‘unde:standing is

required of the factors which can influence receptor levels

under the dynamjic conditions of the normal physiological
, ' ‘ 1
state. : e

It has been suggested that these differences observed
T i

. : ‘ o
in the proportion of estrogen receptor-positive tumors and

hl »
"

in tumor responses between postmenopausal and premenopausal
. .

patients may be associated with the normal 'aéing process,

rather than with any}of the epidemiological risk + factors
- |

associated with carcinoma of the breast (Elwood and

AN

Godolphin, 1980; Rccnman et al., 1985).
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1“"“d) Menopausal Sgatus ?nd Response to Endoqrine Therapy

!
The  response rate | that would be predicted from our
: ‘ ‘ Y
results, on the basis of jall three receptors beéing present

in  tumor biopsies, wo$ld be 2/10 (20%) pcemenopauéal

patients and 10/24 (42%)' postmenopausal patients, These-

predictions, - are in close agreement with ' the observed

A\
incidence of patient response reported from large clinical
studies (Bertuzzi et al., 1981; McCarty et'}l.n‘k983; Léake:
| ¢ '
1984). Bertuzzi and célleagues reported that functionpal

estrogen. receptors . in Eumor specimens ' from preménopagsal

patients were found in 26% of thé cases' and in 42% ' of

!
/o

postmenopausal patientsj oo

|

If one assumes a }esﬁonse to endocrine 'therapy in

PN

patients with a functional or intact receptor mechanism,

the. predicted response rates, based on the three receptor

f
N

measurements, can be compared with those based on the.

presence of cytosolic estrogen and progesterone receptors

N ‘ e, ,
only, as determined by routine receptor assays. In the

latter Eése, a higher, but notimore accurate response rate
would be predicted,‘ namely, 4/10. (40%) premenopausal

patients and 15/24 (63%) poshmenopausaf patients.

3

The actual response rate to endocrine therapy of breast

TCancer .patients is known to be about 25% -in unselected

1

premenopausal women and about 35% in postmenopausal women

[

79

(McGuire .et él., 1982; Leake, 1984). Thus, it can‘be seen

from the above data that a hypothetical response rate closer

1 .
. r
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' to the actual observed response rate can be predicted ‘when

the status of all three receptors is used.,

The ' hypothesis that pre- and postmenbpausal disease
may havé;diﬁfefent biologica;wcharacte:istips is. supported
| by the bimodal age distribution of estrogen receptors in
breast ~tumor sampleé and ‘response to endocrine cperdpy: (de
Waard, 1969;  Paffenbarger et al., }980; Devitt, 1982).}
Further éuppgﬁt for this nypotheéis has come from recent
histochemical methqu'(King et al.,l 1585; Perﬁschuk,e£ al§,
1978;.1985); These methods, whicé»localize estrogen receptor
in ‘human breast tumors by intensity of staining patterns,
revealedq differences between tissue obtained froml pre~,an§
postmenopadsal patients (King et al., 1985). The iess
intense staining patterns gen@rally‘observed in tumoré f;oﬁ

premenopausal women suggest that low cytosolic steseoid~

binding activity is not due to a masking of receptors by

endogenous estrogens and that other factors are responsible’

‘e) Relationship of Progesterone Receptors and Nuélear

Estrogen 'Receptors

The Tresults reported in this study could also explaid

why a ‘small group (5—10%) of patients 'with estroged

receptor-negative . tumoérs consistentiy-respond to  endocrine

therapy. A small proportion of samples (3/12) contained

nuclear estrogeh feceptorg in the absence of cytosolic
estrogen receptors and only 1 of the 12 (8%) tumors,

nég?tive for cytosolic estrogen receptors, cdntained, both



"’

nuclear estrogen receptors and progesterone receptors.

)
"

\ _
Although synthesis of. progesterone peceptdﬁs can occur

in  some tumors independent of  the | estrogen-ceceptor

X : . 4
mechanxép ‘(Allegra et al., 1979), +\the inclusion of

progesterone receptor determinations in routine assays has .

n g

. N . ) . ! L . .
dramatically increased the predictive index of estrogen
' - . "k ' '
receptor status (McGuire et al.,. 197Sb). Th%fefére the
‘ K LI ' \

presence of both 'progesterone receptoié gnd\nucléar'estrogen

receptors may provide a éigpiﬁgcpnt indicaﬁidn ‘of - a

R ' . - 4 I.‘ ".. N
“functional" ‘receptor system that woluld be génsxtxve . to

endocrine treatment. o L .

Based on the current model of steroid-cell interacpiohh

it ' would be expected that the absence of brogesterohe

receptors in some tumors containing estrogen receptors would "

'

"be due to increased affinity of progesterone receptors for

nuclear components (Mockus and Horwitz, 1983). Thefefore,

81

o

f

additional work to develop a nuclear assay for progesterone

. }

receptdér may prove useful.

f) Current Status of Breast Cancer Tfeatment and

Receptor Assays

Although breast cancers ' represent a variety of

pathological states arising from multiple factors; the

effect of age or mghstrual'étatgé~is now recoghized as being‘

"sufficiently distinct to generally permit substantially

different therapy for ‘pre- and ,pOStmenopausél. women,



axillary

.and

preferable.

regardless of the receptor status’

Consensus Developmenﬁ panel (Lippman, 1

substantial reduction in mortality was aéhieved‘Qy"

premenopausal'wbmén:With cytotoxic‘cnemotnerapy,

of hormone receptop‘statns.nThe Panel a

most postmenopausal women,

the antiestrogen:drug, ,TémOXIfen, "imp

free survival time equally in patien

‘node invOlvement"'(Lippman,‘

Penel

chemotherapy, and since many expe

-

breast cancer

therapies (prpman, 1985), a nuc

determination of receptor status "ma

‘clinician to select ‘the best forff’ of th

bt

the determination
A
is

Unfortunately,

nuclear . receptors time consumin

considerable amount of tlssue, which is

ThereEOre, better' assays which re;n

which carn be carrled out qn smallér a

Consequently, productlon

bodies égainst the feceptor protein (G
1980b) hgs petm1tted the development o
}assays based on. antlgenlc recognltlon

'a more precise

receptors.

binding actlvity (Jensen et al., 1982)

(antigens)‘ and are able to

(Lippman, -

' .
regardless

failed to address the issue of cbmb1nat10n>

treatment are.unable to

characterlzatlon of cell

+1985) The NIH
o ]

85, réported that a

regardless
1so reported, that for

s @‘ b‘ B (N f
of receptor status,

ts . with or

1985). However;“the

endocrxne
rts in th% fleld

agree upon

assay = for
\

still

lear

y‘ énable | the

erapy. . i§, |
o f both cytosofi#

g -and

‘requires
then-notﬁavail%ble.
bt as’
| .
mounts of tlssue ‘are
reene et al.,

f* estrogen receptor

These assays permlt
,-types
‘quentify

withouf'
CB

.containng

recepto:s,

roved' the recurrence~

{of‘

?thek

¥

rdﬁhef'tnan stﬁféidfi

82

treating .

optlmal’

;and "

a
‘demanding} and

of monoclonal antl-"'

1986a; -



.

‘ ‘ R . o : o
regardless of ‘their affinity for chromatin,  in a small

Q.number of cells[ ‘_such as are obtained in a needle ’blopsy.

Untll these assays have been completely assessed as to their

.

cllnlcal value' they .can prov1de a ,useful adjunct to

.

';blochemlcal assays of rECeptor.

\

5. CONCLUSIONS

.
- \ .

. This 'preliminary, study demonstrated that' techniques

used to“quantify nuclear estrogen receptors in .target

,tlssues provlded accurate reproducxble estlmates of receptor

—_—

content, ~however, the ex;stence of KC1l-~ lnsoluble estrogen“

N ! ! '\ ‘
receptors . in human breast carcxnoma was not <establlshed.

4

The data presented - in this study” suggest that the
e ’ ' A .

" presence of both cytosolic ' ‘and nuclear estrogen, receptors

~along fwithl.'Cytosolic‘ progesterone-receptors may “indeed
o 3

ﬂimproye the accuracy of predlctlng response to hormonal

N i
1

therapy, partlcularly in postmenopausal patients.,However,‘a-

’

}larger number of samples must be assayed 1n order to obtaln,

, statlstlcally meanxngful data, and the Cllnlcal correlatlon‘

4 v '

, between the' presence ‘ofh nuclear estrogen’\receptOrs in

rcytosollc estrogen receptor negatlve, progesterone receptor—‘

yPOSltlve tumors-,and response to endocrlne therapy must be :
establlshed before the value of nuclear' estrogenf-qeceptor~

- determlnatlons Sin “tumors of patlents with' ¢irculating

. EEN “‘
L oo i . H

' estrogens cian . be ascertarned RS S .y

The author hopesf*thxs work will generate further

)
IS

‘1nterest and research effort 1n nuclear steroxd receptors.'

R
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Concentration of steroid receptors_if human mammary tumots

usqs %n this study, Data are ranked by patient age,

Patient Receptor Concentrationt
Tumor # Age ERc PgR ERn
6442 32 0 11 121
6449 40 2 4 - 0
6444 42 0 8 0 )
5440 43 19 29 0 premeno-
6448 45 -0 0 0 pausal
5465 46 47 16 36
5460 47 29 64 0
649)1 47 4 0 0
6483 49 0 0 55
5308 51 616 857 176
6409 51 0 0 51
5452 52 181 24 128 ‘
‘5466 56 4 6 v -0
6458 56 177 192 0
6447 60 42 67 97
6446 60 10 0 22
6468 61 685 0 0
5462 62 38 8 17
6456 62 18 32 -0
5304 63 557 1017 320 postmeno-
5454 65 0 "0 22  pausal -
6457 66 112 131 230
5310 . .68 238 137 373
. 6404 68 20 ‘20 69 .
6461 76 447 740 534
5314 77 238 682 1189
'6450 - 77 3 0 . 0 e
5467 78 7 1 16
6421 79 216 61 , 0
6493 79 332 231 2598
6451 82 30 35 0
6492 .82 8 0 0
6493 84 339 191 < 336
6462 87 793 496 . 3060

*Units for receptor concentrations are Emol/mg'of cytosol"

protein

(ER).

ERc
ERn
PgR

cytosolic estrogen receptor
nuclear estrogen receptor

cytosolic progesterone receptor

for cytosolic ER and fmol/g of tissue for nuclear
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APPENDIX 2

Steroid feceptop data for human mammaryitumo:s of Appendix 1
showing q?r:esponding data for rat uterine standards.

1.

Receptor Concentration*
- I

Tumor # ERc  PgR. ERn ERn of rat uterine standard
AU : ’ 3

'KCl-soluble KCl~insoluble

5304 557 1017 320 ° .
5308 616 857 176 1750 6164
5310 238 137 373 . '
5314 238 682 1189 : :
6404 20 20 69 2112 5376
6409 0 g 51 X
' 5440 19 29 - 0 »
5450 339 191 336 2599 4864
5452 181 24 128 ‘ ' \
5454 o - 0 22 . -
5460 29 64 0 2188 3845
5462 38 8 17
5465 a7 16 36 o
5466 4 6 0 2984 . 3878
5467 7 1 16 ,
6421 216 - 61 0 |
6442 0 11 121 1643 . 4544
6444 0 8 0 | .
. 6446 100 0 22 . B
6447 47 67 97 2247 . 2019
6448 0 0 o | “
6449 2 4 0
6450 3 0 0 3360 . . . 4056
6451 30 35 0 | o
6456 18 32 0 o
6457 112 131 © 230 1923 . 3637
0
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6483 0 Q 55
6491 - 4 0 0 . 2188 3845
6492 8 o 0

6493 - 332 231 2596

* Units for receptor concentrations are fmol/mg of cytosol
protein for cytosolic receptors and fmol/g of tissue for
- nuclear ER. ‘ . ’

ERc = cytosolic estrogen receptor
ERn = nuclear estrogen.receptor
PgR = cytosolic progesterone receptor



