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Abs t rac t - -This  study demonstrates that the cellular content of the cytoplasmic 
speci~c estradiol receptor varies in mammary carcinomas in a reproducible way; the 
central parts of the tumor contained the lowest and the peripheral parts the highest level 
of the receptor. These intratumoral differences in receptor content, which varied between 
3- and 20-fold, were found in tumors from both pre- and postmenopausal women. In 
contrast to the cytoplasmic receptor the intranuclear receptor level was highest in the 
central parts of mammary carcinomas. The JTnding of large intratumoral variations in 
receptor content strongly suggest that tumor samples for receptor analysis should be 
collected in a standardized way. 

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

PATIENTS whose m a m m a r y  carcinomas contain 
estrogen receptor  (ER)  are likely to respond 
to endocr ine  the rapy  [1, 2]. T h e  total am o u n t  
of  receptor  may  however  vary  within three 
orders of  magni tude  and there is an incom- 
plete correlat ion between absolute receptor  
content  and likelihood of  response [2, 3]. 
Moreover ,  there are several well documen ted  
cases of  patients who have responded to en- 
docr ine  the rapy  in spite of  the fact that  their  
tumors have been ' receptor-negat ive '  [1]. T h e  
finding of  responders in the receptor-negat ive  
group has so far only been explained for 
women  with high levels of  serum estradiol. In 
this case it is assumed that  endogenous es- 
tradiol blocks the receptor  in vivo making it 
undetec table  by the techniques rout inely used 
[4]. This  explanat ion  is obviously not suf- 
ficient for most pos tmenopausal  women.  An 
al ternat ive explanat ion  which has been con- 
sidered by some authors  is that  the cellular 
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receptor  content  may  vary  in different parts of  
the tumor.  However ,  so far only relatively 
minor  in t ra tumora l  variations were detected 
[5, 6]. 

Th e  aim of  the present study was to in- 
vestigate the cytoplasmic and nuclear  estradiol 
receptor  content  in different parts of h u m a n  
m a m m a r y  carcinomas.  We report  that  the 
receptor  content  varies widely in different 
parts of  a tumor.  Consequent ly  we recom- 
mend  a s tandardized tissue sampling tech- 
nique to reduce this major  source of  error  in 
estradiol receptor  measurements .  
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M A T E R I A L S  A N D  M E T H O D S  

Patients and tumors 

Twen ty -one  tumors were obta ined as mas- 
tec tomy specimens. No preopera t ive  radiat ion,  
chemothe rapy  or endocr ine therapy  had been 
given. For  technical  reasons only roughly 
spheroidal  tumors with a d iameter  of  more 
than 1.5 cm were used. Both pre- and postme- 
nopausal  women were included in the study. 
T h e  histological classification was previously 
described ]7]. All but  one of  the tumors were 
ductal  carcinomas of  different degrees of  dif- 
ferentiation. T h e  one remaining tumor  was a 
pure colloid (mucoid)  carcinoma.  
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Measurements oJ" specific estradiol receptor 

After mastectomy,  the tissue was transpor- 
ted on crushed ice to the pathology depar t -  
ment.  All tumors were excised and prepared  
for analysis within 0.5 hr after operat ion.  An 
0.5 cm thick disc-formed slice was obta ined 
from the tumor  by two parallel cuts close to 
' equator '  of  the tumor.  T h e  slice was ti~ozen 
on dry  ice and prepared  in either of two 
ways (Fig. 1); (a) the slice was divided into 
four identical quadrants .  One  quad ran t  was 
fur ther  subdivided into three parts by cuts 
perpendicu lar  to the radius of  the quadran t ;  
(b) consecutive concentr ic  r ingformed sections 
were manua l ly  punched  out using a cork- 
borer.  T h e  frozen samples were ei ther anal- 
yzed direct ly or stored at - 7 0 ° C  for up to 3 
weeks before analysis. Pilot experiments  had 
shown that  freezing on dry  ice and storage at 
- 7 0 ° C  did not  change the estradiol binding. 
T h e  specific estradiol receptor  content  was 
de te rmined  as previously described using a 
3H-estradiol concent ra t ion  of 5 n M  [8]. All 
receptor  values are expressed as fmole//tg 
DNA. DNA was de te rmined  by the method  of  
Burton [9]. T h e  in t ranuclear  receptor  contcnt  
was measured as described by Garo la  and 
McGui re  [ 10]. 

Chemicals 

3H-estradiol was obta ined from New 
England Nuclear ,  Polyacrylamide  gel plates 
were purchased from LKB,  Sweden.  

RESULTS 

Cytoplasmic estradiol receptor values in replicate 
samples 

As detailed in Methods,  a rounded  disc was 
cut out from 12 tumors. These  discs were 
fur ther  divided into four quadrants  (Fig. 1). 
T h r e e  of  the four quadrants  were wi thout  
fur ther  subdivisions subjected to parallel  ER  
determinat ions.  T h e  results depicted in Tab le  
1 demons t ra te  that  the maximal  cliff>fence 

Table 1. Cytoplasmic FR-values in diJ,/erent 
quadrants from square slices qf breast cancer 

Case ~(). 

ER-value in fmole//tg DNA 
Quadran t  No. 

1 2 3 

1 0.98 1.17 0.68 
2 0.41 0.4[} 0.34 
3 0.92 0.94 0.70 
4 2.61 3.66 1.8t. 
5 0 0.02 0.01 
6 0 0.01 0.03 
7 4.24 2.87 6.48 
8 1.61 1.19 3.34 
9 3.05 1.50 2.57 

l0 1.80 0.57 0.84 
11 1.81 1.95 3.01 
12 1.37 1.39 1.38 

Case No. 7=col lo id  carcinoma, all o the r s=duc ta l  
carcinomas. Case Nos. 2 and 5 =premenopausa l ,  
all others = postmenopausal.  

between quadrants  from the same tumor  was 
3-fold (case 10) and that  this maximal  difl~r- 
ence was approximate ly  2-fold for several 
other  tumors (cases 1, 4, 7, 8, 11 and 12). 

Cytoplasmic eslradiol receptor values in central and 
peripheral parts" of the tumor 

One of  the quadrants  from the tumor  disc 
described above was fur ther  subdivided so 
that  a central  portion,  an in termediate  por- 
tion and a per ipheral  port ion of  the tmnor  
was obta ined (Fig. 1). Estrogen receptor  assay 
on these three portions indicated a decreased 
value in the central  par t  of the tumor  in seven 
out of ten receptor-conta in ing tumors ('Fable 
2). Fur thermore ,  the maximal  ditt~wence be- 
tween the central  and peripheral  parts of the 
tumors was much wider (e.g., case 1) than the 
difference between the replicate parts de- 
scribed above. We therefore decided to per- 
form a more detailed study of the intra- 
tumoral  variat ion of the nuclear  and cytoplas- 
mic ER-content .  

Ouadra n f  method 

Fig. 1. 

Cork- bore method 

G 
A schematic illustration qf  the h,,o metho& u.wd./i, 

subdividing tumor slices. 

Cytoplasmic and nuclear receptor levels in d(/ferent 
parts o/ tumors f iom postmenopausal women 

Cork-borers  were used to obtain consec- 
utive r ingformed sections t~om six tumors as 
described in Methods (Fig. 1). Figures 2 and 
3 show the cytoplasmic estradiol receptor  
values from the centre to the periphery.  The  
centre contained only low or unmeasurable  
receptor  values. This value then increased 
towards the per iphery  and was maximal  in 
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Table 2. Cytoplasmic ER-values in central, intermediate 
and peripheral zones o f  quadrants from square slices o f  breast 

c a n c e r  
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Case No. 

ER-value in fmole//~g DNA 
Zone 

Central Intermediate Peripheral 

1 0 0.45 0.90 
2 0.10 0.16 0.20 
3 0.08 0.33 0.22 
4 1.17 1.94 1.47 
5 0.03 0.01 0.03 
6 0 0 0.01 
7 4.28 3.26 6.30 
8 0.43 1.55 0.63 
9 1.03 2.28 2.23 

10 1.00 0.29 1.29 
11 0.50 2.79 2.57 
12 2.63 2.66 1.08 

Case No. 7=colloid carcinoma, all others=ductal car- 
cinomas. Case Nos. 2 and 5=premenopausal, all others 
= postmenopausal. 
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Fig. 2. The cytoplasmic estradiol receptor level in mammary carcinomas from postme- 
nopausal women. The cellular content of cytoplasmic receptor (expressed as fmole//Jg 
DNA)  was determined in different parts of tumors with a high (Fig. 2a) and low (Fig. 
2b) total receptor content, respectively. Concentric tumor specimens were prepared as 
described in Materials and Methods. The distance from the tumor centre (orig.) is given 
in mm. The size of each segment is given by the horizontal bars which represent the 

distance between the inner and outer radius of the respective segment. 

one of  the most peripheral  parts. I t  is note- 
wor thy  that  four tumours  which had no, or 
extremely low levels of  receptor  in the centre 
all had values of  more than 0.1 fmole/#g 
D N A  in specimens taken from the periphery.  
I t  is thus clear from these experiments that  
the amoun t  of  E R  in the tumor  sometimes 
may  depend on where the specimens are 
taken. 

W h e n  estradiol is bound  to the cytoplasmic 
receptor the complex is translocated to the 
nucleus [10, 11]. Measurements  of  the cyto- 
plasmic receptor  will accordingly give only 
incomplete information about  the cellular re- 
ceptor content.  We therefore investigated both 
the in t ranuclear  and the cytoplasmic estradiol 
receptor in different parts of  two tumors from 
postmenopausal  women.  The  da ta  in Fig. 3 
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The intranuclear and cytoplasmic receptor content in 
mammary carcinomas from postmenopausal women. The in- 
tranuclear (whole lines) and cytoplasmic (dotted lines) receptor 
levels were determined as outlined in Materials and Methods. 
The respective tumor is" represented by a filled and its cor- 

responding unfilled symbol. 

amount of intranuclear receptor was several 
times higher than the amount  of cytoplasmic 
receptor. 

Cytoplasmic and nuclear receptor levels in different 
parts of tumors from premenopausal women 

Figure 4 illustrates the intranuclear and cyt- 
oplasmic receptor levels observed in different 
parts of tumors from premenopausal women. 
The data show that also with these two 
tumors from premenopausal women higher 
levels of intranuclear receptor were observed in 
the central parts as compared to the per- 
iphery. The opposite was true tbr the cyto- 
plasmic receptor of three tumors. With the two 
tumors analyzed for both types of receptor, 
there was a major difference in pattern as 
compared to the previously described tumors 
from postmenopausal women. With the tumors 
from the premenopausal women the total 
amount of receptor was much lower in the 
cytoplasm as compared to the nucleus indicat- 
ing an efficient in vivo translocation of the 
receptor to the nucleus. One patient had no 
detectable cytoplasmic receptor and very low 
values for the intranuclear receptor. 

demonstrate that with these two tumors the 
cytoplasmic and nuclear receptors did not vary 
in parallel. In contrast to our findings with 
the cytoplasmic receptor, the highest values 
for the intranuclear receptor were observed 
in the central parts of the tumors, where the 
values were approximately two times higher 
than in the periphery. It is clear from Fig. 3 
that in the central parts of the tumors the 

Lack of correlation between intratumoral estrogen 
receptor variation and morphological parameters 

With six of the tumors described above we 
attempted to correlate the intratumoral re- 
ceptor variations to morphological para- 
meters. Therefore, microscopic slides were 
prepared fi'om parts of the sectors used t~r 
receptor analysis from 3 pre- and 3 post- 
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I~)g. 4. The cytoplasmic and intranuclear receptor levels in mammary carcinomas J~om 
premenopausal women. The variations in cytoplasmic estradiol receptor was determined 
in one tumor (Fig. 4a). The intranuclear (whole lines) and cytoplasmic (dotted lines) 
receptor levels were measured in two tumors from premenopausal women (Fig. 4b ). The 

respective tumor is represented by a filled and its corresponding unfilled ~mbol. 
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menopausal women respectively. With these tu- 
mors we did not detect necrotic parts but 
generally there was an increased sclerosis in the 
central parts of the tumors. None of the 
tumors contained significant lymphocyte in- 
filtration. Thus our findings cannot be ex- 
plained on the basis of cell death, lymphocyte 
infiltration or admixture of varying amounts 
of normal mammary tissues. 

DISCUSSION 

The content of cytoplasmic estradiol re- 
ceptor in mammary carcinomas varies over 
three orders of magnitude (0.0t-10.00 
fmole/#g DNA) [2, 3]. Tumors with a recep- 
tor value below 0.1 fmole/pg DNA are often 
referred to as receptor negative. Patients with 
receptor negative tumors seldom respond to 
endocrine therapy [1]. In contrast patients 
whose tumors are receptor positive (above 0.1 
fmole/gg DNA) often benefit from endocrine 
therapy. It should be pointed out that there 
are several weaknesses in such a routine classi- 
fication of tumors. First tumors from pre- 
menopausal women are often receptor negative 
due to the high level of endogenous estradiol 
which blocks the receptor and consequently 
makes it unmeasurable. Many such patients 
show, however, a well documented response to 
endocrine therapy [1]. Secondly, little atten- 
tion has been paid to intratumoral variations 
in receptor content. Samples taken at random 
from one tumor often show a 2-3-fold va- 
riation in estradiol receptor level [5, 6]. In the 
present paper we want to further focus the 
attention on the intratumoral receptor va- 
riation and stress the importance of using a 
standardized sampling technique. Quadrants 
taken from one (and the same tumor) slice 
show approximately a 2-fold difference in 
receptor level. Such a variation appears to be 
of importance only in the case of tumors with 
a receptor value close to the limit value 
between the positive and negative group. 
Obviously in such a case the classification will 
be adequate only if the whole tumor is anal- 
yzed. In contrast to this moderate variation in 
receptor content between replicate samples 
there is a large difference in receptor level in 
samples taken from the central and peripheral 
parts of the same tumor. In several cases we 
were unable to detect a specific estradiol 
receptor in the central parts of the tumor 
while samples derived from the periphery 
yielded significant receptor values. Obviously 
if a routine sample would have been taken 
from the centre only, these tumors would be 

placed in the receptor negative group. Their 
eventual response to endocrine therapy would 
then have been unpredicted. It is possible that 
these findings can explain why some of the 
postmenopausal patients with tumors recorded 
as receptor negative respond to endocrine 
therapy. What  is the explanation for these 
intratumoral variations in receptor content? 

It is tempting to speculate that our results 
are related to morphological parameters such 
as varying amounts of tumor cells and lym- 
phocytes in the centre and periphery of the 
tumor. Microscopic examination showed that 
the tumor centre in general was more sclerotic 
than the peripheral parts. Such a sclerosis 
will, however, not directly influence our data 
since the receptor values are expressed on a 
DNA basis. In so doing we avoid the am- 
biguity in normalizing the receptor values to 
tumor wet weight or protein content para- 
meters which are highly dependent both on 
sclerosis and admixture of serum. On the 
other hand if the tumors were infiltrated with 
large amounts of lymphocytes a falsely low 
receptor value will be recorded when based 
on DNA content. A significant infiltration of 
lymphocytes was however not a regular find- 
ing in the tumors studied. In addition, when 
present, the lymphocytes were mostly loca- 
lized in the periphery of the tumor, thus 
leading to underestimation rather than exag- 
geration of the differences in receptor level 
found between the tumor centre and the 
periphery. It is well known that the blood 
supply is poor in the centre of a tumor [12]. 
This results in a low metabolic activity and 
eventually in cell death. We found that the 
cytoplasmic receptor content was low while 
the nuclear receptor levels were high in the 
tumor centre. Cells in the tumor centre had 
thus been able to extract plasma estradiol and 
transfer the receptor-hormone complex to the 
cell nucleus. This finding excludes the possi- 
bility that with the tumors analysed the cells 
in the centre were metabolically inactive or 
even dying. One may speculate that a de- 
creased metabolic activity in the central parts 
might have resulted in a slow turnover of the 
receptor-hormone complex, leading to lib- 
eration of only small amounts of measurable 
free receptor. This would then be in contrast 
with the peripheral parts of the tumor where 
the better blood supply would result in a 
more rapid turnover of the receptor-hormone 
complex and thus in a higher level of free 
receptor. One possibility is that the tumor 
cells in the centre and periphery have a 
different genetic make-up. This possibility is 
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however  m a d e  unlikely by exper iments  of  
Auer  et al. (personal c o m m u n i c a t i o n )  which 
show that  cells f rom metastasis and the orig- 
inal t u m o r  have  the same D N A  profile, sug- 
gesting a monoc lona l  origin of  the t umor  cells. 

We  think that  our  results stress the impor -  
tance of  using a s tandard ized  me thod  for 
selecting t u m o r  tissue for receptor  analysis. 
O n l y  in so doing can the receptor  value be 
corre la ted  to results of  endocr ine  therapy ,  
c h e m o t h e r a p y  or the prognosis in a valid way.  

H o w  should t umor  specimens be selected 
for receptor  analysis? We  r e c o m m e n d  that  a 
slice with the d i am e t e r  o f  the t umor  should be 
cut out and,  if  the t umor  is small,  the whole 
slice should be used for receptor  de te rmina t ion .  
In  the case of  larger  tumors  the slice can be 
divided into quadran ts ,  of  which at least one 
should be fur ther  analyzed.  In  this context  we 
would like to point  out that  the ER-analys is  

based on needle aspirates, that  we recent ly 
developed,  par t ly  avoids the p rob lem of in- 
t r a tumora l  var ia t ion  of receptor  level. T h e  
aspirat ion p rocedure  collects an a lmost  pure  
t umor  popula t ion  f rom different parts  of  the 
t umor  [13, 14]. 

Finally it is essential to de te rmine  the in- 
t ranuc lear  receptor  level in all tumors.  This  
s t a tement  is based on our  finding that  the 
in t ranuc lea r  and cytoplasmic  receptor  do not 
vary  in parallel .  In  fact we have  analyzed 
several tumors  from both  pre-  and pos tmeno-  
pausal  women,  which have  a nonmeasur -  
able level of  cytoplasmic  receptor  and  a high 
content  of  in t ranuc lear  receptor .  I t  is possible 
that  the ba lance  be tween these two receptor  
fractions can reflect the susceptibil i ty of  a 
t umor  to endocr ine  the rapy  in a be t ter  way 
than  measu remen t s  of  only the cytoplasmic  
receptor .  
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