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Abstract--Samples from benign and malignant breast tumours were assayed for 
oestrogen receptors in tumour biopsies as well as corresponding fine-needle aspirations. 
Oestrogen receptors could be demonstrated in fine-needle aspirations. In cytosols 
containing 1 mg/ml protein or more no significant difference in the number of receptor- 
positive turnouts was observed in fine-needle aspirations as compared to receptor 
determinations of tumour biopsies. The binding capacities (fmole bound oestrogen/mg 
protein) were comparable in fine-needle aspirations and corresponding biopsies, but the 
l',~ d values were .~gni/}cant O, lower in.fine-needle a.s~iratiom. Many su~igically biopaied 
receptor-positive tumours were receptor-negative in the fine-needle aspirations because o J 
(1) loo.fiew cells, (2) non-representative aspirations. 

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

OF PATIENTS with advanced breast cancer, 
20-30% obtain a temporary remission when 
treated by endocrine ablative surgery or by 
oestrogen or other hormonal therapy. 

Recently, it has been shown that some 
breast cancers contain cytoplasmic oestrogen 
receptors. It has also been shown that patients 
with tumours containing oestrogen receptors 
stand a significantly better chance of respond- 
ing to surgery and adjuvant hormonal therapy 
than those without binding sites. Of  patients 
with oestrogen-receptor positive tumours, 50- 
60° b respond to endocrine therapy [1]. 

More recently, several investigators have 
reported that the concentration of cytoplasmic 
oestrogen receptors in a breast cancer, not 
simply its presence or absence, is correlated 
with the likelihood of response to endocrine 
manipulation [2, 3]. 
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Normally, receptor analyses are carried out 
in surgically removed breast biopsy specimens, 
but in a substantial part of the patients this is 
not possible because all the tumour tissue is 
used for histological examination by the 
pathologist. In patients with multiple tumour 
lesions some of the lesions may respond to 
endocrine therapy whereas others may not. 

No current method enables us to investigate 
different lesions for their oestrogen receptor 
content in an atraumatic way, therefore, it 
was found of interest to investigate the feasib- 
ility of determining oestrogen-binding sites in 
fine-needle aspirations from patients with 
breast cancer in order to elucidate better the 
likelihood of a response to endocrine manipu- 
lation. This would be very helpful in the 
management of patients with disseminated 
disease. 

M A TER IA LS  A N D  M E T H O D S  

Patients" 

Fine-needle aspiration biopsies were ob- 
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Table 3. 

H. Skovgaard Poulsen, H. Schultz and P. Bichel 

Characteristics of tissue, cI, tosol and oestrogen r~'eeptors (ER) from ,fine-needle aspirations 
(2 aspiralions/palienl) q/ diagno,+tie /})w-lwedle biopsies 

Cytoh>gical mg prote in '  ER c{mc./mg protein,  fi~ 
Pat ient  Locat ion diagnosis mI c) t (>s{)l  linol{'/mg/A+a{ x 1(} ,0 M } 

I brcast  bcnign 0.02 0 
.l 1.4 0 
K 1.1 0 
L 1 mal ignant  {} 0 
L 2 I.~) 46/'2.2 
I+ 3 a{'cIlular 0 0 
L4 mal ignan t  1.2 0 
1,5 accllular  0 0 
N'I 1 lnal ignant  2.1 0 
NI 2 0.'t 0 
M 3 0..t 0 
N axillary gland I.+ 0 
0 - -  accllular  0 0 
P breast  mal ignant  0.72 0 
Q neck gland 0.40 0 
R breast 0.83 0 
S 2.4 839/'1.0 
T 0.(i8 0 
U {}.7 (} 
V 0.2 0 
X 4.9 0 
Y axillary g land 0.8 378/2.7 

tained from 60 consecutive females with breast 
tumour. 

In patients Nos. 1-26 the aspiration biop- 
sies were obtained by aspirating directly from 
the surgically removed tumour mass. All the 
tumour specimens were obtained from the 
breast (Table 1). In patients A Y fine-needle 
biopsies were obtained from preoperative or 
diagnostic aspiration biopsies before the pat- 
ients underwent treatment (Tables 2 and 3). 

Whenever possible the surgically removed 
biopsy specimens were investigated tbr the 
content of oestrogen receptors. 

The material comprises pre- as well as post- 
menopausal patients. None had had any hor- 
monal treatment within 3 months before the 
investigation. 

Fine-needle aspiration technique 

The technique has been described in detail 
elsewhere [4]. Briefly, a 10 ml syringe was 
mounted on a 'sprutpistol' (Cancco AB, 
SOdert/ilje, Sweden) and a needle of 0.7 0.8 
mm was routinely used. The needle was in- 
troduced into the lesion, the pistol retracted, 
and the needle moved back and forth in 
different areas of the lesion. The pistol was 
released before the needle was withdrawn and 
2~4 aspirations obtained from each puncture 
site. 

From each biopsy, part of the material was 

used tbr cytological examination and the rest 
was transfi:rred to tubes containing 1.1 lnl TE 
buffer (Tris 10 raM, EDTA 1.5 mM, pH 7.4). 
The tube was immediately frozen in liquid 
nitrogen and stored in liquid nitrogen until 
the sample was prepared for determination of 
oestrogen receptor content. The determination 
was carried out within a week after the 
removal of the biopsy. 

(a)  Preparation o J cylosols from fine-needle biop- 
,vies. (1) The sample was alternately frozen 
in liquid nitrogen and thawed to 18~C tbur 
times. By this procedure most of the cells were 
disintegrated. (2) The homogenate was centri- 
tuged at 100,000 g and 4oc (Beckman, Spinco 
Ultracentrifuge L50) for 1 hr and the super- 
natant (tile cytosol) assayed for the amount of 
high affinity oestrogen receptors (see below, 
C). 

(B) Preparation o/ cytosot~ fro., surgie+,~# re- 
moved tumour biop~ specimens. The tissue was 
minced with a pair o1" scissors, cooled in liquid 
nitrogen and homogenized in a 
Schwingmflhlc (Retch, West Germany). The 
homogenate was weighed and suspended in a 
three-fold volume of TE buffer. The homo- 
genate was treated as described above (A, 2). 

(C) The oestrogen receptor assay. Tile method 
used was originally described by Mester el al. 
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[5], Feherty et al. [6] and later modified by 
Daehnfeldt [7]. 

The assay is a dextran-coated charcoal as- 
say which allows the calculation both of the 
total binding capacity of high affinity re- 
ceptors as well as the dissociation constant. 

Briefly, 50/~1 cyrosol was incubated at 
2-4°C with 3H- 17-beta-oestradiol (90 Ci/mmole. 
The Radiochemical Centre, Amersham, U.K.)  
and at least five different concentrations of 
17-beta-oestradiol (5 #1 solution in 99°0 
e thanol+25  #1 TKE buffer) ranging ti'om 
10-1°M to 10-SM for 2 hr. All these in- 
vestigations were performed in duplicate. The 
T K E  buffer consisted of: Tris 10 raM; 
KC1 50 mM; EDTA 1.0 mM; pH 
=7.4.  

The incubation was terminated by addition 
of 250 #1 dextran-coated charcoal suspension 
(5.0 mg Dextran T-70, 500 mg charcoal, 200 
ml TKE buffer). After absorption for 30 min 
at 2 4 ° C  the charcoal was spun down (800 0, 
10 min, 4°C) and the radioactivity in an 
aliquot of the supernatant was determined by 
liquid scintillation (Packard Tricarb 3003- 
spectrophotometer, efficiency for tritium ap- 
prox. 25~,b). Quench correction was carried 
out by the channel ratio method. To correct 
for unspecific binding, controls were used con- 
taining 3H-17-beta-oestradiol, TKE buffer 
and 100-fold excess DES (diethylstilboestrol) 
(a modification compared to [8, 9]) and the 
radioactivity was subtracted from the expe- 
rimental values. 

1.0 
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! 
81 femtomoles/mg protein 

X -10  
/ 

Kd: 2.2 10 M 
r : - 0.954 
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bound aH-E ( M x l O - " )  

Fig. 1. Binding o/" oeslradiol t O, carcinoma cytosol. 7he results 
are presented in a &atchard plot with molar concentrations on 
the abscissa and ratios bound/free oe.~tradiol on the ordinate. 
Regression line is calculated t O, the least .~quare f i t  j?om the 
results in the steepest part c?/ the curve. The interception o f  this 
line with the ab,sei.~sa ,~ives the binding eapaci!r, u,he~ea.s the 
slope (!/" this line gives an approximate value o /  lhe as.~ocialion 

constant o/" the oestradiol receptor complex. 
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The binding capacities and Ke values were 
read from a Scatchard plot (Fig. l) [10, 11]. 

When the results were scattered along a 
sloping straight line the biopsies were defined 
as receptor-positive (Fig. 1). When the binding 
data were scattered along a straight line with 
no slope, when no straight line could be 
drawn with any confidence or when no signi- 
ficant binding of oestradiol was recorded the 
biopsies were defined as receptor-negative. 

Protein measurements were carried out by 
the method described by Lowry et al. [12] and 
the binding capacities are presented as fmole 
oestrogen bound/mg cytosol protein. 

Statistical evaluations were carried out 
using the Mann Whitney U-test. 

RESULTS 

In order to evaluate the quality of infor- 
mation obtained from fine-needle aspirations 
and biopsy material t~om the same tumours 
the following parameters were compared: (1) 
biopsy histology vs cytology of aspirates; (2) 
presence/absence of oestrogen receptors, (3) 
/t~ and binding capacities in receptor-positive 
tumours; (4) oestrogen content in relation to 
protein content. 

Biopsy histology vs cytology of aspirates 
From Tables 1, 2 and 3 it appears that 

one aspiration out of i0 from histologically 
verified benign breast tumours contained cy- 
tologically, apparently malignant cells (false 
positive) (patient No. 9). In two cases the 
aspiration of cells from histologically verified 
malignant tumours only revealed benign cells 
(false negative, patients No. 15 and D). In a 
third case multiple fine-needle biopsies were 
not comparable since 2 out of 5 samples were 
acellular (patient Iq).  

Presence~absence of oestrogen receptors 
From Tables 1 and 2 it appears that one out 

of 10 benign breast biopsies was receptor- 
positive (patient No. 2) whereas none of the 
corresponding fine-needle samples were 
receptor-positive. It also appears that 15 out 
of 24 malignant biopsies werc receptor- 
positive, whereas only 5 out of 24 homologous 
fine-needle samples contained measurable oes- 
trogen receptors, which is a significant differ- 
ence (P<0.05) .  It patient No. 14 the fine- 
needle sample was receptor-positive, though 
no oestrogen receptors were detected in the 
corresponding biopsy. 

K a and binding capacities 

The median /~e value in fine-needle biopsies 
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was (Tables 1 and 2) 1.35 (range 2.9 0.83 
x l()- l°Nl,  n=4) .  The median ~] value in 

corresponding receptor-positive tumours was 
13.5 {range 87 11 x 10-1°M, n=4) .  This is a 
significant difference, P<0 .05 .  The median 
binding capacities obtained in fine-needle as- 
pirations (217.0, range 362 56, n = 4 )  did not 
differ significantly from the results obtained 
from corresponding biopsies (252.5, range 
44898 ,  n=4) .  

Furthermore, it appears from Tables 1 and 
2 that the median binding capacities in biop- 
sies in which the corresponding fine-needle 
aspirations also appeared to be positive were 
252.5, range 448-98, n=4 ,  whereas the med- 
ian binding capacity in receptor-positive rum- 
ours without corresponding positivity in 
fine-needle aspirations was 30, range 229 17, 
n = l l ,  which is a significant difference, 
P<0.02 .  

20 ¢n 
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10 
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fibrosis 

Fig. 3. Cytosol concentration (rag protein/ml 9,to.w/) in Jine- 
needle samples j i  Jm malignant aspirations in relation to relative 

.fibrosis qf target tissue. 

Oestrogen-receptor content in relation to protein 
contenl 

Tables 1 and 2 show that protein content in 
cytosols from fine-needle aspirations was signi- 
ficantly smaller than in the corresponding 
biopsies. As seen from Fig. 2, a low protein 

protein cone: 
[ ]  0-<1 rng/ml 

p r o t e i n  c o n e :  
~-1 mg/ml 

20 

e~ 

== to 

] I  1Tr 

WHO - grade 

Fig. 2, C)'lo~ol eoneealrati~m (rag protein/ml 9,tosol) in fine- 
needle ,samples j~om malignant aspirations in relation to the 

grade of mal~gnan 9, of the tumour.~ ( WHO grade). 

content in line-needle samples was not as- 
sociated with a specific tumour type since 
there was no significant difference in the 
protein cytosol concentration in fine-needle 
samples between grades II and III (P>0.05).  
The protein concentration in the cytosols was 
not dependent on the relative fibrous content 
ill these t t lnloLlrs (Fig. 3). No signilicant dilIiw- 
ence was tbund in tumours with dense fibrous 

,,ol 
J= E 
= 5 

~ ]  receptor 
absent 

B receptor 
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-_N_ 

xl ~1 8 
protein mg/ml 

Fig. 4. Occurrence 0/" oeshvgen receptols in jine-needle ,~amples 
ji'om mal(~nant aspirations as a jhnction qJ" protein in c~tosol 

,from receptor-positive biopsies. 

tissue compared to tumours with loose fibrous 
tissue. 

It is apparent (Fig. 4) that the number of 
receptor-positivc fine-needle samples increased 
significantly (P<0.05)  if the cytosol protein 
concentration was more than 1 mg protein/ml 
cytosol. In fine-needle samples from receptor- 
positive tumour biopsies with less protein, 
only 1 of 10 samples was rcceplor-positivc 
(patient E, 'Fable 2), whereas 3 of 3 samples 
with more than 1 mg protein/ml cytosol were 
receptor-positive in receptor-containing 
biopsies. 

Altogether, 6 out of 14 malignant fine- 
needle samples with a protein content above 
1 mg/ml cytosol wcrc receptor-positive ~,~hich 
does not differ siguiticantl} tixma the resuhs 
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obtained from oestrogen determination of 
biopsies from malignant breast tissue (15 out 
of 24) (Fig.5). 

2C 

E == 
10 

I - I  °r 
] receptor 
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0 <1 ~-1 8 
protein rng/ml 

F@ 5. The occurrence of oeslrogen receptors in fine-needle 
aspirations J}om malignant samples as a function of protein 

concentration (nag protein/ml cvtosol) in the entire material. 

In one case (patient L) one fine-needle 
sample was receptor-positive (L2) whereas 
another cytologically comparable sample (L4) 
did not contain oestrogen receptors, although 
both samples contained more than 1 mg 
protein/ml cytosol (Table 3). 

DISCUSSION 

The present paper reports that oestrogen 
receptors can be demonstrated in fine-needle 
aspirations. To our knowledge this has not 
been described before. In cytosols containing 
1 mg protein/ml or more no significant differ- 
ence in the number of receptor-positive tum- 
ours was observed between fine-needle aspir- 
ations and tumour biopsies. 

Others [131 have found that with an or- 
dinary dextran charcoal (DCC) technique on 
turnout biopsies a protein concentration great- 
er than 2 mg protein/ml cytosol is needed. 
They found that only 10q~ of biopsies were 
receptor-positive if the protein concentration 
in the cytosols was less than 2 mg/ml whereas 
50 60(!i) of tumour biopsies were receptor- 
positive if the protein concentration in the 
cytosol was greater than 2 mg/ml. In another 
paper [14] it is recommended that the protein 
concentration should not be less than 4 
mg/ml. Our results are not directly compara- 
ble with these, because in the paper ret>rred 
to above there is a great deal of contami- 
nation of serum proteins ranging from 10 to 
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30<~{~, whereas the contamination in fine- 
needle aspirations is supposed to be negligible. 
Therefore, lower protein concentration is need- 
ed with the fine-needle aspiration technique. 

From the results it seems that tumour biop- 
sies with a high content of oestrogen receptors 
were also receptor-positive in fine-needle aspi- 
rations and the binding capacities were com- 
parable. On tile other hand, the B~ values 
were significantly lower in fine-needle aspi- 
rations compared to the biopsies. In another 
study we have found (H. S. Poulsen, to be 
published) that in uterine cytosols fiom rats 
there is a positive correlation between B" a 
values and protein concentration whereas tile 
binding capacities are comparable. This ob- 
servation fits very well with the results of this 
study. 

In one case (patient L) one fine-needle 
aspiration was receptor-positive, whereas in 
another comparable aspiration no receptors 
were found. This lends support to the results 
published by others [15] that tile receptor 
activity varies within the same tumour. This 
also suggests that it is not at all certain that 
a single fine-needle aspiration is representative 
of the tumour even if the protein content is 
more than 1 mg/ml cytosol--although it ap- 
pears that there is a good agreement between 
results obtained by aspiration technique and 
biopsy technique. 

However, it should be borne in mind that 
this agreement was obtained in fine-needle 
aspirations from surgically removed breast 
biopsies. This situation differs considerably 
from the in vivo situation, since it is nmch 
easier to make sure that the needle has been 
retracted in all areas of the tumour resulting 
in a presumbably more representative cell pop- 
ulation than is obtained from direct in vivo 
aspirations. 

Tile fine-needle method appears in this 
study to be inferior to receptor determinations 
based on tumour biopsy specimens, primarily 
because of lack of available material but also 
because some aspirations are not cytologically 
representative of the total tumour. But it is 
possible that other methods tbr measuring 
oestrogen receptors could be used, e.g., the 
hydroxylapatite assay which seems to be more 
sensitive than the DCC method, especially in 
turnout samples with cytosol protein concen- 
trations below 1 mg/ml [16]. 

On the other hand, the results presented 
also suggest that in the ordinary biopsy tech- 
nique the homogenization is quite insufficient 
since it was observed that in some fine-needle 
aspirations the protein concentration was only 
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one third of  the protein concent ra t ion  from 
the corresponding t u m o u r  biopsy. 

In  conclusion, the present  results do in- 
dicate  that  this me thod  is reliable provided 

the cytosol protein concent ra t ion  is grea ter  
than 1 mg /ml  and the aspirat ions are cy- 
tologically representa t ive  of  the turnout.  
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