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Abstract—Tissues from 83 primary human breast carcinomas were investigated for
cytoplasmic estrogen receptors, cytoplasmic progesterone receptors, and free and occupied
nuclear estrogen receptors, and the relationship between the various receplor fractions
was determined. The two most frequently observed receptor distributions were
cytoplasmic esirogen receptors with free nuclear estrogen receptors, with or without
occupred nuclear estrogen receptors, in the absence of progesterone receptors. Carcinomas
with all receptors either negative or positive were found in about equal numbers and
were the next most frequently encountered distribution. Another common combination was
the presence of cytoplasmic estrogen receplors only, with none of the other measured

receplors.

INTRODUCTION

THE QuEsTION why not all estrogen receptor
positive breast carcinomas respond to endoc-
rine manipulation has not been answered sat-
isfactorily. Various explanations have been
offered [1], but experimental data to confirm,
reject or modify current hypotheses are still
urgently required. We have estimated cytop-
lasmic estrogen receptors, occupied and free
nuclear estrogen receptors and cytoplasmic
progesterone receptors in a series of 83 pri-
mary breast carcinomas. In this paper we
wish to report on the relationship between the
various receptors in the tissues.

MATERIALS AND METHODS

Tissues

The tissues were primary breast carcinomas
from paticnts aged between 30 and 86 yr. The
average age was 59.7 and the median age
61 yr. The large majority (83°,) were post-
menopausal (>50yr).

The tissues were snap-frozen and stored at
—20°C if they could not be worked up im-
mediately. The preparation of the cytosol and
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of the nuclear fraction was as follows: A 1-in-
6 homogenate of the tissue in ice-cold 10 mM
Tris—=HCI buffer, pH 8.0 containing 0.5 mM
dithiothreitol was prepared using a Sorvall
omnimixer (four bursts at maximum speed for
15sec, with 45 sec intervals). The homogenate
was centrifuged for 10min at 800 g, and the
supernatant decanted and spun again for
40 min at 100,000 g to obtain the c¢ytosol. The
pellet obtained from the low speed centri-
fugation was resuspended in 1vol of Tris
buffer and centrifuged for 10min at 800 g.
The supernatant was discarded and the wa-
shed pellet weighed. Five volumes of Tris
buffer containing in addition 0.4 M KCI and
0.558 g EDTA-Na, per litre were added to the
pellet which was left at 4°C for 60 min with
occasional vortexing. Subsequently the suspen-
sion was centrifuged for 40 min at 100,000 g to
obtain the nuclear extract.

Four different extraction procedures for the
nuclear estradiol receptor were compared:

1. A low speed pellet, washed once and homo-
genized with KCI and centrifuged.

2. A high speed pellet, washed once and
homogenized with KCI and centrifuged.

3. A low speed pellet, washed once, extracted
for 1 hr with KCI at 4°C and centrifuged.
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4. A high speed pellet, washed once, extracted
for 1 hr with KCI at 4°C and centrifuged.

Unpublished results show that there 1s little
difference between using a high or a low
speed pellet. However, 1hr/4°C extraction
with KCI solution appears much more suit-
able than homogenizing the pellet with KCI.
A turther experiment showed that there is
little difference in contamination with cytosol
after washing the pellet once or twice before
the extraction step. The procedure adopted
follows closely the one described by Zava [2].

Estimation of cytoplasmic estrogen receptor (ER,)

Cytoplasmic cstrogen reccptors were mea-
sured as described [3] by incubating cytosol
with 3H-estradiol and increasing amounts of
nonradioactive estradiol at 25°C for 60 min.
The sensitivity of this assay was determined
by serially diluting a very high binding cy-
tosol solution with a non-binding cytosol sol-
ution of the same protein concentration so as
to obtain a series of dilutions of the estrogen
receptor at a constant protein concentration
and then performing a single point assay to
determine the specific binding of the various
receptor dilutions. The limit of the sensitivity
of the assay is taken as the value for specifi-
cally bound estrogen at which the plot of
bound estradiol vs dilution factor platcaus.
The cut off value thus obtained was 4fmole
/mg protein. However it was decided that
the values usually reported as borderline cascs
i.e., 4-8fmole/mg protein would also be con-
sidered as receptor negative.

Estimation of cytoplasmic  progesterone  receplors
(PR.)

Progesterone receptors were determined ac-
cording to Pichon and Milgrom [4]. This
method uses progesterone as the ligand and
cortisol to distinguish receptor binding from
binding to CBG (corticosteroid-binding globu-
lin). The sensitivity of this assay was de-
termined using the same technique as for the
cytoplasmic estrogen receptor assay. The cut-
off value thus obtained was 10 fmole/mg pro-
tein. All values below this point were taken as
being receptor negative and all values greater
than 10 fmole/mg protein as being receptor
positive.

Estimation of nuclear estrogen receplors

Results of unpublished preliminary experi-
ments have shown that at 30°C the specific

binding increased steadily up to 3 hr and then
started to decreasc over longer periods of
incubation (20 hr) as the effect of any protease
activity became predominant. It was, there-
fore, decided to adopt the following
procedures:

For the measurement of the free nuclear
estrogen receptors (Ry) 200 ul aliquots of the
nuclear extract were incubated in triplicate
with 20,000 dis/min of tritiated estradiol (spec.
act. 42 Ci/mmole) without or with 30, 100,
200, 1000 or 3000pg of nonradioactive
estradiol, respectively, for 20hr at 4°C. Lor
the estimation of flotal nuclear estrogen receptors
the incubation was done at 30°C for 4 hr and
the steroid concentrations were increased to
100,000  dis/min  tritiated  estradiol and
250, 500, 1000, 5000, 25000 pg of nonradioactive
estradiol, respectively. At the end of the in-
cubation the incubation mixture was cooled to
4°C (if necessary), and 1 ml of dextran coated
charcoal suspension in bufter was added
(10mM Tris=HCI bufter pH 8.0 containing
0.5%, Norit A, 0.05%, dextran T70 and
0.037°, EDTA-Na,). The solution was vor-
texed and left for 20 min in an ice bath. The
tubes were then centrifuged for 10min at
800 g and the supernatant was decanted into
counting vials. Eight ml of Bray’s scintillator
was added to cach tube for liquid scintillation
counting. Occupied nuclear estrogen  receplors
(ERy) were calculated as the difference be-
tween total and free reccptors [2]. The sensi-
tivity of this assay was determined as de-
scribed above and a plateau value of 8fmole
/mg protein was obtained in the graph of
bound estradiol versus dilution factor. A com-
parison between our adopted method and the
hydroxyapatitc method for nuclear estrogen
receptor assay described by  Garola and
McGuire |5] is at present under investigation.

Other methods

Protein (in the cytosol and nuclear extracts)
was measured by the Folin method and DNA
(in the nuclear pellet) by the indol reaction as
betore [6].

RESULTS

The concentration of the various receptors
in the breast cancer tissues 1s shown in Table
l. In this table the results are arranged in
increasing order of the estrogen receptor levels
im the cytosol (ER,). It should be noted that
mainly ER_ 4+ tumors (binding > 8 finole/mg)
were selected for this study since it is in this
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Table 1. Cytoplasmic estrogen and cytoplasmic RY-4 44.2 35.7 0.0 1.8
progesterone  receptors, nuclear bound and free GR-10 58.7 27.3 0.0 0.1
estrogen receptors in human breast carcinoma MM-3 59.8 24.0 — -
SZ-1 61.9 57.0 0.0 2.0
. MI-10 648 7.4 0.0 —
Patient ER. Ry ERy PR, BR-17 65.3 516 0.0 0.0
code JO-8 67.0 1109 0.0 0.0
. CA-15 69.0 40.4 0.0 6.2
WYl 0.0 0.8 0.0 - RE-14 743 1285 0.0 3.4
KL-2 0.4 — — - VI-4 760 829 271 555
PA-8 1.7 0.8 4.9 — BU-10 795 410 — 7.2
FE-5 2.6 0.6 1.7 0.4 JA-8 83.8 8.9 _ 6.4
HY-1 3.6 2.7 1.3 0.0 SM-16 992 675 0.0 5.2
PO-8 48 10.2 11.0 0.0 DU-6 106.0 925.7 0.0 —
SA-6 6.2 0.0 L9 3.3 MY-1 1079 430 423 687
JO-7 6.5 2.3 5.2 0.0 BA-15 1085 125 — 8.7
SM-14 6.6 6.4 4.5 12.9 BR-19 113.8 4.6 - 0.9
TH-8 6.6 4.8 0.0 0.0 TR-1 1190 124 0.0 3.3
RE-5 638 9.4 4.1 2.8 SM-16 1267 364 7.6 4.4
JA6 6.9 +5 3.8 0.0 HA-29 1293 709 0.0 0.3
JE-3 7.1 2.8 4.3 — DU-7 2109 417 0.0 0.2
TO-6 7.2 20.0 3.3 0.0
CL-3 7.4 0.6 0.0 5.8 All results are given in fmole steroid bound per
. - - - g ¢ P
BR-13 7.6 1.5 4.5 8.5 mg soluble protein, (—) Not done (insufficient
SI-3 8.3 14.0 14.8 0.0 tissue); ER, cytoplasmic estrogen receptor; PR,
CO-3 8.3 0.8 3.9 3.7 cytoplasmic progesterone receptor; ERy, occupied
HA-11 8.5 42.4 11.0 3.8 nuclear estrogen receptor; Ry, free nuclear es-
FE-6 8.5 2.0 0.0 1.5 trogen receptor.
KE-7 8.8 28.1 86.5 11.5
MT-1 8.9 8.3 1.8 —
DO-14 9.2 5.0 0.5 2.1 e . . .
MB-1 97 791 33.9 4.4 group that further discrimination is required
CR-9 9.8 25.0 5.4 0.0 for prediction of response to endocrine treat-
VE-2 10.3 13.5 7.0 2.5 ment. Since the lack of tissue precluded full
E/[Loém }82 i?é 4?53) 38 details of saturation analyses for some tissues,
) ' : ' 2. the results in Table 1 represent single-point
HA-26 11.0 5.2 0.0 1.84 . . .
GR-11 115 98.0 _ _ assays, 1.e., data obtained from the difference
SP-2 11.7 3.3 26 0.0 in binding of tritiated steroid (I nM) in the
CO-10 12.0 7.3 3.2 0.0 presence and absence of 100-fold excess non-
SL'II }22 12? s 28 radioactive steroid.
183?6 ’ éz 3.1 2(7)'0 0.3 The average estrogen receptor concen-
FE-4 19.6 11.3 0.0 95 tration in the cytosol was 35.3 fmole/mg pro-
KE-8 14.0 10.3 20.2 10.4 tein with an S.D. of 39.1 and it ranged from
JO-10 15.4 10.7 0.0 0.6 0.0 to 210.9. The median result (509, per-
RO-11 15.7 15.5 48.8 0.0 centile) was 17.2. Cytoplasmic progesterone
ST-13 16.1 28.3 0.0 0.0 =
; . - - receptors ranged from 0.0 to 115.6 fmole/mg
WA-14 16.5 29.9 14.7 35.4 . .
CA-13 17.9 90.9 78 4.3 protein and the mean concentration+S.D.
MA-19 18.0 11.9 3.3 0.0 was 8.3+18.2 The median was 2.5. The
BO-8 18.0 11.7 — 44.8 statistics of the soluble nuclear estrogen re-
1]3/?;721 igg lgf a1 15.5 ceptors were as follows: Free nuclear estrogen
WE10 230 10 59 0.0 receptor, mean=+S.D. 24.1 +26.7, range 0.0—
BO-12 9%.7 9892 9228 919 128.5 fmole/mg protein, median 13.8; oc-
V12 27.0 9.8 0.0 — cupied nuclear estrogen receptor, mean+S.D.
CO-13 24.2 30.3 9.2 0.0 9.9+17.1, median 3.2, range 0.0-86.5 {mole
FR-4 29.5 19.8 14.6 6.7 /mg protein. These data are summarized in
SN-3 29.6 3.4 0.0 0.0 : :
SR . . Table 2. Linear correlations between the va-
GO-6 32.6 15.6 12.4 17.0 . .
HO-7 39 7 39 5 0.0 - rious receptors were calculated. A significant
DA-15 33.3 31.0 48.7 6.9 positive coefficient of correlation (r) was ob-
WA-10 36.6 0.0 21.9 5.5 tained only for the pair: cytoplasmic estrogen
11:{111(7-2 2(7)8 ?82 1(15(1) 7; receptor vs free nuclear estrogen receptor
WI—-14 £0.0 390 5 o (n=82, r=0.42, confidence limit>99.9%).
NE-4 40.0 390 78.8 0.0 There was no correlation between proges-
UR-1 43.7 28..9 65 1156 terone and estrogen receptors in our series if

SH-7 411 12200 16.9 0.0 all results were compared regardless of re-
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Table 2. Summary of statistical data of receplors in
breast cancer lissue
Age of
patients LR, Ry ERy PR,
(yr)

Number 79 83 82 73 69
Mean 39.7 35.3 24.1 9.9 8.3
S.D. 12.6 39.1 26.7 17.1 18.2
S.E.M. 1.4 1.3 3.0 2.0 2.2
Median 61 17.2 13.75 3.2 2.5

Range 30-86  0-210.9 0-128.5 0-86.5 0-115.6

Table 3. Cytoplasmic (ER;) and
free nuclear estrogen recepiors (Ry) in
breast cancer tissues

ER.+ ER.— Totl
Ry+ 35 4 39
Ry— 12 11 23
Total 67 15 82

12=186. ¥, =16.0 (>99.99)).
ER +is defined as binding of 8 or
more fmole/mg protein, ER —is bind-
ing of less than 8fmole/mg protein.
72eore. Yates correction,

ceptor status. However, if the comparison was
restricted to PR+, ER_+ tissues, a significant
positive correlation was obtained for the two
cytosol receptors (n=11, r=0.38, p<0.05)
and between the free nuclear estrogen re-
ceptors and the progesterone receptor (PR, +,
Ry+; n=10, r=0.61, P<0.05) while there
was no correlation between PR_+ and oc-
cupied nuclear estrogen receptors (ERy). By
defining steroid binding values greater than
8 fmole/mg protein for estrogen receptors and
greater than 10fmole/mg protein for pro-
gesterone receptor as receptor positive and
those below these values as receptor negative,
the following frequencies were obtained for
the various receptor combinations in the can-
cer tissues (Tables 3-8). The tables were
cvaluated by Chi-square tests with Yates cor-
rection. In the majority of cases (35 of 67)
tissues with cytoplasmic estrogen receptors
also contained free nuclear estrogen receptors;
only four of 15 ER_— tssues contained free
nuclear estrogen receptors. This difference is
statistically significant (Table 3.) A similar
distribution was obtained if cytoplasmic and
total nuclear estrogen receplors were com-

pared. In contrast, less than half (20 of 58) of
the specimens with cytoplasmic estrogen re-
ceptors had estrogen occupled nuclear re-
ceptor sites (Table 4). Only one of 15 tissues
without cytoplasmic estrogen receptors con-
tained occupied nuclear estrogen  receptors
(Table 4). The relatdon betwcen free and
occupied nuclear estrogen receptors in the
tissues is shown in Table 5. Most of the tissucs
with occupied nuclear estrogen receptors also
contain free nuclear estrogen receptors (19 of
21), and over half’ of the dssues without
appreciable amounts of occupied nuclear cs-
trogen receptors do contain free nuclear cs-
trogen rceeptors. Only about 20, of ER,
positive tissues contained cytoplasmic proges-
terone receptors as well (Table 6).

Table 4. Cytoplasmic and occupied
nuclear estrogen  receptors in  breast
cancer lissues

ER.+ ER.— Total
ERy+ 20 1 21
ERy— 38 14 52
Total 38 15 73

12:-1'_) chorr' =32 (II.S.)‘

Table 5. Free and occupied nuclear
estrogen receplors

ERy+ ERy—  Total
Ry+ 19 32 51
Ry— 2 20 22
Total 21 52 73

22=5.9. P =46 (>93,).

It is worth noting, on the other hand, that
11 of 12 progesterone receptor positive tissues
contained free nuclear estrogen receptors
(Table 7). In the progesteronc receptor ne-
gative group about two thirds contained free
nuclear estrogen receptors. The proportion of
tissues with occupied nuclear estrogen re-
ceptors was significantly higher-in the progres-
terone receptor positive group than in the
progesterone receptor negative group {lable
8).

With the himited number of tissues studied
so far, and the considerable number of pos-
sible receptor combinations, only preliminary
observations can be made on the frequency of
certain conligurations. A summary of the ob-
served receptor combinations is given in Table
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Table 6. Cytoplasmic estrogen and
progesterone receptors

ER,+ FER,— Total
PR+ 1 I 12
PR, — 46 1 57
Total 57 12 69

12=08. %0 =0.2 (ns.)

Table 7. Cytoplasmic progesterone
receplor and  free nuclear  estrogen
receptor

PR+ PR.,— Toul
Ry+ 1 39 50
Ry— 1 18 19
Total 12 37 69

12 =27 1 eore-= 1.6 (1n.5.).

Table 8. Cytoplasmic  progesterone
receptor and occupied nuclear estrogen
receptor

PR+ PR.—  Total
ERy+ 8 12 20
FRy— 2 40 42
Total 10 52 62

2=124. ¥, =10.0 (>99.7",)

9. The two most frequently encountered re-
ceptor distributions were ER_+, Ry+, ERy—,
PR.—, (22 tissues), followed by ER_ +,
Ry+, ERy+, PR.—, (nine tissues).
Carcinomas with all receptors cither negative
or positive were found in approximately equal
numbers (15 tissues total). Another more fre-
quent combination was the presence of only
cytoplasmic estrogen receptors and no other
receptors (eight cases).

In about two thirds of cases the frce nuclear
estrogen receptors were in excess of the oc-
cupied nuclear estrogen receptors; the average
ratio of free to occupied nuclear estrogen
receptors of all cases was 3.1. The average
ratio of Ry/ERy in the tissues where this
value was greater than 1, was 4.4; in those
where 1t was less than 1, the average ratio was
0.4.

Total nuclear estrogen receptors were hig-
her than cytoplasmic estrogen receptors in
slightly less than half the tissues (469). The
average ratio ER total/ER in this group was
3.8, while it was 0.4 in the remainder. The
mean ratio of all tissues was 2.0.

In about one quarter of tissues the ratio of

free nuclear estrogen receptors to cytoplasmic
estrogen receptors was greater than 1. The
average value for the ratio in this group was
2.3. In the majority the receptor concen-
tration was greater in the cytoplasm (mean
ratio 0.3). The mean ratio for all tissues was
1.0. An even smaller proportion of tissues
contained more occupied nuclear estrogen re-
ceptors than cytoplasmic receptors (179%).
The average ratio ERy/ER, in this group was
3.0 while in the other it was 0.2. The overall
mean ratio was 0.7. The results are sum-
marized in Table 10.

Table 9. Frequency of wvarious steroid receptor
combinations in breast cancer tissues

ER, Ry ERy PR, No. of Percentage of

tissues total

+ + — — 22 35.5
+ + + - 9 14.5
+ + + + 8 129
— - — — 7 11.3
+ - — — 8 12.9
+ + — + 1 1.6
- + - — 3 4.8
+ - + — 2 3.2
- + + — 1 1.6
— — — + 1 1.6
62 100¢,

Binding of more than 8 fmole/mg protein was
considered receptor positive for cstrogen receptors;
the cut-off point for the progesterone receptor was
10 fimole/mg.

DISCUSSION

The results presented in this paper could
explain why mnot all cancer tissues with
measurable cytoplasmic estrogen receptors re-
spond to endocrine manipulation. It is gen-
erally accepted that binding to the cytoplas-
mic receptor is only one, probably the first
step, in the mechanism of estrogen hormone
action. Subsequent events include the transfer
of the estrogen-receptor complex to the nuc-
leus and binding to nuclear acceptor sites. If
there 1s a fault anywhere in this sequence,
hormonal regulation is impaired, even in the
presence of normal amounts of cytoplasmic
hormone receptors.

Less than half of the cancers with signi-
ficant amounts of cytoplasmic receptors also
contained estradiol bound to nuclear recep-
tors. Garola et al. [D] observed a greater
proportion of cancer tissues that contained
both cytoplasmic estrogen receptors and oc-
cupied nuclear estrogen receptors: of 21 tissues
with measurable cytoplasmic estrogen recep-
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Table 10.  Ratios of various concentrations in cytoplasm and nuclei
Ry/ER (ERy+ R )/ER, R,/ER, ERA/ER,
All Ratio All Ratio All Ratio All Ratio

cascs  >1 <] cases >1

<l cases >1 <1 cases >1 <l

Number 48 32 16 72 33
Mean 31 44 04 20 338

S.D. 41 45 03 35 46
SEM. 06 08 01 04 08
Range  0.0— 1.02- 00— 0.0~— 1.1 -

21.3 213 09 241 241

Median 1.8 28 03 09 24

39
04 10 23 05 07 30 02
03 1.2 16 03 14 23 03
005 6.1 03 004 02 07 0.03
0.0— 0.0~ 1.06- 00— 00— 13— 0.0—
09 81 81 099 98 98 09
05 07 1.7 05 03 23 0.2

81 23 58 72 12 60)

tors, 17 had nuclear receptor sites occupied by
estrogen. This difference could be due to some
loss of nuclear receptors due to protease [7] in
our assay. If one introduces to the data of
Garola cut-off points for ER.+ and ER —,
similar to the ones used by us, the results
become much more similar to ours.

Most of our tissues with occupled nuclear
estrogen receptor had also significant levels of
free nuclear estrogen receptors. Garola found
a similar proportion. About 60°, of tissucs
without occupied nuclear estrogen rcceptors
were found to contain free nuclear estrogen
receptors in our series, while Garola observed
only one case (of 11) in which mecasurable
amounts of frece nuclear estrogen receptors
were present in the absence of measurable
amounts of occupied nuclear estrogen
receptors.

Panko and MaclLeod [8] reported on free
nuclear and cytoplasmic estrogen receptors in
139 human breast cancers. Their mean values
for cytoplasmic cstrogen receptors were similar
to ours while our average free nuclear es-
trogen receptors were higher than theirs (24.1
compared with 10.3). They also found a small
proportion of cases with positive nuclear re-
ceptors and negative cvtoplasmic receptors
{3,); in our scries the proportion was 6",,.
While our largest group (64°;) consisted of
tissues with both cytoplasmic and free nuclear
estrogen receptors, this group comprised only
27¢;, in Panko’s series. The group with nei-
ther cytoplasmic nor free nuclear estrogen
receptors was smaller in our series (13°,) than
in Panko’s (34°,,). This is probably due to the
fact that we selected mainly ER_ + tissues for
this study.

Since the biosynthesis of progesterone re-
ceptors is controlled by estrogen, Horwitz ef
al. [9] have proposed the measurement of
progesterone receptors as a means of (esting
the sequence following the mitial rveceptor
binding and thus improving the sclection of
breast cancer patients for endocrine therapy.
Evidence for the uscfulness of this proposal
has been presented [10]. It was, thercfore, of
interest to correlate progesterone receptors
with both cytoplasmic and nuclear estrogen
receptors in the cancer tissues. If only receptor
positive tissues were sclected a significant cor-
rclation was obtained between the two cvtop-
lasmic receptors (ER 4+, PR.+). In a much
larger series by McGuire ef al. [11] it was
similarly noted that the likelihood of finding
progesterone receptor in a breast cancer in-
creases with Increasing cytoplasmic cstrogen
receptor concentration. The  distribution  of
cytoplasmic progestcrone and estrogen recep-
tors in the tissues in the tissucs we studied was
similar to that reported by McGuire [10] for
ER, — tissues (ER.—, PR —, 199, ER_ —.
PR.+, 1Y,), but different for the ER +
carcinomas, in that we found a smaller pro-
portion of ER +, PR .+ specimens (20 of 73,
or 279, as compared to 33", in McGuire's
series ).

The average ratio between (ree and oc-
cupied nuclear estrogen receptor in the breast
cancer tssues of this sertes (3.1} 1s somewhat
higher than the ratio calculated from Garola’s
data (2.6, ref. [53]), but the range of results
and the proportion of ratios above and below
1 are very similar. For the ratios between the
nuclear estrogen receptors and the cytoplas-
mic cstrogen receptor we found about 2-3
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fold higher average values than those one
obtains from Garola’s or Panko’s [8] data,
and the percentages of ratios above 1 were
considerably higher in our series. This is most
likely due to different methodologies employed
for the assays of cytoplasmic and nuclear
receptors.

Which clinical significance can be attached
to the various receptors and receptor fractions

will only become apparent after prolonged
clinical follow-up of the patients.

Addendum—In a recent paper [A. GemEr, R.
GinzBurG, M. StauBer and B. LuneNreLD, Unoccupied
binding sites for estradiol in nuclei from human breast
carcinomatous tissuc. J. FEndocr. 80, 281 (1979)] the
presence of unoccupied binding sites for estradiol in
extracts from cell nuclei from human breast carcinoma
has been confirmed.

REFERENCES

1. W. L. McGuire, K. B. Horwrirz, D. T. Zava, R. E. Garora and G. C.
Cuamness, Hormones in breast cancer: update 1978, Metabolism 27, 487

(1978).

2. D.T. Zava, N. Y. HarrinocTtoN and W. L. McGuirg, Nuclear and estradiol
receptor in the adult rat uterus: a new exchange assay. Biochemistry 15, 4292

(1976).

3. R. HAauneL and E. TwapprLe, Estimation of the association constant of the
estrogen receptor complex in human breast cancer. Cancer Res. 33, 559 (1973).

4. M. F. Pichox and E. MiLcroM, Characterization and assay of progesterone
receptor in human mammary carcinoma. Cancer Res. 37, 464 (1977).

3. R. E. Garora and W. L. McGuirg, An improved assay for nuclear-estrogen

receptor in experimental and human breast cancer. Cancer Res. 37, 3333

(1977).

6. R. HAuneL and E. TwappLE, Estradiol binding by human breast carcinoma
cytosols: the influence of commonly used reference parameters on the results.

Europ. J. Cancer 14, 125 (1978).

7. R. E. Garora and W. L. McGuire, Estrogen receptor and proteolytic
activity in human breast tumor nuclei. Cancer Res. 37, 3329 (1977).

8. W. B. Panko and R. M. MacLeob, Uncharged nuclear receptors for estrogen
in breast cancers. Cancer Res. 38, 1948 (1978).

9. K. B. Horwitz, W. L. McGuirg, O. H. Pearsox and A. SEGALOFF,
Predicting response to endocrine therapy in human breast cancer: a hy-

pothesis. Science 189, 726 (1975).

10. W. L. McGuirg, Steroid receptors in human breast cancer. Cancer Res. 38,

4289 (1978).

11. W. L. McGuirg, K. B. Horwitz, O. H. PEARsoN and A. Secavrorr, Current
status of estrogen and progesterone receptors in breast cancer. Cancer (Philad.)

39, 2934 (1977).



