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JOURNAL OF IMMUNOASSAY, 1 ( 3 ) ,  363-374 (1980) 

QUALITY CONTROL OF ESTROGEN RECEPTOR ASSAYS 

Wi l l iam Godolphin and Beryl  Jacobson 
Department o f  Pathology, Un ive rs i t y  o f  B r i t i s h  Columbia 

Vancouver Genera 1 Hospi t a  1 
Vancouver, BC, Canada 

ABSTRACT 

Four types o f  mater ia l  have been used f o r  the q u a l i t y  con- 
t r o l  o f  rou t i ne  assays o f  estrogen receptors i n  human breast 
tumors. Pieces o f  hormone-dependent Nb r a t  mammary tumors gave 
a prec is ion  about 40%. Rat u t e r i  and r a t  tumors pu lver ized  a t  
l i q u i d  n i t rogen temperature and stored as powder y ie lded prec- 
i s i o n  about 30%. Powdered and l yoph i l i sed  human tumors appear 
the best w i t h  p rec is ion  as good as 17%. 

INTRODUCTION 

Knowledge o f  the estrogen receptor s ta tus  o f  b reas t  cancer 

has emerged over the past decade as a powerful p red ic to r  o f  re -  

sponse t o  hormonal manipulat ion(l ,2). 

there has been a p r o l i f e r a t i o n  o f  estrogen receptor assay meth- 

ods(3) and many centres are  performing the ana lys is  as a r o u t i n e  

service. There i s ,  however, a dearth o f  informat ion on q u a l i t y  

con t ro l  o f  the assay, a need f o r  which has recen t l y  been emphas- 

ised by the B r i t i s h  Breast Group(4) and a National I n s t i t u t e s  o f  

Health Consensus Development Conference(5). 

During the same per iod  

363 

Copyright 0 1980 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
3
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



364 GODOLPHIN AND JACOBSON 

The l i t t l e  q u a l l t y  con t ro l  data t h a t  has been published has 

shown a prec is ion  o f  15-30%(6-9). 

come from small ser ies  o f  analyses over short  per iods o f  time. 

This de f ic iency  i s  a consequence o f  the lack  o f  good q u a l i t y  

con t ro l  materia ; namely a p l e n t i f u l ,  s tab le  and homogeneous 

specimen. 

However, these f i gu res  have 

We have used several preparations f o r  the q u a l l t y  con t ro l  

o f  rou t ine  estrogen receptor analyses and the most promising 

appears t o  be powdered, l y o p h i l  ised tumors(l0). 

MATERIALS AND METHODS 

Four k inds o f  mater ia l  were used f o r  q u a l i t y  con t ro l :  

pieces o f  r a t  mammary tumors, powdered r a t  u t e r i ,  powdered r a t  

mammary tumors and powdered l yoph i l i sed  human breast tumors. 

Rat u t e r i  and mammary tumors were obtained from Nb r a t s  bserlng 

hormone dependent experimental adenocarcinunas(1 I ) .  

breast cancer t i ssue  was obtained by poo l ing  pa r t s  o f  specimens 

submitted f o r  rou t i ne  estrogen receptor analysis.  Tissue was 

frozen and transported i n  l i q u i d  n l t rogen  (-196OC) a t  the t ime 

o f  exc is ion( l2 ) .  A l l  subsequent storage i n  the fo l l ow ing  ex- 

periments was i n  sealed containers a t  -85OC. 

Human 

Pieces from a single,  large, s o l i d  r a t  tumor were c a r e f u l l y  

removed, trimned t o  about 200 mg and selected f o r  t h e i r  uniform- 

i t y  o f  gross appearance. These were i n d i v i d u a l l y  stored i n  

small v i a l s  (Nunc Cryotubes, Gibco, Calgary, A l t a  T2G 4B7) .  An- 
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ESTROGEN RECEPTOR ASSAYS 365 

other batch o f  t h i s  mater ia l  was prepared by c u t t i n g  several 

cross-sections from the same tumor. The sect ions were then 

c u t  i n  a g r i d  fashion t o  y i e l d  s i m i l a r l y  s ized pieces. These 

were stored as above but ne i the r  tr imned nor selected f o r  un i -  

formi ty. 

E i the r  p r i o r  t o  ana 

l yoph i l i sed  specimens a1 

2-3 m blocks, frozen i n  

cooled c y l  

s tee l  b a l l  

Jected t o  

ys i s  o r  i n  preparat ion o f  powdered 

0 mater ia l  was thawed a t  4 C, c u t  i n t o  

l i q u i d  n i t rogen and placed i n  a pre- 

n d r i c a l  t e f l o n  mortar. The mortar and a s ta in less  

( I  cm diam) were cooled i n  l i q u i d  n i t rogen and sub- 

wo 45 s burs ts  a t  f u l l  excursion i n  a Mikro-dismem- 

b ra to r  (B Braun Me1 sungen AG, W Germany) w i t h  cool ing  between 

bu rs ts ( l 3 ) .  

A pool o f  powder from many r a t  u t e r i  was thoroughly mixed 

( a t  - 196OC) and -200 mg amounts were stored i n  sealed v i a l s .  

A s i m i l a r  la rge  pool o f  powdered ma te r ia l  was prepared from a 

s ing le  r a t  mammary tumor. The l yoph i l i sed  mater ia l  was pre- 

pared by p lac ing  t i ssue powder under vacuum overnight (Freeze 

Dryer-3, Labconco, Kansas C i ty ,  Mo 64132). 

thorough y mixed a t  room temperature, a l iquo ted  and stored i n  

sealed v i a l s  at - 8 5 O C .  

The d ry  powder was 

P r i o r  t o  ana lys is  t i ssue  powder was recons t i tu ted  e i t h e r  

d i r e c t l y  i n  the mortar ( i n  the case o f  tumor pieces) o r  I n  a 
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366 GODOLPHIN AND JACOBSON 

t e s t  tube ( i n  the  case o f  powders) with cold T E D  buf fer  (10 mmol 

Tris-HCl, 1 . 5  mmol EDTA, 0.5 mmol d i t h i o t h r e i t o l  per l i t r e ,  pH 

7 . 5 ) ,  5 mL/gm frozen powder or 25 pL/gm lyophi l ized  powder and 

centrifuged a t  39,000 xg, O O C ,  f o r  1 5  min ( r o t o r  model AH 650, 

Dupont Sorval,  Wilmington, Del 19898). 

centrifuge tubes were punctured above t h e  p e l l e t  and ce l l -pro te in  

so lu t ion ,  bu t  none of t h e  top  l i p i d  l a y e r  w a s  withdrawn. The 

supernatant pro te in  concentration w a s  estimated spectrophoto- 

met r ica l ly  (1.55 A280-0.74 A ~ ~ ~ =  mg pro te in /&)  and d i lu t ed  with 

TED buffer  t o  y i e l d  2 mg/&; equivalent t o  1 mg/mL i n  t he  incu- 

bation mixture. 

The ce l lu lose  n i t r a t e  

Supernatant (250 UL) w a s  mixed with 250 pL cold T E D  bu f fe r  

3 containing e i t h e r  150, 200 o r  500 fmol 17 8-[2, 3, 6, 7 - H I  

e s t r a d i o l  (New England Nuclear, Boston, Mass 02118, spec i f i c  

a c t i v i t y  100 C i / m o l )  or 200 fmol H-estradiol plus 200 pmol 

d i e t h y l s t i l b e s t r o l  (Sigma, Sa in t  Louis, Mo 63178). The e a r l i e s t  

assays during which t h e  rat  u t e r i  were used f o r  qua l i t y  cont ro l  

were performed with 100, 150 or 200 fmol %-es t rad io l  and 

500 pmol nafoxidine ( " U - l l , l O O A " ,  Upjohn Co., Kalamazoo, Mich 

49001). Blanks o f  each of t he  above mixtures, but containing 

no pro te in ,  were a l so  prepared. All t e s t s  were performed i n  

duplicate and incubated a t  0-4"C fo r  16-18 hours. 

hormone w a s  removed by 30 min incubation with 0.5 mL of  a 

suspension of 0.5% charcoal,  0.05% Dextran 70 i n  TED buf fer  

3 

Unbound 
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ESTROGEN RECEPTOR ASSAYS 36 7 

a t  4OC. 

an Eppendorf 3200 cen t r i f uge  (Brinkmann Instruments, Rexdale, Ont 

M9W 4Y5). was removed, w i t h  great care 

t o  avoid contamination w i t h  charcoa , mixed w i t h  10 mL s c i n t i l l -  

a t i o n  c o c k t a i l  (Scint iverse, Fisher S c i e n t i f i c ,  Fair lawn, NJ 

07410 o r  Urcogel, Schwarz/Mann, Orangeburg, NY 10962) and counted 

(Model LS-9000, Beckmann Instruments, I rv ine ,  Cal i f  92713) a t  44% 

e f f i c i ency  w i t h  automatic data reduct ion t o  DPM a f t e r  quench co r r -  

ect ion.  

Dextran-charcoal was removed a t  12,000 xg f o r  4 min i n  

The supernatant (0.5 mL 

Blanks were subtracted and nonspeci f ic  b ind ing  ( t h a t  which 

i s  found i n  the presence o f  excess na fox id ine  o r  d i e t h y l s t i l b e s t -  

r o l  and assumed t o  be l i n e a r  w i t h  concentrat ion o f  e s t r a d i o l )  was 

extrapolated and subtracted from the t o t a l  b inding determined a t  

various concentrat ions o f  H-estradiol  i n  the absence o f  na fox i -  

d ine and d i e t h y l s t i l b e s t r o l .  The resu l tan t  s p e c i f i c  b inding was 

expressed i n  fmol/mg t i ssue  pro te in .  Pro te in  determinat ions were 

by the method o f  Lowry e t  a1 standardized w i t h  c r y s t a l l i n e  bovine 

serum albumin( l4) .  

supernatants were measured by rad ia l  -immunod i f f u s  ion  (Behring , 
Hoechst Pharmaceuticals, Montreal, Que H4R 1R6). 

(from blood vessels and i n t e r s t i t i a l  f l u i d )  may considerably a l t e r  

the apparent receptor leve l  when t h i s  i s  expressed i n  u n i t s  o f  

estrogen bound per mass o f  so lub le  p r o t e l n  i n  the cy toso l  prepar- 

a t i o n  (e.g, frnol/mg). The c o n t r i b u t i o n  o f  t h i s  serum p r o t e i n  

3 

Albumin concentrat ion o f  the human tumor 

Serum p r o t e i n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
3
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



368 GODOLPHIN AND JACOBSON 

component can be estimated from the albumin concentrat ion x 1.67. 

We have found a wide range o f  album n concentrat ions (5-50% o f  

t o t a l  p ro te in )  I n  human malignant tumors and have r o u t i n e l y  

appl led t h i s  co r rec t i on ( l5 )  when dea l ing  w i t h  human mate r ia l  and 

hence expressed receptor content as  fmol/mg cy toso l  p ro te in .  

An estimate o f  the v a r i a t i o n  i n  estrogen receptor content 

t o  be found i n  var ious pa r t s  o f  a tumor was obtained by assay- 

ing pieces selected from the per ipheral ,  pe r i cen t ra l  and core 

regions o f  s i x  la rge  tumors. An add i t i ona l  est imate o f  pre- 

c i s i o n  was obtained by repeat ing the assay on human tumors which 

had been stored from one t o  19 weeks a f t e r  the f i r s t  determin- 

a t ion .  

RESULTS 

A l l  o f  the prepared q u a l i t y  con t ro l  mater ia l  appeared s tab le  

over per iods up t o  a year w i t h  no s t a t i s t i c a l l y  detectable change 

i n  t rend o f  the mean o f  receptor content. 

u t e r i  y ie lded b e t t e r  p rec i s ion  than tumors prepared the same way 

(Table 1) .  

(Table 2) even when c a r e f u l l y  selected f o r  un i fo rmi ty ,  This 

v a r i a t i o n  o f  estrogen receptor content i n  d i f f e r e n t  pa r t s  o f  a 

tumor i s  emphasised by the analyses performed on specimens d e l i b -  

e r a t e l y  chosen from d i f f e r e n t  regions o f  la rge  tumors (Table 3 ) .  

Simi la r  p rec is ion  was demonstrated by repeat analyses o f  25 spec- 

The frozen powdered 

Analyses o f  pieces o f  tumor were leas t  precise 
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TABLE I 

369 

Estrogen Receptor Q u a l i t y  Control Data f o r  Powdered Tissue Pools 
Prepared from Rat U t e r i  or Rat Mammary Tumors 

Assay type n Mean C.V. 

t i ssue  p ro te in )  
(fmol /mg (%) 

(a) U t e r i  

s i ng le  dose assay (0.4 nM E2) 49 68 25 

Sca tchard anal ys i s  34 134 26 

(b) Tumors 

s ing le  dose assay (0.4 nM E2) 19 12 37 
Sca tchard analysis 18 26 20 

Tissues were powdered i n  the Mlkro-dismembrator a t  l i q u i d  n i t rogen  
temperature, mixed thoroughly, a l iquo ted  i n t o  s ing le  assay amounts 
and stored a t  -85OC. 
The u t e r i  pool(a) was analyzed over a per iod o f  one year and the 
tumor pool(b) over a per iod o f  two months, by three analysts. 

imens o f  human breast cancer w i t h  from one t o  

lapse (mean = 5), between the  f i r s t  and second 

Estrogen receptor content ranged from 1 t o  456 

9 weeks t ime 

analysis.  

fmol/mg cy toso l  

p r o t e i n  (mean = 135) and the  d i f f e rence  between dup l ica tes  y i e l d -  

ed a p rec is ion  o f  41%. Powdered and l yoph i l i sed  human breast 

tumors have resu l ted  i n  the best p rec is ion  data (Table 4) so fa r .  

Ideal qua1 i t y  con t ro  

be as s im i la r  as possible 

D I S C U S S  I O N  

mater ia l  f o r  the receptor assay should 

t o  tha t  r o u t i n e l y  analysed i.e. f resh  
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370 GODOLPHIN AND JACOBSON 

TABLE 2 

Estrogen Receptor Q u a l i t y  Control Data f o r  Pieces from a Single 
Large Rat Mamnary Tumor 

Assay type n Mean C.V. 
( fmo 1 /mg (%I 

t i ssue  p ro te in )  

(a) Care fu l l y  selected and trimmed 

s ing le  dose assay (0.4 nM E2) 17 21 41 
Scatchard analysis 15 25 36 

(b)  Randomly selected, untrimmed 

s ing le  dose assay (0.4 nM E2) 1 1  7.8 41 
Scatchard ana lys is  6 1 1  32 

Pieces o f  tumor (-200 mg) were e f the r (a )  c a r e f u l l y  trimned and 
selected f o r  t h e i r  uni form appearance and consistency or (b )  diced 
from cross-sections o f  tumor w i t h  no se lec t i on  f o r  un i fo rmi ty .  
A l l  specimens were stored separately i n  sealed v i a l s  a t  -85%. 
Analyses took place over a per iod of f i v e  months and were performed 
by two analysts. 

TABLE 3 

Estrogen Receptor Content I n  D l f f e r e n t  Parts o f  the Same Tumor 
(fmol /mg cytosol  p ro te in )  

Tumor S i t e  w i t h i n  Tumor 

per ipheral  random o r  pe r i cen t ra l  cen t ra l  core  

#R-6-72 7 7 1 1  
# 122 47 25 21 

# 149 166 128 114 
# 199 160 69 46 
# 237 367 287 413 
# 564 219 397 360 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
3
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ESTROGEN RECEPTOR ASSAYS 

TABLE 4 
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Estrogen Receptor Q u a l i t y  Control Data f o r  Powdered Lyoph i l i sed  
Human Breast Tumors 

Assay type n Mean C.V. 
( fmo 1 /mg ( % I  

cytosol  p ro te in )  

Pool A - 
single  dose assay (InM E2) 26 169 32 

Scatchard analysis 24 I95 30 

Pool B - 
single  dose assay (1nM E2) 26 45 17 
Scatchard analysis 25 50 17 

Several tumors were powdered i n  the Mikro-dismembrator a t  l i q u i d  
n i t rogen temperature, mixed thoroughly, l yoph i l i sed ,  a l iquo ted  I n  
s ing le  assay amounts and stored i n  sealed v i a l s  a t  -85OC. 
Pool A was analyzed over a per iod o f  four months by three ana lys ts  
and Pool B over a per iod o f  f i v e  months by four  analysts. 

o r  frozen human tumors. However, human tumors la rge  or  homo- 

geneous enough t o  provide s u f f i c i e n t  ma te r ia l  a re  r a r e  o r  non- 

ex is ten t .  The r a t  tumors used i n  t h l s  work were remarkably 

homogeneous i n  appearance, ye t  they resu l ted  i n  poor p rec is ion .  

Homogeneity can be improved by pu lve r i s ing  the t i ssue  and mixing 

i t .  However, t h i s  approach has the disadvantage o f  not  c o n t r o l l -  

ing  the f i r s t  step o f  a rou t i ne  assay (powdering or  hornogenising 

the t issue).  Even b e t t e r  homogeneity can be assured i f  a l a rge  

pool o f  so lub le  t i ssue p r o t e i n  ( the ' ky toso l "  f r a c t i o n )  i s  pre- 

pared. However, i n  t h l s  form the receptors are p a r t i c u l a r l y  

l a b i l e  and the i n i t i a l  two steps o f  analyses are  not cont ro l led ,  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
3
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



372 GOEOLPHIN AND JACOBSON 

Koenders e t  a l (10) discovered tha t  estrogen receptors i n  

powdered l yoph i l i sed  tumors were r e l a t i v e l y  stable,  even a t  4OC 

o r  room temperature. Our 

y ie lded prec is ion  no be t te r  

r a t  u t e r i  (Table I and 4)* 

produced by experienced ana 

i r s t  batch o f  l yoph i l i sed  mater ia l  

than t h a t  obtained w i t h  powdered 

However, the u t e r i  data were 

ys ts  whereas much o f  Pool A o f  

the l yoph i l i sed  mater ia l  was analysed by analysts j u s t  learn- 

ing the technique. We be l ieve  the data o f  l yoph i l i sed  Pool 

B t o  be a b e t t e r  r e f l e c t i o n  o f  the t rue  p rec i s ion  o f  the assay. 

The l yoph i l i sed  mater la l  is r e l a t i v e l y  easy t o  prepare, 

has exce l len t  s t a b i l i t y  and seems t o  be the mater ia l  o f  choice 

f o r  both i n t r a -  and in te r - labora tory  quai i t y  con t ro l  programmes. 

ACKNOWLEDGEMENTS 

This work was supported i n  p a r t  by grants from the Vancouver 

Foundation. We a re  indebted t o  Constance Froholm, Sandra Isernia,  

Je r ry  Lee and Robert Rose f o r  exce l l en t  techn ica l  assistance and 

t o  D r .  Glenn Slemner who provided the r a t  u t e r i  and tumors. 

Correspondence should be addressed t o  Dr .  W. Godolphin, 

D iv i s ion  o f  C l i n i c a l  Chemistry, Vancouver, General Hospi ta l ,  

Vancouver, B.C. V5Z 1M9. 

REFERENCES 

1. A l legra  JC, Lippman ME: Estrogen receptor status:  an Import- 
an t  va r iab le  i n  pred ic t i ng  response t o  endocrine therapy i n  
metastat ic breast cancer. Europ J Cancer 1980;16: 323-331 

2. Byar DP, Sears ME, McGuire WL: Relat lonship between estrogen 
receptor values and c l i n i c a l  data i n  p red ic t i ng  the response 
t o  endocrine therapy f o r  pa t i en ts  w i t h  advanced breast cancer. 
Europ J Cancer 1979;15: 299-310 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
3
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ESTROGEN RECEPTOR ASSAYS 373 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1 1 .  

12. 

13. 

14. 

Chamness GC, McGuire WL: Methods f o r  analyzing s t e r o i d  
receptors i n  human breast cancer. In: McGuire WL, ed. 
Breast Cancer 3, Advances i n  Research and Treatment, 
Current Topics. New York: Plenum, 1979: 149-197 

B r i t i s h  Breast Group: Steroid-receptor assays i n  human 
breast cancer. Lancet 1980; 1 : 298-300 

DeSombre ER, Carbone PP, Jensen EV e t  a l :  Special report :  
s te ro id  receptors i n  breast cancer. N Engl J Med 1979; 
301: 101 1-1012 

Braunsberg H: Factors in f luenc ing  the es t lmat ion  o f  
oestrogen receptors i n  human malignant breast tumours. 
Europ J Cancer 1975; l l :  499-507 

Rosen PP, Menendez-Botet CJ, Urban JA, Fracchia A, 
Schwartz MK: Estrogen receptor p r o t e i n  (ERP) i n  m u l t i p l e  
tumor specimens from ind i v idua l  pa t i en ts  w i t h  breast 
cancer. Cancer 1977;39: 2194-2200 

Meyer JS, Stevens SC, White WL, Hixon B: Estrogen receptor 
assay o f  carcinomas o f  the breast by a s i m p l i f i e d  dextran- 
charcoal method. Am J C l i n  Pathol 1978;70: 655-664 

Schwartz MK: Estrogen receptors and tumor associated a n t i -  
gens i n  breast cancer, Ann Clin Lab Sci 1979;g: 258-261 

Koenders AJ, Geurts-Moespot J, Kho KH, Benraad Th J: 
Es t rad io l  and progesterone receptor a c t i v i t i e s  i n  stored 
lyophi  1 ised ta rge t  t issue. J S tero id  Blochem 1978;g: 947-950 

Noble RL, Hochachka BC, King D: Spontaneous and estrogen- 
produced tumors i n  Nb r a t s  and t h e i r  behavior a f t e r  t rans-  
plantat ion.  Cancer Res 1975;35: 766-780 

Muschenhelm F, Furs t  JL, Bates HA: Increased incidence o f  
p o s i t i v e  tes ts  f o r  estrogen b fnd lng  i n  mammary carcinoma 
specimens transported i n  l i q u i d  ni t rogen. Am J C l l n  Pathol 
1 978 ; 70: 780-782 

Wagner RK: 
receptors and steroid-binding serum pro te ins  by agargel 
e lectrophoresis a t  low temperature. Hoppe-Seyler's Z Physiol  
Chem 1972;353: 1235-1245 

Character izat ion and assay o f  s t e r o i d  hormone 

Lowry OH, Rosebrough NJ, Farr  AL, Randall RJ: Pro te in  measure- 
ment w i t h  the F o l i n  phenol reagent. J B i o l  Chem 1951;193: 
265-275 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
3
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



3 74 GODOLPHIN AND JACOBSON 

15. EORTC Breast Cancer Cooperatlve Group: Standards for the 
assessment of  estrogen receptors I n  human breast cancer: 
report of  a workshop on September 29, 1972, a t  the Anton1 
van Leeuwenhoek-Huis, Amsterdam. Europ J Cancer 1973;g: 
379-38 1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
3
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


