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Abs trac t - -T issues  from 83 prima~ 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 receptor .fractions 
was determined. The two most frequently observed receptor distributions were 
cytoplasmic estrogen receptors with free nuclear estrogen receptors, with or without 
occupied 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 fiequently encountered distribution. Another common combination was 
the presence 0/" crtop!asmic estrogen receptors only, with n°ne o/ the other measured 
receptors. 

I N T R O D U C T I O N  

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 M E T H O D S  

Tissues 

The tissues were primary breast carcinomas 
from patients aged between 30 and 86 yr. The 
average age was 59.7 and the median age 
61yr. The large majority (83°0) were post- 
menopausal (>  50 yr). 

The tissues were snap-frozen and stored at 
- 2 0 ° 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 10mM 
Tris-HC1 buffer, pH 8.0 containing 0 .5mM 
dithiothreitol was prepared using a Sorvall 
omnimixer (tour bursts at maximum speed for 
15sec, with 45sec intervals). The homogenate 
was centrifuged for 10min at 800 g, and the 
supernatant decanted and spun again for 
40min at 100,000g to obtain the cytosol. The 
pellet obtained from the low speed centri- 
fugation was resuspended in 1 vol of Tris 
buffer and centrifuged for 10min at 800g. 
The supernatant was discarded and the wa- 
shed pellet weighed. Five volumes of Tris 
buffer containing in addition 0 .4MKC1 and 
0.558 g EDTA-Na 2 per litre were added to the 
pellet which was left at 4°C for 60min with 
occasional vortexing. Subsequently the suspen- 
sion was centrifuged for 40min at 100,000 g to 
obtain the nuclear extract. 
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Four different extraction procedures tbr the 
nuclear estradiol receptor were compared: 

I. A low speed pellet, washed once and homo- 
genized with KC1 and centrifuged. 

2. A high speed pellet, washed once and 
homogenized with KC1 and centrifuged. 

3. A low speed pellet, washed once, extracted 
for 1 hr with KC1 at 4°C and centrifuged. 



1028 R. Hahnel, R. K. Partridge, L. Gavet, E. Twaddle and T. Ratajczak 

4. A high speed pellet, washed once, extracted 
for 1 hr with KC1 at 4°C and centrifuged. 

Unpublished results show that there is little 
difference between using a high or a low 
speed pellet. However, l hr/4°C extraction 
with KC1 solution appears much more suit- 
able than homogenizing the pellet with KC1. 
A further experiment showed that there is 
little difference in contamination with cvtosol 
after washing the pellet once or twice befbre 
the extraction step. The procedure adopted 
follows closely the one described by Zava [2]. 

Ertimation of cytoplasmic estrogen receptor (ER~) 

Cytoplasmic estrogen receptors were mea- 
sured as described [3] by incubating cytosol 
with 3H-estradiol and increasing amounts of 
nonradioactive estradiol at 25°C for 60min. 
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 t'actor plateaus. 
The cut off value thus obtained was 4tinole 
/mg protein. However it was decided that 
the values usually reported as borderline cases 
i.e., 4-8finole/mg protein would also be con- 
sidered as receptor negative. 

Krtimation of cytoplasmic progesterone receptors 
(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 
hinding to CBG (corticosteroid-binding globu- 
lin). Thc sensitivity of this assay was dc- 
termincd using the same technique as tbr the 
cytoplasmic estrogen receptor assay. The cut- 
off value thus obtained was 10finole/ing pro- 
tcin. All values below this point were taken as 
heing receptor negative and all values greater 
than 10 fmole/mg protein as being receptor 
positiw'. 

Krtimalion o J nuclear estrogen receptors 

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

binding increased steadily up to 5 hr and then 
started to decrease over longer periods of 
incubation (20 hr) as the effect of any protcase 
activity became predominant. It was, there- 
fore, decided to adopt the following 
procedures: 

For the measurement of the free nuclear 
estrogen receptors (RN) 200#1 aliquots of the 
nuclear extract were incubated in triplicate 
with 20,000dis/min of tritiated estradiol (spec. 
act. 42Ci/mmole) without or with 50, 100, 
200, 1000 or 5000pg of nonradioactive 
estradiol, respectively, for 20hr at 4°C. For 
the estimation of total nuclear e.strogen receptors 
the incubation was clone at 30°C tbr 4hr  and 
the steroid concentrations were increased to 
100,000 dis/min tritiated estradiol and 
230,300, 1000, 5000, 23000 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 buit~r was added 
(10mM Tris HC1 bufl>r pH 8.0 containing 
0.3,0 Norit A, 0.05'I{, dextran TT0 and 
0.037"o EDTA-Na2). The solution was vor- 
texed and left fbr 20rain in an ice bath. The 
tubes were then centrifuged tbr 10min at 
{300 g and the supernatant was decanted into 
counting vials. Eight ml of Bray's scintillator 
was added to each tube for liquid scintillation 
counting. Occupied nuclear estrogen receptors 
(ERN) were calculated as the difference be- 
tween total and fi'ee receptors [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 
hydroxyapatite method for nuclear estrogen 
receptor assay described by Garola and 
McGuire [51 is at present under investigation. 

Other metko& 

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

RESULTS 

The concentration of the various recel)lors 
in the breast cancer tissues is shown in Table 
1. Ill this table the results are arranged in 
increasing order of the estrogcn receptor levels 
in thc cytosol (ER~.). It should be noted that 
mainly ER~+ tumors (hinding>8finole/mg) 
wer(" s{'lccted lor this sludy since it is in this 
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Table 1. Cytoplasmic estrogen and cytoplasmic 
progesterone receptors, nuclear bound and free 

estrogen receptors in human breast carcinoma 

Patient ER~ R s ERN PR¢ 
code 

WY-1 0.0 0.8 0.0 
KL-2 0.4 - -  - -  
PA-8 1.7 0.8 4.9 - -  
FE-5 2.6 0.6 1.7 0.4 
HY-1 3.6 2.7 1.3 0.0 
PO-8 4.8 10.2 11.0 0.0 
SA-6 6.2 0.0 1.9 3.3 
JO-7 6.5 2.3 5.2 0.0 
SM-14 6.6 6.4 4.5 12.9 
TH-8 6.6 4.8 0.0 0.0 
RE-5 6.8 9.4 4.1 2.8 
JA-6 6.9 4.5 3.8 0.0 
JE-3 7.1 2.8 4.3 - -  
TO-6 7.2 20.0 3.3 0.0 
CL-5 7.4 0.6 0.0 5.8 
BR-13 7.6 11.5 4.5 8.5 
SI-3 8.3 14.0 14.8 0.0 
CO-3 8.3 0.8 3.9 3.7 
HA-11 8.5 42.4 11.0 3.8 
FE-6 8.5 2.0 0.0 1.5 
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 
MB-1 9.7 79.1 33.2 4.4 
CR-9 9.8 25.0 5.4 0.0 
VE-2 10.3 13.5 7.0 2.5 
MO-16 10.6 19.1 2.3 0.0 
EL-3 10.6 11.8 41.9 22.0 
HA-26 11.0 5.2 0.0 1.84 
GR-11 11.5 28.0 - -  - -  
SP-2 11.7 3.3 2.6 0.0 
CO-10 12.0 7.3 3.2 0.0 
SL-1 12.2 10.3 - -  0.0 
BA-19 12.5 4.1 27.8 6.9 
SI-6 12.5 3.1 0.0 0.3 
FE-4 12.6 11.3 0.0 9.5 
KE-8 14.0 10.3 20.2 10.4 
JO-10 15.4 10.7 0.0 0.6 
RO-11 15.7 15.5 48.8 0.0 
ST-13 16.1 28.3 0.0 0.0 
WA-14 16.5 59.9 14.7 35.4 
CA-13 17.2 20.2 7.8 4.3 
MA-19 18.0 11.9 3.3 0.0 
BO-8 18.0 11.7 44.8 
BE-7 18.0 19.2 15.5 
MA-21 19.0 8.1 3.1 
WE-10 23.0 11.0 2.2 0.0 
BO-12 26.7 28.2 22.8 21.9 
VI-2 27.0 9.8 0.0 
CO-13 2q.2 30.3 9.2 0.0 
FR-4 29.5 19.8 14.6 6.7 
SN-3 29.6 3.4 0.0 0.0 
GO-6 32.6 15.6 12.4 17.0 
HO-7 32.7 32.5 0.0 
DA-15 33.3 31.0 48.7 6.9 
WA-10 36.6 0.0 21.9 5.5 
MK-2 37.6 30.3 16.6 - 
NI-7 40.0 19.4 1.1 7.3 
WI-14 40.0 32.0 1.5 
NE-4 40.0 39.0 78.8 0.0 
UR-1 43.7 28..9 6.5 115.6 
SH-7 4}.1 122.1 16.9 0.0 

RY-4 44.2 35.7 0.0 1.8 
GR-10 58.7 27.3 0.0 0.1 
MM-3 59.8 24.0 - -  - -  
SZ-1 61.9 57.0 0.0 2.0 
MI-10 64.8 7.4 0.0 - -  
BR-17 65.3 51.6 0.0 0.0 
JO-8 67.0 110.9 0.0 0.0 
CA-15 69.0 40.4 0.0 6.2 
RE-14 74.3 128.5 0.0 3.4 
VI-4 76.0 82.9 27.1 55.5 
BU-10 79.5 41.0 --- 7.2 
JA-8 83.8 8.2 6.4 
SM-16 99.2 67.5 0.0 5.2 
DU-6 106.0 25.7 0.0 - -  
MY-1 107.9 43.0 42.3 68.7 
BA-15 108.5 12.5 8.7 
BR-19 113.8 4.6 - -  0.9 
TR-1 119.0 12.4 0.0 3.3 
SM-16 126.7 36.4 7.6 4.4 
HA-29 129.3 70.9 0.0 0.3 
DU-7 210.9 41.7 0.0 0.2 

All results are given in fmole steroid bound per 
mg soluble protein, ( - )  Not done (insuttlcient 
tissue); ERc cytoplasmic estrogen receptor; PRo, 
cytoplasmic progesterone receptor; ERN, occupied 
nuclear estrogen receptor; RN, free nuclear es- 

trogen receptor. 

g r o u p  t h a t  f u r t he r  d i s c r i m i n a t i o n  is r e q u i r e d  

for p r e d i c t i o n  o f  response  to e n d o c r i n e  t rea t -  

m e n t .  S ince  the  lack  o f  tissue p r e c l u d e d  full  

de ta i l s  o f  s a t u r a t i o n  analyses  for some tissues, 

the results  in T a b l e  1 r e p r e s e n t  s ing le -po in t  

assays, i.e., d a t a  o b t a i n e d  f rom the  d i f fe rence  

in b i n d i n g  o f  t r i t i a t ed  s tero id  (1 n M )  in the  

p re sence  a n d  absence  o f  100-fold excess n o n -  

r a d i o a c t i v e  s teroid.  

T h e  a v e r a g e  es t rogen  r e c e p t o r  c o n c e n -  

t r a t i on  in the  cytosol  was  3 5 . 3 f m o l e / m g  pro-  

te in wi th  an  S.D.  o f  39.1 and  it r a n g e d  f rom 
O /  0.0 to 210.9. T h e  m e d i a n  resul t  ( a 0 / o  per -  

cen t i l e )  was  17.2. C y t o p l a s m i c  p r o g e s t e r o n e  

r ecep to r s  r a n g e d  f r o m  0.0 to 115.6 f m o l e / m g  

p r o t e i n  and  the  m e a n  c o n c e n t r a t i o n  __ S.D.  

was 8.3___18.2 T h e  m e d i a n  was 2.5. T h e  

statistics o f  the  so luble  n u c l e a r  e s t rogen  re-  

cep tors  w e r e  as fol lows:  F r e e  n u c l e a r  es t rogen  

r ecep to r ,  m e a n _ _ S . D .  24.1- t -26.7 ,  r a n g e  0 . 0 -  

1 2 8 . 5 f m o l e / m g  p ro t e in ,  m e d i a n  13.8; oc- 

c u p i e d  n u c l e a r  e s t rogen  r e c e p t o r ,  m e a n  ± S . D .  
9 .9- t -17.1 ,  m e d i a n  3.2, r a n g e  0 . 0 - 8 6 . 5  fmole  

/nag p ro te in .  T h e s e  d a t a  are  s u m m a r i z e d  in 

T a b l e  2. L i n e a r  co r r e l a t i ons  b e t w e e n  the  va-  

r ious r ecep to r s  w e r e  ca l cu l a t ed .  A s ign i f ican t  

pos i t ive  coef f ic ien t  o f  c o r r e l a t i o n  (r) was ob-  

t a i n e d  on ly  for the  pa i r :  c y t o p l a s m i c  e s t rogen  
r e c e p t o r  vs free n u c l e a r  e s t rogen  r e c e p t o r  
( n = 8 2 ,  r = 0 . 4 2 ,  c o n f i d e n c e  l im i t>99 .9° ' i~ ) .  

T h e r e  was no c o r r e l a t i o n  b e t w e e n  proges-  
t e r o n e  a n d  es t rogen  r ecep to r s  in ou r  series i f  

all  results  w e r e  c o m p a r e d  regard less  o f  re- 
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Table 2. Summa D' (if stati.slical data o/ receplor.x in 
breasl cancer tis,sue 

Age o1 
patients 

(yr) 
ER~ R N ERx PR~ 

Number 79 83 82 73 69 
Mean 59.7 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 4.3 3.0 2.0 2.2 
Median 61 17.2 13.75 3.2 2.5 
Range 3(1 86 0 210.9 0 128.5 0 86.5 0 115.6 

Table 3. C),toplasmie (ER~) and 
J?ee nuclear estrogen tee@tars (RN) in 

breast cancer tissues 

ERe + ER~ - Total 

R N +  5 5  4 59 
R N - -  12 11 23 
Total 67 15 82 

7̀ 2 = 18.6.7. 2 . . . . .  = 16.0 (>99.9%). 
ER+is defined as binding of 8 or 
more fmole/mg protein, E R - i s  bind- 
ing of less than 8finole/mg protein. 
X2corr" Yates correction. 

ceptor  status. However ,  if the compar i son  was 
restricted to PR~ + ,  ER~ + tissues, a significant 
positive correlat ion was ob ta ined  for the two 
cytosol receptors  ( n = l l ,  r = 0 . 5 8 ,  p < 0 . 0 5 )  
and  be tween the free nuclear  estrogen re- 
ceptors and the progesterone receptor  (PR~ + ,  
R N +  ; n = 1 0 ,  r = 0 . 6 1 ,  P < 0 . 0 5 )  while there 
was no corre la t ion be tween P R ~ +  and oc- 
cupied nuclear  estrogen receptors tERN). Bv 
defining steroid b inding values grea ter  than 
8 th lo l e /mg  prote in  tbr estrogen receptors  and 
grea ter  than  10finale/rag prote in  for pro- 
gesterone receptor  as receptor  positive and 
those below these values as receptor  negative,  
the tbllowing frequencies were ob ta ined  tar 
the various receptor  combina t ions  in the can- 
cer tissues (Tables  3 8). T h e  tables were 
evalua ted  by Chi -square  tests with Yates cor- 
rection. In the major i ty  of  cases (55 of 67) 
tissues with cy toplasmic  estrogen receptors 
also conta ined  free nuclear  estrogen receptors;  
only tour of  15 E R ~ -  tissues conta ined  t2ee 
nuclear  estrogen receptors.  This  ditt~rence is 
statistically significant (Table  3.) A similar 
distr ibution was ob ta ined  if cy toplasmic  and 
total  nuclear  estrogen receptors were cam-  

pared.  In  contrast ,  less than  ha l f  (20 of 58) of  
thc specimens with cytoplasmic  estrogen re- 
ceptors had  estrogen occupied nuclear  re- 
ceptor  sites (Table  4). On ly  one of 15 tissues 
wi thout  cytoplasmic  estrogen receptors con- 
rained occupied nuclcar  estrogen receptors 
(Table  4). T h e  relat ion hetwcen fi'ee and 
oct:upied nuclear  estrogen receptors in the 
tissues is shown in T a b l e  3. Most  of  the tissues 
with occupied nuclear  estrogen receptors also 
contain fi'ce nuclear  estrogen receptors {19 of  
21), and ovcr  halt" of  thc tissues wi thout  
apprec iab le  amounts  of  occupied nuclear  es- 
trogen receptors do contain fi'ee nuclear  es- 
trogen receptors.  On ly  abou t  20% of ER¢ 
positive tissues conta ined  cytoplasmic  proges- 
terone receptors  as well (Table  6). 

7able 4. Cytoplasmic and occupied 
nuclear e,strogen reeeptors in breast 

#a~lt'er [issues 

ER~ + 1'51~, ~ Total 

ER N + 20 1 21 
ER N 38 14 52 
Total 58 15 73 

Z 2 = 4 " 5 "  Z 2 .... . --3.2 {n.s.). 

Table 5. Free and oeeupied nuclear 
eslrogen receptors 

ER N + t+7,R N -- Total 

R N + 19 32 51 
R N - -  '2 '2 ( ) 2 '2 
Total 21 52 73 

Z 2=5.9. Z 2 .... .=4.6 (>95",~). 

I t  is worth  noting, on the other  hand,  that  
11 of 12 progesterone receptor  positive tissues 
contained ti'ee nuclear  estrogen receptors 
(Table  7). In  the progesterone receptor  ne- 
gat ive group  abou t  two thirds conta ined free 
nuclear  estrogen receptors.  T h e  propor t ion  of 
tissues with occupied nuclear  estrogen re- 
ceptors was significantly higher-in the progres- 
tcrone receptor  positive group  thm~ in the 
progesterone receptor  negat ive  group  (Table  
8). 

With the l imited l m m b e r  of  tissues studied 
so thr, and the considerable n u m b e r  of  pos- 
sible receptor  combinat ions ,  only p re l iminary  
observat ions can be made  on the t i 'equency of 
certain contigurations.  A s u m m a r y  of the ob- 
served receptor  comhinat ions  is given in TaMe  
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Table 6. @toplasmic estrogen and 
progesterone receptors 

ER~ + ER~ -- Total 

PR~+ 11 1 12 
PR¢ - 46 l 1 57 
Total 57 12 69 

Z 2=0-8. Z 2 ..... =0.2 (n.s.) 

Table 7. Cytoplasmic progesterone 
receptor and .free nuclear estrogen 

receptor 

free nuc l ea r  es t rogen receptors  to cy top la smic  
es t rogen receptors  was g rea te r  t h a n  1. T h e  
ave rage  va lue  for the  ra t io  in this g r o u p  was  
2.3. I n  the ma jo r i t y  the r ecep to r  concen -  
t ra t ion  was g rea te r  in the c y t o p l a s m  (mean  
rat io  0.5). T h e  m e a n  rat io  for all tissues was 
1.0. A n  even smal ler  p r o p o r t i o n  o f  tissues 
c o n t a i n e d  m o r e  o c c u p i e d  nuc l ea r  es t rogen re- 
ceptors  t h a n  cy top l a smic  receptors  (17°o) .  
T h e  ave rage  ra t io  E R N / E R  ¢ in this g r o u p  was 
3.0 while  in the o the r  it was  0.2. T h e  overal l  
m e a n  rat io  was 0.7. T h e  results are  sum-  
m a r i z e d  in T a b l e  10. 

PR~ + PR~ - Total 

R N q- 11 39 50 
R N - 1 18 19 
Total 12 57 69 

X2=2.7. /2 .... .=  1.6 (n.s.). 

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

ER~ R N ERN PR~ No. of Percentage of 
tissues total 

Table 8. Cytoplasmic progesterone 
rec@tor and occ@ied nuclear estrogen 

receptor 

PR~ + PR~ - Total 

ER N + 8 12 20 
ER N - 2 40 42 
Total 10 52 62 

+ + - - 22 35.5 
+ + + - 9 14.5 
+ + + + 8 12.9 
. . . .  7 11.3 
+ - - - 8 12.9 
+ + - + 1 1.6 
- + - - 3 4.8 
+ - + - 2 3.2 
- + + - 1 1.6 
- - - + 1 1 . 6  

62 100 % 

Z 2= 12.4. Z 2 .... .=  10.0 (>99.7%) 

9. T h e  two most  f r equen t ly  e n c o u n t e r e d  re- 
cep to r  d is t r ibut ions  were  ER~ + ,  R N + ,  E R  N - ,  
P R ~ - ,  (22 tissues), fol lowed by  E R ~ + ,  
R N + ,  E R  N + ,  P R o - ,  (nine tissues). 
C a r c i n o m a s  wi th  all receptors  e i ther  nega t ive  
or  posit ive were  f imnd in a p p r o x i m a t e l y  equal  
n u m b e r s  (15 tissues total) .  A n o t h e r  m o r e  fre- 
q u e n t  c o m b i n a t i o n  was the presence  o f  on ly  
cy top l a smic  es t rogen receptors  a nd  no  o the r  
receptors  (eight  cases). 

I n  a b o u t  two thirds o f  cases the free nuc lea r  
es t rogen recep tors  were  in excess o f  the oc- 
cup i ed  nuc l ea r  es t rogen recep tors ;  the ave rage  
ra t io  o f  free to o c c u p i e d  nuc l ea r  es t rogen 
receptors  o f  all cases was  3.1. T h e  ave rage  
ra t io  o f  R N / E R  N in the tissues whe re  this 
va lue  was  g rea te r  t han  1, was 4.4;  in those 
whe re  it was  less t h a n  1, the ave rage  ra t io  was 
0.4. 

T o t a l  nuc l ea r  es t rogen receptors  were  hig-  
her  t h a n  cy top l a sm i c  es t rogen receptors  in 
sl ightly less t h a n  h a l f  the tissues (46q{~). T h e  
ave rage  ra t io  E R  N t o t a l / E R  c in this g r o u p  was  
3.8, while  it was 0.4 in the r ema inde r .  T h e  
m e a n  rat io  o f  all tissues was 2.0. 

I n  a b o u t  one  q u a r t e r  o f  tissues the ra t io  o f  

Binding of more than 8 flnole/mg protein was 
considered receptor positive for estrogen receptors; 
tile cut-oil" point for the progesterone receptor was 
10 flnole/mg. 

D I S C U S S I O N  

T h e  results p resen ted  in this p a p e r  could  
expla in  w h y  not  all c ance r  tissues wi th  
m e a s u r a b l e  cy top l a smic  es t rogen receptors  re- 
spond  to endoc r ine  m a n i p u l a t i o n .  I t  is gen-  
eral ly accep t ed  tha t  b i n d i n g  to the cytoplas-  
mic  r ecep to r  is on ly  one,  p r o b a b l y  the first 
step, in the m e c h a n i s m  o f  es t rogen h o r m o n e  
act ion.  S u b s e q u e n t  events inc lude  the t ransfer  
o f  the e s t rogen - recep to r  c o m p l e x  to the nuc-  
leus and  b i n d i n g  to nuc l ea r  a c c e p t o r  sites. I f  
there  is a fault  a n y w h e r e  in this sequence ,  
h o r m o n a l  regu la t ion  is impa i r ed ,  even in the 
presence  o f  n o r m a l  a m o u n t s  o f  cy top la smic  
h o r m o n e  receptors .  

Less t h a n  ha l f  o f  the cancers  wi th  signi- 
f icant  a m o u n t s  o f  cy top l a smic  receptors  also 
c o n t a i n e d  estradiol  b o u n d  to nuc l ea r  recep-  
tors. G a r o l a  et al. [5] obse rved  a grea te r  
p r o p o r t i o n  o f  c ance r  tissues tha t  c o n t a i n e d  
bo th  cy top l a smic  es t rogen receptors  and  oc-  
cup ied  nuc lea r  es t rogen recep tors :  o f  21 tissues 
wi th  m e a s u r a b l e  cy top l a smic  es t rogen recep-  
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7?lh/e 10. Ratios o/ various concentralions in cvloplasm and nuclei 

RN/ER n (ER n + R n )/ER~ Rn/ER ~ I:,RN/ER ~ 

All Ratio All Rado All Ralio All Ratio 
cases >1 <1 cases >1 <1 cases >1 <1 cases >1 <1 

Number 48 32 16 72 33 39 81 2',~ 58 72 12 60 
Mean 3.1 4.4 0.4 2.0 3.8 0.4 1.0 2.3 0.5 0.7 3.0 0.2 
S.D. 4.1 4.5 0.3 3.5 4.6 0.3 1.2 1.6 0.3 1.4 2.3 0.3 
S.E.M. 0.6 0.8 0.1 0.4 0.8 0.03 0.1 0.3 0.04 0.2 0.7 0.03 
Range 0 .0-  1.02-- 0 .0-  0.0-  l . l -  0 .0-  0 .0-  1.06 0 .0-  0./)- 1.3- (1.0- 

21.3 21.3 0.9 24.1 24.1 0.9 8.1 8.1 0.99 9.8 9.8 I).9 
Median 1.8 2.8 0.3 0.9 2.4 0.5 0.7 1.7 0.5 0.',/ 2.3 0.2 

tots, 17 had nuclear  receptor  sites occupied by 
estrogen. This  diiference could be due to some 
loss of  nuclear  receptors  due to protease  [7} in 
our  assay. I f  one introduces to the da ta  of  
Ga ro l a  cut-off  points tbr E R ~ +  and E R o - ,  
similar  to the ones used by us, the results 
become  much  more  similar  to ours. 

Most  of  our  tissues with occupied nuclear  
cstrogcn receptor  had  also significant levels of  
fi'ce nuclear  estrogen receptors.  Ga ro l a  tbund 
a similar propor t ion .  Abou t  60(10 of  tissues 
wi thout  occupied nuclear  estrogen receptors  
were found to contain  free nuclear  estrogen 
receptors  in our  series, while Ga ro l a  observed 
only one case (of 11) in which measurab le  
amounts  of  fi'ee nuclear  estrogen receptors  
were present  in the absence of  measurab le  
amounts  of  occupied nuclear  estrogen 
receptors.  

Panko and M a c L e o d  [8] repor ted  on flee 
nuclear  and  cytoplasmic  estrogen receptors in 
139 h u m a n  breast  cancers.  The i r  mean  values 
tbr cytoplasmic  estrogen receptors  were similar  
to ours while our  average  fi'ee nuclear  es- 
t rogen receptors were  higher than theirs (24.1 
c o m p a r e d  with 10.3). T h e y  also tbund a small 
p ropor t ion  of  cases with positivc nuclear  re- 
ceptors and negat ive  cytoplasmic  receptors  
(3%) ;  in our  series the p ropor t ion  was 6~!i,. 
\'Virile our  largest g roup  (64°~,) consisted of  
tissues with both cytoplasmic  and flee nuclear  
estrogen receptors,  this g roup  comprised only 
27% in Panko ' s  series. T h e  g roup  with nei- 
ther  cytoplasmic  nor ti~ee nuclear  estrogen 
receptors  was smaller  in our  series ( 13° , )  than 
in Panko ' s  (34°~,). This  is p r o b a b l y  due to the 
fact that  we selected main ly  E R ~ +  tissues lbr 
this study. 

Since the biosynthesis of  progestcrone re- 
ceptors is control led by estrogen, Horwi tz  el 
al. [9] have proposed the measu remen t  of  
progesterone receptors  as a means  of lestino 
the sequence fbllowing the inilial r c c e l m .  
binding and thus improv ing  the selection of 
breast  cancer  pat ients  tbr endocr ine  therapy.  
Evidcnce for the usefulness of  this proposal  
has been presented [10]. I t  was, therefore, of  
interest to correlate  progesterone receptors 
with both cytoplasmic  and nuclear  estrogen 
reccplors in the cancer  tissues. I f  onl} receptor  
positive tissues were selected a signiticant cor- 
relation was ob ta ined  between the two cytop-  
lasmic receptors  ( E R ~ + ,  P R ~ + ) .  In a much  
larger series by M c G u i r e  el a/. [11] it was 
similarly noted that  the likelihood of  finding 
progesterone receptor  in a breast  cancer  in- 
creases with increasing cytoplasmic  estrogen 
receptor  concentra t ion.  T h e  distr ibution of 
cytoplasmic  progesterone and estrogen recep- 
tors in the tissues in the tissues we studied was 
siinilar to that  repor ted  by McGui r e  1101 tbr 
E R ~ -  tissues ( E R ~ - - ,  P R ~ - - ,  19'!i,; E R ~ - ,  
P R ~ + ,  1".) ,  but different tot the E R ~ +  
carc inomas,  in that  we found a smaller  pro- 
port ion of  E R o + ,  P R ¢ +  specimens (20 of  73, 
or 27° , ,  as c o m p a r e d  to 53"i, in McGui rc ' s  
series). 

The average  ratio between [fee and oc- 
cupied nuclear  estrogen receptor  in the breast 
cancer  tissues of  this series (3.1) is somewha t  
higher than the rat io calculated from Garo la ' s  
data  (2.6, ret: [5]), but the range of resuhs 
and the propor t ion  of ratios above  and below 
1 are very similar. For the ratios between the 
nuclear  estrogen receptors and the cytoplas- 
mic estrogen receptor  we lbund about  2 3 
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fold higher  average  values than  those one 
obtains  f rom Garo la ' s  or Panko ' s  [8] da ta ,  
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  cy toplasmic  and  nuclear  
receptors.  

Which  clinical significance can be a t t ached  
to the var ious receptors  and  receptor  fractions 
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will only become  a p p a r e n t  after pro longed 
clinical fol low-up of  the patients.  

Addendum--ha a recent paper [A. GEIER, R. 
GINZBI!RG. M. STAUBER and B. LUNENFELD, Unoccupied 
binding sites lbr estradiol in nuclei from human breast 
carcinomatous tissue. J. Endocr. 80, 281 (1979)] the 
presence of unoccupied binding sites for estradiol in 
extracts fi"om cell nuclei from human breast carcinonm 
has been confirmed. 
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