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The i m b a l a n c e  be tween  p ro l i f e r a t i ve  and  d i f ferent ia t ive  es t rogenic  effect, caused by quan t i t a t i ve  
and qua l i ta t ive  a l t e r a t ion  of  the es t rogen  r e c e p t o r  (ER) expression,  m a y  play a d e t e r m i n a n t  
role  in m a m m a r y  neoplas t ic  t r a n s f o r m a t i o n .  Our  studies d e m o n s t r a t e  tha t  ER levels are  
s ignif icant ly  h igher  in h u m a n  m a m m a r y  neoplas t ic  t issues when c o m p a r e d  to pe r ineop las t i c  
t issues and  tha t  inc reased  ER express ion  is associa ted with ER gene h y p o m e t h y l a t i o n .  D u r i n g  
p rogress ive  m u l t i f a c t o r i a l  carcinogenesis ,  ER overexpress ion  m a y  r e p r e s e n t  an ear ly  step in 
neoplas t ic  t r a n s f o r m a t i o n .  In fact,  high levels of  ER r e p r e s e n t  good m a r k e r s  of  d i f fe ren t ia t ion  
and  can p red i c t  the l ikel ihood of  benef i t ing f r o m  an t i - e s t rogen  the rapy .  Never theless ,  abou t  35% 
of  ER-pos i t ive  b reas t  cancers  a re  res i s tan t  to endoc r ine  t h e r a p y  and 105/o of  ER-nega t ive  
t u m o r s  behave  as h o r m o n e - s e n s i t i v e  t umor s .  Recen t  s tudies on ER m R N A  var ian ts ,  which 
n a t u r a l l y  occur  in h u m a n  b reas t  t um or s ,  d e m o n s t r a t e d  muta t ions ,  delet ions and a l t e rna t ive  
splicings, yielding delet ions of  exons 3, 4, 5 and 7. ER var ian t s  exh ib i ted  a l t e r ed  func t ions  or  
changed  the respons iveness  to h o r m o n a l  t he rapy .  Analysis of  these va r i an t s  could be a useful  
p a r a m e t e r  to be t t e r  p r ed i c t  t u m o r  responsiveness  to an t i - e s t rogen  the rapy .  Recent ly ,  a rega in  of  
h o r m o n a l  respons iveness  by ER-nega t ive  b reas t  cancer  cells has been r e p o r t e d  following ER gene 
t r ans fec t ion .  However ,  es t rad io l  t r e a t m e n t  inhibi ts  r a t h e r  t han  s t imula tes  cell g rowth  as well as the 
me t a s t a t i c  and  invasive po ten t ia l  of  the ER gene t r a n s d u c e d  cells. T r a n s f e r  of  the ER gene m a y  be 
cons ide red  as a new t h e r a p e u t i c  a p p r o a c h  in the m a n a g e m e n t  of  h o r m o n e - i n d e p e n d e n t  b reas t  
cancer .  
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Estrogens regulate mammary cell growth and differen- 
tiation through interaction with a specific receptor (ER) 
which binds to estrogen responsive DNA sequences 
and regulates the expression of proteins involved in 
mitogenic or differentiative processes. An appropriate 
ER expression is required to control the physiological 
estrogen responsiveness of target tissue. There is evi- 
dence that demonstrates that an abnormal ER ex- 
pression often occurs in breast cancer, suggesting that 
an altered ER may play a determinant role in pathologi- 
cal proliferation, neoplastic transformation and 
progression. 

Proceedings of the X V I  Meeting of the International Study Group for 
Steroid Hormones, Vienna, Austria, 28 Nov.-1 Dec. 1993. 

*Correspondence to E. Petrangeli. 

ER OVEREXPRESSION IN BREAST CANCER 

Few studies on non-malignant breast ER have been 
performed compared to the many reports done on 
breast cancer [1-5]. Peterson et al. [6] evaluated ER 
frequency and distribution using immunohistochem- 
istry in 18 biopsy specimens removed from patients 
undergoing mammoplasty and found that stromal ceils 
were ER-negative and only 7% of epithelial cells were 
positively stained, while 40-70% of ER stained cells 
were present in breast carcinoma [7, 8]. 

Fabris et al. [9] performed an immunocytochemical 
analysis of ER on 150 samples including proliferative 
and non-proliferative breast disease, atypical hyper- 
plasia and non-invasive in situ carcinoma as well as on 
150 cases of breast cancer. They found that normal 
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breast structures generally displayed a higher pro-  
port ion of negative cells, with positive cells showing a 
degree of staining intensity lower than neoplastic cells. 
In benign breast disease, ER expression was heteroge- 
nous with low staining intensity. In  contrast, in atypical 
hyperplasia and in situ carcinoma high ER expression 
was observed also displaying a homogenous distri- 
bution. In the latter case the enhanced and hom- 
ogenous ER expression could modify  the proliferative 
capacity leading to autonomous growth. Breast cancer 
exhibited high staining intensity in positive cells, 
al though with an heterogenous staining pattern,  prob-  
ably due to cancer clonal heterogeneity. Ricketts et al. 

[10] investigated 143 fine needle aspirate and 40 biop- 
sies f rom women with benign breast lump and 
measured their ER levels using enzyme immunoassay.  
ER levels ranged f rom 0 to 37 fmol /mg protein (mean: 
4); these levels were significantly lower with respect to 
the values measured in 126 women with breast cancer 
(range: 0-139, mean: 37 fmol /mg protein). Following 
evaluation of ER and progesterone receptors (PR) by 
immunocytochemis t ry ,  they found that only 16% of 
the samples were ER-posit ive,  setting a cutoff of 50% 
stained epithelial cells, based on response to endocrine 
therapy. T h e y  described significantly higher ER-posi -  
tivity in the follicular stage than in the luteal stage of 
the cycle. PR staining was stronger than ER and 26°b 
of the samples exhibited PR-posi t ive cells. PR-posi t iv-  
ity significantly correlated with ER status and showed 
a tendency to increase with body mass index. Patients 
with a family history of breast cancer showed signifi- 
cantly higher PR-posit ivity.  

We studied steroid receptor expression and ER gene 
methylat ion in 37 neoplastic and in 35 perineoplastic 
tissues f rom patients with pr imary  breast cancer. ER 
and PR were measured in the cytosol (c) and in nuclear 
extracts (n) by enzyme immunoassay,  both  in cancer 
and in non-mal ignant  tissues taken f rom the same 
patients and compared  with ER gene methylation. The  
cytosolic and nuclear localization of steroid receptors 
corresponded to a functional evaluation, nuclear steroid 
receptors meaning the activated form, dissociated f rom 
other protein complexes, able to bind to D N A  hor- 
mone-responsive  element. T h e  mean values of cytoso- 
lic and nuclear steroid receptors were significantly 
higher in the neoplastic samples (Fig. 1). T o  assess 
steroid receptor positivity, we selected as threshold 
values, 15 fmol /mg cytosolic protein and 50 fmol /mg  
D N A  for cytosolic and nuclear steroid receptors, re- 
spectively, which corresponded to the objective re- 
sponses to endocrine therapy. However ,  this 
therapy-based criterion was not applied to non-neo-  
plastic breast tissues. Because of the large incidence of 
very low levels of  ERc and PRc in perineoplastic 
tissues, we selected 5 fmol /mg cytosolic protein as a 
cut-off, corresponding approximately to median values 
for these parameters.  Although there was a significant 
linear positive correlation between cytosolic and nu- 
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Fig. 1. Box plot s  for  cytosolic (A) a n d  n u c l e a r  (B) steroid 
r e c e p t o r s  in neoplastic (CAM) and perineoplastic (MN) tis- 
sues. Boxes comprise levels from 25th to 75th percentile. 
H o r i z o n t a l  b a r s  i n d i c a t e  the median value. The t-test showed 
significantly higher values of ERc (P =0.0003), PRc 
(P = 0.0001), ERn (P = 0.0063), and PRn (P = 0.0231) in neo- 

plastic tissues. 

clear steroid receptor levels (P = 0.0001 for ER and 
P = 0.0001 for PR), we found discordance between 
ERc and ERn incidence in 26% of perineoplastic and 
in 8% of neoplastic tissues. The  discordance between 
PRc and PRn incidence was 31 °o in perineoplastic and 
19% in neoplastic tissues. T h e  lower discordance in 
neoplastic tissues was due to the frequent steroid 
receptor overexpression which occurred in the latter 
samples. For  clinical evaluation, we considered as 
positive all samples which displayed at least one of 
either cytosolic or nuclear steroid receptors. T h e  over- 
all steroid receptor incidence in neoplastic and perineo- 
plastic breast tissues is shown in Table  1. Only the 
incidence of ER was lower in perineoplastic tissues, and 
the phenotype E R - P R  +, usually not found in this 
group of breast cancer, occurred in 14.3°,o of perineo- 
plastic tissue (Table  2). Thus ,  in the typical hormone-  
dependent  non-malignant  breast tissue, we found lower 
ER and PR levels and ER incidence, while PR 

Table 1. Comparison of steroid recep- 
tors status in neoplastic and perineo- 

plastic tissues 

Perineoplastic 
Cancer tissues 

ER + 28/37 20/35 
(75.68%) (57.14°0) 

PR ÷ 24/37 24/35 
(64.86°0) (68.57°i,) 
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Table 2. Incidence of paradoxal ER/PR 
phenotype in neoplastic and perineoplastic 

tissues 

Receptor Perineoplastic 
phenotype Cancer tissues 

ER+PR - 4/37 1/35 
(10.8%) (2.9%) 

ER-PR + 0/37 5/35 
(0%) (14.3%) 

incidence was comparable to that of malignant tissue. 
This  suggests that lower ER levels are sufficient to 
promote PR expression in non-malignant tissue. We 
evaluated ER gene methylation patterns in neoplastic 
and non-malignant samples using Southern blot analy- 
sis. T h e  differences between MspI  and HpaI I  enzy- 
matic restriction patterns led to an overall estimation of 
ER gene methylation pattern. The  ER gene was hy- 
pomethylated more frequently in the neoplastic, 70%, 
as compared to 25% in perineoplastic tissues. The  
methylation status in both was inversely correlated to 
ERc and ERn levels as well as to PRc and PRn (Fig. 2), 
confirming that ER expression up-regulates PR levels. 

In conclusion, we found a predominant phenotype in 
non-malignant breast tissue characterized by a hyper-  
methylated ER gene with low or undetectable steroid 
receptor expression. Cell proliferation of less aggressive 
hormone-dependent  breast cancer appears to be linked 
to ER gene hypomethylation and steroid receptors 
overexpression, with a good likelihood of benefit from 
tamoxifen therapy. During neoplastic progression, 
more aggressive malignant phenotype is characterized 
by negative steroid receptors and hormone-resistance. 

Considering the low steroid receptor levels in normal 
breast tissue, it appears that high ER levels are linked 
to neoplastic breast tissues. In this regard, there are 
many key issues to be considered. First, can we con- 
sider non-malignant breast tissues with ER gene hy- 
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Fig. 2. Compar i son  of  steroid receptor levels (mean val- 
ues + SE) on ER gene hypermethy la ted  and hypomethy la ted  
subgroups. Cytosolic and nuclear steroid receptors are ex- 
pressed respectively as f m o l / m g  protein and f m o l / m g  DNA. 
ER gene hypomethy la ted  samples  expressed significantly 
higher levels of  ERc (P =0.001), ERn (P =0.0007), PRc 

(P = 0.0224), and PRn (P = 0.0111). 

pomethylation and ER overexpression as high risk 
samples? And secondly, what is the role of ER overex- 
pression in breast neoplastic transformation? Is the ER 
overexpression an epiphenomenon of neoplastic loss of 
cell growth control, with dysfunction of the mechan- 
isms that regulate ER expression? Or, can overex- 
pressed ER be considered as an activated oncogene or 
co-oncogene? Finally, is it possible to control patho- 
logical proliferation by restoring physiological 
regulation of ER? 

ER V A R I A N T S  IN B R E A S T  C A N C E R  

Following the cloning of  ER cDNA [11, 12], several 
studies have been performed to screen for the presence 
of structural abnormalities of ER in breast cancer. 

Several authors [13, 14] have reported restriction 
fragment length polymorphisms (RFLP)  within the ER 
gene, describing PvuI I  R F L P ,  with controversial data 
regarding the correlation with ER and PR expression. 
Subsequent studies [15] demonstrated that the se- 
quences responsible for PvuII  R F L P  are located within 
intron 1 of the ER gene. Wanless et al. [16] reported 
an H in d l I I  R F L P  that appeared to be correlated with 
increased PR expression. 

We analyzed the restriction pattern of the ER gene 
in 50 samples of neoplastic and perineoplastic breast 
tissues. Twenty  micrograms of extracted D N A were 
digested with restriction enzymes, separated on 0.8% 
agarose gels, transferred to Gene Screen Plus filters and 
hybridized with an ER probe. An 1.3 kb EcoRI frag- 
ment of the plasmid pOR3 [11], kindly provided by Dr  
P. Chambon, was used as a specific probe. We observed 
the appearance of an extra 8.6-kb band and a parallel 
decrease of the hybridization intensity of the 4.8-kb 
band in 60% of both neoplastic and perineoplastic 
tumors (Fig. 3). This  restriction variant pattern was 
also observed in 5 out of  23 meningiomas, but not in 
the other brain tumors, or in peripheral blood lympho- 
cytes obtained from healthy volunteers [17]. Thus ,  it 
does not seem to be due to physiologically occurring 
EcoRI RFLP.  Hybridization with several ER cDNA 
fragments, spanning the different ER domains, showed 
that the altered restriction pattern affected the genomic 
region coding for the D N A  binding domain [17]. Since 
the appearance of the extra 8.6-kb variant band was 
associated with a decrease in the hybridization intensity 
of the 4.8-kb invariant band, the altered genomic 
restriction pattern could arise from the involvement of 
only one allele or from cellular heterogeneity. The  
distribution of the ER gene EcoRI variant appeared to 
be frequently associated with slightly higher steroid 
receptor levels (Fig. 4). 

The  functional meaning of ER gene RF LP s  remains 
unclear. In some cases they could be related to intronic 
sequences regulating ER expression. 

Recent studies, concerning naturally occurring 
ERm RN A  variants, demonstrated the presence of  
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Fig. 3. Southern blot analysis of genomic DNA extracted 
from perineoplastic breast  tissues (lanes 1, 3 and 5), p r imary  
breast  cancers (lanes 2, 4 and 6) and peripheral  blood lym- 
phocytes of healthy volunteers (lane 7). 10pg of DNA were 
digested with EcoRI, electrophoresed on a 0.8% agarose gel, 
and t ransferred to nitrocellulose filters. The blots were hy- 
bridized with a 32p-labeled 1.3 kb EcoRI fragment  of the 
plasmid pO3. The size of the EcoRI bands is indicated in 

kilobases. 

mu ta t i ons ,  de le t ions  and a l t e rna t ive  sp l ic ing ,  y i e ld ing  
de le t ions  of  exon 3, 4, 5 and  7 ( rev iewed  in [18]) in 
b reas t  t umor s .  E R  var ian t s  can exh ib i t  a l t e red  func-  
t ions  or  change  the r e spons iveness  to h o r m o n a l  
t he rapy .  J i ang  et al. [19] f o u n d  tha t  a po in t  m u t a t i o n  
l ead ing  to the  subs t i t u t i on  of  Val  for  G l y  at c o d o n  400 
in the  l igand  b i n d i n g  d o m a i n  of  ER,  r e su l t ed  in the  
e n h a n c e d  es t rogen ic  ac t iv i ty  of  4 - h y d r o x y t a m o x i f e n  in 
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Fig. 4. Comparison of steroid receptor levels (mean val- 
ues-t-SE) in subgroups with i n v a r i a n t  a n d  v a r i a n t  EcoRI 
genomic pat terns of ER. Cytosolic a n d  n u c l e a r  steroid recep- 
tors are expressed respectively as fmol/mg protein and  
frnol/mg DNA. The t- test  did not show'a significant differ- 
ence of ERc (P = 0.0897), ERn (P = 0.1714), PRc (P = 0.1381) 

a n d  PRn levels (P = 0.0839) in the two subgroups. 

s table  E R  t rans fec tan t s  o f  the  b reas t  cancer  cell line. 
An  E R  m R N A  var iant ,  lacking exon 5, was able  to 
act ivate  cons t i tu t ive ly  the  e s t r o g e n - d e p e n d e n t  t r an -  
sc r ip t ion  [20]. I n  cont ras t ,  the exon 7 de le ted  ER 
var iant ,  a b u n d a n t  in some E R + P R  - b reas t  t u m o r s  [21] 
and the exon 3 de l e t ed  ER,  exp res sed  in the T 4 7 D  cell 
line [22], ac ted  as d o m i n a n t  negat ive  regu la to r s  of  wi ld  
type  ER.  T h e  express ion  o f  the  exon 4 de le ted  ER 
m R N A  var ian t  in M C F 7  and  ZR75-1  has been  de-  
sc r ibed  recen t ly  [23], a l t hough  its func t ion  was not  
inves t iga ted .  Sco t t  et al. [24] showed  that  in 67% of  
E R - p o s i t i v e  t u m o r s  expres s ing  a 50 k D a  E R  var ian t ,  
the  r e c e p t o r  e i ther  d id  not  b ind  or  b o u n d  weakly  to 
e s t r o g e n - r e s p o n s i v e  e l emen t  sequences .  T h e  ident i f i -  
ca t ion  of  E R  var ian ts  cou ld  be a usefu l  p a r a m e t e r  to 
iden t i fy  some fo rm of  t u m o r  r e spons iveness  to an t i - e s -  
t rogen  the rapy .  In  fact,  approx ,  35% of  E R - p o s i t i v e  
b reas t  cancers  are res i s tan t  to endoc r ine  t he r a p y  and 
10% of  E R - n e g a t i v e  t u m o r s  behave  as h o r m o n e - s e n s i -  
t ive t u m o r s  [25, 26]. T h e  p resence  of  dys func t iona l  ER 
could  exp la in  u n e x p e c t e d  responses  to endoc r ine  
the rapy .  P u n t i f o r m  m u t a t i o n s  m a y  in te r fe re  wi th  ant i -  
e s t rogen  act ion.  T u m o r s  express ing  de le t ed  cons t i tu -  
t ive ly  ac t iva ted  E R  can act ivate  e s t r o g e n - r e s p o n s i v e  
gene express ion ,  a l t hough  expres s ing  low E R  levels.  
T h e  presence  of  h igh  levels of  nega t ive  d o m i n a n t  E R  
may  have a role in the  h o r m o n e - d e p e n d e n c e  escaping ,  
d e t e r m i n i n g  the occu r r ence  o f  d i f ferent  m e c h a n i s m s  to 
induce  cell g rowth .  

F U T U R E  P E R S P E C T I V E S  F O R  G E N E  T H E R A P Y  

Yiang  et al. [27] and  Ga rc i a  et al. [28] showed  that  
E R - n e g a t i v e  b reas t  cells t r ans fec ted  wi th  E R  e D N A  
regain  h o r m o n a l  sensi t iv i ty .  H o w e v e r ,  the  r e spons ive -  
ness to h o r m o n a l  t r e a t m e n t  was d i f ferent  f rom E R -  
pos i t ive  b reas t  cancer .  In  fact,  it has been  r e p o r t e d  that  
the  a d m i n i s t r a t i o n  of  pu re  an t i - e s t rogen  alone d id  not  
induce  any r educ t i on  o f  cell g rowth  and  invas ive  p o t e n -  
t ial  of  the  cell ,  whi le  such effects were  d e t e r m i n e d  by 
17- f l -es t rad io l  t r ea tmen t .  T h i s  pa r adox ic  effect o f  l'7- 
f l - es t rad io l  was b locked  by  s imul t aneous  a d m i n i s -  
t ra t ion  of  an t i - es t rogens .  T h e s e  da ta  appea r  to 
con t r ad i c t  p rev ious  obse rva t ions  sugges t ing  a poss ib le  
oncogen ic  role  of  E R  ove rexp re s s ion  and may  be 
re la ted  to a d i f ferent  role of  E R  in d i f ferent  stages o t  
m a l i g n a n t  p rogress ion .  I nc r ea sed  expres s ion  of  ER 
may  have a pa thogene t i c  role in the  ear ly  phase  of  
neoplas t ic  t r a n s fo rma t ion ,  whi le  the  absence  of  de-  
tec table  levels of  E R  in the  m o r e  advanced  stages of  
neop las t i c  p rog re s s ion  m a y  be cons ide red  as an e p i p h e -  
n o m e n o n  re la ted  to t u m o r  de -d i f fe ren t i a t ion .  T h e  reac-- 
t iva t ion  or  t rans fe r  of  the  E R  gene may  be cons ide red  
as a new t h e r a p e u t i c  a p p r o a c h  to l imi t  g r o w t h  and 
invas iveness  in the  more  aggress ive  E R - n e g a t i v e  tu-  
mors .  O t h e r  e x p e r i m e n t s  are  r e q u i r e d  to define the  final 
goal  o f  h o r m o n a l  gene t h e r a p y  in breas t  cancer .  I t 
w o u l d  be pa r t i cu l a r ly  benefic ia l  to res tore ,  not  only  the 
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p r e s e n c e  o f  E R ,  b u t  a lso  t h e  p h y s i o l o g i c a l  c o n t r o l  o f  t h e  

e x p r e s s i o n  a n d  t h e  ac t i v i t y  o f  t h e  E R  g e n e .  
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