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R e c e n t  s tud ies  h a v e  e s t a b l i s h e d  t h a t  c o n c e n t r a t i o n  g r a d i e n t s  o f  a r o m a t a s e  e x p r e s s i o n  o c c u r  w i t h i n  
the  b r e a s t ,  w i t h  t he  h ighes t  levels  o f  e x p r e s s i o n  o c c u r r i n g  in s i tes  p r o x i m a l  to  a t u m o r .  T h e s e  
v a r i a t i o n s  in a r o m a t a s e  e x p r e s s i o n  c o r r e l a t e  wi th  r e g i o n a l  d i f f e r ences  in the  r e l a t i v e  p r o p o r t i o n s  o f  
the  h i s to log ic  c o m p o n e n t s  o f  b r e a s t  ad ipose  t i ssue,  in  p a r t i c u l a r  a d i p o c y t e s  a n d  s t r o m a l  cells, s ince 
r eg ions  c o n t a i n i n g  the  h ighes t  n u m b e r s  o f  s t r o m a l  cells  a r e  the  si tes  o f  e l e v a t e d  a r o m a t a s e  
t r a n s c r i p t  levels .  A l t h o u g h  the  i n i t i a t i ng  even t s  a r e  u n k n o w n ,  it  is p r o p o s e d  tha t ,  once  n e o p l a s t i c  
cells  s t a r t  to r e p l i c a t e ,  t u m o r  g r o w t h  will  be  p r o m o t e d  b y  loca l ly  i n c r e a s e d  e s t r o g e n  levels .  In  t u r n ,  
g r o w t h  f a c t o r s  p r o d u c e d  by  the  t u m o r  in r e s p o n s e  to  loca l ly  i n c r e a s e d  e s t r o g e n  levels  m a y  f u r t h e r  
i n c r e a s e  a r o m a t a s e  e x p r e s s i o n  in the  s u r r o u n d i n g  ad ip o se  t issue.  T h u s  a pos i t i ve  f e e d - b a c k  loop  is 
e s t a b l i s h e d  in wh ich  l o c a l l y - p r o d u c e d  e s t r o g e n s  a n d  t u m o r - d e r i v e d  g r o w t h  f a c t o r s  ac t  b y  p a r a c r i n e  
a n d  a u t o c r i n e  m e c h a n i s m s  to  sus t a in  the  g r o w t h  a n d  d e v e l o p m e n t  o f  the  t u m o r .  F u r t h e r  s u p p o r t  
f o r  th is  c o n c e p t  is o b t a i n e d  f r o m  the  o b s e r v a t i o n  t h a t  a r o m a t a s e  e x p r e s s i o n  in b r e a s t  ad ip ose  is 
r e g u l a t e d  by  e n h a n c e r  e l e m e n t s  t h a t  a p p e a r  to  r e s p o n d  pos i t i ve ly  to  g r o w t h  f ac to r s ,  in c o n t r a s t  to  
e x p r e s s i o n  in g r a n u l o s a  cells, wh i ch  is i n h i b i t e d  by  g r o w t h  f ac to r s .  
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INTRODUCTION 

Formation of estrogens from C,9 steroids is catalyzed 
by a specific microsomal form of cytochrome P450,  
aromatase cytochrome P450 (P450arom, the product  
of  CYP19 gene). A flavoprotein, NADPH-cy toch rome  
P450 reductase, which is a ubiquitous component of 
the endoplasmic reticulum of most cells [1, 2], transfers 
reducing equivalents from N A D P H  to the P450arom. 
Aromatase expression occurs in a number  of human 
tissues and cell types, including syncytiotrophoblast of 
placenta, [3], hydatid moles [4], JEG-3 cells (a chorio- 
carcinoma-derived cell line) [5], fetal hepatocytes [6], 
ovarian granulosa cells [7], and testicular Leydig cells 
[8]. Additionally, in various species, the activity was 
shown to be present in Sertoli [9], Leydig [10, 11] 
and germ cells [12] in the male, and in several sites in 
the brain of both sexes [13]. In women, aromatase 
activity and P450arom transcripts have been detected 
both in breast adipose tissue and breast tumor 
tissue [14-20]. 
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Th e  principal site of estrogen formation in post- 
menopausal women is the adipose tissue [21,22]. 
Estrogen production by adipose tissue increases as a 
function of age and obesity. The  increased estrogen 
production in elderly obese women is believed to play 
a role in the pathogenesis of endometrial cancer. Fur-  
thermore,  estrogen produced by adipose tissue within 
the breast may act locally to promote the growth of 
breast tumors [16, 23, 24]. Th e  usefulness of estrogen 
antagonists as well as inhibitors of aromatase in the 
management of breast cancer has long been recognized. 
The  implication of adipose tissue estrogen biosynthesis 
in the maintenance of growth of breast cancers is 
apparent from the palliative effects of adrenalectomy. 
Since estrogen production by adipose tissue is 
dependent for substrate on circulating androstenedione 
produced by the adrenal cortex, then the role of 
adrenalectomy is explicable in terms of the denial of 
substrate precursor for adipose tissue estrogen biosyn- 
thesis. It should be pointed out that the product  of 
aromatase activity in adipose namely estrone, is a much 
weaker estrogen than estradiol. Evidence from at least 
two laboratories is indicative that 17fl-hydroxysteroid 
dehydrogenase present in breast tumor tissue is capable 
of locally converting estrone into estradiol [25, 26]. 

319 



320 Serdar E. Bulun ez al. 

Body fat distribution may be a contr ibuting factor in 
the etiology of breast cancer. Some studies have indi- 
cated that individuals with central obesity have a 
greater risk of  developing breast cancer [27]. However ,  
Sellers et al. [28] demonstra ted that the association of 
the waist- to-hip ratio with the risk of breast cancer was 
limited predominant ly  to women with a family history 
of breast cancer. Another  study indicated that, in girls 
in early puberty,  highest circulating estrogen levels 
were found in those with fat localized predominant ly  
on the hips [29]. This  is in agreement  with our findings 
in that, compared with abdomen or thighs, the adipose 
tissue in the buttocks contains the highest levels of 
P450arom transcripts [30]. In addition, epidemiologi- 
cal studies are indicative of strong environmental  fac- 
tors in the incidence of breast cancer. Notably  indicated 
are Western style diets with high fat content [31], 
al though there is no conclusive evidence that fat con- 
sumption per se increases the risk of  breast cancer. 

Initially aromatase activity and subsequently,  
P450arom transcripts have been detected both in 
breast adipose as well as tumor  tissue [14, 15, 17-20]. I t  
has been proposed that the growth of breast carcinomas 
may be influenced by local estrogen biosynthesis in 
surrounding adipose tissue [16]. We previously demon-  
strated that aromatase activity in adipose stromal cells 
in culture is regulated primari ly by changes in the 
levels of m R N A  encoding P450arom [32]. More 
recently, we have investigated the expression of the 
CYP19 (P450arom) gene in breast adipose tissue as a 
function of proximity to a tumor  and in breast cancer 
tissue per se, using an R T - P C R  amplification procedure 
employing an internal standard to correct for variation 
in amplification f rom sample to sample. 

R E G U L A T I O N  OF A R O M A T A S E  E X P R E S S I O N  
IN H U M A N  A D I P O S E  

We have utilized human  adipose stromal cells in 
culture as a model system to study the regulation of 
aromatase activity in human fat, having determined 
that aromatase activity and P450arom m R N A  levels are 
much higher in the stromal elements of adipose tissue, 
i.e. the potential adipose precursor  cells, than in 
adipocytes themselves [14, 17]. In fact, it is likely that 
the activity in the adipocyte fraction results from 
contaminat ion by stromal elements. In these stromal 
cells, we have observed that aromatase expression is 
subject to complex and multifactoriat regulation which 
is correlated with comparable  changes in the levels of 
P450arom m R N A  [32, 33]. In  cultured human  adipose 
stromal cells, aromatase activity is st imulated by gluco- 
corticoids [34] and by cyclic A M P  analogs [35]. The  
st imulatory effects of cyclic A M P  are potentiated by 
phorbol  esters [36] which activate protein kinase C, and 
are inhibited on the other hand by serum, as well as by 
a number  of growth factors including EGF,  T G F f l - 1 ,  
TGFc~, interleukin lfl, T N F ,  b F G F ,  and P D G F  [36]. 

By contrast, the st imulatory action of glucocorticoids 
requires the presence of serum, but this action of serum 
can be mimicked in part  by growth factors such as 
P D G F .  The  actions of these various stimulatory and 
inhibitory factors on enzyme activity are paralleled by 
comparable alterations in the levels of P450arom 
m R N A  and in the synthesis of P450arom protein 
[32, 33]. By contrast, the N A D P H - c y t o c h r o m e  P450 
reductase component  of the aromatase enzyme complex 
is much less markedly affected. On the other hand, in 
human ovarian granulosa cells in culture, aromatase 
activity and P450arom m R N A  levels are elevated by 
F S H  and cyclic A M P  analogs [37]. However ,  whereas 
the F S H  induction is antagonized by EGF,  it is also 
antagonized by phorbol  esters, in contrast to the situ- 
ation with adipose stromal cells in culture. In addition. 
glucocorticoids have an inhibitory effect on aromatase 
expression in granulosa cells. 

T I S S U E - S P E C I F I C  REGULATION OF HUMAN 
CYP19 (P450arom) BY MEANS OF 

A L T E R N A T I V E  P R O M O T E R S  

In order to define the molecular mechanisms 
whereby stimulatory and inhibitory factors regulate 
tissue-specific expression of the P450arom gene in 
estrogen producing cells, as well as to characterize 
t rans-act ing factors and cis-act ing elements required 
for tissue-specific and hormonal  regulation of aroma- 
tase expression, we have isolated and characterized 
genomic clones that contain the entire human 
P450arom structural gene as well as flanking genomic 
DNA.  The  gene is greater than 75 kb in size, however 
the region encoding the P450arom protein spans about 
35 kb of D N A  and contains 9 exons ( I I - X )  (Fig. 1 ,. 
Exon II  contains the translation initiation site. The  
gene has been mapped  to chromosome 15 [38]. Recem 
findings f rom our laboratory are indicative that the 
human CYP19 gene contains a number  of tissue- 
specific promoters  which direct aromatase expression 
in human  placenta, ovary and adipose tissue [39-41]. 
The  majority of placental transcripts have 5"-termini 
containing sequences encoded in untranslated exon I. 1 
which lies at least 4 0 k b  upst ream of the translation 
start site (Fig. 1). In ovarian corpus luteum tissue, 
CYP19 gene transcription is initiated 120 bp upstream 
of the translation initiation site in exon I I  (promoter  
II) .  Some 20kb  downstream of exon 1.1, another 
untranslated first exon, exon 1.4, was found to be 
expressed in human breast adipose tissue [40]. Exon 
1.3, located 306 bp ups t ream of the common splice 
junction in exon I I  was first identified in adipose tissue 
and ceils. All of these untranslated exons are spliced 
into the identical site upst ream of the translation in- 
itiation site in exon I I  (Fig. l). Consequently,  the 
sequence encoding the open reading frame is identical 
in each case. Thus ,  the expressed protein is the same 
regardless of the splicing pattern. 
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In summary, it appears that three different 5'- 
termini are present at significant levels in human 
adipose. Of  these, exon 1.4 is present in breast adipose 
tissue and cultured adipose stromal cells in which 
aromatase is stimulated with dexamethasone in. the 
presence of serum [34,40]. Promoter  II-specific 
sequences are present in cells stimulated with dibutyryl 
cAMP plus or minus phorbol ester in the absence of 
serum [35], but  not in cells treated with dexametha- 
sone. On the other hand, 1.3 is present in adipose tissue 
and cells maintained under all conditions [40]. 

We also identified some P450arom mRNA species 
with other unique 5'-ends (e.g. exon 1.2 in placenta) 
[40, 41]. However,  these sequences are present in only 
a very small minori ty of P450arom transcripts in these 
tissues and will not be discussed further at this time. 

BREAST CANCER AND ADIPOSE CYP19 GENE 
EXPRESSION 

Quantification of breast adipose P450arom m R N A  levels 
using competitive R T - P C R  : an association between breast 
cancer localization and estrogen biosynthesis in breast 
adipose tissue surrounding a tumor 

Levels of P450arom transcripts in adipose tissue 
are too low to be detected by northern analysis. We 
devised a specific competitive PCR amplification pro- 
cedure coupled with reverse transcription (RT-PCR)  
to determine P450arom mRNA levels in breast adipose 
tissue [17, 24]. Although with PCR technology, specific 
low copy number  mRNA species are readily amplified 
leading to excellent sensitivity, the exponential nature 

of amplification necessitates using an internal standard 
to reliably compare measured amounts of final products 
from one sample to another. For  this purpose, a known 
amount of a homologous transcript may be coamplified 
as an internal control [42, 43]. We utilized reverse 
transcription and coamplification of a rat P450arom 
cRNA sequence (Fig. 2) in order to control and correct 
for the differences in amplification efficiency between 
samples [24, 30, 44]. 

In 10 out of 15 patients (67%), highest adipose 
P450arom transcript levels colocalized to the quadrants 
bearing tumors (Fig. 3). This correlation was statisti- 
cally significant (P < 0.001). The  regional distribution 
of P450arom transcripts in breast adipose tissue of 
disease-free individuals, obtained during reduction 
mammoplasty (control group, n = 9), did not favor any 
particular region of the breast. We also quantified by 
morphometry  the histologic components of the adipose 
tissue samples from each quadrant in mastectomy 
specimens. Th e  distribution of stromal cells signifi- 
cantly correlated with the distribution of P450arom 
transcript levels, in that quadrants containing highest 
proportions of stromal cells matched to highest tran- 
script levels (P < 0.01). Although the quadrants bear- 
ing tumors contained highest numbers of stromal cells 
by parametric ANOVA, this correlation was at the level 
of statistical significance. 

CLINICAL CONSIDERATIONS 

Estrogen produced by adipose tissue within the 
breast may act locally to promote growth of breast 
tumors [45]. Estrogens can act both directly or in- 

GENE 
ATG 

Pl . l r  ~ PI .4r  ~ PI.3['~" ~.11 ~ ] 

TRANSCRI 

" I'" " I ,,, I I I  " l ' " l  
Placenta Adipose Adipose Ovary 

Fig. 1. S tructure  of the h u m a n  CYP19 (P450arom)  gene u p s t r e a m  of  the trans lat ional  start  site, and of  the 
transcr ipts  present  in placenta ,  adipose  and ovary.  The reg ion  encoding the P 4 5 0 a r o m  protein contains  9 exons 
(II-X),  of  which only  exons  II and III are shown. Exon H contains  the trans lat ion start  site (ATG).  A n u m b e r  
of  untrans la ted  first exons  are expressed  in a t i ssue-speci f ic  fashion and encode  the 5' untrans la ted  t ermin i  
of  P 4 5 0 a r o m  m R N A  in p lacenta  (I.1) and adipose  t issue (I.3 and 1.4). These  are spl iced into the ident ical  site 
u p s t r e a m  of  the trans lat ion  init iat ion site. In the ovary,  transcr ipt ion  is s tarted 120 bp u p s t r e a m  of  the 
trans lat ion init iat ion site in exon II. The arrows  above  the transcript  d iagrams  show the anneal ing  sites of  

specific o l igonucleot ides  e m p l o y e d  for P C R  ampli f icat ion.  
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Fig. 2. Scheme for amplification of human and rat  P450arom cDNAs. The human and rat  aromatasc 
cytochrome P450 cDNA sequences demonstrate an overall homology of 86%. The top sequence belongs to 
human whereas the bottom is rat.  In the same sample, a 3'oligonucleotide is utilized for p r imer  extension and 
PCR amplification of both human and rat  cDNAs which recognizes a region showing complete identity in both 
species. The second pr imer  in the PCR step is the 5'oligonucleotide which recognizes a region localized 272 bp 
upst ream of the 3'oligonucleotide and these sequences are also identical between the two species. However, 
the two probes used for hybridization are designed to recognize heterologous portions (71% homology) of the 
cDNAs, and therefore are species-specific. And, by amplifying a coding region flanking 3 exons, amplification 

of any possibly contaminating genomic DNA was obviated. 

d i r ec t ly  on h u m a n  breas t  cancer  cells to p r o m o t e  
p ro l i f e ra t ion .  I t  is well  e s t ab l i shed  tha t  b reas t  cancer  
cells in cu l tu re  e labora te  a n u m b e r  of  g r o w t h  factors  in 
r e sponse  to es t rogen ,  wh ich  can act in an au toc r ine  and  
pa rac r ine  fashion  to p r o m o t e  the i r  p ro l i f e ra t ion  and 
g r o w t h  [46]. H o w e v e r ,  there  is also ev idence  that  
es t rogen  can d i rec t ly  s t imula t e  ce l lu lar  p ro l i f e r a t i on  
[47]. O u r  recen t  f ind ings  sugges t  tha t  local ly  p r o d u c e d  
es t rogens  m a y  s igni f icant ly  inf luence neop las t i c  g rowth  
and d e v e l o p m e n t .  A l t h o u g h  several  inves t iga tors  have 
c ons ide r ed  tha t  a roma tase  ac t iv i ty  of  ad ipose  t issue is 
too low to sus ta in  mean ing fu l  levels of  es t rogen  p r o -  
duc t ion ,  [48] it shou ld  be b o r n  in m i n d  that  a roma tase  
is local ized to specific cell  t ypes  such as s t romal  cells 
[17]. T h u s ,  d e t e r m i n a t i o n  o f  a roma tase  ac t iv i ty  pe r  
un i t  we igh t  o f  ad ipose  w o u l d  resul t  in u n d e r e s t i m a t i o n  
of  the  levels o f  a roma tase  ac t iv i ty  p re sen t  in specific 
t issue c o m p o n e n t s ,  and  hence  of  the  levels o f  es t rogen  
which  m i g h t  a ccumula t e  in local sites. 

T h e r e  are two poss ib le  non -exc lu s ive  m e c h a n i s m s  
to account  for inc reased  P 4 5 0 a r o m  t r ansc r ip t s  in 
q u a d r a n t s  invo lved  wi th  t umor :  (a) i nhe ren t ly  h igher  
p r o d u c t i o n  of  e s t rogen  pos i t ive ly  inf luences  t u m o r  
g r o w t h  at tha t  site; or  (b) sec re to ry  p r o d u c t s  f rom 
t u m o r s  s t imula t e  P 4 5 0 a r o m  gene express ion  in the 
s u r r o u n d i n g  ad ipose  t issue.  O u r  da ta  p rov ides  ev idence  
tha t  there  is i ndeed  an i nhe ren t l y  d e t e r m i n e d  d is t r i -  
b u t i o n  o f  P 4 5 0 a r o m  gene express ion  in b reas t  ad ipose  
t issue,  as a consequence  o f  the  d i s t r i b u t i o n  o f  s t romal  
cells versus  ad ipocy tes .  T h i s ,  in tu rn ,  may  inf luence 
t u m o r  g rowth .  I t  shou ld  be po in t ed  ou t  tha t  in these  
s tud ies  ad ipose  t i ssue  samples  were  cons i s t en t ly  
o b t a i n e d  at a f ixed d i s tance  f rom the t u m o r ,  and  the 
p resence  of  m ic rome ta s t a se s  in the  ad ipose  t i ssue  was 
exc luded .  F u r t h e r m o r e ,  there  was no d e s m o p l a s t i c  
reac t ion  in s a m p l e d  fat. T h e  range o f  d i f ferences  
be t ween  q u a d r a n t s  con ta in ing  the lowest  and  the 
h ighes t  P 4 5 0 a r o m  t r ansc r i p t  levels w i th in  the  same 
m a s t e c t o m y  spec imen  is 2- to 8-fold;  whereas  this  

range  in t u m o r - f r e e  r e d u c t i o n  m a m m o p l a s t y  spec imens  
is 1.6- to 6-fold.  T h e  s imi la r i ty  in the  var ia t ion  in these 
two g roups  of  pa t ien t s  s u p p o r t s  the  hypo thes i s  that  
there  is an i nhe re n t l y  d e t e r m i n e d  d i s t r i b u t i o n  of  
P 4 5 0 a r o m  t r ansc r ip t s  in b reas t  reg ions  i n d e p e n d e n t  of  
p resence  of  a tumor .  In  add i t ion ,  it appea r s  that  
P 4 5 0 a r o m  gene express ion  in neop las t i c  t issue samples  
varies  ex tens ive ly  since P 4 5 0 a r o m  t r a nsc r i p t  levels in 
t u m o r s  range  f rom very  h igh  to very  low [49]. 

I n t e r e s t i ng ly ,  in cont ro l  m a m m o p l a s t y  spec imens ,  
h ighes t  P 4 5 0 a r o m  t r ansc r ip t  levels d id  not  favor  any 
pa r t i cu l a r  q u a d r a n t  unless  a t u m o r  was presen t .  In  
m a s t e c t o m y  spec imens ,  d i s t r i b u t i o n  of  P 4 5 0 a r o m  
t r ansc r ip t s  and  the h is to logic  c o m p o n e n t s  d id  not  favor  
any pa r t i cu l a r  quad ran t ,  when  t u m o r  pos i t ion  was 
d i s r ega rded .  By the same token,  loca t ion  of  the  t u m o r  
was also r a ndom.  T h e s e  f indings  do not  s u p p o r t  or 
c on t r a d i c t  e i ther  hypo thes i s ,  namely  tha t  i nhe ren t ly  
h ighe r  p r o d u c t i o n  of  es t rogen  in b reas t  fat is the  
p r i m a r y  event ,  versus  s t imu la t ion  of  a romatase  ac t iv i ty  
in the  s u r r o u n d i n g  fat by  g rowth  fac tors  sec re ted  by  the 
tumor .  Age  range  of  our  con t ro l  g roup  ( r educ t ion  
m a m m o p l a s t y )  was 20 to 40, whereas  most  b reas t  
cancer  pa t ien t s  were  p o s t m e n o p a u s a l .  T h e r e  was also a 
degree  of  var ia t ion  in the  fat con ten t  of  the  breas t  
samples  examined .  T h e r e f o r e ,  we were  able  to 
c o m p a r e  these  two g roups  on ly  wi th  a cer ta in  level of  

caut ion.  
O u r  resul ts  unde r sc o re  the  i m p o r t a n c e  of  a romatase  

inh ib i to r s  as efficacious agents  in the  endoc r ine  t rea t -  
m e n t  of  h o r m o n e - r e s p o n s i v e  b reas t  cancer  [50]. 
A r o m a t a s e  inh ib i to r s  effect ively reduce  local a romatase  
ac t iv i ty  as well  as b lood  es t rad io l  levels [51]. T h e r e f o r e ,  
these  agents  will  b lock  es t rogen  de l ive ry  to b reas t  
cancer  cells. I n d i r e c t  s u p p o r t  for the  i m p o r t a n c e  of  
local a romatase  ac t iv i ty  comes  f rom s tud ies  co r re la t ing  
t u m o r  a romatase  ac t iv i ty  wi th  c l in ical  responses  tc 
a romatase  inh ib i t i on  [52]. T h e s e  cons ide ra t ions  lend 
c redence  to the  be l i e f  tha t  a need  exists  for  h ighly  
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specific and  efficacious aromatase inh ib i tors  for use in 

ad juvan t  therapy  in  breast  cancer  managemen t .  
Based on  these considera t ions ,  we have proposed 

the fol lowing unif ied m e c h a n i s m  of oncogenesis  in  
reference to the presen t  and  several previous  studies.  
Regional  differences in  relative p ropor t ions  of histo-  
logic c o m p o n e n t s  of the breast  t issue (e.g. adipocytes,  

s t romal  ceils) are the p r imary  cause of estrogenic 

concen t ra t ion  gradients ,  since regions con ta in ing  
higher  n u m b e r s  of s t romal  cells are the sites of elevated 

P 4 5 0 a r o m  t ranscr ip t  levels. A l though  the in i t i a t ing  
events  are u n k n o w n ,  once neoplast ic  cells start to 
replicate, t u m o r  growth  will be p romoted  by locally 
increased es t rogen levels. G r o w t h  factors p roduced  by 

I m 

3 

B 

5 

l o w e s t  ) h i g h e s t  
( ~  Pa lpab le  t u m o r  I I. " | ~ ~ # ~ 1  

Fig. 3. In 10 out of 15 cases, highest P450arom transcripts were found in breast quadrants bearing a tumor. 
In 5 cases where the tumor occupied 2 adjacent quadrants, the index quadrant was chosen to be the one bearing 
the larger bulk of the tumor. P450arom transcripts were detected in all samples by autoradiography and in 
46 out of 52 s a m p l e s  by the AMBIS Radioanalytic Imaging System. The lower-medial (LM) quadrant was 
n e v e r  involved with tumor, while there was an equal distribution of involvement between upper-medial 
(UM, 4 out of 15), upper-lateral (UL,  5 o u t  o f  15) and lower-lateral (LL, 6 o u t  o f  15) quadrants. The numbers 
above each diagram represent P450arom transcript levels in quadrants expressed as corrected AMBIS 

readings as described in Fig. 3. (nd: not detected by AMBIS.) 
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Fig. 4. Schematic representation of a proposed positive feed- 
back loop whereby estrogen produced locally by stromal 
elements of the breast adipose act to stimulate developing 
tumor cells to produce growth factors. These act in an 
autocrine fashion to stimulate growth and development of 
the tumor, and in a paracrine fashion to stimulate P450arom 
expression and hence estrogen biosynthesis, by the adipose 
stromal cells. E: estrogen; GF: growth factors. Reproduced 

from Simpson et al. (1989) with permission. 

the tumor in response to estrogens may in turn further 
increase CYP19 gene expression in the surrounding 
adipose tissues (Fig. 4). At the same time, desmoplastic 
reactions to the presence of a tumor will cause prolifer- 
ation of stromal-type tissue immediately proximal to 
the tumor,  which will in turn sustain higher local 
estrogen levels. Estrogens will continue to positively 
influence neoplastic growth by increasing the 
expression of secretory products and their receptors in 
the tumor tissue. Thus  a positive feed-back loop is 
established in which locally-produced estrogens and 
tumor-derived factors (e.g.  growth factors) act by 
paracrine and autocrine mechanisms to sustain the 
growth and development of the tumor (Fig. 4). 

which we have termed untranslated exon 1.4. This 
sequence may not be present in transcripts from lower 
body fat which instead contain another untranslated 
exon, namely exon 1.3. (Both exons are present in 
transcripts from breast fat at varying degrees.) In 
adipose stromal cells, exon 1.4 is uniquely present when 
the cells are cultured in the presence of serum plus 
glucocorticoids [40]. Under  these conditions, 
P450arom expression is stimulated 20-fold as com- 
pared to controls [34], suggesting that sequences up- 
stream of untranslated exon 1.4 are regulated in a 
positive fashion by glucocorticoids and growth factors 
present in serum. By contrast, transcripts containing 
exon 1.4 are absent when cells are maintained in the 
presence of cyclic AMP derivatives. Under  these con- 
ditions, expression is markedly inhibited by serum and 
a number  of growth factors [35, 36]. The fact that, in 
breast adipose tissue, P450arom expression is regulated 
by genomic elements which respond in a positive 
fashion to growth factors could provide a mechanism 
whereby growth factors produced by a tumor act on the 
surrounding adipose tissue to sustain the elevated 
synthesis of estrogens, and thus perpetuate a feed-back 
loop which drives the continuous development of the 
tumor (Fig. 4). 

Finally, our results imply that monitoring gene 
expression of selected key proteins, such as P450arom, 
in certain tissues may prove to be clinically useful; and 
for this purpose, competitive R T - P C R  as an alternate 
method to northern analysis may have more clinical 
applications in the near future. Moreover, the fact that 
CYP19 gene expression in breast adipose tissue is likely 
driven by a unique promoter, 1.4, allows for the first 
time the possibility of developing drugs which can 
selectively inhibit estrogen biosynthesis uniquely in 
this tissue while permitting it to continue in other 
tissue sites, by selectively inhibiting CYP19 gene 
expression from this promoter region. In this way, it 
may be possible to develop adjuvant therapies fl~r 
managing breast cancer patients employing tissue- 
selective estrogen withdrawal without subjecting them 
to a whole-body chemical castration, which essentially 
is the only possibility at the present time. 

SIGNIFICANCE OF THE IDENTIFICATION OF 
SPECIFIC TRANSCRIPTS OF HUMAN P450arom 

IN ADIPOSE TISSUE 
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Important  immediate considerations include 
defining the molecular mechanisms responsible for 
maintaining elevated levels of P450arom transcripts 
in breast adipose tissue proximal to a tumor site. 
Recently, we have provided evidence for the use of 
alternative promoters to regulate P450arom expression 
in adipose tissue [39], and the differential regulation of 
the use of these promoters by growth factors and 
hormones [40]. Thus,  breast adipose P450arom tran- 
scripts contain the newly-characterized 5'- terminus 
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