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SUMMARY

Human b re a s t tum ours were e n z y m a tic a lly  d isa g g re g a te d  w ith  

co lla g e n a se  and e s ta b lis h e d  in  p r im a ry  c u ltu r e  on a v a r ie ty  

o f  fe e d e r la y e rs  o f  m itom yc in -C  t re a te d  mouse embryo f ib r o b la s t s .  

The NIH -  3T3 and STO c e l l  l in e s  proved th e  most s u c c e s s fu l 

in  p ro m o ting  th e  g row th  o f  p r im a ry  b re a s t c u ltu r e s  (s u c c e s s fu l 

c u ltu re s  from  a p p ro x im a te ly  80^ o f  b re a s t tu m o u rs ).

P rim a ry  c u ltu r e s  were s e le c te d  from  d i f f e r e n t  c a te g o r ie s  o f  

b re a s t tum ours on th e  NIH -  3T3 and STO fe e d e r la y e rs .  For 

th e  o es tro g en  re c e p to r  (ER) p o s i t iv e  c a te g o ry , the  prem enopausal 

group was s e le c te d  oh bo th  fe e d e r la y e r s .  In  th e  ER n e g a tiv e  

g roup , th e  NIH -  3T3 fe e d e r la y e r  s e le c te d  f o r  the  postm enopausal 

g roup , w h ile  the  prem enopausal group was s e le c te d  by th e  STO 

c e l l s .  A m ito g e n ic  response to  c o r t i s o l  o r  o e s t r a d io l  

a lone  was observed f o r  th e  w e l l  d i f f e r e n t ia t e d  ER p o s i t iv e  

groups on the  NIH -  3T3 fe e d e r la y e r ,  whereas the  postm enopausal 

ER n e g a tiv e  and th e  prem enopausal abnorm al ER groups 

responded w e l l  on the  STO fe e d e r la y e r .  D if fe re n c e s  were a ls o  

observed in  th e  responses to  th e  c o r t is o l / o e s t r a d io l  co m b in a tio n  

on bo th  fe e d e r la y e rs .  On th e  NIH -  3T3 fe e d e r la y e r ,  th e  ER 

p o s i t iv e  group showed tw ic e  th e  response o f  the  ER n e g a tiv e  

group and th e  prem enopausal group showed o ve r 2 .5  tim e s  the  

response o f  th e  postm enopausal g roup . In  c o n t ra s t ,  on the  

STO fe e d e r la y e r ,  th e  ER n e g a tiv e  group showed o v e r g re a te r  

response to  th e  hormone co m b in a tio n  than  the  ER p o s i t iv e  g ro up , 

w h ile  th e  postm enopausal and prem enopausal groups d id  n o t d i f f e r  

in  t h e i r  degree o f  response . These r e s u l t s  have suggested 

the  e x is te n c e  o f  an in d i r e c t  a u to c r in e -  o r  p a ra c r in e - ty p e  

re g u la to ry  mechanism f o r  b re a s t e p i t h e l ia l  c e l l  g row th  w hich 

may be independen t o f  the  ER. The response o f  th e  d i f f e r e n t  

fe e d e r la y e rs  to  s te r o id s  was b r i e f l y  s tu d ie d  b u t no d i r e c t  

e f fe c ts  were observed .

E p ide rm a l g row th  f a c to r  (EGF) and p r o la c t in  were m ito g e n ic



f o r  p r im a ry  b re a s t c u ltu re s  a lth o u g h  the  fo rm e r a ls o  in c re a s e d  

p la t in g  e f f ic ie n c y  w h ile  the  l a t t e r  reduced i t .  The e f f e c t  

o f  EGF was p o te n t ia te d  by c o r t i s o l  w ith  re g a rd  to  

co lo ny  a re a . The s te r o id s ,  c o r t i s o l  and o e s t r a d io l ,  a lone  

o r  in  co m b in a tio n  an ta go n ise d  th e  m ito g e n ic  a c t io n  o f  

p r o la c t in  and a ls o  reduced p la t in g  e f f ic ie n c y .  E xpe rim en ts  

w ith  c o n d it io n e d  medium from  human' b re a s t s tro m a l f ib r o b la s t s  

suggested the  e x is te n c e  o f  an a d d i t io n a l  in d i r e c t  p a ra c r in e -  

type  mechanism f o r  th e  grow th  re g u la t io n  o f  mammary e p ith e liu m .

Hormones and g row th  fa c to r s  have been found to  e x e r t  

d i f f e r e n t i a l  e f fe c ts  on bo th  th e  p la t in g  e f f ic ie n c y  and 

g row th  o f  the  p r im a ry  b re a s t c u ltu r e s .  The d if fe re n c e  in  the  

response o f  p r im a ry  c u ltu re s  to  these  e x te rn a l s ig n a ls ,  when 

grown on d i f f e r e n t  fe e d e r la y e r s ,  emphasises the  im p o rta n ce  o f  

the  s t r o m a l- e p i th e l ia l  in t e r a c t io n  in  grow th  re g u la t io n  in  v iv o . 

The m agnitude o f  the  m ito g e n ic  responses to  e x te rn a l s ig n a ls  

i s  d ra m a t ic a lly  le s s  than  the  in  v iv o  e f f e c t s .  The e x is te n c e  

o f  a u to c r in e  and p a ra c r in e  g row th  re g u la to ry  mechanisms is  

proposed in  a d d it io n  to  th e  w e l l  re co g n ise d  e nd o c rin e  

mechanism. The r e s u l ts  p re sen ted  have co n firm e d  th a t  a 

complex in te r p la y  o f  hormones and g row th  fa c to r s  i s  in v o lv e d  

in  the  m o d u la tio n  o f  mammary e p i t h e l ia l  c e l l  g ro w th .

C h a ra c te r is a t io n  o f  th e  p r im a ry  c u ltu r e s  has been pe rfo rm ed  

by bo th  im m unocytochem ica l and scann ing  e le c tro n  m icroscopy 

(SEM) s tu d ie s .  The mammary o r ig in  o f  th e  p r im a ry  c u ltu r e s  

was in d ic a te d  by the  s tu d ie s  w ith  th e  M8 and HMFG-2 a n t ib o d ie s .  

The e p i t h e l ia l  n a tu re  was co n firm e d  by s ta in in g  w ith  a n t i -  

desm oplakin  and a n t i - k e r a t in  a n t ib o d ie s .  U nequ ivoca l p ro o f 

o f  th e  p u re ly  e p i t h e l ia l  n a tu re  o f  the  c u ltu r e s  came from  th e  

s p e c i f ic  s ta in in g  w ith  the  LE61 a n tise ru m  to  k e r a t in  18 w h ich  

i s  p re s e n t o n ly  in  the  g la n d u la r  e p ith e liu m  and n o t th e  

b a s a l, m y o e p ith e lia l c e l l s .  L o c a lis e d  re g io n s  o f  b re a s t 

c o lo n ie s  and, le s s  commonly, s in g le  c e l ls  were in te n s e ly  

s ta in e d . T h is  in te n s e  s ta in in g  and th e  lo c a l  c o n c e n tra t io n  

o f  h e a v ily  la b e l le d  c e l ls  in  the  a u to ra d io g ra p h ic  s tu d ie s  may



bo th  r e f le c t  the  h e te ro g e n e ity  w i t h in  th e  c u ltu re s  and lo c a l  

s y n c h ro n is a t io n  o r  im proved com m unication  between s p e c i f ic  c e l l s .

The e x p re s s io n  o f  k e r a t in  18, a m arker o f  s im p le  e p i t h e l ia ,  

has been in v e s t ig a te d  under v a r io u s  c o n d it io n s  w ith  re g a rd  to  

p o s s ib le  changes in  e p i t h e l ia l  d i f f e r e n t ia t io n .  The e f fe c ts  

o f  v a r io u s  s te r o id s  and r e t in o ic  a c id  were assessed by 

im m unofluorescence  s tu d ie s .  The s te r o id s  e l i c i t e d  l i t t l e  

change in  the  e x p re s s io n  o f  k e r a t in  18 a lth o u g h  c e l ls  

grown in  th e  presence o f  c o r t is o l / ta m o x ife n  e x h ib ite d  an 

i r r e g u la r  m orpho logy. R e t in o ic  a c id ,  however, appeared 

to  induce  a p h e n o ty p ic  a l t e r a t io n  in  th e  p a t te rn  o f  k e r a t in  

IS e x p re s s io n . The more l in e a r  and d i f fu s e  arrangem ent 

suggested e i t h e r  a reduced e x p re s s io n  o f  k e r a t in  18 o r  

a l t e r n a t iv e ly  m asking o f  k e r a t in  18 a n t ig e n ic  d e te rm in a n ts .

These o b s e rv a tio n s  were p a r t i c u la r l y  in t e r e s t in g  as 

v ita m in  A i s  re co gn ise d  as hav ing  an im p o r ta n t r o le  in  

e p i t h e l ia l  g row th  and d i f f e r e n t ia t io n .  V im e n tin , the  

c h a r a c te r is t ic  in te rm e d ia te  f i la m e n t  ty p e  o f  mesenchyme 

d e r iv e d  c e l l s ,  was co -expressed  w ith  k e r a t in  in  p r im a ry  b re a s t 

b u ltu re s ,  as has been shown f o r  o th e r  e p i t h e l ia l  c e l ls  in  

p r im a ry  c u l tu r e .

The SEM s tu d ie s  dem onstra ted  t h a t ,  a lth o u g h  p r im a ry  c u ltu r e s  

d id  n o t respond in  a m ito g e n ic  manner to  o e s t r a d io l ,  th e y  

m a in ta in e d  a fu n c t io n a l  s ta te  o f  d i f f e r e n t ia t io n .  The e p i t h e l i a l  

n a tu re  o f  the  p r im a ry  c u ltu re s  was once aga in  v e r i f ie d .

Changes in  the  s u rfa c e  m orphology o f  some c u ltu r e s  in  response 

to  o e s t r a d io l  were obse rved . C u ltu re s  d e r iv e d  from  ER p o s i t iv e  

b io p s ie s  showed a g re a te r  degree o f  roundedness and an in c re a s e  

in  the  number and le n g th  o f  m i c r o v i l l i  in  response to  p h y s io lo g ic a l 

le v e ls  o f  o e s t r a d io l .  P rim a ry  c u ltu r e s  e s ta b lis h e d  from  ER 

n e g a tiv e  tum our b io p s ie s ,  however, showed no change in  s u rfa c e  

m orphology in  th e  p resence  o f  o e s t r a d io l .
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1. In t r o d u c t io n

The mammary g land  i s  a ta r g e t  o rgan f o r  s e v e ra l t r o p h ic  hormones* 

These hormones p la y  a m a jo r r o le  d u r in g  th e  d i f f e r e n t  phases o f  

mammary g ro w th , in  p a r t i c u la r  d u r in g  p u b e rty  and la c t a t io n .

Growth r e g u la t io n  o f  th e  mammary g land  in v o lv e s  n o t o n ly  o es tro g en s  

and p ro g e s t in s ,  b u t a ls o  s e v e ra l o th e r  mammogenic hormones and 

p o s s ib ly  o th e r  g row th  fa c to r s  as d e s c r ib e d  in  s e c t io n  1*4*

1.1 C o n tro l Mechanisms

C o -o rd in a t io n  o f  th e  d iv e rs e  a c t i v i t i e s  o f  d i f f e r e n t  c e l ls  in  

th e  human body i s  ach ieved  by th e  in te g r a t io n  o f  th e  nervous and 

e n d o c rin e  system s. The nervous system  i s  re s p o n s ib le  f o r  d e te c t

in g  changes in  th e  in t e r n a l  and e x te rn a l e nv ironm en ts  and responds 

r a p id ly  by g e n e ra tin g  e le c t r i c a l  im p u ls e s . These im p u lse s  a re  

genera ted  from  th e  b ra in  and r a p id ly  conducted a lo ng  nerve  p ro 

cesses to  th e  e f f e c to r  t is s u e s .  In  c o n t ra s t ,  th e  e f fe c t s  o f  th e  

e n d o c rin e  system  a re  m ediated th ro u g h  hormones w h ich  a re  ch e m ica l 

messenger substances s y n th e s is e d  in  s p e c i f ic  d u c t le s s  g la n d s .

These hormones a re  re le a se d  in t o  th e  b loods tream  and tra n s p o r te d  

to  t h e i r  ta r g e t  organs where th e y  e l i c i t  t h e i r  b io lo g ic a l  e f f e c t s .

Hormones may be s u b d iv id e d  in t o  two groups w ith  re s p e c t to  t h e i r  

mode o f  a c t io n .  The f i r s t  group in c lu d e s  th e  ca te ch o la m in e  and 

p o ly p e p tid e  hormones w hich  g e n e ra lly  in d uce  ra p id  and t r a n s ie n t  

responses. These hormones in t e r a c t  w ith  s p e c i f ic  c e l l  s u r fa c e  

re c e p to rs  and m ed ia te  t h e i r  e f fe c ts  th ro u g h  a second m essenger. 

B in d in g  o f  these  hormones to  t h e i r  re c e p to rs  g e n e ra lly  r e s u l t s  

in  a c t iv a t io n  o f  th e  membrane-bound enzyme a de n y l c y c la s e  w h ich  

c a ta ly s e s  th e  fo rm a tio n  o f  th e  second messenger, c y c l ic  AMP from  

ATP. Inc rea se d  i n t r a c e l l u l a r  c y c l ic  AMP le v e ls  r e s u l t  in  th e  

a c t iv a t io n  o f  p r o te in  k in a s e (s )  w h ich  p h o s p h o ry la te s  one o r  more 

p ro te in s  in  th e  c e l l  to  in vo ke  th e  a c t io n  o f  th e  hormone.



The o th e r  group o f  hormones in c lu d e s  th e  th y r o id  and s te r o id  

hormones w h ich  e n te r  th e  ta r g e t  c e l ls  and in t e r a c t  w ith  i n t r a 

c e l lu la r  re c e p to rs . The mechanism o f  a c t io n  o f  s te r o id  hormones 

w i l l  be d iscussed  in  s e c t io n  1 .2  w ith  p a r t i c u la r  re fe re n c e  to  

oes tro g en  a c t io n .

1.11 S te ro id  Hormones

S te ro id  hormones a re  l i p o p h i l i c  m o le cu le s , w h ich  r e ta in  a common 

cyc lophenan th rene  s t r u c tu r e  s in c e  th e y  a re  a l l  d e r iv e d  from  th e  

p a re n t C^  compound c h o le s te r o l.  In  term s o f  t h e i r  b io lo g ic a l  

e f f e c t s ,  s te r o id  hormones may be c la s s i f ie d  in t o  th e  fo l lo w in g  

c a te g o r ie s :  i )  o e s tro g e n s ; i i )  p ro g e s t in s ;  i i i ) a n d r o g e n s ;

i v )  c o r t ic o s te r o id s ;  v ) v ita m in  D re la te d  s te r o id s  and v i )  

e c d y s te ro id s .

S te ro id  hormones e x h ib i t  a co n tin u o u s  spectrum  o f  b io lo g ic a l  

e f fe c ts  and some hormones a n ta go n ise  o r  s y n e rg is e  th e  e f f e c t s  o f  

o th e rs .  For exam ple, th e  antagonism  between oes tro g en s  and 

androgens is  w e l l  e s ta b lis h e d  (.Huggins & C la rk ,  1940) as i s  th e  

synerg ism  between oes trogens  and p ro g e s t in s  (K in g  & M a in w a rin g , 

1974).

1 .12 Plasma P ro te in s

In  th e  b lo od s tre am , an e q u i l ib r iu m  e x is ts  between f re e  s te r o id

hormone and hormone bound to  plasma p ro te in s  (a lb u m in , s p e c i f i c

s te r o id  hormone b in d in g  g lo b u l in s ) ,  in  fa v o u r  o f  th e  bound fo rm .

The c o n c e n tra t io n  o f  f re e  s te r o id  hormone i s  th e re fo re  ve ry  lo w ,
-10f o r  exam ple, th e  c o n c e n tra t io n  o f  o e s t r a d io l  i s  abou t 10 M, 

w ith  th e  m a jo r ity  bound to  sex hormone b in d in g  g lo b u l in  (SHBG)

(Sandberg e t  a l ,  1957). The a f f i n i t i e s  o f  th e  b in d in g  p ro te in s
—3 — 10range from  weak (Kd ~10 M) to  ve ry  s tro n g  (K d ~ 1 0  M) (C la rk

& Peck, 1981). The le v e l  o f  f re e  hormone a v a i la b le  f o r  e n t r y

in to  th e  c e l ls  i s  de te rm ined  by these  b in d in g  p ro te in s  w h ich  p la y

an im p o r ta n t r o le  in  h o rm o ne -re ce p to r dynam ics.



1 .2  M olecular Mechanism o f S te ro id  Hormone Action

The mode o f  a c t io n  o f  s te r o id  hormones is  d e s c r ib e d  in  t h i s  

s e c t io n  w ith  re fe re n c e  to  o es tro g en  a c t io n .  The r o le  o f  

s te r o id  hormones in  th e  re g u la t io n  o f  gene e x p re s s io n  i s  w e l l  

e s ta b lis h e d . However, th e re  i s  c o n tro v e rs y  re g a rd in g  th e  

lo c a l is a t io n  o f  th e  o es tro g en  re c e p to r  (ER) in  th e  in t a c t  c e l l ,  

th e  b in d in g  o f  th e  hormone re c e p to r  complex to  a c c e p to r s i t e s  

and th e  n a tu re  o f  these  s i t e s .

1.21 Hormone e n try  in t o  c e l ls

I t  i s  regarded  th a t  s te r o id  hormones p e n e tra te  th e  p h o s p h o lip id

b i la y e r  o f  th e  c e l l  membrane by p a ss ive  d i f f u s io n  down a con

c e n t ra t io n  g ra d ie n t  (G o rs k i & Gannon, 1976; G io rg i & S te in ,  1981) 

a lth o u g h  s p e c i f ic  mechanisms f o r  c e l lu la r  up take  o f  s te r o id s  have 

been re p o r te d  (M ilg rom  e t  a l , 1973; Rao e t  a l ,  1976). S te ro id  

hormones e n te r  bo th  ta r g e t  and n o n - ta rg e t c e l ls  as shown by th e  

presence o f  r a d io la b e l le d  hormone in  a l l  t is s u e s  s h o r t ly  a f t e r  

in je c t io n  o f  la b e l le d  hormone (3ensen & Gacobson, 1960 ,1962 ).

In  ta r g e t  c e l l s ,  th e  hormone i s  re ta in e d  by h ig h  a f f i n i t y  b in d in g  

to  a s p e c i f ic  m acrom olecule ( re c e p to r )  in  a n o n -c o v a le n t manner 

w h ile  in  n o n - ta rg e t c e l ls  th e  hormone d if fu s e s  o u t.

1 .22 The C la s s ic a l ,!Two S tep " Model

U n t i l  re c e n t re p o r ts  on th e  s u b c e l lu la r  lo c a l is a t io n  o f  ER 

(K in g  & Greene, 1984; lile lshons e t  a l .  1984), th e  C la s s ic a l "tw o  

s te p "  model f o r  s te r o id  hormone a c t io n  was w id e ly  a cce p te d . I t  

was in d e p e n d e n tly  proposed f o r  o es trogen  a c t io n  by Gensen et_ a l , 

(1968) and G o rsk i ejt a l , (1 9 6 8 ). B in d in g  o f  o e s t r a d io l  to  i t s  

’ s o lu b le 1 c y to p la s m ic  re c e p to r  was shown to  r e s u l t  in  th e  fo rm a tio n  

o f  a hormone -  re c e p to r  complex (S tep  1) w h ich  was su b s e q u e n tly  

tra n s lo c a te d  to  the  n uc leus  (S tep  2 ) .  P r io r  to  t r a n s lo c a t io n ,  

the  hormone -  re c e p to r  complex undergoes an 'a c t i v a t i o n 1 s te p  

w h ich  endows i t  w ith  a g re a te r  a f f i n i t y  f o r  DNA and c h ro m a tin .

An a l t e r a t io n  in  the  s e d im e n ta tio n  c o e f f ic ie n t  f o r  th e  re c e p to r  

on sucrose  d e n s ity  g ra d ie n ts  from  4S to  5S is  a ls o  obse rved .



T h is  i s  s a id  to  be due to  th e  a d d it io n  o f  a 50K p o ly p e p tid e  

(N o tid e s  & N ie ls e n , 1974, 1975) and i s  r e fe r re d  to  as t ra n s 

fo rm a tio n  w hich i s  an e ven t un ique  to  ER.

The ’ C la s s ic a l ’ model was based on r e s u l t s  from  f r a c t io n a t io n  

s tu d ie s  from  im m ature and o v a r ie c to m is e d  r a ts  w ith  low  

endogenous o es tro g en  le v e ls .  Unoccupied re c e p to r  was regarded  

as be ing  p re s e n t in  th e  c y to s o l f r a c t io n  ( T o f t  & G o rs k i,  1956;

T o f t  et^ a l , 1967) w ith  th e  m a jo r i ty  o f  th e  la b e l le d  hormone- 

re c e p to r  complex be ing  a s s o c ia te d  w ith  th e  n u c le a r f r a c t io n  

(Shyamala and G o rs k i,  1969).

1 .23  The E q u il ib r iu m  Model

The v a l i d i t y  o f  th e  ’ C la s s ic a l ’ model has been q u e s tio n e d  by 

S h e rid a n ’ s group (M a r t in  & S h e rid a n , 1980, 1982; S he ridan  e t  

a l , 1979) who have proposed t h a t  unbound re c e p to r  i s  i n  e q u i l 

ib r iu m ,  p a r t i t io n e d  between th e  cy top lasm  and nuc leus  a c c o rd in g  

to  th e  f re e  w a te r c o n te n t o f  these  i n t r a c e l l u l a r  com partm ents.

T h e ir  a u to ra d io g ra p h ic  d a ta , o b ta in e d  u s in g  thaw -m ount te c h n iq u e s  

(S h e rid a n  ejt a l , 1979) c o n f l i c t s  w ith  t h a t  o f  Gensen e t  a l ,  (1 9 6 8 ). 

W ith in  f iv e  m inu tes o f  in c u b a t io n  o f  0°C, s p e c i f i c a l l y  bound 

o es tro g en  was found to  have an e x te n s iv e  n u c le a r  lo c a l is a t io n  a t  

th e  p e r ip h e ry  o f  u te r in e  s e c t io n s .  The im proved m ethodology f o r  

a u to ra d io g ra p h y , w h ich  i s  le a s t  s u s c e p t ib le  to  r e d is t r ib u t io n  

a r te fa c t s ,  has been suggested to  accoun t f o r  th e  d i f fe re n c e  in  

re c e p to r  lo c a l is a t io n .  F u r th e r  e xpe rim en ts  have shown th a t  

re c e p to r  appears a r t e f a c t u a l ly  in  th e  s o lu b le  f r a c t io n  due to  

the  hom ogen isa tion  o f  th e  t is s u e  in  la rg e  volumes o f  b u f fe r  

w ith  re s p e c t to  th e  t is s u e  mass (M a r t in  & S h e rid a n , 1980).

1 .24  R e in v e s t iq a t io n  o f  o es tro g en  re c e p to r  lo c a l is a t io n

1.241 E n u c le a tio n  s tu d ie s  to  lo c a l is e  re c e p to r

liie lshons e t  a l ,  (1 9 8 4 ), have employed e n u c le a tio n  te c h n iq u e s  to  

r e in v e s t ig a te  th e  s u b c e l lu la r  d is t r ib u t io n  o f  unoccup ied  ER in  

th e  GHg c e l l  l i n e ,  d e r iv e d  from  r a t  p i t u i t a r y  c e l l s .  C y to c h a la s in -  

B induced  e n u c le a tio n  has y ie ld e d  c y to p la s t  and n u c le o p la s t



f r a c t io n s .  The c y to p la s ts  c o n ta in  cy top lasm  w i th in  an in t a c t  

plasma membrane w h ile  th e  n u c le o p la s ts  com prise  n u c le i w ith  a 

s m a ll amount o f  cy top lasm  and in t a c t  membrane. Unoccupied ER 

were p re d o m in a n tly  found in  the  n u c le o p la s t  e n r ic h e d  f r a c t io n .

The c y to p la s t  f r a c t io n ,  however, co n ta in e d  o n ly  5 -1 0^ o f  th e  

c o n c e n tra t io n  o f  ER p re s e n t in j  the  whole c e l ls .

1.242 Im m unocvtochem ical s tu d ie s  on th e  lo c a l is a t io n  o f  ER

A p a n e l o f  m onoclona l a n t ib o d ie s  to  ER p r o te in  ( o e s t r o p h i l in ) , 

each o f  w h ich  re co g n ise s  d i f f e r e n t  e p ito p e s , have been employed 

to  lo c a l is e  ER. In  s tu d ie s  on f ro z e n , f ix e d  s e c tio n s  o f  human 

b re a s t tum ours , human and r a b b i t  re p ro d u c t iv e  t r a c t  and f ix e d  

MCF -  7 c e l l s ,  s p e c i f ic  s ta in in g  was o b ta in e d  e x c lu s iv e ly  in  th e  

n u c le i o f  s ta in e d  c e l ls .  F u rth e rm o re , a f t e r  s h o r t- te rm  exposure  

to  p h y s io lo g ic a l le v e ls  o f  E^9 no in c re a s e  in  in t e n s i t y  o f  

n u c le a r s ta in in g  in  MCF -  7 o r  r a b b i t  u te r in e  c e l ls  has been 

observed (K in g  & Greene, 1984). The a p p lic a t io n s  o f  ER immuno- 

c y to c h e m is try  in  b re a s t cance r are  f u r t h e r  d iscu ssed  in  s e c t io n  

1 .551 .

I t  i s  u n l ik e ly  th a t  th e  e x c lu s iv e  n u c le a r lo c a l is a t io n  o f  occup ied  

and unoccupied re c e p to r  i s  due to  f i x a t i o n  a r te fa c t s .  In te r fe re n c e  

in  th e  in t e r a c t io n  between o e s t r o p h i l in  and th e  m onoc lona l a n t i 

bod ies  (w h ich  have a n t ig e n ic  d e te rm in a n ts  ra n g in g  from  th e  DNA 

b in d in g  re g io n  to  th e  s te r o id  b in d in g  re g io n ) ,  by c y to p la s m ic  

m acrom olecules i s  a ls o  u n l ik e ly  (P ress e t  a l ,  1984).

These r e s u lts  however, do n o t d is c o u n t th e  p o s s i b i l i t y  th a t  some 

unoccupied re c e p to r  may have a d i f fu s e  c y to p la s m ic  lo c a l is a t io n  

w h ich  i s  beyond th e  l i m i t  o f  d e te c t io n  f o r  im m unoh is tochem ica l 

te c h n iq u e s . N e v e rth e le s s , th e y  p ro v id e  ve ry  s tro n g  e v idence  

th a t  th e  m a jo r i ty  o f  ER i s  a s s o c ia te d  w ith  the  n u c le u s . I t  

rem ains to  be seen w he ther th e re  is  a r o le  f o r  e x tra n u c le a r  

re c e p to rs  in  o es trogen  a c t io n  w ith in  ta r g e t  c e l l s .



1.25  P a ra lle lis m  between s te ro id  and peptide  hormone ac tio n

I t  has been proposed th a t  s te r o id  hormones, l i k e  th e  p e p tid e

hormones, haye p r im a ry  re c o g n it io n  s i t e s  on th e  o u te r  s u rfa c e

o f th e  plasma membrane (P ie t ra s  & Szego, 1984; Szego, 1984).

A f te r  tre a tm e n t w ith  o e s t r a d io l ,  re c o g n it io n  o f  o e s t r a d io l  has

been re p o r te d  to  o ccu r a t  th e  plasmalemma w i th in  10-40 seconds.

T h is  i s  su bse q u e n tly  fo l lo w e d  by in t e r n a l is a t io n  o f  th e  hormone

in to  th e  50-200nm o rg a n e lle  f r a c t io n  (P ie t ra s  & Szego, 1984)

and t r a n s fe r  in t o  th e  G o lg i and lysosom e f r a c t io n s .  The in t e r -
+ +a c t io n  a t  th e  c e l l  s u r fa c e  e l i c i t s  a l t e r a t io n s  in  Na , K -  

ATPase a c t i v i t y ,  a v a i l a b i l i t y  o f  cAMP, ca lc iu m  f lu x e s  (Szego & 

P ie t r a s ,  1981) and a re  e x e m p lif ie d  by th e  m o rp h o lo g ic a l changes 

observed in  e n d o m e tr ia l c e l ls  such as in c re a s e s  in  th e  number 

and le n g th  o f  m i c r o v i l l i  (Rambo & Szego, 1983).

The a ccu m u la tio n  o f  lysosom es a f t e r  hormone tre a tm e n t in  th e  

p e r i-a n d  s u p ra -n u c le a r  a reas has been dem onstra ted  (Szego &

S e e le r , 1973). T h is  has le d  to  th e  p ro p o s a l th a t  a ly so so m a l 

l i n k  e x is ts  in  the  in fo rm a t io n  t r a n s fe r  system  from  th e  c e l l  

s u rfa c e  to  th e  n u c le u s , s in c e  im m unochemical s tu d ie s  in d ic a te d  

th a t  lyso so m a l p ro te in s  co u ld  e n te r  th e  n u c le a r com partm ent 

(Nazareno £ t  a l ,  1981). Indeed , P ie tra s  & .Szego (1979 ,1980 ,

1984) have dem onstra ted  th a t  re c e p to rs  a re  m o b ilis e d  from  th e  

plasma membrane to  th e  n u c le a r  com partm ent, in  p a r t i c u la r  th e  

n u c le a r m a tr ix .

1 .26  N u c le a r B in d in g  o f  A c t iv a te d  Horm one-Receptor Complex

1.261 A ccep to r s i t e s

The b in d in g  o f  th e  a c t iv a te d  h o rm o ne -re ce p to r com plex to  

s p e c i f ic  h ig h  a f f i n i t y  s i t e s  on th e  genome, r e fe r re d  to  as 

"a c c e p to r  s i t e s "  (S p e lsbe rg  e t  a l ,  1971a), r e s u l t s  in  changes 

in  gene e x p re s s io n  a s s o c ia te d  w ith  th e  p h y s io lo g ic a l responses 

o f  o e s tro g e n s . These in t r a n u c le a r  b in d in g  s i t e s  on th e  ch ro m a tin  

have been c h a ra c te r is e d  as v a r io u s  com ponents:



i )  s o le ly  DNA sequences (H ig g in s  e t  a l , 1973; Yamamoto &

A lb e r ts ,  1974; Compton e t  a l ,  1982), i i )  r ib o n u c le o p ro te in s  

(L ia o  e t  a l ,  1973), i i i )  n o n -h is to n e  p ro te in s  (Puca e t  a l ,  1974, 

1975; W ainw aring , 1976), i v )  n u c le a r m a tr ix  (B a rra c k  e t  a l ,

1977; B arrack  & C o ffe y , 1982), v ) n u c le a r membranes (Jackson  & 

C h a lk le y , 1974) and v i )  p r o te in  -  DNA complexes (A lb e rg a  et^ a l , 

1971; S pe lsbe rg  e t  a l ,  1971 ab; Ruh & S p e lsb e rg , 1983)

A lthough  th e  n a tu re  o f  th e  a c c e p to r s i t e s  has y e t  to  be un

e q u iv o c a lly  c h a ra c te r is e d , i t  i s  c u r r e n t ly  regarded  t h a t  a c c e p to r  

s i t e s  f o r  s te r o id  hormones (K ly z s e jk o -S te fa n o w ic z  e t. a l ,  1976; 

Hamana & Iw a i,  1978; Ruh e t  a l ,  1981; Ruh & S p e lsb e rg , 1983) 

com prise  t i g h t l y  bound p ro te in -D N A  com plexes, term ed n u c le o a c id ic  

p ro te in s  (NAP) ( li ie b s te r e t  a l ,  1976; T h r a l l  e t  a l ,  1978 ). The 

chromosomal n o n -h is to n e  p r o te in  f r a c t io n  CP-3, e x tra c te d  w ith

5-7N g u a n id in e  h y d ro c h lo r id e ,  w h ich  b in d s  a c t iv a te d  ER and PR 

has been e x te n s iv e ly  s tu d ie d  (S p e lsbe rg  e t  a l,1 9 7 1  ab, 1972, 1979 ). 

O the r ch ro m a tin  p r o te in  f r a c t io n s ,  how ever, do n o t c o n ta in  

a c c e p to r a c t i v i t y .  A ltho u gh  d e n a tu r in g  c o n d it io n s  have been 

used to  e x t r a c t  ch ro m a tin  f r a c t io n s ,  th e  n o n -h is to n e  p r o te in  

f r a c t io n s  have been reannea led  to  pure  hen DNA y ie ld in g  recons

t i t u t e d  NAP w ith  n a t iv e - l i k e  a c c e p to r s i t e s  f o r  ER and PR (Ruh 

& S p e lsb e rg , 1983; S pe lsbe rg  e t  a l ,  1984). The h ig h e s t a c c e p to r  

a c t i v i t y  f o r  ER was p re s e n t in  r e c o n s t i tu t io n s  u s in g  5 and 7M 

g u a n id in e  h y d ro c h lo r id e  e x tr a c ts  (Ruh & S p e lsb e rg , 1983) w h ile  

th e  PR a c c e p to r a c t i v i t y  was a s s o c ia te d  w ith  th e  7M e x t r a c t .  

F u rth e rm o re , th e  e x is te n c e  o f  d i s t i n c t  n u c le a r  a c c e p to r  s i t e s  

f o r  ER and PR in  a v ia n  o v id u c t  has been re p o r te d  (Kon & S p e ls b e rg , 

1982).

The prob lem s and p o te n t ia l  a r te fa c ts  encounte red  in  th e  id e n 

t i f i c a t i o n  o f  a c c e p to r s i t e s  f o r  PR have re c e n t ly  been rev iew ed  

( L i t t l e f i e l d  & S p e lsb e rg , 1985). The m a jo r c r i t i c i s m  o f  these  

r e c o n s t i t u t io n  e xpe rim en ts  in v o lv e s  d e g ra d a tio n  o f  DNA o r  

p r o te in ,  o r  even b o th , b u t th e  d is s o c ia t io n  c o n s ta n ts  de te rm ine d  

in  c e l l - f r e e  b in d in g  assays are  o f  th e  c o r re c t  o rd e r  o f  m a g n itu d e , 

in d ic a t in g  th a t  th e  r e s u l t s  a re  b io lo g ic a l ly  re le v a n t .



1.262 Role f o r  DNA in  a c c e p to r s i t e s

There has been in c re a s in g  ev idence  th a t  DNA has an im p o r ta n t 

r o le  in  th e  a c c e p to r s i t e s ,  w ith  s te r o id  hormone re c e p to rs  

them se lves p ossess ing  d i s t i n c t  p o ly n u c le o t id e  and s te r o id  b in d 

in g  domains (Andre & R o c h e fo r t, 1973; Urange & G us ta fsson ,

1978). S tu d ie s  em p loy ing  recom b inan t DNA te ch n iq u e s  have shown 

th a t  s p e c i f ic  DNA sequences, f la n k in g  and w ith in  th e  mammary 

tum our v ir u s  (MTV) (P ayva r e t, a l ,  1983 ), egg w h ite  p r o te in  

( M u lv ih i l l  e t  a l ,  1982; Compton e ^  a l ,  1982) and r a b b i t  

u te ro g lo b in  DNA ( B a i l l y  j3 t  a l ,  1983) p r e fe r e n t ia l ly  b in d  

a c t iv a te d  PR o r  g lu c o c o r t ic o id  re c e p to r  (GR) in  th e  case o f  MTV. 

D e le t io n  s tu d ie s  in d ic a te  th a t  re g u la to ry  sequences a re  c o n t r o l le d  

by s te r o id  hormones (R in g o ld , 1983; G usta fsson  e t  a l ,  1984; 

R enkaw itz e t  a l ,  1984; Rousseau, 1984).

In  th e  a v ia n  lysozym e gene, two d i s t i n c t  GR b in d in g  s i t e s  have 

been id e n t i f i e d ,  w ith  th e  upper s i t e  re q u ire d  f o r  re g u la te d  

e x p re s s io n  o f  th e  p rom o te r (C h a nd le r e t  a l , 1983; R enkaw itz  e t  

a l ,  1984). Indeed , in  a l l  GR b in d in g  s i t e s  s tu d ie d ,  a hexa- 

n u c le o t id e  sequence has been id e n t i f ie d  w h ich  may p la y  an 

im p o r ta n t r o le  in  th e  in t e r a c t io n  o f  re c e p to r  w ith  th e  re g u la to r y  

e lem en t. D e le t io n  s tu d ie s ,  w h ich  have shown th a t  sequences f o r  

p ro ge s te ron e  and dexamethasone in d u c t io n  map on to  th e  same 

re g io n  o f  th e  lysozym e gene, have le d  to  th e  h y p o th e s is  th a t  

hormone re g u la te d  in d u c t io n  i s  c o n t r o l le d  by th e  in t e r a c t io n  w ith  

th e  same b in d in g  s i t e  (R enkaw itz  e t  a l ,  1984). The mechanisms 

by w h ich  re g u la to ry  re g io n s  a f f e c t  t r a n s c r ip t io n  have y e t  to  be 

re s o lv e d .

M u lt ip le  b in d in g  domains have been id e n t i f ie d  f o r  a c t iv a te d  GR 

in  MTV DNA, a lth o u g h  n o t a l l  these  domains a re  e s s e n t ia l  f o r  

horm onal respons iveness  o f  MTV o r  h e te ro lo g o u s  p rom o te rs  fuse d  

to  th e  b in d in g  re g io n s . Each b in d in g  domain c o n ta in s  a t  le a s t  

two b in d in g  s i t e s  a t  w h ich  a te t r a m e r ic  re c e p to r  complex 

appears to  in t e r a c t  (P ayvar e t  a l ,  1983; G usta fsson  e t  a l,1 9 8 4 ) .



The p r e fe r e n t ia l  b in d in g  o f  s te r o id  re c e p to rs  to  th e  5 1 con

sensus sequence o f  v a r io u s  re g u la te d  genes in  v i t r o  re p re s e n ts  

o n ly  a 4 0 - fo ld  g re a te r  a f f i n i t y  tha n  n o n -s p e c if ic  b in d in g  to  

DNA ( B a i l l y  e t  a l ,  1983). The a f f i n i t y  de te rm ined  f o r  in  v iv o  

b in d in g  o f  re c e p to r  to  ch ro m a tin  i s ,  how ever, many o rd e rs  o f
_g

m agnitude g re a te r  (Kd 'n/ IO  M ). T h is  suggests  t h a t  th e  f u l l  

th re e -d im e n s io n a l c o n fo rm a tio n  o f  DNA a lone  canno t accoun t f o r  

th e  b io lo g ic a l  a f f i n i t y  and i t  seems th a t  n o n -h is to n e  p ro te in s  

a re  in v o lv e d ,  perhaps by d e l in e a t in g  th e  consensus sequence.

The e x a c t n a tu re  o f  th e  s te r o id  re c e p to r-c h ro m a tin  in t e r a c t io n ,  

however, rem ains to  be e lu c id a te d .

1 .27  M o d u la tio n  o f  C e l lu la r  O estrogen R ecepto r L e ve ls

The re g u la t io n  o f  c e l lu la r  ER le v e ls  by re c e p to r  re p le n is h m e n t 

and p ro c e s s in g  has been in v e s t ig a te d  u s in g  th e  r a t  u te ru s  and 

MCF-7 c e l ls  as model system s. S tu d ie s  in  th e  r a t  u te ru s  have 

shown th a t  a f t e r  an in je c t io n  o f  o e s t r a d io l ,  th e re  i s  b o th  a 

dose-dependent lo s s  o f  s o lu b le  re c e p to r  and a s im u lta n e o u s  r is e  

in  th e  le v e l  o f  n u c le a r  re c e p to r .  S ubsequently  an in c re a s e  in  

th e  le v e l  o f  unoccupied re c e p to r  o c c u rs , w ith  c o n t r o l  va lu e s  

a t ta in e d  by 11-16 hours and exceeded by abou t 50$ a t  32 hours 

( S a r f f  & G o rs k i,  1971). R ecepto r re p le n is h m e n t, i . e .  th e  

r e s to r a t io n  o f  1 s o lu b le *  re c e p to r  a f t e r  n u c le a r t r a n s lo c a t io n  o f  

h o rm o ne -re ce p to r com plexes, appears to  be e s s e n t ia l  i n  m a in ta in 

in g  th e  respons iveness  o f  ta r g e t  t is s u e s  to  f u r t h e r  hormone 

tre a tm e n t (Anderson e t  a l ,  1974). In  c o n tra s t  to  g lu c o c o r t ic o id  

re c e p to r  re p le n is h m e n t w h ich  occurs  th ro u g h  re c y c l in g  a lone  

(Rousseau e t  a l ,  1973), ER re p le n is h m e n t i s  th o u g h t to  in v o lv e  

bo th  re s y n th e s is  and re c y c l in g  (K a ss is  and G o rs k i,  1983 ). In  

MCF-7 c e l ls  and in  th e  r a t  u te ru s  a f t e r  o es tro g en  tre a tm e n t,  

n u c le a r  t r a n s lo c a t io n  i s  fo l lo w e d  by an i r r e v e r s ib le  t im e -  

dependent decrease in  th e  le v e l-  o f  n u c le a r re c e p to r  term ed p ro 

ce ss in g  (H o rw itz  & M cG uire, 1 97 8 c ,1980; P a v l ik  e t  a l ,  1979).

A simultaneous restoration of soluble recentor levels, however.- - - - - - - -  I 4 4

does n o t accompany p ro c e s s in g . The mechanism o f  p ro c e s s in g  has 

been in v e s t ig a te d  by m easuring th e  lo s s  o f  s p e c i f ic  o es tro g en  

b in d in g  in  0.6M KC1 e x t r a c ts .  Such s tu d ie s  have shown t h a t



w ith in  f iv e  hours p o s t-o e s tro g e n  exposu re , o n ly  30$ o f  c e l lu la r  

re c e p to rs  a re  d e te c ta b le  in  n u c le a r  e x t r a c ts  (H o rw itz  & M cG uire , 

1978a).

I n h ib i t o r  s tu d ie s  have dem onstra ted  th a t  p ro c e s s in g  i s  in h ib i te d  

by exposure o f  th e  c e l ls  to  a c tin o m y c in  D and chromomycin 

( s p e c i f ic  G-C base p a i r  in t e r c a la to r s )  b u t n o t by o th e r  in h ib i t o r s  

o f  DNA, RNA o r  p r o te in  s y n th e s is  (H o rw itz  & M cG uire, 1978b, 1980). 

P a r t ia l  o r  t o t a l  i n h ib i t i o n  o f  p ro c e s s in g  has been dem onstra ted  

u s in g  a n tio e s tro g e n s  (H o rw itz  & M cG uire, 1978c) g iv in g  s u p p o rt 

to  th e  concep t t h a t  p ro c e s s in g  i s  necessary f o r  o e s tro g e n ic  

s t im u la t io n  (H o rw itz  & M cG uire, 1978a). In  th e  R^ c e l l  l i n e  (a  

s u b lin e  o f  MCF -7 )  w hich is  o e s tro g e n -in d e p e n d e n t, p ro c e s s in g  does 

n o t o ccu r and in d u c t io n  o f  PR by o es tro g en  i s  u n d e te c ta b le  

(H o rw itz  & M cG uire, 1978c, 1980; Nawata e t  a l ,  1981 ).

Recent s tu d ie s  suggest th a t  p ro c e s s in g  is  a m u lt is te p  p rocess 

in v o lv in g  k in e t ic  changes in  th e  p ro p e r t ie s  o f  th e  re c e p to r ,  in  

a d d it io n  to  a decrease in  hormone b in d in g  ( S t r o b l e t  a l ,  1984).

Two d i f f e r e n t  p o p u la tio n s  o f  r a p id ly  and s lo w ly  d is s o c ia t in g  

ER! s have been d e te c te d  in  MCF-7 c e l ls  (S t r o b l e t  a l ,  1984). The 

ra p id ly  d is s o c ia t in g  p o p u la t io n  o f  h ig h  a f f i n i t y  ERf s i s  de

te c ta b le  w ith in  one hour o f  o es tro g en  tre a tm e n t.  I t  i s  o n ly  t h i s  

c la s s  o f  re c e p to r  w hich i s  lo s t  d u r in g  p ro c e s s in g  ( S t r o b l  e t  a l , 

1984). The o th e r  s lo w ly  d is s o c ia t in g  c la s s  o f  re c e p to rs  i s  

d e te c te d  i f  th e  c e l ls  are  t re a te d  w ith  o e s t r a d io l  and a c tin o m y c in  

D and f a i l s  to  b in d  hormone a g a in . A f te r  co n tin u e d  horm onal 

exposu re , m o le c u la r a l t e r a t io n s  o ccu r to  th e  re c e p to r  re n d e r in g  

n u c le a r ER in to  a more t i g h t l y  bound, le s s  exchangeable fo rm  

(Jakesz e t  a l ,  1983 a b ; Kasid  e t  a l ,  1984). Im m u n o log ica l 

s tu d ie s  in d ic a te  th a t  th e re  i s  a d i s t i n c t  m o d if ic a t io n  to  th e  

re c e p to r  (Oakesz e t  a l ,  1983b).

In  c o n tra s t  to  H o rw itz  & McGuire (1 9 7 8 a ), i t  has been suggested  

th a t  th e  m o d if ic a t io n s  to  th e  re c e p to r  and o e s tro g e n ic  responses 

( as assessed by PR in d u c t io n )  are  independen t o f  p ro c e s s in g  

w hich may o ccu r s im u lta n e o u s ly  (E c k e r t  & K a tz e n e lle n b o g e n ,1982; 

Kasid  e t  a l , 1984). I t  i s  m oreover s u r p r is in g  th a t  p ro c e s s in g  is  

im p o r ta n t in  o es tro g en  a c t io n  in  MCF-7 c e l ls  b u t n o t in  th e  r a t  

u te ru s .



An e q u i l ib r iu m  model f o r  ER re p le n is h m e n t has been proposed by 

K ass is  & G o rsk i (1 9 8 3 ), s im i la r  to  t h a t  f o r  g lu c o c o r t ic o id  

re c e p to rs  (Munck & F o le y , 1976) w ith  ER e x is t in g  in  th re e  

d i f f e r e n t  s ta te s .  The th re e  d i f f e r e n t  fo rm s o f re c e p to r  in c lu d e  

a c t iv e  and in a c t iv e  form s o f  re c e p to r  w ith  h ig h  and low  a f f i n i t y  

f o r  l ig a n d  re s p e c t iv e ly  as w e l l  as a tra n s fo rm e d  re c e p to r  w ith  

h ig h  a f f i n i t y  f o r  n u c le a r components*

1.28 B in d in g  c h a r a c te r is t ic s  o f  th e  o es trogen  re c e p to r

E x p e r im e n ta lly ,  th e  ER has been found to  o ccu r as b o th  a 

s o lu b le  fo rm  t h a t  p redom ina tes  in  th e  absence o f  s te r o id  

(Jensen ê b a l*  1968; Shyamala & G o rs k i,  1969) and a n u c le a r  fo rm  

a f t e r  o es tro g en  tre a tm e n t o f  ta r g e t  t is s u e s .  In c re a se d  io n ic  

s t re n g th  o r  o es tro g en  tre a tm e n t r e s u l t  in  t ra n s fo rm a t io n  o f  th e  

s o lu b le  fo rm  to  th e  n u c le a r  fo rm . A t h ig h  s a l t  c o n c e n tra t io n s ,  

u n -tra n s fo rm e d  re c e p to r  sed im en ts  as a 4S monomer w h ile  as an 

8S agg rega te  a t  low  s a l t  c o n c e n tra t io n s .

P o s it iv e  c o o p e r a t iv i t y  has been observed f o r  o e s tro g e n  b in d in g  

a t  s u b -p h y s io lo g ic a l le v e ls  o f  s o lu b le  re c e p to r  (N o tid e s  a t  a l * 

1981 ). However, o th e r  s tu d ie s  have shown n o n -c o o p e ra tiv e  

s te r o id  b in d in g  c h a r a c te r is t ic s  f o r  in t a c t  c e l l s ,  t is s u e s  and 45 

re c e p to r  im m o b ilis e d  on to  h y d ro x y -a p a t i te  (S a ka i & G o rs k i,  1984; 

M u lle r  e t  a l ,  1985 ). Monomeric 4S o e s t r a d io l- r e c e p to r  com plexes 

were found to  c o e lu te  w ith  tra n s fo rm e d  re c e p to r  d u r in g  h y d ro x y - 

a p a t i te  chrom atography o n ly  a f t e r  h e a t in g . T h is  le d  S aka i & 

G o rs k i,  (1984), to  conc lude  th a t  th e  4S«-*8S change does n o t o c c u r 

in  v iv o  and th a t  t ra n s fo rm a t io n ,  a membrane a s s o c ia te d  e v e n t, 

does n o t re q u ire  th e  a g g re g a tio n  o f  ER b in d in g  u n i t s .  They have 

suggested th a t  re c e p to r  monomers may e x is t  in  e q u i l ib r iu m  

between h ig h  and low  a f f i n i t y  co n fo rm a tio n s  and t h a t  d im e r is a t io n  

o f  th e  h ig h  a f f i n i t y  re c e p to r  may fo rc e  th e  e q u i l ib r iu m  tow ards  

th e  tra n s fo rm e d  (h ig h  a f f i n i t y )  s ta te .  F u rth e rm o re , in  c o n ju n c t

io n  w ith  re c e p to r  lo c a l is a t io n  s tu d ie s ,  i t  has been p o s tu la te d  

th a t  unoccupied and occup ied  re c e p to r  a re  im m o b ilis e d  by b in d in g  

to  an u nd e fin e d  n u c le a r  component (G o rs k i ejb a l ,  1984 ).



1.29 Oestrogen induced responses

The responses to  o es tro g en  in  ta r g e t  t is s u e s  are  d iscu ssed  w ith  

re g a rd  to  th e  r a t  u te ru s  (S e c tio n  1 .291 ) and b re a s t cance r 

(S e c tio n  1 .5 5 1 ) .

1.291 U te ro tro p ic  responses

A f te r  an in je c t io n  o f  o e s t r a d io l  to  an im m ature r a t ,  th e  

responses w h ich  o ccu r have been c la s s i f ie d  in t o  ! e a r ly ! and 

t l a t e t u te r o t r o p ic  responses. In  th e  u te ru s ,  o e s t r a d io l  in d uce s  

g e n e ra lis e d  g row th  w ith  h y p e rtro p h y  fo llo w e d  by h y p e rp la s ia .

The b io s y n th e t ic  and m e ta b o lic  p rocesses in v o lv e d  in  th e  u te ro 

t r o p ic  responses have been com prehens ive ly  rev iew ed (K a tz e n e lle n -  

bogen & G o rs k i,  1975; Segal e t  a l ,  1977; C la rk  & Peck, 1979).

1.2911 E a r ly  responses

U te r in e  h y p e rtro p h y  beg ins  w ith  in c re a s e d  RNA s y n th e s is  w h ich  i s  

m aximal a f t e r  2 -4  hours (K now le r & S m e llie ,  1973) and is  

fo llo w e d  by a g e n e ra lis e d  in c re a s e  in  p r o te in  s y n th e s is .  In  th e  

imm ature r a t  in je c te d  w ith  o e s t r a d io l ,  th e  e a r l ie s t  response 

a f t e r  15 m inu tes  i s  a r is e  in  RNA Polymerase I I  a c t i v i t y  w h ich  

peaks a t  30 m inu tes w ith  c o n t r o l  va lu es  a t ta in e d  by two hours 

(G la s s e r e t  a l ,  1972; B o rth w ic k  & S m e llie ,  1975). The hnRNA 

s y n th e s is e d  m atures in t o  mRNA and a f t e r  one hour r e s u l t s  in  th e  

a g g re g a tio n  o f  ribosom es in t o  polysom es.

E a r ly  responses r e la te  to  th e  a b i l i t y  o f  o es tro g en  to  o p tim is e  

b io s y n th e t ic  a c t i v i t y  th ro u g h  th e  m o b ilis a t io n  o f  v a r io u s  p h y s io 

lo g ic a l  fu n c t io n s .  These in c lu d e  h is ta m in e  re le a s e , e o s in o p h il  

m ig ra t io n ,  in c re a s e d  n u c le o t id e  u p ta ke , amino a c id  u p ta k e , 

g lucose  m e tabo lism , v a s c u la r  p e r m e a b il i ty ,  e tc .  Some re sponses , 

such as in c re a s e d  v a s c u la r  p e rm e a b il i ty  and g lycogen  le v e ls  a re  

n o t regarded  as re c e p to r-m e d ia te d  e v e n ts . R ecep to r-m e d ia te d  

responses such as o e s tro g e n -in d u ce d  p ro te in  s y n th e s is ,  in c lu d e  

the  in d u c t io n  o f  b ra in  type  c re a t in e  k in a s e , C K -B B ,(R e iss & Kaye,

1981) and g lu co se -6 -p h o sp h a te  dehydrogenase. In  th e  case o f  

CK-BB, mRNA! s have been d e te c te d  w ith in  15 m inu tes  o f  o e s t r a d io l

in je c t io n  (De Angelo & G o rs k i,  1970).



1.2912 Late responses

The m e ta b o lic  and b io s y n th e t ic  even ts  are  fo llo w e d  by th e  

’ la te *  u te r o t r o p ic  responses c h a r a c te r is t ic  o f c e l lu la r  h ype r

tro p h y  and h y p e rp la s ia .  These in c lu d e  th e  s u s ta in e d  h ig h  p o ly 

merase I  a c t i v i t y  (H a rd in  e t  a l ,  1976), in c re a s e d  p r o te in  s y n th 

e s is  (M u e lle r  e t  a l ,  1958 ), DNA s y n th e s is ,  c e l l  d iv is io n  (Kaye 

e t  a l , 1972; Storm shak eib al^, 1976) and in c re a s e d  u te r in e  wet 

w e ig h t (H ishaw , 1959).

1.292 In d u c t io n  o f  p ro g e s te ro n e  re c e p to r

PR s y n th e s is  has a ls o  been shown to  be re g u la te d  by o e s tro g e n . 

T rea tm en t o f  u te r in e  t is s u e  and MCF-7 c e l ls  w ith  o e s t r a d io l  

r e s u lts  in  a r is e  in  th e  le v e l  o f  PR (C o rv o l e t  a l , 1972;

Hsueh e t  a l ,  1975; H o rw itz  & M cG uire, 1978a). In  c a s tra te d  

a n im a ls , PR i s  p re s e n t p r im a r i ly  in  th e  4S form  b u t a f t e r  

o es tro g en  tre a tm e n t,  th e  7-8S form  p redom ina tes  ( T o f t  & 0 *M a lle y , 

1972). In  v i t r o  s tu d ie s  on s t r ip s  o f  ham ster u t e r i  t r e a te d  w ith  

o e s t r a d io l  have shown a s ig n i f i c a n t  r is e  in  th e  le v e l  o f  s o lu b le  

PR o ve r 24 h ou rs . The in d u c t io n  o f  PR has been b lo cked  by 

cyc lo h e x im id e  and a c tin o m y c in  D, s u g g e s tin g  th a t  i t  i s  dependent 

on RNA and p ro te in  s y n th e s is  ( L e a v i t t  e t  a l , 1978). These 

q u a l i t a t iv e  and q u a n t i ta t iv e  changes in  s o lu b le  PR have been 

a t t r ib u te d  to  de novo s y n th e s is  (C la rk  & Peck, 1979).

C o n ve rse ly , p ro ge s te ron e  has been shown to  decrease th e  le v e l  o f  

ER*s in  im m ature r a t  u te ru s  by in t e r f e r in g  w ith  ERc re p le n is h 

ment (Hsueh e t  a l ,  1976). The su bse q u e n tly  reduced s e n s i t i v i t y  

o f  th e  u te ru s  to  o es tro g en  (Hsueh et_ a l ,  1975) i s  th e re fo re  due 

to . th e  p ro g e s te ro n e  induced  re d u c t io n  in  ERc le v e ls .

1 .3  R e g u la tio n  o f  Mammary E p i t h e l ia l  C e l l  Growth

1.31 Mechanism o f  o es tro g en  a c t io n  on c e l lu la r  p r o l i f e r a t io n

The r o le  o f  oes trogens  on s p e c i f ic  p r o te in  s y n th e s is  and c e l l u la r  

p r o l i f e r a t io n  in  ta r g e t  t is s u e s  is  w e l l  e s ta b lis h e d  ( 0 ! M a lle y  & 

Means, 1974; G o rsk i & Gannon, 1976). A lthough  these  two



e f fe c ts  may o v e r la p , th e y  need n o t be m u tu a lly  dependent e v e n ts .

The e x a c t mechanism o f  o es tro g en  a c t io n  on c e l lu la r  p r o l i f e r a t io n  

i s ,  however, u n c le a r (S onnenschein & S o to , 1980) as th e  e f f e c t s  

o f  o e s tro g e n s , on e s ta b lis h e d  c e l l  l in e s  from  o e s tro g e n -re s p o n s iv e  

tum ours , have v a r ie d  s ig n i f i c a n t l y .  The MCF-7 c e l l  l i n e  was 

i n i t i a l l y  re p o r te d  to  respond to  p h y s io lo g ic a l c o n c e n tra t io n s  o f  

o e s t r a d io l  by in c re a s e s  in  c e l l  number and m acrom o lecu la r s y n th e s is  

(Lippman & B o lan , 1975; Lippman e t. a l ,  1976). L a te r  r e p o r ts ,  

however, have in d ic a te d  th a t  these  c e l ls  a re  n o t g row th  re sp o n s ive  

to  o e s t r a d io l  (Zava e t  a l * 1977).

The m a jo r paradox re g a rd in g  th e  mechanism o f  o es tro g en  a c t io n  

concerns th e  oes tro g en  re q u ire m e n t o f  v a r io u s  c e l l  l in e s  to  grow 

as tum ours i r i  v iv o * w h ile  i l l  v i t r o  oes trogens  have no a pp a re n t 

e f f e c t  on the  grow th  o f  these  c e l ls  (S h a f ie ,  1980; Sonnenschein 

& S o to , 1980). The v a r io u s  hypotheses f o r  oes tro g en  a c t io n  a r e : -

i )  D ir e c t  p o s i t iv e  h y p o th e s is  in  w hich oes trogens  d i r e c t l y  induce  

the  p r o l i f e r a t io n  o f  ta r g e t  c e l l s .

i i )  I n d i r e c t  p o s i t iv e  h y p o th e s is  a c c o rd in g  to  w h ich  o es tro g en s  

t r ig g e r  th e  s y n th e s is  a n d /o r  re le a s e  o f  g row th  fa c to r ( s )  

m ito g e n ic  f o r  o e s tro g e n -re s p o n s iv e  c e l l s .

i i i )  I n d i r e c t  n e g a tiv e  h y p o th e s is  w hich i s  based on o es tro g en  

in h ib i t i o n  o f  th e  a c t io n  o f  a cha lone  f o r  o e s tro g e n -re s p o n s iv e  

c e l ls . -

i v )  A combined d i r e c t / i n d i r e c t  h y p o th e s is  based on the  i n t e r 

r e la t io n s h ip s  between p r o la c t in ,  o e s t r a d io l ,  p ro g e s te ro n e  

and a d re n a l c o r t ic o id s ,  b o th  i r i  v iv o  and i r i  v i t r o .

1.311 The D ir e c t  P o s it iv e  H ypo thes is

P r o l i f e r a t iv e  changes have been observed in  the  u te ru s  in  

v iv o  and a re  a s s o c ia te d  w ith  the. i r i  v iv o  v a r ia t io n s  in  serum 

o es tro g en  le v e ls  (E p ifa n o v a , 1958; K imura et_ aL, 197B). 

A d m in is t ra t io n  o f  o es trogen  has a ls o  been shown to  in c re a s e  DNA 

s y n th e s is  and c e l l  p r o l i f e r a t io n  in  th e  r a t  u te ru s  (Kaye e t  a l * 

1972; Storm shak e t_ a l^  1976). These in  v iv o  o b s e rv a tio n s *  

however, have n o t shown th a t  o es tro g en s  p la y  a d i r e c t  r o le  in  

c e l l  p r o l i f e r a t io n .



In  v i t r o  s tu d ie s  have shown th a t  th e  responses to  p h y s io lo g ic a l 

le v e ls  o f  o e s tro g e n , such as DNA s y n th e s is  and in c re a s e d  c e l l  

number are  o f  a le s s e r  m agnitude th a n  th e  i r i  v iv o  s i t u a t io n  

(Chen e t  a l ,  1973; P a v l ik  & K a tze n e lle n b o g e n , 1978 ). Recent 

s tu d ie s  on 21-23 day o ld  ra ts  have shown th a t  in je c t io n  o f  

o e s t r a d io l  in t o  one u te r in e  horn  d i r e c t l y  s t im u la te d  DNA 

s y n th e s is  tw o - fo ld  in  th e  is o la te d  n u c le i o f  th a t  horn  ra th e r  

th a n  th e  1 5 - fo ld  s t im u la t io n  found  in  v iv o . No e f f e c t  on DNA 

s y n th e s is  was observed in  th e  o th e r  u te r in e  horn  in je c te d  w ith  

c o n t r o l  v e h ic le  (S ta ck  & G o rs k i,  1984 ). A ltho u gh  in d i r e c t  

o es tro g en  a c t io n  th ro u g h  an in te rm e d ia ry  organ has been e l im in 

a te d , th e  p o s s ib i l i t y  s t i l l  e x is ts  t h a t  an a u to c r in e  o r  p a ra c r in e  

oes trom ed in  may be in v o lv e d  (see s e c t io n  1 .3 1 2 ) .

O bse rva tio ns  on c lo n a l c e l l  l in e s  d e r iv e d  from  o es trogen -depend 

e n t tum ours have shown th a t  th e re  i s  no grow th  response to  

o e s t r a d io l  in  c u ltu r e  (S o rre n tin o  a l ,  1976 ). A d i r e c t  -  

p o s i t iv e  mechanism f o r  o es tro g en  a c t io n  on ta r g e t  c e l l s  i s  

th e re fo re  d i f f i c u l t  to  re c o n c ile  w ith  th e  r e s u l t s  from  c e l l  

c u ltu r e  s tu d ie s  and has le d  to  th e  p ro p o s a l o f  d i f f e r e n t  ty p e s  

o f  in d i r e c t  mechanisms.

1.312 The I n d i r e c t  P o s it iv e  H ypo thes is

A model f o r  th e  in d i r e c t  p o s i t iv e  mechanism o f  o e s tro g e n -re s p o n s iv e  

g row th  in  v iv o  was proposed by S irb a sku  (1 9 7 8 ). I t  c e n tre d  on 

th e  concep t o f  o e s tro g e n - in d u c tio n  o f  g row th  fa c to r s  (o e s tro m e d in s ) 

w h ich , a t  le a s t  in  p a r t ,  a c t as p r im a ry  m itogens f o r  o e s tro g e n - 

re sp o n s ive  u te r in e ,  k id n e y  and mammary tum our g ro w th . The i n i t i a l  

p ro p o s a l has undergone m o d if ic a t io n  to  co ve r th re e  d i f f e r e n t  

ty p e s  o f  oes trom ed in  re g u la t io n  (S irb a s k u  1981; Ikeda  e t  a l ,  1982) 

as shown in  F ig .  1 .1 .

An e n d o c rin e  mechanism may o p e ra te  f o r  o e s tro m e d in s , w ith  b io 

s y n th e s is  a n d /o r  re le a s e  from  o es tro g en  ta r g e t  t is s u e s ,  fo l lo w e d  

by th e  c o n c e n tra t io n  o f  o es trom ed in  w ith in  th e  tum ou rs . F o r 

exam ple, mammary oestrom ed ins  may be s y n th e s is e d  and re le a s e d  by 

th e  u te ru s ,  k id n e y  and p i t u i t a r y .  N on-endocrine  mechanisms may 

a ls o  o p e ra te , in  w hich o es tro g en  a c t io n  r e s u l t s  in  th e  re le a s e  o f
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l o c a l l y  a c t in g  a u to s t im u la to ry  o es tro m e d in s . Tumour e p i t h e l i a l  

c e l ls  may produce t h e i r  own g row th  f a c to r  w h ich  a c ts  on th e  same 

e p i t h e l ia l  c e l l  p o p u la t io n  by an a u to c r in e  mechanism.

A l t e r n a t iv e ly ,  a d ja c e n t c e l l  typ e s  (s tro m a l o r  m y o e p ith e l ia l)  

may produce g row th  f a c to r  f o r  th e  e p i t h e l ia l  c e l ls  by a p a ra c r in e  

mechanism.

The p ro p e r t ie s  o f  oes trom ed ins  so f a r  d is c o v e re d , a re  d iscu sse d  

be low . These g row th  fa c to r s  a re  a c id - e x t r a c ta b le ,  h e a t-s ta b le  

p o ly p e p tid e s  w h ich  have been p u r i f ie d  from  v a r io u s  ta r g e t  o rgans 

(e .g .  sheep u te ru s ,  k id n e y  and p i t u i t a r y ) ,  tum ours (GH3/C14, 

nTliJ9/PL) and c e l l  l in e s  d e r iv e d  from  these  tum ours as w e l l  as 

th e  MCF-7 and T47-D l in e s .

1.3121 U te r in e  d e r iv e d  g row th  f a c to r

The presence o f  an o es tro g en  in d u c ib le  g row th  f a c t o r  a c t i v i t y  

in  r a t  u te r in e  e x tr a c ts  was f i r s t  re p o r te d  by S irb a sku  (1 9 7 8 ).

T h is  a c t i v i t y ,  o b ta in e d  a t  n e u t r a l  pH, was found to  be a s p e c i f i c  

m itogen  f o r  ro d e n t c e l l  l in e s  d e r iv e d  from  o e s tro g e n -re s p o n s iv e  

o r  dependent p i t u i t a r y ,  k id n e y  and mammary tum ou rs . E x t ra c t io n  

o f  t h i s  a c t i v i t y  a t  n e u t ra l  pH re v e a le d  th a t  i t  was n o t r e la te d  

to  s te r o id  hormones o r  l i p i d  com ponents, b u t was h ea t and 

t r y p s in  la b i le  w ith  an a pp a re n t m o le c u la r  w e ig h t o f  70000 

(S irb a s k u  e t  a l ,  1981). O the r s tu d ie s  on g row th  fa c to r s  such 

as e p id e rm a l g row th  fa c to r  (EGF), have id e n t i f ie d  them as p ro te in s  

w ith  m o le c u la r w e ig h ts  g re a te r  tha n  70000 in  n e u t ra l e x t r a c ts ,  

b u t as low  m o le c u la r w e ig h t sp e c ie s  (4 -6 0 00 ) when p u r i f ie d  under 

a c id ic  o r  d is s o c ia t in g  c o n d it io n s .  Using a s im i la r  app roach , 

u te r in e  d e r iv e d  g row th  fa c to r  (UDGF) has s u b se q u e n tly  been 

p u r i f ie d  and found  to  be a h e a t-s ta b le  p ro te in  o f  m o le c u la r  

w e ig h t 2-6000 ( ik e d a  & S irb a s k u , 1984 ).

UDGF has a ls o  been p u r i f ie d  from  p re g n a n t sheep u t e r i  u s in g  

a c e t ic  a c id  e x t r a c t io n  fo llo w e d  by h ea t tre a tm e n t and subsequen t 

chrom atography. The app a re n t m o le c u la r  w e ig h ts  d e te rm ined  by 

SDS-PAGE and HPLC f o r  UDGF a re  4200 and 6200 r e s p e c t iv e ly , ( ik e d a  

& S irb a s k u , 1984 ). UDGF has been shown to  be m ito g e n ic  f o r  

mammary, u te r in e  and p i t u i t a r y  tum our c e l ls  d e r iv e d  from



o es tro g en  re sp o n s ive  tum ours b u t n o t norm al d ip lo id  r a t  f i b r o 

b la s ts .  O the r g row th  fa c to r s  such as EGF, m e lanocyte  s t im u la t 

in g  a c t i v i t y  (MSA) and somatomedin C ( i n s u l i n - l i k e  g row th  

f a c to r  I )  have been unab le  to  s u b s t i tu te  f o r  t h i s  a c t i v i t y  

( ik e d a  & S irb a s k u , 1984). UDGF, under s e ru m -fre e  c o n d it io n s ,  

has been shown to  prom ote h a l f  o f  th e  10% serum s t im u la te d  

g row th  (Ggg) f o r  MTU9/PL c e l ls  a t  8ng /m l w ith o u t  s u p p le m e n ta tio n  

by o th e r  hormones, a tta ch m e n t and grow th  fa c to r s .  In  these  

g row th  a ssays , UDGF has s t im u la te d  th e  in c o rp o ra t io n  o f  la b e l le d  

p re c u rs o r  in t o  DNA in  a d d it io n  to  a lo g a r i th m ic  in c re a s e  in  c e l l  

number ( ik e d a  & S irb a s k u , 1984 ). A f te r  a s in g le  a d d it io n  o f  UDGF 

to  MTU9/PL c e l l s ,  g row th  o f  th e  c e l ls  in  c u ltu r e  was found  to  

cease a f t e r  48 hours u n le ss  more f a c t o r  was added. These r e s u l t s  

sugges t th a t  UDGF b o th  prom otes and s u s ta in s  th e  g row th  o f  MTU9/ 

PL c e l ls  in  c u l t u r e .  A b a s a l le v e l  o f  u te r in e  e x t r a c t  i s  a p re 

r e q u is i te  f o r  a g row th  response , im p ly in g  th a t  u n d e fin e d  f a c to r  

o r  e s s e n t ia l  n u t r ie n ts  a re  p re s e n t in  th e  e x t r a c t .

D i f f e r e n t ia l  m ito g e n ic  responses to  UDGF have been observed in  

e n d o m e tr ia l tum our c e l ls  (Ggg = 36ng /m l) and u te r in e  smooth 

muscle c e l ls  (G^g = 176ng/m l) ( ik e d a  & S irb a s k u , 1984 ). These 

o b s e rv a tio n s  a re  o f  p a r t i c u la r  in t e r e s t  s in c e  th e y  sugges t t h a t  

ta r g e t  c e l ls  a re  more s e n s i t iv e  to  th e  a c t io n s  o f  the se  g row th  

fa c to r s .  UDGF has a ls o  been id e n t i f ie d  in  th e  o e s tro g e n -in d u c e d  

a ccu m u la tio n  o f  r a t  u te r in e  lu m in a l f l u i d  (S irb a s k u  & L e land ,1982  

Le land  e t_ a l j  1983 ), in d ic a t in g  t h a t  i t  may be an endogenous a u to  

c r in e  oes trom ed in  w h ich  has a r o le  in  th e  o e s tro g e n -re s p o n s iv e  

o r  pregnancy re la te d  u te r in e  g row th  o r  tu m o u rig e n e s is  ( ik e d a  & 

S irb a s k u , 1984).

1.3122 Mammary tum our g row th  fa c to r

Ikeda  a t  a !  (1 9 8 4 a ), have p u r i f ie d  a 3900 d a lto n  p o ly p e p tid e  

g row th  f a c to r  from  sheep p i t u i t a r i e s  (M TG F-P it) w h ich  i s  a 

d i s t i n c t  sp e c ie s  from  UDGF p re v io u s ly  id e n t i f ie d  in  u te r in e  

e x tra c ts  p u r i f ie d  under s im i la r  d e n a tu r in g  c o n d it io n s  a t  a c id  

pH ( ik e d a  & S irb a s k u , 1984). MTGF-Pit i s  a ls o  a d i f f e r e n t  

sp ec ies  from  th e  22000 d a lto n  fo rm  o f  g row th  hormone, n a t iv e  

p r o la c t in  (24000 d a lto n s )  and c le a ved  p r o la c t in  (16000 d a l to n s ) .



However, u n t i l  MTGF-Pit i s  c h a ra c te r is e d ,  i t  i s  n o t p o s s ib le  to  

d is c o u n t th e  p o s s ib i l i t y  th a t  i t  i s  a d e g ra d a tio n  p ro d u c t o f  

c leaved  p r o la c t in ,  a lth o u g h  t h i s  seems u n l ik e ly  s in c e  th e  

l a t t e r  has n o t been id e n t i f ie d  in  any o f  th e  e x p e rim e n ts .

In  assays under s e ru m -fre e  c o n d it io n s ,  20 -  75ng /m l MTGF-Pit 

accounted f o r  h a l f  th e  g row th  (Ggg) o f  T47-D , MTU9/PL and MCF-7 

c e l ls  in  2 -  10$ serum c o n ta in in g  medium. The m ito g e n ic  response 

o f  mammary tum our c e l ls  to  MTGF-Pit was n o t re p la c e d  by g row th  

hormone, p r o la c t in  o r  o th e r  g row th  fa c to r s  such as EGF, p la t e le t -  

d e r iv e d  g row th  f a c to r  o r  f ib r o b la s t  g row th  f a c t o r .  The e f f e c t  

o f  MTGF-Pit on norm al mammary e p i t h e l i a l  c e l ls  has y e t  to  be 

re p o r te d ,  b u t i t  was shown to  be m ito g e n ic  f o r  norm a l human 

d ip lo id  f ib r o b la s t s  a t  le v e ls  g re a te r  th a n  I .O jjg /ra l,  w h ile  norm al 

r a t  f ib r o b la s t s  were u n resp o ns ive  ( ik e d a _ e t^ a l,  1984a).

1.3123 O the r oestrom ed ins

K idney d e r iv e d  g row th  f a c to r  (KDGF), w ith  an a pp a re n t m o le c u la r 

w e ig h t o f  4200 -  400 as assessed by SDS-PAGE, has been p u r i f ie d  

u s in g  a m o d if ie d  p rocedu re  as i t  i s  n e g a t iv e ly  charged a t  n e u t r a l  

pH ( p l ^ 4 . 2  -  4 .7 ) .  KDGF i s  a d i s t i n c t  sp e c ie s  from  U D G F (p I^ 7 .3 ) 

and has been used in  g row th  assays on MTU9/PL c e l l s .  Under th e  

s ta n d a rd  s e ru m -fre e  c o n d it io n s ,  th e  Ggg f o r  KDGF was found  to  be 

19ng/m l ( ik e d a  e t  a l ,  1984b). The e f f e c t  o f  KDGF on o th e r  

o e s tro g e n -re s p o n s iv e  c e l l  typ e s  has y e t  to  be re p o r te d .

A low  m o le c u la r w e ig h t (2500-6200) a u to s t im u la to ry  g row th  fa c to r  

GH3/C14-AGF has been p a r t i a l l y  p u r i f ie d  from  e x t r a c ts  o f  GH3/

C14 r a t  p i t u i t a r y  tum ours , c e l ls  in  c u ltu r e  and t h e i r  serum - 

f r e e  c o n d it io n e d  medium (D a n ie lp o u r e t  a l ,  1984 ). GH3/C14-AGF 

has been shown to  be m ito g e n ic  f o r  MTU9/PL and GH3/C14 c e l l s  b u t 

n o t f o r  3T3 mouse embryo o r  d ip lo id  r a t  f ib r o b la s t s .  I d e n t i f i 

c a t io n  o f  th e  a u to s t im u la to ry  g row th  f a c to r  in  r a p id ly  g ro w in g , 

r e la t i v e l y  autonomous GH3/C14 tum ours has le d  to  th e  p ro p o s a l 

th a t  i t  may have a r o le  in  th e  c o n v e rs io n  o f  o e s tro g en -d e pe n de n t 

to  autonomous tum ours (D a n ie lp o u r e t  a l ,  1984).



The in v o lv e m e n t o f  e n d o c rin e  and a u to c r in e  g row th  fa c to r s  i s  

i m p l i c i t  in  th e  in d i r e c t  mechanism f o r  o e s tro g e n -re s p o n s iv e  

g row th  in  v iv o . E ndocrine  o e s tro m e d in s , f o r  exam ple, mammary 

o e s tro m e d in s , may be s y n th e s is e d  a n d /o r  re le a se d  by o es tro g en  

ta r g e t  o rgans such as th e  u te ru s ,  k id n e y  and p i t u i t a r y .  A 

s ig n i f i c a n t  r o le  has been p o s tu la te d  f o r  e n d o c rin e  oes trom ed ins  

in  th e  g row th  re g u la t io n  o f  norm al o r  e a r ly  horm one-dependent 

tum our t is s u e  ( Ikeda  e t  a l ,  1984b). D a n ie lp o u r & S irb a sku  

(1 9 8 4 ), have e le g a n t ly  dem onstra ted  th e  g row th  o f  o e s tro g e n - 

dependent and re sp o n s ive  tum our c e l ls  in  th e  absence o f  p h y s io 

lo g ic a l  le v e ls  o f  o e s tro g e n s , p ro v id in g  s tro n g  ev idence  f o r  th e  

concep t o f  a u to c r in e  o es tro m e d in s .

A u to c r in e  o es tro m e d in s , w h ich  are  produced by autonomous c e l l  

type s  and a re  under ER c o n t r o l ,  s u p p o rt th e  g row th  o f o e s tro g e n - 

dependent and re sp o n s ive  c e l ls  and re p la c e  t h e i r  re q u ire m e n t f o r  

oes trogens  ( ik e d a  et_ a l ,  1984b). Autonomy appears to  a r is e  from  

u n re g u la te d  p ro d u c t io n  o f  lo c a l l y  a c t in g  oes trom ed ins  and n o t 

th e  lo s s  o f  ER, w ith  th e  r e s u l t  t h a t  autonomous tum ours may be 

e i t h e r  re c e p to r  p o s i t iv e  o r  n e g a tiv e . U n re gu la ted  a u to c r in e  

oestrom ed in  p ro d u c t io n  o f fe r s  th e  d i s t i n c t  s e le c t iv e  advantage 

to  autonomous c e l l  ty p e s , a llo w in g  th e  c o n v e rs io n  o f  th e  hormone- 

dependent to  independen t phenotype . T h is  has le d  to  th e  su g g e s t

io n  th a t  a u to c r in e  oestrom ed ins  may have an im p o r ta n t r o le  in  

th e  c o n v e rs io n  o f  horm one-dependent to  autonomous g row th  ( ik e d a  

e t  a l , 1984b; D a n ie lp o u r & S irb a s k u , 1984).

1.313 The I n d i r e c t  N ega tive  H ypo thes is

T h is  h y p o th e s is  i s  based on th e  prem ise  th a t  o es trogens  may 

reduce le v e ls  o f  se rum -borne cha lones f o r  o e s tro g e n -s e n s it iv e  

c e l l s ,  o e s tro c o ly o n e s , w h ich  a re  s y n th e s is e d  in  in te rm e d ia ry  

organs such as th e  l i v e r  (Sonnenschein & S o to , 1979, 1980; Soto 

& Sonnenschein, 1980). S tu d ie s  in  o v a r ie c to m is e d  q u a ils  have 

shown th a t  in fu s io n  o f  o e s t r a d io l  in t o  th e  p o r ta l  v e in ,  w ith  i t s  

r e s u l ta n t  m e tabo lism  does n o t b r in g  abou t ER t r a n s lo c a t io n ,  PR 

s y n th e s is  o r  any in c re a s e  in  p r o te in  p e r c e l l .  However, an 

in c re a s e  in  th e  DNA c o n te n t o f  th e  o v id u c t  o c c u rs ,



w ith  th e  m agnitude o f  th e  response com parable to  o e s t r a d io l  

a d m in is t r a t io n  v ia  th e  ju g u la r  v e in .  In  q u a i ls ,  th e  l i v e r  

has been shown to  be in v o lv e d  in  m e d ia tin g  s h o r t- te rm  responses 

to  o e s tro g e n , w h ile  in  th e  ra t j  an in d i r e c t  l iv e r -m e d ia te d  

mechanism does n o t o p e ra te  (S cha tz  e t  a l ,  1984 ), s u g g e s tin g  

th a t  sp e c ie s  d if fe re n c e s  may e x is t  f o r  o e s tro g e n - re g u la t io n  o f  

c e l l  p r o l i f e r a t io n .

Combined 1in  a n im a l -  in  c u ltu r e *  s tu d ie s  sugges t t h a t  p ro 

l i f e r a t i o n  o f  r a t  p e r in a ta l  and p i t u i t a r y  tum our C29RAP o e s tro g e n - 

s e n s i t iv e  c e l ls  i s  in h ib i t e d  by f o e t a l  o r  newborn r a t  serum .

The in h ib i t o r y  e f f e c t ,  w h ich  i s  s p e c i f ic  f o r  o e s t ro g e n -s e n s it iv e  

c e l l s ,  appears to  be m ediated by < - f o e to p r o te in  (A FP )(S onnensche in

& S o to , 1979, 1980; Soto & Sonnenschein , 1980 ). AFP has been
_g

shown to  b in d  oes trogens  w ith  h ig h  a f f i n i t y ,  Kd ~  10 M in  

r a ts  and mice (Nunez ejb a l , 1971). A dose-dependent e f f e c t  o f  

AFP was observed on ER p o s i t iv e  C29RAP c e l ls  w h ich  a re  o e s tro g e n - 

re s p o n s ive  in  v iv o  b u t n o t in  v i t r o  (S onnenschein  & S o to , 1979,

1980 ). These r e s u l t s  suggested  t h a t  AFP in h ib i t e d  o e s tro g e n - 

induced  c e l l  p r o l i f e r a t io n .  The g row th  o f  th e  F^C^, ER p o s i t i v e ,  

o es tro g en  in s e n s i t iv e  r a t  p i t u i t a r y  tum our c e l ls  was however 

u n a ffe c te d  by s im i la r  AFP le v e ls .  O e s tra d io l was unab le  to  

a n ta g o n ise  th e  in h ib i t o r y  e f f e c t  on o e s t ro g e n -s e n s it iv e  c e l l s ,  

in d ic a t in g  b o th  th a t  i t  i s  n o t a t r o p h ic  hormone p e r se and t h a t  

ER*s a re  n o t in v o lv e d  in  t h i s  in h ib i t o r y  mechanism (S o to  & 

Sonnenschein, 1980). O the r s tu d ie s  in  ham sters have shown th a t  

s e ra  o f  newborn ham sters do n o t b in d  o e s t r a d io l  w ith  h ig h  a f f i n i t y  

a lth o u g h  h ig h  AFP t i t r e s  a re  p re s e n t (S cha tz  e t  a l ,  1 983 ). The 

i n h ib i t i o n  o f  o e s tro g e n -s e n s it iv e  p r o l i f e r a t io n  in  newborn 

ham sters i s  th e re fo re  n o t due to  s e q u e s tra t io n  o f  o es tro g en s  

(Germ ain e t  a l ,  1978 ), s u g g e s tin g  th e  e x is te n c e  o f  o th e r  i n h i b i 

t o r y  mechanisms w h ich  a re  in s e n s i t iv e  to  o e s tro g e n s .

A dose-dependent in h ib i t o r y  e f f e c t  o f  h e a t - in a c t iv a te d ,  c h a rc o a l 

s t r ip p e d  fem ale  human serum (HIDCCFHS) has been observed on 

c loned  MCF-7 (C^MCF7 -  173) o es tro g en  s e n s i t iv e  c e l l s ,  w h ile  

autonomous E R -n e g a tive , KLE human e n d o m e tr ia l c e l ls  (R ich a rd so n  

e t  a l ,  1984) were n o t in h ib i t e d .  The in h ib i t i o n  was a b o lis h e d  

by a d d it io n  o f  n a tu r a l ly  o c c u r r in g  o r  s y n th e t ic  o e s tro g e n s , o r



F ig . 1 .2  Proposed in d i r e c t  n e g a tiv e  model f o r

o es tro g en  a c t io n  on c e l lu la r  p r o l i f e r a t i o n . 

(Reproduced from  Soto & S on n en sch e in ,1985).

The presence o f  unbound o e s t r a d io l( E 2) 

re g u la te s  the  in t e r a c t io n  between the  

serum -borne ch a lon e , o e s tro c o ly o n e , and 

th e  o e s tro g e n -s e n s it iv e  c e l ls .

a) E2 i s  bound to  plasm a p ro te in s (e .g .S H B G ) 

and o e s tro c o ly o n e s . Unbound o e s tro -  

co lyones  b in d  to  t h e i r  c e l l  s u r fa c e  re 

c e p to rs  and p re v e n t the  p r o l i f e r a t io n  o f  

o e s tro g e n -s e n s it iv e  c e l ls .

b) Heat in a c t iv a t io n  d ena tu res  th e  plasma 

p ro te in s  and th e re fo re  re le a s e s  E2 w hich 

becomes bound by f re e  o e s tro c o ly o n e s . 

Maximal c e l l  p r o l i f e r a t io n  p roceeds.

c) C ha rcoa l s t r ip p in g  removes unbound E2 

and th e  unbound o e s tro c o ly o n e s  b in d  to  

t h e i r  re c e p to rs  th e re b y  p re v e n t in g  

p r o l i f e r a t io n  o f  these  c e l ls .

d) When exogenous E2 is  added to  hea t 

in a c t iv a te d ,  c h a rc o a l s t r ip p e d  serum, 

th e  o e s tro c o ly o n e s  d is s o c ia te  from  t h e i r  

membrane re c e p to rs  and b in d  to  th e  f re e  

s te r o id  p e r m it t in g  c e l l  p r o l i f e r a t io n .
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by d i lu t io n  o f  serum le v e ls  to  below 5$ (S o to  & Sonnenschein ,

1984 ab, 1985 ). These s tu d ie s  on C^MCF -  173 c e l ls  have 

suggested two p o s s ib le  mechanisms f o r  th e  in h ib i t o r y  e f f e c t  o f 

HIDCCFHS (S o to  & S onnenschein, 1985). F i r s t l y ,  o e s t r a d io l  may 

a c t  d i r e c t l y  on ta r g e t  c e l l s ,  c o n fe r r in g  s e n s i t i v i t y  to  

o e s tro c o ly o n e s . A l t e r n a t iv e ly ,  o e s t r a d io l  b in d in g  to  o e s tro c o ly 

ones may negate th e  in h ib i t o r y  e f fe c ts  s in c e  the  r e s u l t in g  con

fo rm a t io n a l change would n o t a llo w  re c o g n it io n  o f  th e  o e s tro c o ly 

ones by membrane re c e p to rs .  A model based on th e  l a t t e r  

h y p o th e s is  i s  summarised in  F ig .  1 .2 . The v a l id a t io n  o f  such a 

model w i l l  re q u ire  th e  c h a r a c te r is a t io n  o f  th e  o e s tro c o ly o n e s  in  

a d d it io n  to  t h e i r  membrane re c e p to rs .

Page e t  a l .  (1982) have dem onstra ted  t h a t  serum c o n ta in s  a low  

m o le c u la r w e ig h t (400-1200) g row th  in h ib i t o r y  f a c t o r  t h a t  i s  

re q u ire d  f o r  o e s tro g e n -re s p o n s iv e n e s s . Serum c o n c e n tra t io n s  

were found to  re g u la te  th e  o e s tro g e n -re s p o n s iv e n e s s  o f  MCF-7 

c e l ls  w ith  no response to  o es tro g en  a t  low  le v e ls  (0 -1 $ ) o f  

serum. A t 15$ serum , how ever, these  c e l ls  responded to  o e s t r a d io l  

i n  term s o f  in c re a s e d  g row th  ra te  and m acrom o lecu la r s y n th e s is .  

D ia ly s is  and c h a rc o a l s t r ip p in g  have been found to  remove t h i s  

f a c to r  w h ich  in h ib i t s  g row th  and hormone re sp o n s ive n e ss .

1 .314 D i r e c t / in d i r e c t  H ypo thes is

A new model f o r  g row th  s t im u la t io n  in c o rp o ra t in g  th e  r e la t io n s h ip s  

observed between o e s t r a d io l ,  p r o la c t in ,  p ro g e s te ro n e  and c o r t i c a l  

s te r o id s  b o th  in  v iv o  and in  v i t r o  has been proposed (imagawa 

e t  a l .  1985). O estrogens have been suggested  to  a c t  d i r e c t l y  on 

grow th  th ro u g h  PR in d u c t io n  and i n d i r e c t l y  th ro u g h  th e  s t im u la t io n  

o f  p r o la c t in  s e c re t io n .  The in d i r e c t  a c t io n  has been suggested  

to  be independen t o f  oestrom ed in  p ro d u c t io n  by e i t h e r  mammary 

o r  in te rm e d ia te  t is s u e s .  O estrogen a c t io n  on th e  p i t u i t a r y  

g land  r e s u l t s  i n  in c re a s e d  p r o la c t in  s e c re t io n  w h ich  in d u ce s  

b o th  PR and i t s  own re c e p to r  ( p r o la c t in ) .  P r o la c t in  re c e p to rs  

may a ls o  be induced  by a d re n a l c o r t ic o id s  r e s u l t in g  in  a s t im 

u la t io n  o f  g row th  th ro u g h  syne rg ism  w ith  p r o la c t in .  A cco rd in g
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F ig  1 .3  Proposed d i r e c t / i n d i r e c t  model f o r  hormone 

a c t io n  in  th e  mammary g la n d .

I t  i s  proposed th a t  c e l lu la r  p r o l i f e r a t io n  i s  

dependent on the  in d u c t io n  o f  p ro g e s te ro n e  re c e p to r  

(P r)  and p r o la c t in  re c e p to rs  (P R L r). O e s tra d io l 

may have bo th  a d i r e c t  e f f e c t  on g ro w th , 

m ed ia ted by in d u c t io n  o f  P r and an in d i r e c t  

a c t io n  by th e  s t im u la t io n  o f  p r o la c t in  s e c re t io n .  

P r o la c t in  induces  bo th  i t s  own re c e p to rs  in  

a d d it io n  to  P r. A drena l s te r o id s  induce  p ro 

l a c t in  re c e p to r  and s y n e rg is e  w ith  p r o la c t in  

in  s t im u la t in g  g ro w th .

(Reproduced from  Imagawa e_t a l , 1985)
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to  t h i s  modsl w h ich  i s  summarised in  F ig .  1 .3  o es trogens  need 

n o t be d i r e c t l y  m ito g e n ic  f o r  mammary e p i t h e l ia l  c e l l s .

1.315 C onc lus ions

Evidence f o r  th e  d i f f e r e n t  models o f  o es tro g en  a c t io n  on 

e p i t h e l ia l  c e l lu la r  p r o l i f e r a t io n  has been p re sen ted  in  t h i s  

s e c t io n .  I t  appears th a t  a co m b in a tio n  o f  d i r e c t  and in d i r e c t  

mechanisms may o p e ra te , w ith  a d i r e c t  e f f e c t  on s p e c i f ic  p ro 

t e in  s y n th e s is  and an in d i r e c t  e f f e c t ,  v ia  n o n - e p i t h e l ia l  c e l l s ,  

r e s u l t in g  in  c e l lu la r  p r o l i f e r a t io n .  The sequence a n a ly s is  o f  

th e  oes trom ed ins  has y e t to  be perfo rm ed  and may perhaps show 

th e  e x is te n c e  o f  a fa m ily  o f  g row th  fa c to r s  f o r  o e s tro g e n - 

s e n s i t iv e  c e l l s .  The r e la t io n s h ip  ( i f  any) between the  

oes trom ed ins  and the  fa c to r s  in v o lv e d  in  m e s e n c h y m a l-e p ith e lia l 

in te r a c t io n s  (see S e c t .132) may a ls o  p rove  to  be ve ry  in t e r e s t in g .

1 .32  R e g u la to ry  M e s e n c h y m a l-E p ith e lia l In te r a c t io n s

1.321 Role in  d e v e lo p in g  ta r g e t  t is s u e

A u to ra d io g ra p h ic  lo c a l is a t io n  o f (  H) d ie t h y ls t i lb o e s t r o l  (DES) 

in  d e v e lo p in g  u ro g e n ita l  s in u s  and M u lle r ia n  d u c ts  o f  f o e t a l  

m ice has shown th a t  b in d in g  i s  l im i t e d  to  mesenchymal d e r iv e d  

c e l ls  (S tum pf e t  a l , 1980). In  n e o n a ta l m ice , n u c le a r  ER a re  

l im i t e d  to  v a g in a l,  c e r v ic a l  and u te r in e  mesenchymal c e l l s  

(Cunha e t  a l ,  1982). A lthough  ER a c t i v i t y  does n o t n o rm a lly  

beg in  u n t i l  10-20 days p o s tp a rtu m , DES tre a tm e n t d u r in g  days 

1-4  p os tp a rtum  induced  d ra m a tic  e p i t h e l ia l  g row th  and c o r n i f i -  

c a t io n  o f  v a g in a l e p ith e liu m  by day 5 d e s p ite  th e  absence o f  

e p i t h e l ia l  ER*s (Cunha e t  a l ,  1982). An in d i r e c t  mechanism f o r  

hormone a c t io n  has been proposed (see F ig .  1 .4 ) in  w h ich  ER 

c o n ta in in g  mesenchymal c e l ls  m ed ia te  th e  horm onal e f f e c t s  on 

e p i t h e l ia l  c e l ls  by p ro d u c t io n  o f  g row th  fa c to r s .

E a r ly  s tu d ie s  on androgen-dependent m orphogenesis dem onstra ted  

th a t  th e  e f fe c ts  o f  androgens on e p i t h e l i a l  deve lopm ent a re  

e l i c i t e d  by th e  mesenchyme (Cunha 1970, 1972). T issu e  recom b in 

a n ts  o f  u ro g e n ita l e p ith e liu m  (fro m  u ro g e n ita l s in u s  o r  f o e t a l  

se m in a l v e s ic le )  were grown in  c o n ju n c t io n  w ith  mesenchyme o f
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F ig . 1 .4  Proposed model f o r  a mesenchyme m ediated 

mechanism o f  hormone a c t io n .  A re c e p to r -  

m ediated mechanism is  regarded  as in d u c in g  

the  s y n th e s is  o f  p ro te in  in d u c to r  m o lecu les  

w h ich  m ed ia te  the  horm onal e f f e c t s  on th e  

e p i t h e l ia l  c e l l s .  The hormone is  

re p re se n te d  by a s te r is k s  and th e  re c e p to r  

by an open C shape.

(Reproduced from  Cunha e t  a l ,  1983)
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e i t h e r  u ro g e n ita l o r ig in  o r  n o n - ta rg e t in te g u m e n t. Recombinants 

w ith  u r o g e n ita l  mesenchyme were found to  undergo androgen- 

dependent p r o s ta t ic  o r  se m in a l v e s ic le  m orphogenesis in  male 

m ice . The in te g u m e n ta l mesenchyme re co m b ina n ts , how ever, d id  

n o t undergo f u r t h e r  m orphogenesis.

F u r th e r  ev idence  f o r  th e  p u ta t iv e  r o le  o f  th e  mesenchyme has 

come from  recom b inan ts  o f  Tfm ( t e s t i c u la r  fe m in is a t io n )  and w ild  

ty p e  t is s u e s .  A Tfm m u ta tio n  re n d e rs  th e  ta r g e t  o rgans in 

s e n s i t iv e  to  androgens e i t h e r  th ro u g h  d e fe c t iv e  o r  reduced 

androgen re c e p to rs  (Ohno, 1977). Tfm mice a re  c o m p le te ly  

fe m in is e d  w ith  th e  u r o g e n ita l  s in u s  g iv in g  r is e  to  a va g in a  

in s te a d  o f  a p ro s ta te .  The la c k  o f  androgen p ro d u c t io n  by th e  

f o e t a l  te s te s  a ls o  r e s u l t s  in  mammary g land  developm ent (Ohno,

1977). Recombinants o f  w i ld  typ e  u ro g e n ita l s in u s  mesenchyme 

and e i t h e r  Tfm o r  w ild  ty p e  e p ith e liu m  re s u lte d  in  te s to s te ro n e -  

induced  e p i t h e l ia l  re g re s s io n  in  male h o s ts . The use o f  Tfm 

mesenchyme w ith  e p ith e liu m  from  e i t h e r  so u rce , how ever, d id  n o t 

induce  re g re s s io n  (K ra to c h w il & S chw artz , 1976; Drews & Drews, 

1977). S im ila r ly ,  androgen dependent p r o s ta t ic  in d u c t io n  has 

been observed in  w i ld  ty p e  re co m b in a n ts , a lth o u g h  i t  does n o t 

o ccu r w ith  Tfm mesenchyme (Cunha & Lung, 1978; L a s .n itz k i &

M izuno, 1980). M oreover, s tu d ie s  w ith  w i ld  type  u r o g e n ita l  

s in u s  mesenchyme and Tfm b la d d e r e p ith e liu m  have shown th a t  

m orphogenesis and d i f f e r e n t ia t io n  o c c u r in  androgen re c e p to r  

d e f ic ie n t  Tfm e p ith e liu m . A u to ra d io g ra p h ic  a n a ly s is  o f  ( h ) -  

d ih y d ro te s to s te ro n e  b in d in g  in  recom b inan ts  o f  w i ld  ty p e  u ro 

g e n i ta l  mesenchyme and a d u lt  b la d d e r e p ith e liu m  has shown 

s p e c i f ic  b in d in g  in  s tro m a l c e l l  n u c le i (Shannon & Cunha, 1 984 ).

In  ro d e n t p ro s ta te  recom b inan ts  w ith  v a ry in g  p ro p o r t io n s  o f  

e p ith e liu m  and mesenchyme from  16 day o ld  f o e t a l  u r o g e n ita l  

s in u s ,  a c o r r e la t io n  has been found between th e  le v e l  o f  mesen

chyme and th e  mass o f  p r o s ta t ic  a c in a r  t is s u e  (Chung & Cunha, 1 983 ). 

S im i la r ly ,  in  th e  mammary g land  re g u la t io n  o f  e p i t h e l i a l  g row th  

and m orphogenesis has a ls o  been re p o r te d  to  be under th e  r e g u la t io n  

o f  mammary s trom a (D a n ie l & De Ome, 1965). These s tu d ie s  h ig h 

l i g h t  th e  re g u la to ry  r o le  o f  mesenchymal o r  s tro m a l c e l ls  in  

complex horm onal e f fe c ts  on e p ith e liu m  d u r in g  m orphogenesis and 

c y t o d i f f e r e n t ia t io n .



1.322 R e g u la tio n  o f  e p i t h e l i a l  m orphogenesis, d i f f e r e n t ia t io n  

and fu n c t io n

F u r th e r  ev idence  f o r  a mesenchymal r o le  in  e p i t h e l ia l  d i f f e r e n t ia 

t io n  comes from  recom b inan ts  o f  u te r in e  e p ith e liu m  and v a g in a l 

o r  c e r v ic a l  mesenchyme w hich  have been re p o r te d  to  d i f f e r e n t ia t e  

in t o  s t r a t i f i e d  squamous v a g in a l o r  c e r v ic a l  e p ith e liu m  (Cunha,

1976 ) .  These mesenchyme-induced m o rp h o lo g ic a l changes a re  

coup led  to  a lte r e d  b io c h e m ic a l a c t i v i t y .  For exam ple, recomb

in a n ts  e x p re s s in g  u te r in e  d i f f e r e n t ia t e d  p ro p e r t ie s  s y n th e s is e  

p ro te in s  c h a r a c te r is t ic  o f  th e  u te ru s  (Cunha e t  a l ,  1983).

The norm al e x p re s s io n  o f  se m in a l v e s ic le  and p ro s ta te  deve lopm ent 

by recom b inan ts  o f  mesodermal se m in a l v e s ic le  e p i th e l iu m /u r o 

g e n i ta l  mesenchyme and u r o g e n ita l  e p ith e liu m /s e m in a l v e s ic le  

mesenchyme re s p e c t iv e ly  has been observed (Cunha, 1972).

Normal deve lopm ent in  these  h e te ro ty p ic  recom b inan ts  o ccu rs  as 

b o th  mesenchymes c o n ta in  androgen re c e p to r  and have th e  a b i l i t y  

to  a c t  as g land  in d u c to rs .

Recombinant s tu d ie s  on endode rm -de rived  b la d d e r e p ith e liu m  and 

u ro g e n ita l o r  se m in a l v e s ic le  mesenchyme, w h ich  have re s u lte d  in  

p r o s ta t ic  deve lopm ent, sugges t t h a t  endoderm al b la d d e r e p ith e liu m  

does n o t have th e  c a p a c ity  to  express mesodermal s p e c i f ic  

d i f f e r e n t ia t io n  (Cunha & Lung, 1978). These s tu d ie s  s u p p o rt th e  

concep t th a t  th e  d eve lopm en ta l response in  recom b inan ts  i s  

dependent on bo th  mesenchymal in d u c t io n  and the  c a p a c ity  o f  th e  

e p ith e liu m  to  respond.

1.323 Role in  a d u lt  deve lopm ent

The d ra m a tic  m o rp h o lo g ic a l and fu n c t io n a l  changes o c c u r r in g  in  

th e  mammary g land  and re p ro d u c t iv e  t is s u e s  in  b o th  sexes a f t e r  

p u b e rty  in v o lv e  s im i la r  deve lo p m en ta l p rocesses to  those  

o c c u r r in g  in  p r im a ry  deve lopm ent. For exam ple, th e  c h a r a c t e r is t ic  

d u c ta l g row th  and d i f f e r e n t ia t io n  o f  mammary e p ith e liu m  a s s o c ia te d  

w ith  f o e t a l  mammary deve lopm ent, i s  induced  by th e  mesenchyme 

(K ra to c h w il,  1969). Indeed bo th  f o e t a l  and a d u lt  mammary 

e p ith e liu m  and strom a a re  capab le  o f  p ro m o ting  mammary morpho

genes is  (D a n ie l & De Ome, 1965; Sakakura e t  a l ,  1979).



1.324  M esen ch ym al-ep ith e lia l in te ra c tio n s  in  carcinogenesis

The p ro g re s s io n  o f  a ty p ic a l  h y p e rp la s ia s  in t o  e n d o m e tr ia l and 

c e r v ic a l  carcinom as has been re p o r te d  (L a n g le y , 1976; Sherman 

& B roun, 1979). A r o le  f o r  m e s e n c h y m a l-e p ith e lia l in te r a c t io n s  

(Cunha e t  a l , 1977) has been shoun in  o v a r ia n - in d e p e n d e n t v a g in a l 

h y p e rp la s ia  and c o r n i f ic a t io n  (T a ka su g i, 1976 ). M ice u i t h  t h i s  

c o n d it io n  r e ta in  the  a ty p ic a l  v a g in a l e p ith e liu m  th ro u g h  a d u l t 

hood i f  th e y  have been t re a te d  u i t h  o es tro g en  d u r in g  p e r in a ta l  

l i f e .  A s p e c i f ic  re q u ire m e n t e x is ts  f o r  m e s e n c h y m a l-e p ith e lia l 

in te r a c t io n s  d u r in g  o es tro g en  tre a tm e n t f o r  th e  in d u c t io n  o f  t h i s  

c o n d it io n  and i t s  subsequent m aintenance in  a d u lt  l i f e  by th e  

in t e r a c t io n  betueen abnorm al e p ith e liu m  and s trom a (Cunha e t  a l ,  

1977). Even a b la t iv e  tre a tm e n ts  such as a d ren a lec to m y , o v a r i 

ectomy and hypophysectom y have been unab le  to  e l im in a te  t h i s  

c o n d it io n .

A r o le  f o r  m e s e n c h y m a l-e p ith e lia l in te r a c t io n s  in  c a rc in o g e n e s is  

has been p roposed, u i t h  n e o p la s ia  re p re s e n t in g  an abnorm al s ta te  

o f  d i f f e r e n t ia t io n  (P ie rc e  e t  a l .  1978; M in tz ,  1978). Em bryonal 

carc inom a c e l l s ,  f o r  exam ple, may be re g u la te d  uhen in s e r te d  in t o  

the  b la s to c y s t  (P ie rc e  e t  a l .  1978; M in tz ,  1978). O the r s tu d ie s  

on b la d d e r and mammary tum ours have su pp o rted  th e  co nce p t o f  a 

re g u la to ry  r o le  f o r  m e s e n c h y m a l-e p ith e lia l in te r a c t io n s  in  c a rc in o 

genes is  (Sakakura  e t  a l ,  1981; F u . j i i  e t  a l .  1982). Recom binant 

s tu d ie s  in  male h os ts  have shoun th a t  n o n -g la n d u la r  e p i t h e l i a l  

t r a n s i t i o n a l  c e l l  carcinom as a re  induced  by u ro g e n ita l  mesenchyme 

to  express a g la n d u la r ,  adenocarc inom atous phenotype ( F u j i i  et_ a l ,

1982).

1.325 C onc lus ions

The re g u la to ry  n a tu re  o f  th e  m e s e n c h y m a l-e p ith e lia l in te r a c t io n s  in  

e p i t h e l ia l  m orphogenesis has been i l l u s t r a t e d  in  t h i s  s e c t io n .  I t  

i s  p a r t i c u la r l y  in t e r e s t in g  th a t  th e  mesenchyme, u h ic h  c o n ta in s  

n u c le a r s te r o id  re c e p to rs ,  m ed ia tes some horm onal responses o f  th e  

e p ith e liu m . The re g u la to ry  r o le  o f  th e  m e s e n c h y m a l-e p ith e lia l 

in te r a c t io n s  p e r s is ts  d u r in g  f o e t a l  deve lopm ent, m a tu r i ty  and 

c a rc in o g e n e s is .

1 .33  S u b s tra te  in te r a c t io n s  in  v i t r o



1.331 Growth on p la s t i c  o r  g la s s  s u b s tra te s

The m a jo r i ty  o f  s tu d ie s  have been perfo rm ed  by c u l t u r in g  c e l ls  

on s o l id  n o n -p h y s io lo g ic a l s u rfa c e s  such as p la s t i c  o r  g la s s  

w h ich  impose a tw o -d im e n s io n a l m orphology (V ic  e t  a l ,  1982).

In  serum supplem ented m edia, c e l ls  have been found to  a tta c h  to  

serum p r o te in s ,  such as f ib r o n e c t in ,  w h ich  a re  adsorbed o n to  th e  

s u b s tra te  (Hynes, 1981 ). P r o l i f e r a t io n  o f  n o n -tra n s fa rm e d  

mammalian c e l ls  i s  known to  be re g u la te d  by c e l l  shape (Folkm an 

&.Moscano, 1978) a lth o u g h  th e  e x a c t mechanism is  u n c le a r .

Rounded c e l l s ,  f o r  exam ple, a re  a s s o c ia te d  u i t h  reduced adhes ion  

p o in ts  and a d isappearance  in  m ic ro f i la m e n t  bund les  (B ra g in a  e t  

a l , 1976; B is s e l l  e t  a l ,  1977). T ransfo rm ed c e l l s ,  how ever, 

a re  anchorage in d ependen t in  term s o f  g row th  and a re  n o t s u b je c t  

to  th e  same re g u la to ry  e f fe c ts  on g row th  c o n t r o l  in  v i t r o  (S h in  

e t  a l , 1975).

S tu d ie s  on mammary d i f f e r e n t ia t io n  on s ta n d a rd  s u b s t ra te s ,  i n  

response to  la c to g e n ic  hormones have met w ith  l i t t l e  success 

(L a s fa rg u e s , 1957; Feldman, 1971; C e r ia n i,  1976 ). T h is  has 

le d  to  th e  use o f  a l t e r n a t iv e  s u b s tra te s  such as c o lla g e n  g e ls ,  

e x t r a c e l lu la r  m a tr ic e s  and fe e d e r la y e rs .

1.332 Growth on and w ith in  c o lla g e n  g e l m a tr ic e s

P r e fe r e n t ia l  a tta ch m e n t and subsequent p r o l i f e r a t io n  o f  r a t  

mammary e p i t h e l i a l  c e l ls  has been observed on basement membrane 

typ e  IV c o lla g e n  in  com parison w ith  s tro m a l typ e s  I  and I I I  

c o lla g e n  (U icha  e t  a l ,  1979). The typ e  IV  m a tr ix  i s  re q u ire d  f o r  

norm al g row th  b o th  in  v iv o  and in  v i t r o  (liiich a  e t  a l ,  1979, 1 980 ). 

There i s  a reduced re q u ire m e n t f o r  c o r t i s o l  and EGF (Salomon ert a l ,

1981) a lth o u g h  i t  i s  c le a r  th a t  th e  basement membrane c o lla g e n  

is  p a r t l y  re s p o n s ib le  f o r  norm a l mammary fu n c t io n .

M o rp h o lo g ic a l and b io c h e m ic a l d i f f e r e n t ia t io n  o f  mammary 

e p i t h e l ia l  c e l ls  has been observed on f lo a t in g  c o lla g e n  g e ls  

b u t n o t when th e  c e l ls  a re  grown on p la s t i c  o r  a tta c h e d  g e ls  

(Emerman & P i te lk a ,  1977; Yang e t  a l ,  1979). L im ite d  d i f f e r e n 

t i a t i o n  o ccu rre d  s in c e  la c to s e  was n o t produced (Burwen & P i t e lk a ,



1980). F u n c t io n a l d i f f e r e n t ia t io n  on f lo a t in g  g e ls  has c o l le c t i v e ly  

been a t t r ib u te d  to  i )  th e  in t e r a c t io n  w ith  s tro m a l c o lla g e n  f i b r i l s ;

i i )  in c re a s e d  oxygen s u p p ly ;  i i i )  im proved access o f  hormones 

and n u t r ie n ts  to  b a s o la te r a l c e l l  s u rfa c e s  and i v )  a change in  

c e l l  shape from  squamous to  c u b o id a l o r  co lum nar c e l l s .

F lo a t in g  o f  th e  g e ls  a llo w s  th e  c e l ls  to  adop t a p r e fe r e n t ia l  

shape f o r  s e c re to ry  a c t i v i t y  (Emerman e t  a l ,  1979; H aeup tle  e t  

a l ,  1983) and s e c re t io n  o f  b a s a l la m in a  ( L io t t a  e t  a l ,  1979). 

D i f f e r e n t  g lyco sam ino g lyca n  (GAG) p r o f i le s  have been observed f o r  

c e l ls  c u ltu re d  on f lo a t in g  g e ls  than  on a tta c h e d  c o lla g e n  o r  

p la s t i c  s u b s tra te s  (P a rry  e t  a l ,  1985 ). A d d i t io n a l ly ,  a d i f fe re n c e  

in  GAG d is t r ib u t io n  was found  in  c e l ls  grown on o r  w i t h in  c o lla g e n  

g e ls  tha n  on p la s t i c .

1.333 Growth on e x t r a c e l lu la r  m a tr ix

I t  i s  e v id e n t th a t  e x t r a c e l lu la r  m a tr ix  (ECM) c o n s t i tu e n ts  have 

a ve ry  im p o r ta n t r o le  in  c e l lu la r  g ro w th , m orphology and d i f f 

e r e n t ia t io n  (Hay, 1981; Gospodarow icz e t  a l ,  1980 ). ECM com

ponents o f  e p i t h e l ia l  t is s u e s  a re  a rranged  in t o  a b a s a l la m in a  

co m p ris in g  s e v e ra l components in c lu d in g  c o lla g e n  typ e  IV , p ro 

te o g ly c a n s , GAG*s, la m in in  and f ib r o n e c t in  (Hay, 1981 ). T h is  

b a s a l la m in a  s e p a ra te s  th e  e p i t h e l i a l  c e l ls  from  th e  mesenchyme 

and s tro m a l e le m en ts . ECM*s f o r  i r i  v i t r o  s tu d ie s  a re  g e n e ra lly  

p repared  by EDTA o r  T r i to n  X-100 tre a tm e n t o f  c e l l  m ono layers 

and have su pp o rted  g row th  o f  norm a l and tra n s fo rm e d  c e l ls  

(G ospodarow icz ejb a l ,  1981, 1982; B ira n  et_ a l ,  1983 ).

Long-term  grow th  and d i f f e r e n t ia t io n  o f  norm al mammary e p i t h e l i a l  

c e l ls  has been observed on a complex b io m a tr ix  d e r iv e d  from  r a t  

mammary g lands  (W icha ejb a l , 1982 ). T h is  b io m a tr ix  c o n ta in s  

b a s a l la m in a  components such as typ e  IV  c o lla g e n , la m in in  and 

f ib r o n e c t in .  I t  p ro v id e s  c o n d it io n s  more re p re s e n ta t iv e  o f  th e  

in  v iv o  s i t u a t io n  as shown by -< -  la c ta lb u m in  le v e ls  w h ich  a re  

5 - fo ld  those  on f lo a t in g  c o lla g e n  g e ls  and 5 0 - fo ld  tho se  on 

p la s t i c  (lilich a  e t  a l ,  1982). In  c o n t r a s t ,  r a b b i t  c e l ls  grown on 

a homologous r a b b i t  b io m a tr ix  produced s ig n i f i c a n t l y  le s s  c a s e in  

than  on f lo a t in g  g e ls  (W ilde  .et a l , 1984). P r o l i f e r a t io n  and 

s e c re to ry  a c t i v i t y  were found to  be m u tu a lly  e x c lu s iv e  e ve n ts  on



f lo a t in g  g e ls  w h ile  w ith  the  homologous r a b b i t  b io m a tr ix  system , 

bo th  DNA and ca se in  s y n th e s is  were in c re a s e d  w ith  in s u l in ,  

c o r t i s o l  and p r o la c t in  a lth o u g h  o e s t r a d io l  and p ro g e s te ro n e  had 

an in h ib i t o r y  e f f e c t .  Rates o f  la c to s e  s y n th e s is  by r a b b i t  c e l ls  

on f lo a t in g  g e ls  and homologous b io m a tr ix  dropped r a p id ly  (UJilde 

e t  a l , 1984) w h ile  r a t . c e l l s  on a r a t  b io m a tr ix  were a b le  to  

s e c re te  la c to s e  f o r  o ve r 30 days in  c u ltu r e  (W icha et_ a l , 1982). 

These c o n t ra s t in g  r e s u l t s  w ith  th e  homologous b io m a tr ic e s  may 

r e f le c t  d if fe re n c e s  in  c u ltu r e  te ch n iq u e s  o r  m a tr ix  p re p a ra t io n .

The use o f  o rg an o ids  (W icha £ t  a l , 1982) ra th e r  tha n  s in g le  c e l ls  

(W ilde  e t  a l ,  1984), may im prove  c e l lu la r  i n t e g r i t y  and th e  i n 

h e re n t in te rd e p e n d e n t s t a b i l i s in g  a c t io n s  o f  membrane components 

w ith  ECM c o n s t itu e n ts .

1 .334 Growth on fe e d e r la y e rs

Mammary e p i t h e l ia l  g row th  has been s t im u la te d  by th e  p resence o f  

fe e d e r c e l ls  (T a y lo r -P a p a d im itr io u  e t̂ a l , 1977 ab; S tam p fe r a t  a l ,  

1980; Sm ith  e t  a l ,  1981; Ehmann a t  a l ,  1984). C o c u ltu re  o f  norm a l 

mouse mammary e p i t h e l ia l  and s tro m a l c e l ls  has shown t h a t  s tro m a l 

c e l ls  have a p e rm is s iv e  r o le  in  th e  response o f  th e  e p ith e liu m  to  

o e s t r a d io l  (M cG rath, 1983). C o n fro n ta t io n  o f  e p ith e liu m  and s trom a  

re s u lte d  in  a s ig n i f i c a n t  homogeneous in h ib i t i o n  o f  e p i t h e l i a l  

g row th  as measured by la b e l l in g  in d ic e s  and a d d it io n  o f  o e s t r a d io l  

was found to  r e i n i t i a t e  e p i t h e l ia l  g ro w th . T h is  response 

s p e c i f i c a l l y  re q u ire d  th e  presence o f  s trom a s in c e  c o n f ro n ta t io n  o f  

mammary e p ith e liu m  by mammary e p ith e liu m  d id  n o t r e i n i t i a t e  e p i th 

e l i a l  g ro w th . A lthough  one BALB/c s tro m a l c e l l  l i n e  d id  n o t have 

a p e rm is s iv e  e f f e c t  in  term s o f  augm en ta tion  o f  th e  response to  

o e s tro g e n , these  r e s u l ts  suggest t h a t  th e  s p e c i f i c i t y  l i e s  w i t h in  

the  s tro m a l c e l l s .  M o rp h o lo g ic a l s tu d ie s  in d ic a te d  th a t  o e s t r a d io l  

may a l t e r  the  s t r o m a l- e p i th e l ia l  in t e r a c t io n  by lo c a l  s tro m a l 

in v a s io n ,  perhaps th ro u g h  p lasm inogen a c t iv a to r  ( B u t le r  e_t a l , 1979) 

o r  co lla g e n a se  re le a s e  (S h a fie  & L io t t a ,  1980). When th e  s tro m a l 

and e p i t h e l ia l  c e l l  type s  were se pa ra ted  by a p la s t i c  b a r r ie r  w h ich  

p e rm it te d  m ix in g  o f  the  medium, DNA s y n th e s is  was n o t r e in i t i a t e d  

by o e s t ra d io l  (M cG rath, 1983). However, se ru m -fre e  mouse mammary 

f ib r o b la s t  c o n d it io n e d  medium was found to  s t im u la te  ( H) th y m id in e  

in c o rp o ra t io n  in t o  e p i t h e l ia l  c e l l  DNA in  th e  absence o f  mammogenic



hormones (Enami e t  a l ,  1983). These c o n f l i c t i n g  r e s u lts  

sugges t th a t  a sp e c ie s  s p e c i f i c i t y  may e x is t  and d i r e c t  c o n ta c t 

o f  mammary e p ith e liu m  and s trom a  may n o t n e c e s s a r ily  be re q u ire d  

f o r  g row th .

E p i t h e l ia l  g row th  s t im u la t io n  by fe e d e r c e l ls  appears to  in v o lv e  

a co m b in a tio n  o f  c o n d it io n in g  e f fe c ts  on th e  medium and s u b s t ra te .  

Feeder c e l l  c o n d it io n e d  medium has been shown to  s t im u la te  

mammary e p i t h e l ia l  g row th  (T a y lo r -P a p a d im itr io u  e t  a l ,  1977 ab; 

A rm strong & Rosenau, 1978; Enami e t  a l ,  1983; Gray e t  a l ,  1983). 

F u rth e rm o re , th e  c e l lu la r  n a tu re  o f  th e  s u b s tra te  may be a more 

a p p ro p r ia te  s u r fa c e  f o r  a tta ch m e n t and g row th  o f  e p i t h e l i a l  c e l ls  

(S tam p fe r e t. a l ,  1980; Gray e t. a l ,  1983). M o rp h o lo g ic a l d i f f e r 

ences have been found in  c o lo n ie s  o f  r a t  t ra c h e a l e p i t h e l ia l  

c e l ls  on 3T3 fe e d e r la y e rs  and in  the  presence o f  fe e d e r c e l l  

c o n d it io n e d  medium (G ray e t  a l ,  1983). The c o lo n ie s  on fe e d e r 

la y e rs  were found to  be s m a lle r  b u t more homogeneous w ith  a 

la r g e r  c e l l  number than  c o lo n ie s  grown in  th e  presence o f  

c o n d it io n e d  medium.

Both f ib r o b la s t ic  (T a y lo r -P a p a d im itr io u  e t. a l , 1977 ab) and 

e p i t h e l ia l  c e l ls  (F reshney e t. a l , 1984; Ehmann e t  a l , 1984) 

have p roved  s u c c e s s fu l as fe e d e r la y e r s .  C o n d itio n e d  medium from  

c e r ta in  e p i t h e l ia l  c e l l  l in e s  has been shown to  prom ote p la t in g  

e f f ic ie n c y  w h ile  o th e r  e p i t h e l ia l  c e l l  l in e s  s p e c i f i c a l l y  s t im 

u la te  mammary e p i t h e l ia l  g row th  (S tam p fe r e t  a l ,  1980; Sm ith  e t. 

a l ,  1981). The fa c to r s  w hich d e te rm ine  the  e f f ic a c y  o f  fe e d e r 

c e l ls  are u n c le a r b u t th e re  appears to  be some s p e c i f i c i t y  in  

term s o f  g row th  s t im u la t io n  o f  mammary e p i t h e l ia l  c e l l s .

1.335 Does a change in  c e l l  shape induce  d i f f e r e n t ia t io n ?

The response o f  mammary e p i t h e l ia l  c u ltu r e s ,  on 3T3 a d ip o c y te s  

o r  f ib r o b la s t s ,  to  la c to g e n ic  hormones has been shown to  be 

dependent on th e  s u b s tra te  in t e r a c t io n  (L e v in e  & S to c k d a le , 1985). 

C o c u ltu re  o f  mammary e p ith e liu m  w ith  3T3 -  L1 a d ip o c y te s  o r  3T3- 

C2 f ib r o b la s t s  had a p e rm is s iv e  e f f e c t  on horm one-dependent 

d i f f e r e n t ia t io n .  The 3T3 -  L1 system  was more s u c c e s s fu l in  

s u p p o r t in g  d i f f e r e n t ia t io n  w ith  c a se in  s y n th e s is  in  th e  3T3-C2



system  abou t 60$ o f  th a t  w ith  th e  3T3 -  L1 system  (L e v in e  & 

S to c k d a le , 1985). F lo a t in g  c o lla g e n  s tu d ie s  have suggested  

th a t  th e  change in  c e l l  shape and o r ie n ta t io n  r e la te  to  changes 

in  m ilk  p r o te in  s y n th e s is  (Emerman e t. a l , 1977; H aeup tle  e t  a l ,

1983). These r e s u l t s  have been r e in te r p r e te d  by Lev ine  & S tock 

d a le , (1 9 8 5 ), who sugges t t h a t  these  fe a tu re s  a re  n o t due to  a 

c a u s a l r e la t io n s h ip  b u t a re  c h a r a c te r is t ic s  o f  d i f f e r e n t ia t e d  

mammary e p ith e liu m . Casein s y n th e s is  was n o t su pp o rted  by co - 

c u ltu r e  w ith  th e  p a re n ta l Swiss 3T3 o r  newborn fo r e s k in  f i b r o 

b la s ts ,  in d ic a t in g  th a t  th e  s u b s tra te  does n o t p la y  a p a s s iv e  o r  

n o n -s p e c if ic  r o le .  ECM, o b ta in e d  a f t e r  EDTA tre a tm e n t,  a lo ne  

was unab le  to  s u s ta in  horm one-dependent d i f f e r e n t ia t io n  a lth o u g h  

i t  prom oted mammary e p i t h e l ia l  g row th  (L e v in e  & S to c k d a le , 1984 ). 

T h is  has le d  to  th e  s u g g e s tio n  th a t  s tro m a l e lem ents re p re s e n t 

th e  common f a c to r  between d i f f e r e n t ia t io n  on ECM, f lo a t in g  

c o lla g e n  g e ls  and c e r ta in  c e l l  l in e s  (L e v in e  & S to c k d a le , 1 985 ). 

I t  appears th a t  some c e l lu la r  s u b s tra te s  may enab le  more ra p id  

b a s a l la m in a  assem bly th a n  o th e r  s u b s tra te s  perhaps th ro u g h  

p ro d u c t io n  o f  e x t r a c e l lu la r  m a tr ix  c o n s t i tu e n ts  and s o lu b le  

fa c to r s  w h ich  f a c i l i t a t e  b a s a l la m in a  assem bly.

1.336 C onc lus ions

The im p o rta nce  o f  s u b s tra te  in te r a c t io n s  has been d e s c r ib e d  in  

t h i s  s e c t io n  w ith  p a r t i c u la r  emphasis on th e  c e l l u la r  i n t e r 

a c t io n  w ith  b a s a l la m in a  com ponents, w he the r th e y  a re  p re s e n t 

in  th e  fo rm  o f  c o lla g e n  g e ls ,  e x t r a c e l lu la r  m a tr ix  o r  fe e d e r 

la y e rs .  A t p re s e n t i t  rem ains u n c le a r w he the r th e  changes in  

c e l l  shape observed in  p r im a ry  c u ltu r e  a re  due to  e p i t h e l i a l  

d i f f e r e n t ia t io n  in  c u ltu r e  o r  th e  s e le c t io n  o f  p a r t i c u la r  

s t r a in s  o f  d i f f e r e n t ia t e d  mammary e p i t h e l i a l  c e l ls  from  th e  

o r ig in a l  su spe n s io n .



1 .4  The Mammary Gland: Physiology and Endocrinology

1.41 E m b ry o lo g ic a l developm ent

The p r im i t i v e  mammary s t re a k ,  a band o f  e c to d e rm a l c e l l s ,  

can be id e n t i f ie d  in  humans d u r in g  th e  f i f t h  week o f  f o e t a l  

deve lopm ent. T h is  mammary (e c to d e rm a l) r id g e  w idens to  

form  a p i t  and th e  e c to d e rm a l an lage  in va de s  th e  u n d e r ly in g  

mesenchyme g iv in g  r is e  to  th e  d e f in i t i v e  mammary p rim o rd iu m .

By th e  f i f t e e n t h  week, secondary e p i t h e l ia l  s p ro u ts  have 

deve loped , d iv id in g  th e  parenchym al t is s u e  in t o  15-25 

e p i t h e l ia l  s t r ip s .

A t s ix  months g e s ta t io n ,  th e  secondary mammary branches have 

begun to  c a n a lis e ,  w ith  fo rm a tio n  o f  g la n d u la r  lu m in a  com ple te  

a t  e ig h t  m onths. In  th e  la s t  two months o f  p regnancy , th e  

mass o f  b re a s t t is s u e  in c re a s e s  f o u r - f o ld  and parenchym al 

t is s u e  d i f f e r e n t ia t e s  in t o  lo b u lo a lv e o la r  s t r u c tu r e s ,  a lth o u g h  

th e  a lv e o l i  re g re ss  p o s tn a ta l ly  to  d u c ta l s t r u c tu r e s .  H ig h ly  

d i f f e r e n t ia t e d  e c to d e rm a l c e l ls  ( u l t im a te ly  m y o e p ith e l ia l)  

deve lop  in  d i r e c t  c o n ta c t w ith  th e  d e v e lo p in g  d u c ts  and mesen

chyme. These m y o e p ith e l ia l c e l ls  a re  lo c a l is e d  b o th  around 

and a lo ng  th e  d e v e lo p in g  d u c ta l e le m en ts . A t term , 15-25 

mammary d u c ts  and th e  m a jo r la c t i f e r o u s  d u c ts  are  fo rm ed , b u t 

th e  d u c ta l and g la n d u la r  e lem ents re q u ire  horm onal s t im u la t io n  

a t  p u b e rty .

E a r ly  mammary g land  developm ent i s  independen t o f  horm onal 

in f lu e n c e s ,  w h ile  in  th e  la s t  t r im e s te r  s ig n i f i c a n t  f o e t a l  

b re a s t developm ent i s  s t im u la te d  by th e  presence o f  sex 

s te r o id s  in  th e  f o e t a l  c i r c u la t io n .  The te rm in a l d i f f e r e n t i a 

t io n  o f  d u c ta l c e l ls  i s  a ls o  induced  in  th e  la s t  t r im e s te r  

by h ig h  f o e t a l  p r o la c t in  le v e ls .

1.42 S tru c tu re  o f  th e  human mammary g land

A t p u b e rty  th e  mammary d u c ts , form ed d u r in g  e m b ry o lo g ic a l 

deve lopm ent, a rb o r is e  e x te n s iv e ly  g iv in g  r is e  to  10-15 

fu n c t io n a l lo b e s  w ith  th e  rem a inde r be ing  v e s t i g ia l .  Under



Fig 1 .5  A Anatomy o f the human mammary gland

B D ia g ra m m a tica l re p re s e n ta t io n  o f  th e  norm al 

r e s t in g  b re a s t .  The lo b u le s  are  l in e d  by a 

co n tin u o u s  la y e r  o f  e p i t h e l ia l  c e l ls  and a 

p e r ip h e ra l d is c o n tin u o u s  la y e r  o f  

m y o e p ith e lia l c e l l s .  The basement membrane 

fo l lo w s  th e  co n to u rs  o f  th e  s t a r - l i k e  myo

e p i t h e l ia l  c e l l s .  The a d ja c e n t p e r id u c ta l  

c o n n e c tiv e  t is s u e  c o n ta in s  s tro m a l c e l l s ,  

c o lla g e n  bund les and e la s t i c  f ib r e s .
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th e  in f lu e n c e  o f  o e s tro g e n s , th e re  i s  a d i r e c t  o r  in d i r e c t  

s t im u la t io n  o f  d u c ta l p r o l i f e r a t io n .  Both d e p o s it io n  o f  

p e r ig la n d u la r  ad ipose  t is s u e  and in c re a s e s  in  e l a s t i c i t y  le a d  

to  en la rgem ent o f  th e  b re a s t (V o rh e r r ,  1974). Once the  

m e n s tru a l c y c le  i s  e s ta b lis h e d ,  th e  sex s te r o id s  induce  changes 

in  b re a s t deve lopm ent and the  lo b u lo a lv e o la r  s t r u c tu re s  undergo 

l im i t e d  g row th  and deve lopm ent.

In  th e  a d u lt  fe m a le , th e  human mammary g land  i s  composed o f  

10-15 lo b e s  d isposed  r a d ia l l y  around the  n ip p le .  Each lo b e  

i s  enc losed  w ith in  a septum o f  dense f ib r o u s  c o n n e c tiv e  t is s u e  

c o n ta in in g  d u c ta l e le m en ts , b lood  v e s s e ls , ly m p h a tic s  and 

ne rves . These lo b es  are embedded in  f a t t y  s trom a and c o n ta in  

s e v e ra l hundred lo b u le s  each. The lo b u le s  are  l in k e d  to g e th e r  

by s m a ll d u c ts  which converge c lo s e  to  the  n ip p le  to  form  th e  

m a jo r la c t i f e r o u s  (se g m e n ta l) d u c ts . I t  i s  these  d u c ts  w h ich  

open in t o  th e  la c t i f e r o u s  s in u s  th a t  communicates u i t h  the  

n ip p le  s u r fa c e  v ia  th e  c o l le c t in g  d u c t (see F ig . 1 .5 a ) .

The lo b u le s  are  d iv id e d  in t o  10-100 a lv e o l i  ( a c in i )  enve loped 

by a c o lla g e n  shea th  w h ich  form s th e  basement membrane, th e  

e x te n s io n  o f  w h ich  su rrounds  th e  c o l le c t in g  d u c t,  flammary 

a lv e o l i  a re  s m a ll c i r c u la r  to  o vo id  e x te n s io n s  from  th e  a lv e o la r  

d u c t. The a lv e o l i  re p re s e n t th e  b a s ic  s e c re to ry  u n i ts  o f  th e  

g land  and e x h ib i t  s ig n i f i c a n t  p r o l i f e r a t io n  and re g re s s io n  d u r in g  

the  v a r io u s  phases o f  mammary g land  deve lopm ent.

The d u c ta l- lo b u la r  e p i t h e l ia l  system  o f  th e  g land  has a h ig h ly  

s p e c ia lis e d  two c e l l  typ e  l i n in g .  The arrangem ent o f  the se  c e l l  

type s  i s  i l l u s t r a t e d  in  F ig . 1 .5 b . The te rm in a l d u c tu le  o f  th e  

r e s t in g  mammary g la nd  c o n ta in s  an in n e r  c o n tin u o u s  la y e r  o f  

co lum nar o r  c u b o id a l e p i t h e l ia l  c e l ls  w h ich  l in e  th e  lum en. The 

e p i t h e l ia l  c e l ls  l i e  e i t h e r  d i r e c t l y  on th e  basement membrane o r  

on m y o e p ith e lia l c e l ls  w hich fo rm  th e  second d is c o n tin u o u s  la y e r  

o f  c e l l s .  The lu m in a l s u rfa c e  o f  th e  e p i t h e l ia l  c e l ls  may have 

a la rg e  number o f  m i c r o v i l l i  in  c o n t ra s t  to  th e  o th e r  s u r fa c e s  

w hich have few m i c r o v i l l i .  The m y o e p ith e l ia l c e l ls  a re  b e lie v e d  

to  be o f  e c to d e rm a l o r ig in  and possess m y o f ib r i ls  w h ich  run  

lo n g i t u d in a l l y  a long  the  in t e r lo b u la r  d u c ts . I t  i s  these



s p e c ia lis e d  c e l ls  w h ich  fo rm  a ne tw ork  around the  a lv e o l i  and 

are  re s p o n s ib le  f o r  th e  e je c t io n  o f  m ilk  from  the  a lv e o l i  and 

a lv e o la r  d u c ts .

1 .43 P o s t-p u b e r ta l deve lopm ent

The developm ent o f  th e  mammary g land  a f t e r  p u b e rty  can be sub

d iv id e d  in t o  the  fo l lo w in g  s ta g e s : i )  in a c t iv e  ( r e s t in g )

phase; i i )  p r o l i f e r a t i v e  ( a c t iv e )  s ta g e ; i i i )  la c t a t in g  

( s e c re to ry )  phase and i v )  re g re s s io n  phase.

1.431 In a c t iv e  phase

T h is  phase o f  deve lopm ent i s  observed in  the  n o n -p re g n a n t, non- 

la c t a t in g ,  s e x u a lly  m ature fe m a le . N e g lig ib le  a lv e o la r  

developm ent has o ccu rre d  and th e re  i s  a h ig h  r a t io  o f  co nn e c t

iv e  t is s u e  to  g la n d u la r  parenchyma. The lo b u le s ,  w hich com

p r is e  d uc ts  l in e d  by e p ith e liu m , are  w id e ly  se pa ra ted  w ith in  

th e  s trom a . The o v u la to ry  c y c le s  are  a s s o c ia te d  w ith  p re 

m e n s tru a l b re a s t f u l ln e s s  and tende rness  as a r e s u l t  o f  i n 

creased b lood  f lo w ,  w a te r r e te n t io n  in  c o n n e c tiv e  t is s u e ,  

d u c ta l a lv e o la r  s p ro u t in g  and pe rhaps , th e  p ro d u c t io n  o f  new 

a lv e o l i  (V o rh e r r ,  1974). D u rin g  m e n s tru a tio n , however, 

c e l lu la r  re g re s s io n  r e s u l t s  in  th e  s h rin k a g e  o f  th e  lo b u le s  

and a lv e o l i .

Anim al s tu d ie s  have shown th a t  a lth o u g h  oes trogens  r e s u l t  in  

l i t t l e  lo b u lo a lv e o la r  g ro w th , th e y  induce  d u c ta l p r o l i f e r a t io n  

and the  s t im u la t io n  o f  s e c re to ry  a c t i v i t y  (C ow ie, 1978). The 

combined in je c t io n  o f  o e s t r a d io l  and p ro g e s te ro n e , how ever, 

r e s u lts  in  th e  s t im u la t io n  o f  lo b u lo a lv e o la r  deve lopm ent, b u t 

i n h ib i t i o n  o f  the  s e c re to ry  a c t i v i t y .  S ince these  s te r o id s  

were n o t found to  have an e f f e c t  on hypophysectom ised an im a ls  

(Cowie a t  a l , 1966), i t  has been proposed th a t  a p i t u i t a r y -  

d e r iv e d  hormone, p o s s ib ly  p r o la c t in ,  may accoun t f o r  the  

g row th  response to  o es tro g en  and p ro g e s te ro n e .

1.432 P r o l i f e r a t iv e  phase



The mammary g land  undergoes a d ra m a tic  phase o f  d u c ta l and 

lo b u lo a lv e o la r  g row th  d u r in g  p regnancy. In  th e  e a r ly  p a r t  

o f  p regnancy, h y p e rp la s ia  o f  d u c ta l and s e c re to ry  e lem ents 

o c c u rs , w h ile  in  th e  l a t e r  t r im e s te r s ,  th e  changes a re  

a s s o c ia te d  w ith  a lv e o la r  c e l l  h y p e rtro p h y  and s e c re to ry  

a c t i v i t y .  A s im u lta n e o u s  in c re a s e  occurs  in  the  g la n d u la r  

parenchyma to  c o n n e c tiv e  t is s u e  r a t io ,  th ro u g h  an in c re a s e  in  

number o f  a lv e o l i  and a re d u c t io n  in  s tro m a . A lv e o la r  

sa ccu le s  deve lop  by th e  e x te n s iv e  g row th  and b ra n ch in g  o f  

th e  e x tr e m it ie s  o f  th e  in t r a lo b u la r  d u c ts . As g e s ta t io n  

p ro g re s s e s , th e  s e c re to ry  a lv e o l i  in c re a s e  in  s iz e .  A sso c ia te d  

w ith  th e  a p ic a l s u r fa c e  o f  th e  a lv e o la r  e p ith e liu m  i s  a random 

d is t r ib u t io n  o f  s e c re to ry  m i c r o v i l l i .  O the r changes d u r in g  

th e  p r o l i f e r a t i v e  s tage  in c lu d e  th e  in c re a s e d  le v e l  o f  

G o lg i bod ies  and endop lasm ic re t ic u lu m  as w e l l  as th e  appearance 

o f  l i p i d  d ro p le ts  in  th e  a lv e o la r  c e l ls  by s ix  months g e s ta t io n .  

A f te r  th e  f i r s t  h a l f  o f  p regnancy, adequate g row th  has o ccu rre d  

to  p e rm it la c to g e n e s is  fo l lo w in g  in d u c t io n  by a b o r t io n  o r  p a r

t u r i t i o n .  As p r o la c t in  and p la c e n ta l la c to g e n  have been 

dem onstra ted  to  induce  g row th  in  v iv o  and in  v i t r o , in  th e  

absence o f  sex s te r o id s  (T a lw a lk e r  & M e ite s , 1961), these  

hormones have been a t t r ib u te d  a m a jo r r o le  in  mammary g ro w th .

The r o le  o f  th e  v a r io u s  hormones a t  th e  c e l lu la r  le v e l ,  in  

term s o f  mammary g ro w th , i s  d iscu ssed  in  S e c t. 1 .4 4 .

1.433 L a c ta t io n  phase

P r o l i f e r a t io n  o f  th e  parenchym al c e l ls  occurs  as p a r t  o f  th e  

d ra m a tic  changes to  th e  s e c re to ry  e lem ents in  th e  f i r s t  few 

days a f t e r  p a r t u r i t i o n .  W ith in  48 hours rough endop lasm ic 

re t ic u lu m  has re p la c e d  th e  f re e  ribosom es a t  th e  base o f  th e  

a lv e o la r  c e l l s .  L ip id  d ro p le ts  have a ls o  m ig ra te d  from  th e  

base o f  th e  c e l ls  to  th e  a p ic a l s u r fa c e s . S e c re to ry  p ro -  

te in a ce o u s  g ra n u le s  a re  re le a s e d  in t o  th e  a lv e o la r  lu m in a  as 

p a r t  o f  th e  in c re a s e d  a lv e o la r  s e c re to ry  a c t i v i t y .  The 

a lv e o l i  co n se q u e n tly  become d is te n d e d  w ith  m ilk  and th e  

e p i t h e l ia l  l in in g s  become f la t te n e d  and d is to r te d .  The con

te n ts  o f  th e  a lv e o la r  lu m in a  a re  the n  passed in t o  th e  a lv e o la r  

d u c ts  and u l t im a te ly  in t o  th e  la c t i f e r o u s  s in u s  as a r e s u l t  o f  

th e  c o n t ra c t io n  o f  the  m y o e p ith e l ia l c e l l s .



1•434 R egress ion  phase

The c e s s a tio n  o f  s u c k lin g  r e s u lts  in  th e  re g re s s io n  o f  th e  

mammary g land  w h ich  i s  a s s o c ia te d  w ith  th e  re s o rp t io n  o f  

m ilk  in  th e  a lv e o la r  lu m in a . The g ra d u a l re d u c t io n  in  

parenchym al t is s u e  i s  due to  ly so so m a l and a u to p h a g ic  a c t i v i t y  

w ith  th e  r e s u l t in g  d e b r is  be ing  c le a re d  by m acrophages. The 

re g re s s io n  o f  th e  parenchym al t is s u e  i s  accompanied by an 

in c re a s e  in  th e  in t e r lo b a r  and in t r a lo b u la r  c o n n e c tiv e  t is s u e .  

The p o s t - la c ta t io n  s ta te  o f  th e  mammary g land  does n o t 

in v o lv e  com plete  re g re s s io n  to  th e  p re -p u b e r ta l s ta te ,  b u t to  

an in te rm e d ia te  s tag e  w ith  th e  re te n t io n  o f  a lv e o l i  f o r  

deve lopm ent d u r in g  a subsequent p regnancy.

In v o lu t io n  o f  th e  mammary g la n d , a pp roach ing  and fo l lo w in g  

th e  te rm in a t io n  o f  o v a r ia n  fu n c t io n ,  has been regarded  as a 

tw o -s ta g e  p rocess (V o rh e r r ,  1974). Between the  ages o f  35 -  

45, a tro p h y  o f  th e  mammary g land  commences w ith  th e  lo s s  o f  

some a lv e o la r  and lo b u la r  t is s u e .  The l a t e r  s ta g e , between 

45 -  75 yea rs  o f  age, in v o lv e s  v i r t u a l l y  com plete  lo s s  o f  

g la n d u la r  and d u c ta l e lem ents w ith  a s im u lta n e o u s  r is e  in  f a t  

and c o n n e c tiv e  t is s u e  d e p o s it io n .

1•44 Hormonal R e g u la tio n  o f  Mammary F u n c tio n

1.441 L a c to g e n ic  hormones

P la c e n ta l la c to g e n  and th e  p i t u i t a r y  hormones p r o la c t in  and 

grow th  hormone a re  th e  la c to g e n ic  hormones in v o lv e d  in  

mammary developm ent and fu n c t io n .  Of these  hormones, p ro 

la c t i n  i s  regarded  as th e  most im p o r ta n t  in  mammary g row th  

and d i f f e r e n t ia t io n .  The a c t io n  o f  p la c e n ta l la c to g e n  i s  

u n c le a r  in  th e  human, a lth o u g h  i t  appears to  be in v o lv e d  in  

p ro m o ting  mammary grow th  and developm ent o r  th e  re g u la t io n  

o f  m a te rn a l m e tabo lism  d u r in g  p regnancy.

In  s t r u c t u r a l  te rm s , the  amino a c id  sequence o f  human . 

p la c e n ta l la c to g e n  (hPL) shown 85$ homology w ith  human g row th  

hormone, w h ile  p r o la c t in  shows o n ly  26$ homology ( W a ll is ,  1975 ).



The id e n t i f i c a t io n  o f  human g row th  hormone, hPL and a n o th e r 

g row th  h o rm o n e -lik e  gene on chromosome 17 i s  c o n s is te n t  w ith  

ev idence  t h a t  th e  th re e  genes have been form ed by gene re 

d u p l ic a t io n  (Owerbach ei: a l ,  1980).

1.442 P r o la c t in

P r o la c t in  b io s y n th e s is  occurs  on membrane bound ribosom es 

w ith  subsequent s to ra g e  in  g ra n u le s , p r io r  to  re le a s e  by 

e x o c y to s is .  Both e n v iro n m e n ta l and endogenous s t im u l i  i n 

flu e n c e  p r o la c t in  re le a s e . V a rio us  fa c to r s ,  such as p ro 

la c t in  in h ib i t o r y  f a c to r  (p o s s ib ly  dopam ine), p r o la c t in  

re le a s in g  f a c t o r ,  TRH, oes trogens  and endogenous o p io d  p e p tid e s  

re g u la te  p r o la c t in  s e c re t io n .  The in t e r n a l  e nv ironm en t a ls o  

in f lu e n c e s  p r o la c t in  re le a s e , f o r  exam ple , p r o la c t in  i n h ib i t s  

i t s  own s e c re t io n  (T in d a l,  1974 ). O estrogen a d m in is t r a t io n  

has been shown to  induce  p i t u i t a r y  h y p e rtro p h y  and in c re a s e  

p r o la c t in  re le a s e  (R a tn e r_ e t_ a l,  1963 ). Both these  e f fe c ts  

a re  reduced a f t e r  o va rie c to m y  b u t re s to re d  by in je c t io n  o f  

o es tro g en  (M acleod e t  a l ,  1969). Dopamine a g o n is ts  have an 

in h ib i t o r y  e f f e c t  on p r o la c t in  s y n th e s is  w hich i s  a b o lis h e d  

by p re in c u b a t io n  o f  r a t  p i t u i t a r y  c e l ls  w ith  o e s t r a d io l  

(Raymond et_ a l , 1978) in  agreem ent w ith  th e  p ro p o s a l t h a t  

o e s t r a d io l  a f fe c ts  dopamine re c e p to r  p ro c e s s in g  (G ude lsky  ejb 

a l ,  1981).

P r o la c t in  has been shown to  s t im u la te  mammary e p ith e liu m ,  

bo th  iin  v iv o  and in  v i t r o ,  r e s u l t in g  in  an a ccu m u la tio n  o f  

ca se in  mRNA w ith in  60 m inu tes  and in c re a s e d  c a se in  s y n th e s is  

(Houdebine & Gaye, 1975; T e rry  e t  a l ,  1977). T ig h t  c o u p lin g  

o f m RNA le v e ls  and ca s e in  s y n th e s is  does n o t seem to  o c c u r , 

as p ro la c t in - in d u c e d  c a se in  s y n th e s is  i s  u n a ffe c te d  when

c o lc h ic in e  and p r o la c t in  a re  a d m in is te re d  to  pseudopregnant 

ra b b its  s u g g e s tin g  p r o la c t in  may a c t  a t  a t r a n s la t io n a l  le v e l  

(T e ysso t & Houdebine, 1981). P r o la c t in  tre a tm e n t o f  e x p la n ts  

o f  la c ta t i r ig  t is s u e  f o r  15-45 m inu tes  has in c re a s e d  b o th  

ca se in  re le a s e  in t o  th e  medium and m ilk  f a t  re le a s e , w ith  th e  

fo rm e r in c re a s e  u n a ffe c te d  by p r o te in  s y n th e s is  in h ib i t o r s



(Daudet e t  a l ,  1981). F u r th e r  ev idence  f o r  th e  c o -o rd in a te  

a c t io n  o f  p r o la c t in  a t  m u lt ip le  s i t e s  to  in c re a s e  m ilk  com

ponent le v e ls  comes from  th e  re d u c t io n  o f  c a se in  breakdown in  

e x p la n ts  from  mammary t is s u e  t re a te d  w ith  p r o la c t in  (W ild e  a t  

a l ,  1980).

P r o la c t in  re c e p to rs  are  s u b je c t  to  "u p " and "down" re g u la t io n  

by p r o la c t in  i t s e l f .  The concep t o f  up re g u la t io n  i s  in  

agreement w ith  a r is e  in  re c e p to r  le v e ls  in  pseudopregnant 

mice mammary g lands  a f t e r  p r o la c t in  tre a tm e n t f o r  48 hours 

(D jia n e  & Durand, 1977). Down r e g u la t io n  has been observed 

w ith in  m inu tes  o f  p r o la c t in  a d m in is t r a t io n  in  v iv o , a lth o u g h  i t  

i s  p re ve n te d  by ly s o s o m o tro p ic  and m e ta b o lic  in h ib i t o r s ,  

su g g e s tin g  in t e r n a l is a t io n  and d e g ra d a tio n  occurs  (D jia n e  e t  

a l , 1980; C ostlow  & Hample, 1980).

1 .443 P la c e n ta l Lactogen

In c re a se s  in  p la c e n ta l la c to g e n  le v e ls  p a r a l l e l  th e  g row th  o f  

th e  p la c e n ta , a lth o u g h  the  c o n c e n tra t io n  o f  p la c e n ta l la c to g e n  

in  th e  p la c e n ta  s ta y s  c o n s ta n t (Oosim owich & Atwood, 1964). 

Hypoglycaem ia is  a ls o  found  to  re g u la te  hPL le v e ls ,  w ith  an 

in v e rs e  r e la t io n s h ip  between b lood  g lucose  and hPL. P la c e n ta l 

la c to g e n  i s ,  however, o n ly  s e c re te d  d u r in g  pregnancy and plasm a 

hPL le v e ls  a re  1 0 0 - fo ld  g re a te r  than  p r o la c t in  d u r in g  p regnancy , 

a lth o u g h  i t s  p h y s io lo g ic a l r o le  in  mammogenesis i s  u n c le a r .

1.444 Growth hormone

Growth hormone is  m a in ly  in v o lv e d  in  body grow th  and t is s u e  

m e tabo lism . An e s s e n t ia l r o le  in  human mammary developm ent 

and la c t a t io n  i s  q u e s t io n a b le , as bo th  are  norm al in  dw a rfs  

w ith  a s p e c i f ic  d e f ic ie n c y  in  g row th  hormone (R im o in  e t  a l ,  

1968). In  some mammalian s p e c ie s , g row th  hormone has been 

found to  be re le a s e d  a t  s u c k l in g ,  b u t t h i s  i s  n o t th e  case in  

humans.



1.445 S te ro id  Hormone R egulation  o f Mammary Function

The im po rtance  o f  o e s tro g e n s , p rogestagens and c o r t i c a l  

s te r o id s  in  th e  c o -o rd in a t io n  o f  mammary fu n c t io n  has n o t 

been dem onstra ted  by c la s s ic a l  e n d o c rin e  s tu d ie s  in  a n im a ls .

In  v i t r o  s tu d ie s ,  how ever, sugges t th a t  s te r o id  hormones 

m o d ify  th e  a c t io n s  o f  la c to g e n ic  hormones and are  n o t 

re g u la to ry  hormones p e r s e .

1.4451 O estrogens

In  v iv o  o es trogens  have been found to  prom ote mammary g row th  

and deve lopm ent, w h ile  s t im u la t in g  p r o la c t in  p ro d u c t io n  bo th  

in  v iv o  and in  v i t r o . A ltho u gh  m ilk  s e c re t io n  i s  in h ib i t e d  

by oes trogens  in  th e  la c t a t in g  g la n d , th e re  i s  c o n tro v e rs y  

re g a rd in g  o es tro g en  a c t io n  on c e l l  p r o l i f e r a t io n  (see s e c t . 1 .3 1 ) .

D u c ta l p r o l i f e r a t io n  and a ccu m u la tio n  o f  s e c re to ry  m a te r ia l 

in  mammary a lv e o l i  in  response to  o e s tro g e n s , is  in  agreem ent 

w ith  th e  concep t th a t  mammary e p i t h e l ia l  p r o l i f e r a t io n  i s  

s t im u la te d  d i r e c t l y  o r  in d i r e c t l y  by o e s tro g e n s . Most i r i  v iv o  

s tu d ie s  sugges t th a t  the  o es tro g en  e f f e c t  on mammary g row th  

is  e x e rte d  e i t h e r  by an in d i r e c t  a c t io n  th ro u g h  a p i t u i t a r y  

grow th  fa c to r  o r  synerg ism  w ith  th e  p i t u i t a r y  hormones (Lyons 

1958; Haslam & Shyamala, 1979).

A c o r r e la t io n  between plasma p r o la c t in  and o es tro g en  le v e ls  

has been observed (H e rtz  e t  a l ,  1978 ), in d ic a t in g  t h a t  p ro 

l a c t i n  may e x e r t  th e  o e s tro g e n ic  e f fe c ts  on mammary g ro w th .

In  o v a r ie c to m is e d  m ice , bo th  o e s t r a d io l  and p ro g e s te ro n e  have 

been found to  s y n e rg is e  w ith  p r o la c t in  in  th e  in d u c t io n  o f  

mammary grow th  (T ra u r ig  & Morgan, 1964). The syn e rg ism , in  

th e  case o f  o e s tro g e n s , may e i t h e r  o ccu r th ro u g h  d i r e c t  

a c t io n  o r ,  a l t e r n a t iv e ly ,  o e s tro g e n - in d u c ib le  g row th  fa c to r s  

(S irb a s k u , 1978).

In  term s o f  d i f f e r e n t ia t e d  fu n c t io n ,  o es trogens  seem to  

s e n s i t is e  th e  mammary g land  to  p r o la c t in  as shown by th e  

r e s to r a t io n  o f  mammary s e n s i t i v i t y  in  o v a r ie c to m is e d  m ice



in je c te d  w ith  o e s t ra d io l  (B o la n d e r & Topper, 1980). F u r th e r 

more, o es tro g en  tre a tm e n t o f  n e o n a ta l m ice has been found to  

endow mammary t is s u e  w ith  a g re a te r  c a p a c ity  f o r  f u r t h e r  

d i f f e r e n t ia t io n  (W arner lat a l ,  1980).

ER’ s have been d e te c te d  in  th e  mammary f a t  pad and e p ith e liu m  

o f  v i r g in  m ice in  s im i la r  q u a n t i t ie s  (Haslam & Shyamala, 1981 ), 

in  a d d it io n  to  th e  strom a in d ic a t in g  th a t  th e  mesenchymal 

t is s u e  i s  a s i t e  f o r  o es tro g en  a c t io n  (see s e c t.  1 .3 2 ) .  

O estrogens have been found to  suppress la c ta t io n  d u r in g  th e  

p o s t-p a rtu m  phase, a lth o u g h  th e  mechanism is  u n c le a r .  D ir e c t  

a c t io n  on th e  mammary g land  has been suggested a lth o u g h  

ev idence  e x is ts  to  suggest th a t  in te r fe re n c e  w ith  p r o la c t in  

b in d in g  may be re s p o n s ib le  (Bohnet e t  a l ,  1977).

In  summary, oes trogens  appear to  p rim e  mammary t is s u e  to  th e  

m ito g e n ic  a c t io n  o f  p r o la c t in .  A s y n e r g is t ic  a c t io n  w ith  

p r o la c t in  seems to  o p e ra te , a lth o u g h  th e  mechanism o f  o e s tro g e n  

a c t io n  on c e l lu la r  p r o l i f e r a t io n  i s  u n c le a r .

1.4452 P rogeste rone

P rogeste rone  has an im p o r ta n t re g u la to ry  r o le  in  mammary 

developm ent d u r in g  pregnancy and p a r t u r i t i o n .  D u rin g  

p regnancy, com plete  lo b u lo a lv e o la r  deve lopm ent i s  induced  by 

th e  s y n e r g is t ic  a c t io n s  o f  p ro g e s te ro n e  w ith  o e s t r a d io l  and 

p r o la c t in ,  w h ile  m ilk  re le a s e  i s  suppressed . P ro g e s te ro n e , 

in  v i t r o ,  does n o t seem to  a f f e c t  mammary grow th  d u r in g  

la c ta t io n  w h ile  s im u lta n e o u s ly  i n h ib i t i n g  th e  a c t iv a t io n  o f  

enzymes in v o lv e d  in  te rm in a l d i f f e r e n t ia t io n .

In  most mammals, d u c ta l p r o l i f e r a t io n  i s  induced  by th e  

in je c t io n  o f  o e s t r a d io l ,  w h ile  o e s t r a d io l  and p ro g e s te ro n e  

induce  lo b u lo a lv e o la r  deve lopm ent c h a r a c te r is t ic  o f  p regnancy 

(Topper and Freeman, 1980). In  co m b in a tio n  w ith  p r o la c t in ,  

p ro g e s te ro n e  prom otes th y m id in e  in c o rp o ra t io n  iin v iv o  in t o  

d u c ta l and a lv e o la r  e p ith e liu m  o f  hypophysectom ised, o v a r i 

ectom ised  r a t s ,  a lth o u g h  p r o la c t in  and o e s t r a d io l  prom ote 

grow th  o f  d u c ta l c e l ls  (S toudem ire  e t  a l ,  1975).



The in h ib i t i o n  o f  la c to g e n e s is  by p ro g e s te ro n e  has been shown 

in  v iv o  and in  v i t r o  to  be a d i r e c t  a c t io n  o f  th e  hormone on 

th e  mammary g la n d , s in c e  p ro g e s te ro n e  a d m in is t r a t io n  b lo c k s  

th e  la c to g e n e t ic  changes. P rogeste rone  a b o lis h e s  those  

changes a s s o c ia te d  w ith  te rm in a l d i f f e r e n t ia t io n  and m ilk  

s e c re t io n ,  i r i  v iv o  and in  v i t r o , such as in c re a s e d  p r o la c t in -  

induced  le v e ls  o f  <  -  la c ta lb u m in ,  c a s e in  and c a s e in  mRNA's 

(T u rk in g to n  & H i l l ,  1969; Rosen e t  a l ,  1978), a lth o u g h  th e  

mechanism i s  u n c le a r .

P roges te rone  a c t io n  i s  th o u g h t to  o ccu r th ro u g h  p ro g e s te ro n e  

re c e p to rs  (PR) a lth o u g h  i t  has been found to  i n h i b i t  c o r t i s o l  

b in d in g ,  th e re b y  p re v e n t in g  g lu c o c o r t ic o id  p o te n t ia t io n  o f  

p r o la c t in  a c t io n  (G anguly e t  a l ,  1982). H igh a f f i n i t y  

mammary g land  PR's, w hich a re  o e s tro g e n - in d u c ib le ,  have been 

re p o r te d  in  v i r g in  m ice and d u r in g  v a r io u s  re p ro d u c t iv e  

s tages  (Haslam & Shyamala, 1979). In  mammary f a t  pads, PR's 

have been d e te c te d , a lth o u g h  th e y  co u ld  n o t be re g u la te d  by 

e i t h e r  o es trogens  o r  d i f f e r e n t  s tag e s  o f  la c t a t io n  (Haslam & 

Shyamala, 1981). In  s o lu b le  f r a c t io n s  from  la c t a t in g  r a t  and 

mice g la n d s , no s p e c i f ic  p ro g e s t in  b in d in g  has been observed 

(Haslam & Shyamala, 1980) r e s u l t in g  in  th e  s u g g e s tio n  t h a t  

t h is  may e x p la in  th e  absence o f  a response to  p ro g e s te ro n e  

d u r in g  la c t a t io n .  H igh a f f i n i t y  PR's have been id e n t i f i e d  

in  r a t  and mouse mammary e p i t h e l ia l  c e l ls  c u ltu re d  in  c o lla g e n  

g e l m a tr ix  (E dery e t  a l ,  1984 a b ) .  R ecepto r le v e ls ,  a f t e r  

7 days in  c u ltu r e  in  serum f re e  medium, were s im i la r  to  

le v e ls  o b ta in e d  a f t e r  d is s o c ia t io n  o f  the  g land  and were found  

to  be o e s tro g e n - in d u c ib le  (E dery e t  a l ,  1984 a ) .

1.4453 G lu c o c o r t ic o id s

The r o le  o f  g lu c o c o r t ic o id s  in  mammary fu n c t io n  was id e n t i f i e d  

by bo th  in  v iv o  and in_ v i t r o  s tu d ie s  w h ich  showed th a t  

i n i t i a t i o n  and m aintenance o f  d i f f e r e n t ia t e d  fu n c t io n s  re 

q u ire d  t h e i r  p resence (Juergens e t  a l ,  1965; D avis  & L iu ,  1969). 

S tu d ie s  in  hypophysectom ised an im a ls  (Cowie & Lyons, 1959 ), 

have suggested th a t  g lu c o c o r t ic o id s  a re  p e rm is s iv e  fa c to r s  

which p o te n t ia te  th e  e f fe c ts  o f  o th e r  la c to g e n ic  hormones.



There i s  c o n tro v e rs y  re g a rd in g  th e  m ito g e n ic  e f f e c t  o f  

g lu c o c o r t ic o id s ,  w ith  v a r io u s  re p o r ts  o f  c o r t i s o l  p ro m o tin g  

b re a s t c e l l  p r o l i f e r a t io n  in  v i t r o  (S tam p fe r ej: a l , 1980;

Topper & Freeman, 1980). O the r a u th o rs , however, have found 

no e f f e c t  on norm al o r  m a lig n a n t b re a s t c e l ls  in  c u ltu r e  

(K le v je r-A n d e rs o n  & B u e h rin g , 1980). The r o le  o f  g lu c o c o r t i 

co id s  in  d i f f e r e n t ia t e d  fu n c t io n  i s  u n c le a r  s in c e  some in  

v i t r o  s tu d ie s  have shown th a t  d i f f e r e n t ia t io n  may o ccu r in  

th e  absence o f  exogenous c o r t i s o l  (B o la n d e r & Topper, 1979) * 

w h ile  o th e rs  have shown a s p e c i f ic  re q u ire m e n t (Ray e t  a l , 1 9 8 l) .  

In  e x p la n ts ,  p ro la c t in - in d u c e d  d i f f e r e n t ia t io n  i s  s t im u la te d  

by c o r t i s o l  w h ile  c o r t i s o l  a lone  has a n e g l ig ib le  e f f e c t .

T h is  suggests  th a t  g lu c o c o r t ic o id s  have a p e rm is s iv e  r o le  in  

d i f f e r e n t ia t io n  w hich may o ccu r v ia  r e g u la t io n  o f  PR le v e ls  

(S a ka i e t  a l ,  1979), a m p l i f ic a t io n  o f  p ro la c t in - in d u c e d  c a s e in  

t r a n s c r ip t io n  o r  p o s t - t r a n s la t io n a l  p ro c e s s in g .

D i f f e r e n t ia l  e f fe c ts  o f  g lu c o c o r t ic o id s  have been observed

on d i f f e r e n t ia t e d  mammary fu n c t io n ,  f o r  exam ple, th e  dose

response cu rves  f o r  th e  e f fe c ts  o f  c o r t i s o l  on c a s e in  o r

la c ta lb u m in  s y n th e s is  d i f fe r e d  s ig n i f i c a n t l y  in  v i r g in  and

m id -p re g n a n t m ice e x p la n ts .  P h y s io lo g ic a l le v e ls  o f  c o r t i s o l

were found to  s t im u la te  c a se in  s y n th e s is  w h ile  c< - la c ta lb u m in
-10s y n th e s is  i s  m axim al a t  10 M and f u l l y  in h ib i t e d  a t  g re a te r  

than  IcT^Vl c o r t i s o l  (Ona & Oka, 1980).

H igh a f f i n i t y  g lu c o c o r t ic o id  re c e p to rs  (GR), have been re p o r te d  

in  la c ta t in g  mouse mammary g land  (Shyam ala, 1973) and s te r o id s  

w ith  g lu c o c o r t ic o id  a c t i v i t y  have been found to  d is p la c e  

.dexamethasone, n o ta b ly  p ro g e s te ro n e  a lth o u g h  i t  p re v e n ts  t r a n s 

lo c a t io n  (Shyamala & D ickso n , 1976). In  v i t r o , h ig h  a f f i n i t y  

GR's have been c h a ra c te r is e d  in  f lo a t in g  c o lla g e n  g e l c u ltu r e s  

o f  m id -p re g n a n t m ice mammary e p i t h e l ia l  c e l ls  (S ch n e id e r & 

Shyamala, 1985). The le v e ls  o f  GR a re  s im i la r  to  f r e s h ly  

d is s o c ia te d  r a t  g land  w ith  no s ig n i f i c a n t  lo s s  o f  re c e p to r  in  

c u ltu r e  f o r  te n  days in  th e  p resence o f  i n s u l in ,  p r o la c t in  and 

c o r t i s o l  (S ch n e id e r & Shyamala, 1985). P r o la c t in  was found 

to  be necessary f o r  the  m aintenance o f  GR in  c u ltu r e  and has 

been suggested to  m ediate  i t s  e f f e c t  on GR th ro u g h  the



p r o la c t in  re c e p to r  (S ch n e id e r & Shyamala, 1985). Thus, a lth o u g h  

i t  appears th a t  c o r t i s o l  m a in ta in s  GR le v e ls  th ro u g h  a GR 

m ediated e ve n t (S a ka i ei; a l , 1979 ), t h i s  a c t io n  may be 

m ediated i n d i r e c t l y  th ro u g h  th e  m aintenance o f  p r o la c t in  

re c e p to rs  by c o r t i s o l .

1 .446 S perm id ine

The in t r a c e l l u l a r  le v e l  o f  p o lya m in e s , such as s p e rm id in e , 

r is e s  in  th e  mammary g land  d u r in g  pregnancy and c u lm in a te s  

d u r in g  la c t a t io n  (Oka & P e r ry , 1974; R ussel & M cV icke r, 1972). 

A sso c ia te d  u i t h  th e  r is e  a re  in c re a s e d  le v e ls  o f  th e  enzymes 

in v o lv e d  in  po lyam ine  b io s y n th e s is ,  n o ta b ly  o r n i th in e  de

ca rb o xy la se  and S -adenosy l m e th io n in e  d e ca rb o xy la se . T h is  

has le d  to  th e  p ro p o s a l t h a t  po lyam ines have a re g u la to ry  

r o le  in  mammary g row th  and m ilk  s e c re t io n .

E x p la n t c u ltu r e s  o f  m id -p re g n a n t mammary g land  c u ltu r e d  w ith  

in s u lin * ,  p r o la c t in  and c o r t i s o l  e x h ib ite d  a r is e  in  s p e rm id in e  

le v e ls  p r io r  to  in c re a s e d  m ilk  p r o te in  s y n th e s is .  I n s u l in  

and c o r t i s o l  were found to  induce  a s m a lle r  in c re a s e  in  m ilk  

p ro te in  s y n th e s is  and s p e rm id in e  le v e ls  w h ile  o th e r  com bin

a t io n s  o f  these  hormones had no s ig n i f ic a n t  e f f e c t  (Oka & P e r ry ,  

1974).

There i s  d i r e c t  ev idence  f o r  th e  in v o lv e m e n t o f  s p e rm id in e  

in  m ilk  p r o te in  s y n th e s is  from  s tu d ie s  on mammary e x p la n ts  

in c u b a te d  in  th e  presence o f  co m b in a tio n s  o f  s p e rm id in e , in s u l in ,  

c o r t i s o l  and p r o la c t in .  S perm id ine  was found to  re p la c e  c o r t i s o l  

in  t h i s  system  e l i c i t i n g  a s im i la r  in c re a s e  in  =< -  la c ta lb u m in  

to  th a t  produced by p r o la c t in ,  in s u l in  and c o r t i s o l ,  a lth o u g h  

c a se in  s y n th e s is  was o n ly  h a l f  t h a t  w ith  th e  th re e  hormones 

(Oka & P e r ry , 1974). The d i f f e r e n t i a l  s t im u la t io n  o f  

la c ta lb u m in  and c a se in  s y n th e s is  by s p e rm id in e  was in f lu e n c e d  

by th e  e f f e c t  o f  c o r t i s o l  on <*. -  la c ta lb u m in  and c a s e in  

p ro d u c t io n  (Ona & Oka, 1980). M axim al in d u c t io n  o f  these  m ilk  

p ro te in s  was ach ieved  in  v i t r o  by 30nM and 3^M, c o r t i s o l  

r e s p e c t iv e ly .  T h is  suggests  th a t  c o r t i s o l  a c ts  th ro u g h  d i f f e r 

e n t mechanisms on m ilk  p r o te in  s y n th e s is  and s p e rm id in e  i s



more e f f e c t iv e  in  m e d ia tin g  th e  a c t io n  o f  c o r t i s o l  on ■=*'.- 

la c ta lb u m in .  F u rth e rm o re , in h ib i t o r s  o f  sp e rm id in e  s y n th e s is  

were found  to  p re v e n t m ilk  p r o te in  s y n th e s is ,  a lth o u g h  th e  

i n h ib i t i o n  co u ld  be overcome by a d d it io n  o f  exogenous sperm

id in e  r e s u l t in g  in  th e  s u g g e s tio n  th a t  sp e rm id in e  m ediated 

th e  e f fe c ts  o f  c o r t i s o l  (Oka & P e r ry , 1974). The r e la t io n s h ip  

between the  re g u la to ry  ro le s  o f  sp e rm id in e  and g lu c o c o r t ic o id s ,  

however, rem ains u n c le a r .

1.447 In s u l in

In s u l in  i s  re s p o n s ib le  f o r  p ro m o tin g  g lucose  uptake  f o r  l i p i d  

s y n th e s is  in  mammary c e l ls  as in  ad ipose  c e l l s .  I t  i s  

g e n e ra lly  used a t  s u p ra p h y s io lo g ic a l le v e ls  in  v i t r o  and has 

been suggested to  p la y  a r o le  in  th e  re g u la t io n  o f  mammary 

c e l l  deve lopm ent. I n s u l in  has been found to  prom ote p ro 

l i f e r a t i o n  in  mammary e x p la n ts  (Ouergens ja t a l ,  1965) and is  

used in  excess o f  10“ ^M to  m a in ta in  mammary c e l l  i n t e g r i t y  

and horm onal re spons iveness  iin  v i t r o .

L i t t l e  ev idence  e x is ts  f o r  a re g u la to ry  r o le  f o r  i n s u l in  in  

mammogenesis w ith  o es tro g en  and p ro g e s t in - in d u c e d  mammary 

g row th  in  d ru g -in d u ce d  d ia b e t ic  male mice u n a ffe c te d  (Topper 

& Freeman, 1980). A lthough  in s u l in  i s  n o t e s s e n t ia l f o r  

mammary grow th  iin v iv o , i t  i s  g e n e ra lly  re q u ire d  f o r  mammary 

c e l l  p r o l i f e r a t io n  in  v i t r o  and i s  regarded  as a mammary 

g row th  f a c to r  i r i  v i t r o .

D u rin g  la c to g e n e s is ,  s h o r t- te rm  in s u l in  d e f ic ie n c ie s  in  r a ts  

have l i t t l e  o r  no e f f e c t  on m ilk  p ro d u c t io n  (K y r ia k o u  & Kuhn,

1973). T h is  suggests  th a t  in s u l in  does n o t d i r e c t l y  a c t  on 

mammary t is s u e  b u t e x e r ts  secondary e f fe c ts  th ro u g h  a l t e r a t io n s  

in  s u b s tra te  a v a i l a b i l i t y .  I n s u l in  was, however, re p o r te d  to  

be a p re r e q u is i te  f o r  the  s t im u la t io n  o f  m ilk  p r o te in  s y n th e s is  

by p r o la c t in  and c o r t i s o l  in  m id -p re g n a n t m ice e x p la n ts  

(Topper & Freeman, 1980). In  c o n t ra s t ,  s tu d ie s  w ith  pseudo

p re gn a n t r a b b i t  mammary e x p la n ts  have shown th a t  in s u l in  was 

n o t re q u ire d  f o r  p ro la c t in - in d u c e d  c a se in  s y n th e s is  (D eLou is  & 

Combaud, 1977) o r  induced  medium ch a in  f a t t y  a c id  s y n th e s is  

in  mouse e x p la n ts  (F o rs y th  e t  a l ,  1972). Topper & Freeman (1980)



have suggested th a t  in s u l in  o r  a s im i la r  g row th  f a c to r  may 

enab le  a b lo c k  in  d i f f e r e n t ia t io n  to  be overcom e. S u p p o rtin g  

ev idence  comes from  p r im a ry  c u ltu r e s  o f  p re gn a n t r a t  a lv e o la r  

c e l l s ,  in  w hich in s u l in  p ro m o te d ’ -  la c ta lb u m in  s y n th e s is .

A ltho u gh  th e re  i s  no d i r e c t  ev idence  f o r  th e  re g u la t io n  o f  

g lucose  t r a n s p o r t  by in s u l in  in t o  mammary a lv e o la r  c e l ls  

(R ob inson e t  a l , 1978), in s u l in  has d i s t i n c t  e f f e c t s  on 

l i p i d  s y n th e s is  in  th e  mammary g la n d . F o r exam ple, a 

re d u c t io n  in  g lucose  up take  and m etabo lism  v ia  th e  pen tose  

phosphate pathway and reduced l i p i d  fo rm a tio n ,  were observed 

in  is o la te d  a lv e o l i  from  s ta rv e d  r a t s .  In  th e  mammary g la n d , 

in s u l in  has been found to  re g u la te  th e  a c t i v i t i e s  o f  v a r io u s  

enzymes in v o lv e d  in  g lucose  m etabo lism  such as p y ru v a te  dehy

drogenase and a c e ty l CoA c a rb o xy la se  (R ob inson & W illia m s o n  

1977; Munday & W illia m s o n , 1981). In  term s o f  c e l l  m a in tenance , 

in s u l in ,  EGF and Somatomedin C can fu n c t io n  e q u a lly  w e l l  b u t 

o n ly  in s u l in ,  i n  co m b in a tio n  w ith  c o r t i s o l  and p r o la c t in  can 

induce  a ccu m u la tio n  o f  ca s e in  mRNA in  mouse mammary t is s u e  in  

v i t r o . In s u l in  has th e re fo re  been suggested to  have an 

e s s e n t ia l r o le  in  th e  e x p re s s io n  o f  th e  d i f f e r e n t ia t e d  pheno

typ e  in  a d d it io n  to  i t s  m e ta b o lic  and g row th  fa c to r  r o le  

(B o la n d e r e t  a l ,  1981). S im i la r ly  in  e x p la n ts  from  p re g n a n t 

r a t  mammary g la n d s , ca s e in  and e< -  la c ta lb u m in  s y n th e s is  

have been induced  by p r o la c t in ,  c o r t i s o l  and p h y s io lo g ic a l 

le v e ls  o f  in s u l in  (N ic h o la s  e t  a l . .1 9 8 3 ). Even w ith  p ro lo n g e d  

tre a tm e n t w ith  m e lanocyte  s t im u la t in g  a c t i v i t y ,  c o r t i s o l  and 

p r o la c t in ,  c*. -  la c ta lb u m in  s y n th e s is  i s  n o t induced  w ith o u t  

th e  a d d it io n  o f  in s u l in .  T h is  suggests  th a t  in s u l in  i s  

e s s e n t ia l f o r  th e  in d u c t io n  o f  r a t  m ilk  p ro te in s  and t h i s  

e f f e c t  i s  independen t o f  th e  c e ll-m a in te n a n c e  a c t i v i t y .

However, sp e c ie s  d if fe re n c e s  e x is t  s in c e  r a b b i t  mammary 

e p i t h e l ia l  c e l ls  do n o t re q u ire  in s u l in  f o r  p h e n o ty p ic  

e x p re s s io n  (Topper & Freeman, 1980).

1.448 O the r Hormones and Growth F a c to rs

1.4481- T h y ro id  Hormones



C u rre n t ev idence  suggests  th a t  th y r o id  hormones p la y  a 

p e rm is s iv e  ra th e r  th a n  a re g u la to ry  r o le  d u r in g  mammary 

developm ent and la c t a t io n  (Lyons , 1958). An im al s tu d ie s  

have shown a c o r r e la t io n  between lo b u lo a lv e o la r  g row th  and 

plasma le v e ls  in  mice ( V/onderhaar & G reco, 1979 ), w h ile  

th y r o id  hormone le v e ls  f lu c tu a te d  random ly d u r in g  mammary 

developm ent in  goa ts  t re a te d  w ith  o e s t r a d io l  and p ro g e s te ro n e  

(H a rt & M o ran t, 1980). In c o n s is te n t  r e s u l t s  have been 

o b ta in e d  from  in_ v i t r o  s tu d ie s  show ing t h a t  th y r o id  hormones 

have l i t t l e  e f f e c t  on lo b u lo a lv e o la r  developm ent in  serum 

c o n ta in in g  medium (P e te rs  e t  a l ,  1979). In  se ru m -fre e  m edia,
_ g

however, T3(10~ M) was found to  p o te n t ia te  p ro la c t in - in d u c e d

-  la c ta lb u m in  s y n th e s is  in  e x p la n t c u ltu r e s  (V /onderhaa r,1977).

1 .4482 P ro s ta g la n d in s

In  th e  mammary g la n d , p ro s ta g la n d in s  a re  produced in  la rg e  

amounts bo th  in  v iv o  and ijn v i t r o . S tu d ie s  in  goa ts  have 

shown th a t  th e  mammary g land  produces 1ng /m in  p re pa rtu m , w ith  

a 1 0 0 - fo ld  r is e  p o s tp a rtu m . le v e ls  in  m ilk  a ls o

decrease from  100 ng /m l to  0 .7  ng /m l a f t e r  p a r t u r i t i o n  due 

to  ra p id  m etabo lism  (M au le -bJa lker & P eaker, 1980). P ro s t

a g la n d in  le v e ls  o f  b re a s t tum ours have a ls o  been shown to  be 

h ig h e r  than  norm al t is s u e  w ith  h ig h  le v e ls  o f  PGE£ o f te n  

p re s e n t in  in v a s iv e  tum ours (R o lla n d  e t  a l ,  1980).

1.4483 E p ide rm a l Growth F a c to r (EGF)

EGF has been is o la te d  as a s in g le  c h a in  p o ly p e p tid e  o f  53 

amino a c id s  (M^ 6045) from  mice s u b m a x il la ry  g la n d s , w h ile  

i t s  human c o u n te rp a r t  has a s im i la r  sequence and a m o le c u la r  

w e ig h t o f  5400. The p ro p e r t ie s  o f  EGF have been rev iew ed  by 

s e v e ra l a u th o rs  (C a rp e n te r & Cohen, 1979; H o lle n b e rg , 1979; 

G ospodarow icz, 1981) who have shown th a t  b o th  mouse and human 

EGF in t e r a c t  w ith  th e  same re c e p to r  to  e l i c i t  the  same 

b io lo g ic a l  a c t i v i t y .

EGF prom otes p r o l i f e r a t io n  o f  s e v e ra l typ e s  o f  c u ltu re d  c e l l s  

from  d i f f e r e n t  s p e c ie s . I t  s t im u la te s  a cascade o f  e ven ts



such as in c re a s e d  uptake  o f  low  m o le c u la r w e ig h t compounds, 

p h o s p h a t id y l i n o s i t o l  tu rn o v e r ,  membrane p r o te in  phosphory

la t io n ,  i n i t i a t i o n  o f  DNA s y n th e s is  and c e l l  d iv is io n

(H o lle n b e rg , 1979; C a rp e n te r & Cohen, 1979). In  term s o f
125i t s  mechanism o f  a c t io n ,  I-EGF has been shown to  b in d  to  

d i f fu s e  m o b ile  membrane re c e p to rs  w h ich  c lu s te r  on coa ted  p i t s  

and o th e r  non -coa ted  a re a s . These c lu s te re d  E G F -recep to r 

complexes p in c h  o f f  to  fo rm  coated  and non-coa ted  v e s ic le s  

w h ich  are  p rocessed w ith in  th e  c e l l  by lysosom es, le a d in g  to  

th e  breakdown o f  EGF and i t s  re c e p to r .

EGF has been shown to  s t im u la te  mammary c e l l  p r o l i f e r a t io n  in  

v a r io u s  c u ltu r e  system s (T u rk in g to n , 1969; T a y lo r -P a p a d im itr io u  

et_ a l , 1977 ab; Imagawa et_ a l ,  1982). In  organ c u l t u r e ,  EGF 

is  re q u ire d  f o r  re in d u c t io n  o f  lo b u lo a lv e o la r  g row th  o f  mouse 

mammary g land  fo l lo w in g  th e  p re v io u s  c y c le  o f  in  v i t r o  

lo b u lo a lv e o la r  g row th  and re g re s s io n  ( T o n e l l i  & S o ro f, 1980).

In  the  p r im a ry  mammary c u ltu r e  system  in v o lv in g  c o lla g e n  g e ls ,  

in  w hich g row th  and d i f f e r e n t ia t io n  o ccu r in  th e  presence* a f  

in s u l in ,  c o r t i s o l  and p r o la c t in ,  EGF ( a t  0 .1 -5 0 n g /m l)  has 

been shown to  s t im u la te  p r o l i f e r a t io n  b u t i n h i b i t  c a se in  

p ro d u c t io n  (T a k e ta n i & Oka, 1983). Casein mRNA a cc u m u la tio n  

was in h ib i te d  5 5 $ ,b u t , t o t a l  mRNA le v e ls  in c re a s e d  by 60$, 

w ith  the  t o t a l  p r o te in  s y n th e s is  in  th e  presence o f  EGF a lm o s t 

the  same as in  th e  absence. The in c re a s e d  t o t a l  mRNA p o p u la 

t io n  may f u l f i l  th e  re q u ire m e n ts  o f  a c t iv e ly  p r o l i f e r a t in g  

c e l ls  in  term s o f  m a in ta in in g  th e  b a s ic  c e l lu la r  a c t i v i t y .

Imagawa e_t a l , (1985) have shown th a t  EGF s t im u la te s  the  

g row th  o f  p r im a ry  mammary c e l ls  from  v i r g in  m ice w ith  th e  

o p tim a l c o n c e n tra t io n  o f  10ng /m l. EGF d id  n o t s t im u la te  c e l l  

p r o l i f e r a t io n  o ve r th e  maximum le v e ls  o b ta in e d  w ith  p ro g e s te ro n e  

and p r o la c t in  and indeed the  PR le v e ls  decreased 65$ w ith  a l l  

th re e  agents  p re s e n t (E dery e t  a l ,  1984b). I t  i s  p o s s ib le  

th a t  EGF in h ib i t s  g row th  th ro u g h  i t s  e f fe c ts  on hormone re c e p to r  

le v e ls  ( Imagawa e t  a l ,  1985). A l t e r n a t iv e ly ,  the  c u l tu r e  con

d i t io n s  may impose an upper l i m i t  on grow th  w hich may be 

o b ta in e d  by EGF o r  horm onal s t im u la t io n  a lo n e .



High a f f i n i t y  EGF re c e p to rs  have been id e n t i f ie d  in  th e  mammary 

g land  (T a k e ta n i & Oka, 1982; Edery e t  a l ,  1985). Using

membrane p re p a ra t io n s  o f  mammary g la n d , two c la sse s  o f  re c e p to r
- 11 - 10have been c h a ra c te r is e d  (K d 's  8 .1x10  M and 5x10 M). In

e p i t h e l ia l  c e l ls  o n ly  one c la s s  o f  h ig h  a f f i n i t y  re c e p to r  
— 10

(Kd 5 .7x10 M) (E dery e t  a l ,  1985) has been fo u n d , in  

c o n tra s t  to  p re v io u s  f in d in g s  o f  two c la sse s  o f  re c e p to r  

(T a k e ta n i & Oka, 1982). Edery a t  a l , (1985) have suggested  

th a t  th e  h ig h e r  a f f i n i t y  re c e p to rs  a re  p re s e n t on th e  e p i th 

e l i a l  c e l ls  w h ile  th e  lo w e r a f f i n i t y  re c e p to rs  re p re s e n t 

s tro m a l EGF re c e p to rs .

EGF re c e p to r  le v e ls  were found to  decrease d u r in g  m a tu ra t io n  

o f  v i r g in  m ice (E dery e t  a l ,  1985). D u rin g  p re g n a n c y ,re c e p to r  

le v e ls  ro s e , c u lm in a t in g  a t  m id -p regnancy and d e c l in in g  to  

ve ry  low  le v e ls  d u r in g  la c t a t io n  when p r o la c t in  and in s u l in  

le v e ls  are  m axim al (S a ka i e t  a l ,  1978; In a g a k i & Kohmoto, 1982). 

As p re v io u s ly  m en tioned , EGF has been re p o r te d  to  have a s t im 

u la to r y  e f f e c t  on c e l l  p r o l i f e r a t io n  and an in h ib i t o r y  e f f e c t  

on fu n c t io n a l  d i f f e r e n t i a t i o n ,w h ile  re d u c in g  p r o la c t in  re c e p to r  

le v e ls  in  v i t r o  (T a k e ta n i & Oka, 1981). The in t e r p la y  between 

EGF and p r o la c t in  d u r in g  the  v a r io u s  p h y s io lo g ic a l s ta te s  in  

v iv o  and iin v i t r o  rem ains u n c le a r .

F i t z p a t r ic k  e t  a l ,  (1984 a) have shown th a t  13 b re a s t c e l l

cance r l in e s  s p e c i f i c a l l y  b in d  EGF. The p u rp o r te d ly  norm al

HBL-100 c e l l  l i n e  d e r iv e d  from  human m ilk  a ls o  showed h ig h

s p e c i f ic  EGF b in d in g  w h ile  DU-4475, w h ich  grows in  su sp e n s io n ,

had u n d e te c ta b le  le v e ls  o f  re c e p to r .  In  se ru m -fre e  medium,

MCF-7 and T-47D c e l l  l in e s  showed a m ito g e n ic  response to  10nM

EGF w h ile  th e  IV1DA-IV1B-231 and ZR-75-1 l in e s  d id  n o t respond by

c e l l  p r o l i f e r a t io n .  W ith in  b re a s t tum ours , EGF re c e p to rs  have
125

been d e te c te d  w ith  a Kd o f  2nM f o r  I-EGF ( F i t z p a t r ic k  e_t a l ,
125 /1984 b ) .  S p e c if ic  b in d in g  in  excess o f  1 fm o l I-EGF/mg 

membrane p ro te in  and 15$ s p e c i f ic  b in d in g  was found in  48$ o f  

p r im a ry  and m e ta s ta t ic  b re a s t tum ours. However, th e re  is  

c u r r e n t ly  debate re g a rd in g  th e  r e la t io n s h ip  between EGF re c e p to r  

and ER and PR va lu es  ( F i t z p a t r ic k  e t  a l ,  1984 b ; S a in sb u ry  e t  a l ,

1984).



1.4484 Transform ing growth fa c to rs

A u to c r in e  s e c re t io n  o f  g row th  fa c to r s  i s  an im p o r ta n t concep t 

in  th e  r e la t io n s h ip  between the  oncogenes and g row th  fa c to r s  

and has re c e n t ly  been rev iew ed  by Sporn & R o b e rts , 1985.

Two c la s s e s  o f  p e p tid e  grow th  fa c to r s  have been id e n t i f ie d  

w h ich  a c t by a u to c r in e  mechanisms. They s t im u la te  p h e n o ty p ic  

t ra n s fo rm a t io n  o f  norm al c e l ls  i i i  v i t r o  as shown by anchorage- 

independen t g row th  in  s o f t - a g a r  (Todaro e t  a l ,  1980). These 

g row th  fa c to r s  a re  term ed tra n s fo rm in g  g row th  fa c to r s  (TGF’ s ) .

The f i r s t  c la s s ,  c*. - ty p e  i s  s t r u c t u r a l l y  re la te d  to  EGF a lth o u g h  

i t  i s  a n t ig e n ic a l ly  d i s t i n c t  and competes f o r  b in d in g  to  EGF 

re c e p to rs .  TGF-£3, however, does n o t compete f o r  EGF b in d in g  b u t 

re q u ire s  EGF o r  TGF-o^ to  induce  co lo n y  fo rm a tio n  in  s o f t  aga r 

(R obe rts  e t  a l ,  1983). A lthough  TGF-[3 s t im u la te s  th e  g row th  o f  

norm al f ib r o b la s t s  (R o b e rts  e_t a l , 1983), i t  has been found to  

i n h i b i t  th e  g row th  o f  many c e l l  type s  (T u cke r et_ a l ,  1984;

R oberts e t  a l ,  1985)and h a s ,th e re fo re ,b e e n  proposed as a c la s s  

o f  a u to c r in e  n e g a tiv e  g row th  fa c to r s  in v o lv e d  in  c e l l - c y c le  

re g u la t io n .  TGF-o. has been d e te c te d  in  th e  u r in e  o f  18/22 

p a t ie n ts  w ith  d isse m in a te d  ca n ce r, in c lu d in g  b re a s t ca nce r b u t 

n o t in  c o n t ro ls  (S herw in  e t  a l ,  1983). In  b re a s t cance r c e l l s ,  

th e re  has been no re p o r t  o f  TGF->*a  s p e c i f ic  re c e p to rs  a lth o u g h  

the y  have been re p o r te d  in  a human e p id e rm a l cance r c e l l  l i n e  

(Massague ei: a l ,  1982).

A ccord ing  to  th e  a u to c r in e  h y p o th e s is , m a lig n a n t t ra n s fo rm a t io n  

i s  c u r r e n t ly  th o u g h t to  occur th ro u g h  o v e rp ro d u c tio n , e x p re s s io n  

and a c t io n  o f  p o s i t iv e  a u to c r in e  g row th  fa c to r s  and th e  c a p a c ity  

o f  c e l ls  to  respond to  t h e i r  own n e g a tiv e  g row th  fa c to r s .

1 .45 C onc lus ions

I t  i s  c le a r  th a t  th e re  is  a complex in te r p la y  between s e v e ra l 

mammogenic hormones in  th e  developm ent and fu n c t io n in g  o f  th e  

mammary g la n d . The in c re a s in g  a v a i l a b i l i t y  o f  b io c h e m ic a l and 

m o le c u la r p robes f o r  th e  s tu d y  o f  m ilk  s e c re t io n  and r e g u la t io n  

o f  gene e x p re s s io n  combined w ith  d e fin e d  c u ltu r e  system s sh o u ld  

id e n t i f y  th e  re g u la to ry  horm onal mechanisms a t  th e  m o le c u la r  le v e l .



1 .5  Breast Cancer

1.51 A e t io lo g y

B re a s t cance r i s  th e  le a d in g  type  o f  cance r in  women, w ith  

abou t 7% . o f  women in  B r i t a in  s u f fe r in g  from  th e  d isease  

d u r in g  th e  course  o f  t h e i r  l i v e s  (Baum, 1981). The a e t io lo g ic  

agents o f  b re a s t cance r have y e t  to  be e lu c id a te d  d e s p ite  

e x te n s iv e  re se a rch  aimed a t  id e n t i f y in g  and c h a r a c te r is in g  

women a t  h ig h  r i s k .  C u r re n t ly ,  th e  r i s k  fa c to r s  a re  regarded  

as e a r ly  menarche (S ta s z e w s k i, 1971), la t e  p regnancy, n u l l i 

p a r i t y  (bloods e t  a l ,  1980 ), la t e  menopause ( H e r i ty  e t  a l ,  1975) 

and d ie ta r y  f a t  in ta k e  ( f l i l l e r  e t  a l ,  1978). However, o n ly  

one p r o te c t iv e  f a c t o r ,  an e a r ly  age a t  f i r s t  b i r t h ,  has been 

id e n t i f ie d  (Henderson e t  a l ,  1974) a lth o u g h  i t  seems th a t  a 

f u l l  te rm  pregnancy i s  re q u ire d  to  c o n fe r  t h i s  e f f e c t  (R a v n ih a r 

e t  a l ,  1971).

1 .52  P rem aliqnancy

The mechanisms u n d e r ly in g  th e  i n i t i a t i o n  and developm ent o f  

human b re a s t cance r and i t s  m a lig n a n t p ro g re s s io n  a re  p o o r ly  

u n d e rs too d . A lthough  th e  p a th o lo g y  o f  b re a s t cance r i s  w e l l  

documented, th e re  rem ains c o n tro v e rs y  re g a rd in g  th e  n a tu re  o f 

a p re m a lig n a n t b re a s t le s io n  i r i  v iv o . In  a h is t o lo g ic a l  

su rvey  o f  n o n -m a lig n a n t a reas o f  ca rc inom a tous  b re a s t and 

b re a s t t is s u e  from  age matched c o n t r o ls ,  b Je llin g s  e t  a l  (1 9 7 5 ), 

found an in c re a s e  in  th e  number o f  a ty p ic a l  h y p e rp la s t ic  a reas 

in  t is s u e  from  cancerous b re a s ts  o ve r c o n t r o ls .  Carcinoma 

in  s i t u  has been found among 9D% o f  t h e i r  p a t ie n ts  w ith  

i n f i l t r a t i n g  carc inom a and has le d  to  th e  s u g g e s tio n  th a t  

e p i t h e l ia l  h y p e rp la s ia  g iv e s  r is e  to  ca rc inom a in  s i t u  (b J e llin g s

1980). C e lls  from  in t r a d u c ta l  o r  in t r a lo b u la r  ca rc inom a in  

s i t u  were found to  form  p a r t  o f  a m o rp h o lo g ic a l continuum  from  

norm al to  h y p e rp la s t ic ,  and to  u l t im a te ly  in v a s iv e  cance r c e l l s .  

O the r s tu d ie s  on non-cancerous t is s u e  from  m a lig n a n t b re a s t and 

m o rp h o lo g ic a lly  s im i la r  n o n -m a lig n a n t b re a s t t is s u e  has shown 

th e  fo rm e r to  be more a n g io g e n ic  (Oensen e t  a l ,  1982). T h is  

ev idence  seems to  s u p p o rt th e  concep t th a t  th e  b re a s t undergoes 

m a lig n a n t p ro g re s s io n  w ith  cance r be ing  th e  most advanced le s io n



S tu d ie s  on f ib r o b la s t  m ig ra t io n  in t o  c o lla g e n  g e ls  by f o e ta l  

and a d u lt  s k in  f ib r o b la s t s  have shown d i f f e r e n t i a l  m ig ra to ry  

responses to  c e l l  d e n s ity  (S chor e t  a l ,  1982). S k in  f ib r o b la s t s  

from  70$ o f  b re a s t cance r p a t ie n ts  have been found to  e x h ib i t  

a f o e t a l - l i k e  m ig ra to ry  phenotype . T h is  has le d  to  th e  p ro p o s a l 

th a t  f o e t a l  f ib r o b la s t s  do n o t undergo th e  norm al deve lo p m en ta l 

is o fo rm ic  t r a n s i t i o n  in  those  in d iv id u a ls  who have a h ig h  r i s k  

o f  d e v e lo p in g  b re a s t cance r and pe rhaps , t h i s  may o c c u r th ro u g h  

a breakdown in  norm al e p ith e lia l-m e s e n c h y m a l in te r a c t io n s  

(S chor e t  a l ,  1985).

1 .53  M a lig n a n t t ra n s fo rm a t io n

In  th e  norm al mammary g la n d , th e  e p i t h e l ia l  component form s 

o n ly  a ve ry  s m a ll p ro p o r t io n  o f  the  mammary t is s u e .  ER’ s have 

been d e te c te d  a t  ve ry  low  o r  n e g l ig ib le  le v e ls  in  le s s  th a n  10$ 

o f  norm al b re a s t samples ( U i t t l i f f  e t  a l ,  1972). S p e c if ic  

b in d in g  o f  r a d io la b e l le d  o es trogens  has been shown in  b re a s t 

tum ours in  v i t r o  (T e re n iu s , 1968) c o n f irm in g  th a t  some b re a s t 

tum ours respond to  o e s tro g e n s . The mammary g land  has an i n t r i n s i c  

a b i l i t y  to  s y n th e s is e  ER when s t im u la te d  to  grow and d i f f e r e n t ia t e  

d u r in g  p u b e rty  and p regnancy. F o llo w in g  n e o p la s t ic  t ra n s fo rm 

a t io n ,  th e  mammary c e l ls  may r e ta in  a l l ,  some o r even none, o f  

t h e i r  a b i l i t y  to  s y n th e s is e  ER. I t  i s  o f te n  assumed th a t  

h o rm o n e -s e n s itiv e  tum ours r e ta in  ER w h i ls t  autonomous tum ours 

are  ER n e g a tiv e . However, th e  p o s s ib i l i t y  rem ains t h a t  ER 

n e g a tiv e  b re a s t tum our c e l ls  may respond to  g row th  fa c to r s  

re le a s e d  by o th e r  c e l ls  in  response to  o es tro g en  (See S e c t. 1 .3 1 ) .

In  m a lig n a n t b re a s t t is s u e ,  changes in  le v e ls  o f  enzymes in v o lv e d  

in  hormone m etabo lism  have been observed . Fo r exam ple, decreased 

le v e ls  o f  17f3 -h y d ro x y s te ro id  dehyrogenase (w h ich  can c o n v e r t  

o e s t r a d io l  to  th e  le s s  m ito g e n ic  o e s tro n e ) have been observed 

in  tum our t is s u e  (P o llo w  e t  a l ,  1977). A p o s i t iv e  c o r r e la t io n
4

has been re p o r te d  f o r  ER and A  -  5 <*. - re d u c ta s e  w h ich  is  

in v o lv e d  in  th e  fo rm a tio n  o f  m e ta b o lite s  th a t  s t im u la te  tum our 

g ro w th . E le va te d  16 <=<-h y d ro x y la s e  a c t i v i t y  has been re p o r te d

in  many b re a s t cance r p a t ie n ts  (S c h n e id e r e t  a l ,  1982).



1 .54  Model systems a v a ila b le  fo r  the study of hormone a c tio n

in  b re a s t cance r

V a rio us  system s have been deve loped in  o rd e r to  s tu d y  horm onal 

re g u la t io n  o f b re a s t ca n ce r. They in c lu d e :  i )  a n im a l m odels;

i i )  whole g land  and organ c u l t u r e ;  i i i )  c o n tin u o u s  c e l l  

c u l tu r e  and i v )  p r im a ry  c e l l  c u l tu r e .

1.541 Anim al models

1.5411 C arc inogen induced  mammary tum ours

The f i r s t  la b o ra to ry  model f o r  hormone dependent b re a s t ca nce r 

was developed by Huggins e t  a l ,  (1 9 5 9 ), who dem onstra ted  th a t  

d im e th y lb e n z (a )a n th ra c e n e  (DMBA); 3 -m e th y lc h o la n th re n e -in d u c e d  

r a t  mammary tum ours were hormone dependent. T h is  model, how ever, 

has fundam en ta l d isa d va n ta g e s , in  th a t  these  tum ours a re  more 

dependent on p r o la c t in  tha n  t h e i r  human c o u n te rp a r ts  and a ls o  

le s s  l i k e l y  to  m e ta s ta s is e . P r o la c t in  a d m in is t r a t io n  has been 

shown to  s t im u la te  tum our g row th  (Leung et_ a l , 1975) and in c re a s e  

ER le v e ls  in  v iv o  (V ignon  & R o c h e fo r t, 1976) and in  v i t r o (S a s a k i 

& Leung, 1975). O estrogen tre a tm e n t o f  hypophysectom ised r a ts  

w ith  DMBA-induced tum ours r e s u l t s  in  PR in d u c t io n  w ith o u t  any 

e f f e c t  on g row th  o f th e  tum ours (A ra fa h  e t  a l ,  1980).

An a l t e r n a t iv e  ca rc in o g e n  induced  model i s  th e  N -n itro s o m e th y lu re a  

( NMU) -in d u c e d  tum our model in  r a ts  (G u ll in o  je t a l , 1975) a lth o u g h  

th e  schedu le  f o r  NMU a d m in is t r a t io n  de te rm ines  hormone dependence 

(Rose e t  a l ,  1980). Growth o f  th e  NMU-induced tum ours i s  

p r im a r i ly  dependent on oes trogens  and p r o la c t in  (A ra fa h  ejt a l ,

1982). F u rth e rm o re , bo th  these  hormones a c t  s y n e r g is t ic a l l y  in  

s t im u la t in g  th e  in  v iv o  grow th  o f th e  tum ours (A ra fa h  e t  a l ,  1982). 

T h is  m odel, th e r e fo r e ,  appears more s u ita b le  f o r  s tu d y in g  horm onal 

a c t io n  in  th e  grow th  o f  b re a s t ca nce r c e l l s .

1.5412 T ra n s p la n ta b le  r a t  mammary tum ours

There a re  fe u  re p o r ts  o f  hormone dependence in  t ra n s p la n ta b le  

r a t  mammary tum ou rs , w h ich  g e n e ra lly  have th e  c a p a c ity  to



m e ta s ta s is e . An example o f  an o e s tro g e n -s e n s it iv e ,  t r a n s 

p la n ta b le  b re a s t tum our i s  th e  R3230 AC tum our w hich grows 

e q u a lly  w e l l  in  bo th  in t a c t  and o v a r ie c to m is e d  r a t s . ( H i l f  e t  

a l , 1965). A lthough  ER's have been id e n t i f ie d  in  t h i s  tum our, 

th e  ER le v e ls  a re  o n ly  a s m a ll pe rcen tage  o f  those  in  DMBA- 

induced  tum ours .

1.5413 A thym ic models

The imm uno-suppressed nude mouse o f fe r s  a system  f o r  th e  

t r a n s p la n ta t io n  o f  human tum ours (P a n te lo u r is ,  1968). The 

h ig h e s t success ra te s  a f t e r  tum our im p la n ta t io n  were o n ly  30$ 

w ith  s im i la r  ra te s  f o r  ben ign  t is s u e s  (R e id  e t  a l ,  1977; V e n te r 

& R e id , 1980). Of th e  m a lig n a n t tum ours g row ing  in  nude m ice , 

i t  was p o s s ib le  to  passage 10$ in d e f i n i t e l y .  In  c o n t r a s t ,  i t  

has n o t been p o s s ib le  to  passage ben ign  le s io n s .  O the r re p o r ts  

in d ic a te  th a t  20$ o f  b re a s t tum ours were s u c c e s s fu lly  h e te ro 

t ra n s p la n te d  and a l l  these  tum ours were u n d i f fe r e n t ia te d  

(G io v a n e lla  e t  a l ,  1983). A ty p ic a l non-cancerous lo b u le s  from  

m a lig n a n t b re a s ts  were re p o r te d  to  p r o l i f e r a t e  and d e d if fe r e n 

t i a t e  to  a g re a te r  e x te n t  than  lo b u le s  from  norm al b re a s t 

t is s u e  (Oensen & W e llin g s , 1976 ). Tumour fo rm a tio n  in  nude 

mice by ben ign  and m a lig n a n t b re a s t le s io n s  in  a d d it io n  to  th e  

p r o l i f e r a t io n  and d e d i f f e r e n t ia t io n  o f  norm al mammary t is s u e ,  

dem onstra te  th a t  th e  a th ym ic  model seems u n r e l ia b le  in  d is 

c r im in a t in g  between n o rm a l, ben ign  and m a lig n a n t t is s u e .

1 .542 Whole g land  and organ c u ltu r e

The sys te m ic  c o m p le x it ie s  w ith in  an im a ls  have l im i t e d  th e  

assessm ent o f  horm onal e f fe c ts  on mammary c e l l s .  One approach 

to  overcome these  problem s has been th e  developm ent o f  th e  whole 

g land  ( ic h in o s e  & N and i, 1966) and organ (e x p la n t)  c u ltu r e  

( E l ia s ,  1959) system s. S tu d ie s  u s in g  th e  whole mammary g la nd  

system  have shown th a t  c a s e in  gene e x p re s s io n  i s  hormone- 

in d u c ib le  and th a t  p r o la c t in  and g lu c o c o r t ic o id s  a re  p re re q u is 

i t e  f o r  th e  in d u c t io n  o f  gene e x p re s s io n  in  the  mouse mammary 

g land  (B a n e rje e  a t  a l , 1982). In  th e  e x p la n t c u ltu r e  sys tem , 

s m a ll fragm en ts  o f  mammary t is s u e s  a re  m a in ta in e d  in  g row th



medium ( E l ia s ,  1959). An advantage o f  the  e x p la n t system  is  

th e  m aintenance o f  c e l lu la r  c o n ta c t w ith  th e  s u p p o r t in g  s tro m a .

In  a d e fin e d  medium supplem ented w ith  in s u l in ,  c o r t i s o l  and 

p r o la c t in  were found to  s t im u la te  th e  p ro d u c t io n  o f  a m ilk 

l i k e  s e c re t io n  and a ls o  a c t iv e  c a se in  s y n th e s is  ( E l ia s ,  1959; 

R iv ie ra  & B ern, 1961). The m a jo r c r i t i c i s m  o f  th e  organ 

c u ltu r e  system  has been th e  v i a b i l i t y  o f  th e  e x p la n ts  w h ich  

i s  g e n e ra lly  o n ly  a few days (W e llin g s  & B e n to f t ,  1972; L a g io s ,

1974) a lth o u g h  ro u t in e  m aintenance f o r  up to  th re e  months has 

been re p o r te d  (H illm a n  e t  a l ,  1983).

1 .543 C ontinuous c e l l  c u l tu r e

Long te rm  c u ltu r e  system s f o r  human b re a s t cance r c e l ls  have 

been deve loped in  o rd e r to  overcome some o f  the  prob lem s 

encounte red  e i t h e r  i l l  v iv o  o r  i n  o rgan c u l t u r e .  These c lo n a l 

system s are  d evo id  o f  s u p p o r t in g  s tro m a l e lem ents w h ich  a re  

p re s e n t in  th e  system s p re v io u s ly  d e s c r ib e d . The e s ta b lis h e d  

c e l l  l in e s ,  w h ich  a re  g e n e ra lly  d e r iv e d  from  p le u r a l  e f fu s io n s ,  

o f f e r  th e  advantage o ve r th e  s h o r te r - te rm  c u ltu r e  system s o f  

repea ted  o r  s e q u e n t ia l e xpe rim en ts  on th e  ’ same’ t is s u e .

The o n ly  human b re a s t cance r c e l l  l in e s  respond ing  to  sex 

s te r o id s  a re  th e  MCF-7 (S ou le  e t  a l ,  1973 ), ZR-75-1 (E n g e l e t  

a l , 1978 ), CAMA-1 (Leung e t̂ a l ,  1982 ), T-47D (K eydar e t  a l ,

1979) and th e  PMC 42 l in e  (W hitehead e t  a l ,  1983 a ) .  A l l  the se  

c e l l  l in e s  a re  o e s tro g e n -s e n s it iv e  in  term s o f  PR s y n th e s is  

a lth o u g h  these  e f fe c ts  may n o t be re la te d  to  c e l lu la r  p ro 

l i f e r a t i o n  o r  th y m id in e  in c o rp o ra t io n  (A l le g ra  e t  a l ,  1981; 

E c k e rt & K a tze n e lle n b o g e n , 1982; H o rw itz  e t  a l ,  1982; Yu e t  a l ,

1981).

The co n tin u o u s  c e l l  c u ltu r e  system s have th e  in h e re n t  l im i t a t i o n  

th a t  v a r ia n t  c e l l  type s  may be s e le c te d  w h ich  a re  n e c e s s a r i ly  

n o t t o t a l l y  re p re s e n ta t iv e  o f  th e  p a re n t tum our p o p u la t io n .

For exam ple, th e  re spons iveness  o f  d i f f e r e n t  ba tches o f  MCF-7 

c e l ls  to  o e s t r a d io l  has been v a r ia b le .  W h ile  e a r ly  s tu d ie s  

showed th a t  o e s t r a d io l  in c re a s e d  ra te s  o f  m acrom o lecu la r 

s y n th e s is  and c e l l  number by more tha n  tw o - fo ld  (Lippm an &

B o lan , 1975; Lippman ejb a l ,  1976 ), l a t e r  re p o r ts  showed t h a t



o e s t r a d io l  was unab le  to  s t im u la te  g row th  in  s e ru m -c o n ta in in g  

medium (H o rw itz  e t  a l ,  1978; Edwards e t  a l ,  1980 a ) .  In  

s e ru m -fre e  medium, MCF-7 c e l ls  d id  n o t p r o l i f e r a t e  in  response 

to  o e s t r a d io l ,  a lth o u g h  m o rp h o lo g ic a l changes were observed 

(Barnes & S a to , 1979). S im i la r ly ,  g row th  o f  MCF-7 c e l ls  on 

e x t r a c e l lu la r  m a tr ix  was un resp o ns ive  to  o e s t r a d io l ,  a lth o u g h  

ta m o x ife n  was found to  i n h i b i t  p r o l i f e r a t io n  (Bozan et_ a l , 1982).

The CAMA-1 c e l l  l i n e  was i n i t i a l l y  d e s c r ib e d  as be ing  o e s tro g e n  

re sp o n s ive  in  s e ru m -c o n ta in in g  medium (Leung ei; a l , 1982) 

a lth o u g h  i t  became u n resp o ns ive  a f t e r  c o n tin u o u s  passage (Yu £ t  

a l , 1981). The o r ig in a l  T-47D s t r a in  was re p o r te d  to  be un

re sp o n s ive  to  o es tro g en  in  s e ru m -c o n ta in in g  medium (K eydar e t  

a l , 1979) w h ile  th e  c loned  s u b lin e  responds to  o e s t r a d io l  in  

s e ru m -c o n ta in in g  medium (C halbos e t  a l ,  1982).

The most re sp o n s ive  o f  th e  human b re a s t ca nce r l in e s  used to  

da te  i s  th e  ZR-75-1 l in e  w h ich  p r o l i f e r a t e s  in  response to  

o e s t r a d io l  in  bo th  s e ru m -c o n ta in in g  and s e ru m -fre e  medium (E n ge l 

e t  a l ,  1978; D arbre a t  a l ,  1983,1984; A lle g ra  £ t  a l ,  1978 ).

Both b a sa l and o e s t r a d io l- s t im u la te d  g row th  was found  to  be 

in h ib i t e d  by ta m o x ife n  under s e ru m -fre e  c o n d it io n s  ( A l le g ra  e t  

a l , 1981). These o b s e rv a tio n s  on o es tro g en  and a n t io e s tro g e n  

a c t io n  in  ZR-75-1 c e l ls  have im p o r ta n t im p l ic a t io n s ,  s in c e  th e y  

show th a t  hormones a c t d i r e c t l y  on ta r g e t  c e l ls  in  th e  absence 

o f  serum and grow th  fa c to r s  o th e r  tha n  t r a n s f e r r in ,  T3 and dexa- 

methasone. A lso  th e  ta m o x ife n - in d u c e d  i n h ib i t i o n  o f  c e l l  g row th  

in  th e  absence o f  serum suggests  th a t  i t  can e x e r t  an e f f e c t  
independen t o f  com peting  o e s tro g e n .

A new c e l l  l i n e  PMC 42 has been d e s c r ib e d  by W hitehead e t  a l , 

(1983 ab) and has been shown to  c o n ta in  re c e p to rs  f o r  o e s tro g e n , 

p ro g e s te ro n e , g lu c o c o r t ic o id s  and EGF (W hitehead e t  a l ,  1984 ).

In  s e ru m -fre e  medium, these  c e l ls  do n o t grow u n le ss  supp lem ented 

w ith  in s u l in  and c o r t i s o l  w h ich  were shown to  have an a d d it iv e  

e f f e c t  when used in  co m b in a tio n  (W hitehead e t  a l ,  1984). 

O e s tra d io l and p ro g e s te ro n e  were a ls o  found to  s t im u la te  g ro w th , 

w ith  th e  co m b in a tio n  o f  these  two hormones r e s u l t in g  in  a s y n e r

g is t i c .  e f f e c t  on g ro w th . The s t im u la to r y  e f f e c t  o f  o e s t r a d io l  

was in h ib i te d  by ta m o x ife n  (10~^M) w h ich  reduced p r o l i f e r a t io n  o f  

th e  PMC 42 c e l l  l i n e  (W hitehead e t  a l ,  1984). O the r re p o r ts  have



shown th a t  ta m o x ife n , a t  t h i s  c o n c e n tra t io n ,  may be d i r e c t l y  

c y to to x ic  (Bardon e t  a l ,  1984).

C ontinuous c e l l  c u l tu r e  system s have p ro v id e d  u s e fu l b io c h e m ic a l 

in fo rm a t io n  re g a rd in g  th e  s u b c e l lu la r  aspects  o f  horm one-dependent 

b re a s t c a n ce r, b u t have l im i t a t io n s  w ith  rega rd  to  t h e i r  phenotype .

1 .544  P rim a ry  c u ltu r e

The main re q u ire m e n ts  f o r  g row th  o f  p r im a ry  c u ltu re s  o f  mammary 

e p i t h e l ia l  c e l ls  a re  c o n d it io n s  w h ich  s u p p o rt e p i t h e l ia l  p ro 

l i f e r a t i o n ,  w h ile  su p p re ss in g  th e  a tta ch m e n t and subsequent g row th  

o f  s tro m a l f ib r o b la s t s  (b J h ite s c a rv e r, 1974; Owens e t  a l ,  1976). 

V a rio u s  s e le c t iv e  p rocedu res have been employed in  o rd e r to  e lim in a te  

f ib r o b la s t ic  c o n ta m in a tio n  such as m ild  t r y p s in is a t io n  (Owens ej; a l , 

1976), use o f  media c o n ta in in g  D -v a lin e  ( G i lb e r t  & M igeon, 1975) 

use o f  an a n t i - f i b r o b la s t  a n tib o d y  (Edwards e t  a l ,  1980 b) and 

s e p a ra tio n  o f  e p i t h e l ia l  and f ib r o b la s t i c  c e l ls  on P e r c o l l  g ra d ie n ts  

(Yang e t  a l ,  1979, 1980 a b c ).

P rim a ry  c u ltu r e s  a re  g e n e ra lly  p repa red  from  s o l id  t is s u e s  by 

p a r t i a l  enzym ic d ig e s t io n ,  r e s u l t in g  in  breakdown o f  e x t r a 

c e l lu la r  m a tr ix  and re le a s in g  th e  e p i t h e l ia l  component from  th e  

s tro m a l c e l l  ty p e s . A f te r  d i f f e r e n t i a l  s e d im e n ta tio n  o f  th e  c e l l  

suspe n s io n , th e  r e s u l t in g  o rg an o ids  ( re p re s e n t in g  a lv e o la r  and 

d u c ta l a gg rega tes ) a re  p la te d  on to  th e  a p p ro p r ia te  s u b s tra te  to  

which th e y  a tta c h  and grow. Some o f  th e  e p i t h e l ia l  clumps a tta c h  

to  th e  s u b s tra te  and two d i f f e r e n t  c e l l  type s  are a pp a re n t w i th in  

th e  c o lo n y , th e  in n e r  p a v e m e n t- lik e  e p i t h e l ia l  and th e  e lo n g a te d  

m y o e p ith e lia l c e l l s .

The im po rtance  o f  th e  c e l lu la r - s u b s t r a te  in te r a c t io n s  have been 

d e sc r ib e d  in  S e c t. 1 .3 3 . Some o f  th e  system s a v a i la b le  f o r  

s u s ta in e d  g row th  o f  human mammary e p i t h e l ia l  c e l ls  may prom ote 

e p i t h e l ia l  g row th  by p ro v id in g  b a sa l la m in a  components f o r  th e  

a ttachm en t and subsequent p r o l i f e r a t io n  o f  these  c e l l s ,  These 

d i f f e r e n t  system s d e s c r ib e d  p re v io u s ly  in v o lv e ;  i )  c o a t in g  o f  

th e  c u ltu r e  s u b s tra te ;  i i )  use o f  fe e d e r c e l l s ;  i i i )  c o n d it io n e d  

and d e fin e d  media and i v )  c lo n o g e n ic  system s o f-g ro w th .

1.5441 C o a ting  o f  c u ltu r e  s u b s tra te



F ib r o b la s t ic  o ve rg row th  in  p r im a ry  c u ltu r e  has been overcome by 

c o a t in g  o f  th e  t is s u e  c u ltu r e  s u b s tra te s  w ith  c o lla g e n  o r  

e x t r a c e l lu la r  m a tr ix .

1.54411 C o lla g en  g e l system

The e a r l ie s t  s tu d ie s  w ith  th e  c o lla g e n  system  ana lysed  g row th  o f  

mammary e p i t h e l ia l  c e l ls  grown on o r  w i th in  m a tr ic e s  o f  recon 

s t i t u t e d  r a t  t a i l  c o lla g e n  ( p r im a r i ly  type  I  c o l la g e n ) .  C o n f l ic t 

in g  r e s u lts  were o b ta in e d , w ith  b e t te r  g row th  on c o lla g e n  

s u b s tra te s  than  w ith in  c o lla g e n  s u b s tra te s  (Yang e t  a l ,  1981 b) 

and v ic e  ve rsa  (Yang e t  a l ,  1979; 1980 abc; 1981 a ) .  I\land i! s 

group have shown s ig n i f i c a n t l y  b e t te r  g row th  o f  norm al and neo

p la s t ic  m urine  c e l ls  w i th in  th e  c o lla g e n  g e l m a tr ix  (Yang ejt a l , 

1979, 1980 abc, 1981 a) and have su bse q u e n tly  shown c a se in  

p ro d u c t io n  in  f lo a t in g  c o lla g e n  c u ltu re s  grown w ith  in s u l in ,  

c o r t i s o l  and p r o la c t in  (F ly n n  e t  a l ,  1982).

In  i t s  c u r re n t  s ta te ,  th e  c o lla g e n  g e l system  o f fe r s  a serum - 

f re e  p r im a ry  c u ltu r e  system  in  w h ich  c e l ls  a re  embedded w ith in  

th e  c o lla g e n  m a tr ix  g iv in g  r is e  to  d u c t - l ik e  c o lo n ie s  (Yang e t  

a l , 1982 ; Edery e t  a l ,  1985; Imagawa e t  a l ,  1985). The serum - 

f re e  g row th  medium most re c e n t ly  employed was Ham’ s F12 : DMEM 

(1 :1  v /v )  supplem ented w ith  in s u l in  (0 .01  m g /m l), crude  soybean 

le c i t h in ,  t ra c e  e le m en ts , t r y p s in  i n h ib i t o r  and a n t i - o x id a n ts .

In  p re v io u s  s tu d ie s  (Yang e t  a l ,  1982 .; Imagawa e t  a l ,  1982 ), 

in s u l in  (0 .01  m g /m l), BSA f r a c t io n  \l (0 .1 $ )  and EGF (10 n g /m l) 

were found to  be e s s e n t ia l f o r  s u s ta in e d  g row th  o f  mammary e p i th 

e l i a l  c e l ls  from  v i r g in  o r  m idp regnan t m ice . Mammogenic hormones 

were n o t found to  c o n s is te n t ly  s t im u la te  g ro w th . The re c e n t re 

fin e m e n ts , which in c lu d e  th e  rep lacem en t o f  a lbum in  w ith  lip o som es  

o f  crude soybean l e c i t h in ,  have shown th a t  c e l l  v i a b i l i t y  i s  

m a in ta in e d  and grow th  i s  s t im u la te d  in  th e  absence o f  EGF (imagawa 

e t  a l ,  1985). In  t h i s  m o d if ie d  system , bo th  p ro g e s te ro n e  and 

p r o la c t in ,  a lone  o r  in  c o m b in a tio n , s t im u la te d  mammary e p i t h e l i a l  

g ro w th . The s t im u la to r y  e f f e c t  was, how ever, masked by th e  

presence o f  EGF in  th e  e a r l i e r  s e ru m -fre e  system . A n a ly s is  o f  ER 

and PR in  m ice mammary e p i t h e l ia l  c e l ls  c u ltu re d  in  th e  m o d if ie d  

system  (E dery a t  a l , 1985) have shown th a t  low  le v e ls  o f  ER are  

p re s e n t (50-100  fm ol/m g DNA). O estrogen-m ed ia ted  in d u c t io n  o f  PR



was re p o r te d  a lth o u g h  t h is  co u ld  be in h ib i t e d .  The r e la t io n 

s h ip s  between these  mammogenic hormones and t h e i r  re c e p to rs  

have been used to  p o s tu la te  a model f o r  g row th  in d u c t io n  in  

the  mammary g land  (see S e c tio n  1 .3 1 4 ).

1.54412 E x t r a c e l lu la r  M a tr ic e s

An ECM d e r iv e d  from  bov ine  c o rn e a l e n d o th e l ia l  c e l ls  has been 

re p o r te d  to  s u p p o rt th e  g row th  o f  norm al p r im a ry  human mammary 

e p i t h e l ia l  c u ltu r e s  in  se ru m -fre e  medium (B ira n  e t  a l ,  1983).

T h is  ECM has been found to  c lo s e ly  resem ble n a tu r a l ly  o c c u r r in g  

basement membrane, in  a d d it io n  to  p ro m o ting  p la t in g  e f f ic ie n c y ,  

g row th  and d i f f e r e n t ia t io n  o f  s e v e ra l c e l l  type s  ( l/ lo d a v s k y  e t  

a l , 1980; G ospodarow icz e t  a l ,  1981, 1982). B ira n  e t  a l ,  (1983) 

employed a s e ru m -fre e  medium supplem ented w ith  h ig h -d e n s ity

l ip o p r o te in  w h ich  has p re v io u s ly  been shown to  prom ote th e  g row th

o f  norm al and tra n s fo rm e d  c e l l s .  Success ra te s  o f  80-100$ were 

o b ta in e d , w ith  s u c c e s s fu l s u b c u ltu re s  on to  ECM a t  1 :10  s p l i t  

r a t io s ,  re g a rd le s s  o f  th e  age o f  th e  p a t ie n ts .

1•5442 Use o f  fe e d e r c e l ls

Feeder c e l l s ,  w h ich  are  c e l ls  th a t  have e i t h e r  been l e t h a l l y  

i r r a d ia te d  o r  t re a te d  w ith  m ito m yc in -C , in  o rd e r to  p re v e n t 

f u r t h e r  c e l l  d iv is io n ,  have been used to  s e le c t  f o r  e p i t h e l i a l  

c e l l  g row th  (see S e c t. 1 .3 3 4 ) .

1.5443 C o n d itio n e d  and d e fin e d  media

D u rin g  th e  developm ent o f  a d e fin e d  medium to  prom ote th e  g row th  

o f  human mammary e p i t h e l ia l  c e l l s ,  c o m m e rc ia lly  a v a i la b le  media 

have been supplem ented w ith  hormones, g row th  fa c to r s ,  f o e t a l  

c a l f  serum (FCS) and c o n d it io n e d  media (S tam p fe r e t  a l ,  1980, 

1982;Sm ith  e t  a l ,  1981; S tam p fe r, 1982; Ham 1982). The 

e n r ich e d  medium MM com prised a b a s a l medium supplem ented w ith  

grow th  fa c to r s ,  0 .5 $  FCS and 40$ c o n d it io n e d  media from  human 

e p i t h e l ia l  and m y o e p ith e lia l c e l l  l in e s .  The c o n d it io n e d  media 

were employed s in c e  th e y  had been found to  prom ote a tta ch m e n t 

and g row th  o f  mammary e p i t h e l ia l  c e l ls  (S tam p fe r e t  a l ,  1980).



T h is  MM medium su pp o rted  ra p id  g row th  o f  norm al human mammary 

e p i t h e l ia l  c e l ls  in  m onolayer c u ltu r e  f o r  3 -4  passages, w ith  

1:10 s p l i t s  a lth o u g h  c lo n a l g row th  o ccu rre d  o n ly  in  the  

presence o f  a f ib r o b la s t  fe e d e r la y e r  (S m ith  e t  a l ,  1981).

The o p tim is e d  b a s a l n u t r ie n t  medium, MCDB 170, in  co m b in a tio n  

w ith  a s e ru m -fre e  supp lem ent o f  in s u l in ,  c o r t i s o l ,  EGF, t r a n s 

f e r r i n ,  e th a n o la m in e , phosphoethano lam ine and bov ine  p i t u i t a r y  

e x t r a c t  (BPE), s u p p o rts  lo n g  te rm  grow th  o f  human mammary 

e p i t h e l ia l  c e l ls  f o r  10-20 passages a t  1 :10  s p l i t s  (Hammond 

s t  a l ,  1984). The c o m p le te ly  d e fin e d  fo rm , in  w h ich  BPE is  

re p la ce d  by p r o la c t in  and PGE ,̂ how ever, s u p p o rts  ra p id  c lo n a l 

g row th  and s u b c u ltu re  f o r  o n ly  3 -4  passages. S e le c t io n  o f  one 

p o p u la t io n  o f  mammary e p i t h e l ia l  c e l ls  has been observed a t  

passages 2 -4  in  MCDB 170 supplem ented w ith  th e  B P E -co n ta in in g  

supplem ent (Hammond et_ a l , 1984). I n i t i a l l y  two c e l l  p o p u la 

t io n s  were obse rved ; a r a p id ly  d iv id in g  c e l l - t y p e  and a much 

la r g e r  c e l l - t y p e  w h ich  re p re s e n ts  a s lo w ly - m u lt ip ly in g  p o p u la 

t io n .  A f te r  4 -5  passages, c u ltu r e s  were found to  com prise  th e  

s m a lle r  c e l l  p o p u la t io n  s in c e  the  la r g e r  c e l ls  were unab le  to  

undergo many c e l l  d iv is io n s .  T h is  d e fin e d  medium has been 

re p o r te d  to  s u p p o rt th e  g row th  o f  norm al mammary e p i t h e l i a l  

c e l ls  in  a d d it io n  to  c e l ls  d e r iv e d  from  tum our samples (Hammond 

e t  a l ,  1984). I t  w i l l  enab le  v a r io u s  e xpe rim en ts  to  be p e rfo rm 

ed, such as drug t o x i c i t y  t e s t in g  on c u ltu r e s  o f  c e l ls  d e r iv e d  

from  p r im a ry  as w e l l  as m e ta s ta t ic  tum ours .

1.5444 Use o f  c lo n o q e n ic  system s

A tw o - la y e r  aga r c u ltu r e  system  has been re p o r te d  f o r  th e  

c lo n o g e n ic  g row th  o f  human tum our c e l ls  (Hamburger & Salmon,

1977 a b ) . I n i t i a l  re p o r ts  in d ic a te d  th e  s e le c t i v i t y  o f  th e  

system  f o r  s e v e ra l type s  o f  tum our c e l l s ,  in c lu d in g  human 

mammary cance r c e l ls  (Hamburger et_ a l , 1978; Von H o ff e t  a l ,  

1980). L a te r  o b s e rv a t io n s , how ever, showed th a t  t h i s  system  

i s  n o t s e le c t iv e  f o r  tum our c e l l  g row th  s in c e  c e l ls  from  ben ign  

le s io n s ,  such as gynecom astia , fo rm  c o lo n ie s  in  s o f t  aga r 

(Von H o ff e t  a l ,  1981).



E a r ly  re p o r ts  suggested a r e la t io n s h ip  between th e  i n h ib i 

t io n  o f  tum our co lo n y  fo rm a tio n  and a h ig h e r  p r o b a b i l i t y  o f  

c l i n i c a l  response in  p a t ie n ts  (Salmon e t  a l ,  1978; Von H o ff 

a t  a l ,  1981). More r e c e n t ly ,  in  v i t r o  responses to  drugs 

have been lo w e r tha n  would be c l i n i c a l l y  expected  (Sandbach 

e t  a l ,  1982). M axim al c lo n o g e n ic  g row th  ra te s  have been 

re p o r te d  as 75$ (Sandbach e t  a l ,  1982) re g a rd le s s  o f  h i s t o l 

o g ic a l g rade , p a t ie n t  age, menopausal s ta tu s  and ER s ta tu s  

(Sandbach ejt a l , 1982; Smallwood e t  a l , 1984).

P re sen t l im i t a t io n s  w ith  t h i s  c lo n o g e n ic  system  are  th e  low  

and in c o n s is te n t  p la t in g  e f f ic ie n c ie s  w h ich  do n o t p e rm it  ve ry  

m e a n in g fu l d rug  s e n s i t i v i t y  assays.

1 .55  Management o f  b re a s t cance r

R egress ion  o f  m e ta s ta t ic  b re a s t cance r in  some prem enopausal 

women a f t e r  o va rie c to m y  was re p o r te d  by Beatson (1 8 9 6 ).

A b la t iv e  e n d o c rin e  th e ra p y  is *  nowadays l im i t e d  to  oophorectom y 

in  s e le c te d  prem enopausal p a t ie n ts  and th e  u s u a l th e ra p ie s  

in c lu d e  a n t i-o e s tro g e n ,  p r o g e s t in - ,  r a d io - ,  chemo- and immuno

th e ra p y . In  o rd e r  to  s e le c t  th e  a p p ro p r ia te  th e ra p y  f o r  

p a t ie n ts  a f t e r  the  rem ova l o f  th e  p r im a ry  tum our, i t  i s  im p o r t 

a n t to  de te rm ine  th e  e x te n t o f  hormone dependence o f  th e  tum ou r.

1.551 Assessment o f  hormone dependence in  b re a s t tum ours

E a r ly  s tu d ie s  to  de te rm ine  th e  hormone dependent n a tu re  o f  

human b re a s t tum ours were based on th e  d e te rm in a t io n  o f  s o lu b le  

ER (ERc) le v e ls  (F o lc a  e t  a l ,  1961). However, o n ly  abou t 50$ 

o f  p a t ie n ts  w ith  p o s i t iv e  ERc e x h ib ite d  o b je c t iv e  re m is s io n  to  

horm onal th e ra p y  (Hawkins e t  a l ,  1980 ). In  o rd e r  to  assess 

more a c c u ra te ly  th e  in t e g r i t y  o f th e  ER system , n u c le a r  ER (ERn) 

le v e ls  have a ls o  been measured in  c o n ju n c t io n  w ith  ERc, r e s u l t 

in g  in  an im provem ent to  th e  p r e d ic t io n  ra te s  f o r  horm onal 

th e ra p y  to  70$ (Maas & B ona t, 1980; Leake e t  a l ,  1981 b ) .

A n a ly s is  o f  ER le v e ls  has shown th a t  up to  20$ o f  b re a s t ca nce r 

p a t ie n ts  have tum ours w ith o u t  f u n c t io n a l  ERc (Leake e t  a l ,  1981 ab 

Fazekas & M acFarlane, 1983).



ER assays are  g e n e ra lly  perfo rm ed  by c o m p e tit iv e  s te r o id  

b in d in g  assays (Leake , 1981 a) a lth o u g h  im m unocytochem ica l 

assays w ith  p o ly -  and m o n o -c lon a l a n t ib o d ie s  have been 

em ployed. P o ly c lo n a l a n t ib o d ie s  a g a in s t 5S h o rm o ne -re ce p to r 

complexes have shown c y to p la s m ic  s ta in in g  (Raam e t  a l ,  1982; 

Tamura e t  a l ,  1984 ), w h ile  m onoc lona l a n t ib o d ie s  have shown 

s p e c i f ic  s ta in in g  in  th e  n u c le i o f  s e le c te d  c e l l  p o p u la t io n s  

in  fro z e n  s e c tio n s  (K in g  et^ aT, 1985). A ltho u gh  hete rogeneous 

s ta in in g  p a t te rn s  have been obse rved , th e re  i s  a good c o r r e la t io n  

w ith  b io c h e m ic a lly  de te rm ined  le v e ls  o f  re c e p to r  (K in g  ejb a l ,

1985). A t p re s e n t th e  im m unocytochem ica l assays a re  b e ing  

used in  c o n ju n c t io n  w ith  b io c h e m ic a l assays, u n t i l  more d a ta  

i s  a v a i la b le  on th e  r e la t io n s h ip  between th e  s ta in in g  p a t te rn  

and th e  c l i n i c a l  outcome.

As an a l t e r n a t iv e  to  th e  d e te rm in a t io n  o f  ERn le v e ls ,  v a r io u s  

p ro te in s  induced  by o es trogens  have been measured to  assess 

hormone dependence. These in c lu d e  PR w h ich  is  r a r e ly  found  in  

absence o f  ER (Barnes e t  a l ,  1979). The presence o f  PR has 

p ro v id e d  th e  b e s t in d e x  f o r  o b je c t iv e  re m is s io n  to  a d ju v a n t 

horm onal th e ra p y  w ith  an im provem ent in  p r e d ic t io n  ra te s  to  75- 

80$ (M cGuire e t  a l ,  1977; Osborne e t  a l ,  1980).

The 52K o e s tro g e n -re g u la te d  g ly c o p ro te in  (liJes tley  & R o c h e fo rt,

1980) has re c e n t ly  been s tu d ie d  in  im m unocytochem ica l assays 

in  p r im a ry  b re a s t cancers (G a rc ia  e t  a l ,  1984). E ig h ty  p e r 

c e n t (2 0 /2 5 ) p r im a ry  tum ours showed s p e c i f ic  c y to p la s m ic  

s ta in in g  w ith  m onoclona l a n t ib o d ie s  to  th e  52K p r o te in  w h ile  

no s ta in in g  was observed in  ’ norm a l* t is s u e  from  re d u c t io n  

mammoplasties o r  norm al u t e r i .  The s ta in in g  in t e n s i t y ,  how ever, 

d id  n o t c o r r e la te  w ith  ER le v e ls  and 2 /7  samples w ith  ERc le v e ls  

below 15 fm o ls/m g p r o te in  showed in te n s e  s ta in in g .  A ltho u gh  

80$ p o s i t iv e  im m u n o re a c t iv ity  to  52K p r o te in  was i n i t i a l l y  

re p o r te d  (G a rc ia  e t  a l ,  1984 ), more re c e n t d a ta  sugges ts  t h a t  

i t s  p o te n t ia l  as a horm one-dependent and tu m o u r-a s s o c ia te d  

m arker f o r  th e  d e te c t io n  and m o n ito r in g  o f  b re a s t ca nce r i s  

perhaps l im i t e d  (C. Coombes, p e rs o n a l comm.).



P rim a ry  and m e ta s ta t ic  tum ours from  post-m enopausa l p a t ie n ts  

have been shown to  have h ig h e r  ER le v e ls  as w e l l  as a h ig h e r  

p ro p o r t io n  o f  ER p o s i t iv e  tum ours tha n  p re -m enopausa l women 

(M cGuire 1975; A lle g ra  & Lippman, 1980). C orrespond

in g ly ,  lo w e r response ra te s  to  e nd o c rin e  th e ra p y  have been 

observed in  p re -m enopausa l women (25$) than  in  post-m enopausa l 

women (B e r tu z z i e t  a l ,  1981; M cCarty e t  a l ,  1983; Leake, 1984).

1.552 H is to lo g ic a l  grade and tum our h e te ro g e n e ity

A ltho u gh  th e re  have been some re p o r ts  o f  a c o r r e la t io n  between 

ER n e g a tiv e  tum ours and u n d i f fe r e n t ia te d  grade I I I  h is to lo g y  

r a th e r  tha n  more d i f f e r e n t ia t e d  I  o r  I I  (Bloom & R ich a rd son , 

1957; McGuire 1975), ER s ta tu s  does n o t a lw ays r e f le c t  

h is t o lo g ic a l  grade (Heuson e t  a l ,  1975; Thoresen ejt a l ,  1981 ). 

W e ll d i f f e r e n t ia t e d  tum ours a re  more commonly ER p o s i t iv e  

s u g g e s tin g  th a t  re c e p to r  s ta tu s  i s  a b io c h e m ic a l fe a tu re  o f  

c e l lu la r  d i f f e r e n t ia t io n ,  a r e f le c t io n  o f  th e  f a c t  th a t  ER i s  

a " lu x u r y 11 p r o te in  s y n th e s is e d  la t e  in  th e  d i f f e r e n t ia t io n  

pathway (Leake , 1981 b ) .

M u lt ip le  assays f o r  ER w ith in  b re a s t tum ours have dem onstra ted  

in t ra tu m o u ra l v a r ia t io n  (B ra u nsb e rg , 1975; C a s ta g n e tta  £ t  a l ,

1983) w ith  up to  a 7 - fo ld  d i f fe re n c e  in  re c e p to r  le v e ls  r e p o r t 

ed (Hawkins e t. a l > 1980). The v a r ia t io n  i s  due to  th e  presence  

o f  p o p u la tio n s  o f  horm one-dependent and autonomous c e l ls  

(W o o d ru ff, 1983). Even in  horm one-dependent tum ours th e  le v e l  

o f  ER d e te c te d  i s  dependent on th e  e p i t h e l ia l  c e l l u l a r i t y  o f  

th e  tum our (T e re n iu s  e t  a l ,  1974; Hawkins e t  a l ,  1980).

1 .553 R ecepto r s ta tu s  s t a b i l i t y

S ince  b re a s t tum ours c o n ta in  p o o ls  o f  horm one-dependent and 

autonomous c e l l s ,  i t  i s  im p l i c i t  t h a t  re c e p to r  s ta tu s  is  

l i k e l y  to  be u n s ta b le . A t second b io p s y , about h a l f  o f  th e  ER 

+ /+  p a t ie n ts  were s t i l l  ER + /+  w h ile  abou t 80$ o f th e  ER o /o  

p a t ie n ts  rem ained unchanged (Leake ejb a l ,  1981 ab; Holdaway & 

B ow d itch , 1983). Somewhat s u r p r is in g ly ,  th e  d ise ase  in  12$ 

o f  ER o /o  re v e r te d  to  horm one-dependent d isease  (Leake , 1984 ).



T h is  group may account f o r  th e  5-10$ o f  ER o /o  p a t ie n ts

re sp on d ing  to  horm onal th e ra p y  (Leake 1981 a ) .  The re m a in in g

c a te g o r ie s  o f  p a t ie n ts  w ith  ER o /+  and + /o  a re  g e n e ra lly  found

to  change to  o /o  a t  second b io p sy  (Leake e t  a l ,  1981 b ) .

1 .554 P rognos is  and response to  th e ra p y

High le v e ls  o f  ER in  p r im a ry  d isease  have been found to  

c o r r e la te  w ith  b e t te r  p ro g n o s is  (C ro to n  e t  a l ,  1981). R ecepto r 

s ta tu s  has proved  u s e fu l in  th e  s e le c t io n  o f  th e ra p y  f o r  b re a s t 

ca n ce r, w he the r i t  i s  a d ju v a n t e n d o c rin e  o r  c y to to x ic  th e ra p y . 

P rim a ry  ER p o s i t iv e  tum ours are  p re d isp o sed  to  m e ta s ta s is e  to  

bone and lu n g  (C am pbell erfc a l , 1981; S te w a rt a t  a l ,  1981) 

a lth o u g h  th e  p o te n t ia l  f o r  n oda l m etastases i s  independen t o f  

ER s ta tu s  (Heuson e t  a l ,  1975; Leake e t  a l ,  1981 a b ) . In  lymph 

nodes, Hawkins e t  a l ,  (1980) observed ER le v e ls  to  be tw ic e  th e  

le v e ls  in  th e  p r im a ry  tum our and t h is  i s  perhaps due to  in c re a s e d  

tum our c e l l u l a r i t y  in  the  nodes.

In  a re c e n t r e p o r t  on a c l i n i c a l  t r i a l  in  w h ich  p a t ie n ts  were 

random ised to  re c e iv e  horm onal th e ra p y  f o r  two y e a rs , o r  sys te m ic  

th e ra p y  a t  re la p s e , a s ig n i f i c a n t  in c re a s e  was observed in  th e  

d is e a s e - fre e  in t e r v a l  in  th e  ta m o x ife n  t re a te d  group (NATO, 1985). 

There were a p p ro x im a te ly  a t h i r d  few er dea ths in  th e  group g iv e n  

horm onal th e ra p y , re g a rd le s s  o f  m enopausal, ER o r nod a l s ta tu s  

(NATO, 1985). However, th e re  s t i l l  rem ain many p rob lem s in  

id e n t i f y in g  those  p a t ie n ts  w ith  ER p o s i t iv e  d isease  who become 

r e s is ta n t  to  a d ju v a n t horm onal th e ra p y .



1 .6  The Cytoskeleton

In  e u k a ry o t ic  c e l l s ,  th e  f ila m e n to u s  system s o f  a c t in -  

c o n ta in in g  m ic ro f i la m e n ts ,  tu b u l in - c o n ta in in g  m ic ro tu b u le s  

and in te rm e d ia te  f i la m e n ts  ( i F ’ s )fo rm  the  c y to s k e le to n .  In  

term s o f  fu n c t io n ,  th e  c y to s k e le to n  p ro v id e s  bo th  a fram ew ork . 

f o r  th e  c e l l  and i t s  o rg a n e lle s , in  a d d it io n  to  a mechanism 

f o r  c e l l - c e l l  c o n ta c t and m ig ra t io n .  These f ila m e n to u s  system s 

com prise  l in e a r ,  unbranched p r o te in  po lym ers e x te n d in g  th ro u g h  

th e  cy top la sm . The c y to s k e le ta l p ro te in s  re p re s e n t a h ig h ly  

dynamic group o f  o rg a n e lle s  w h ich  have th e  a b i l i t y  to  undergo 

d ra m a tic  re o rg a n is a t io n .

1.61 M ic ro f ila m e n ts

A c t in  f i la m e n ts  o f 5-6nm d ia m e te r a re  re fe r re d  to  as m ic ro -  

f i la m e n ts .  In  muscle c e l l s ,  a c t in  f i la m e n ts  are  in v o lv e d  in  

c o n t r a c t i le  system s th ro u g h  s p e c i f ic  in te r a c t io n s  w ith  m yosin .

In  non-m uscle  c e l l s ,  a c t in  f i la m e n ts ,  how ever, form  c ro s s -  

l in k e d  bund les w hich p ro v id e  a s u p p o r t in g  fram ework f o r  th e  c e l ls  

and t h e i r  c o n te n ts . A c t in  f i la m e n ts  a re  p re s e n t in  bo th  dynamic 

and perm anent s t r u c tu r e s .  In  m i c r o v i l l i ,  f o r  exam ple, m ic ro -  

f i la m e n ts  a re  r e la t i v e l y  s ta b le  (M ooseker, 1983) w h ile  th e  

dynamic p ro p e r t ie s  o f  a c t in  f i la m e n ts  a re  observed in  c e l l  

s u rfa c e  s t ru c tu re s  (e .g .  f i l i p o d i a ,  b e lt-d e s m o s o m e s )(A lb e rts  e t  

a l , 1983). M ic ro f ila m e n ts ,  th e re fo re ,  re p re s e n t th e  main 

component o f  c o n t r a c t i le  m ach inery o f  th e  c e lls ©  In  a d d i t io n ,  

th e y  have been im p lic a te d  in  o th e r  p rocesses such as c e l l  

movement and movement o f  i n t e s t in a l  m i c r o v i l l i .

1.611 S tre s s  F ib re s

Bundles o f  a c t in  f i la m e n ts ,  term ed s t re s s  f ib r e s ,  have m a in ly  

been s tu d ie d  in  c u l tu r e .  These f ib r e s  have been found in  e i t h e r  

a p a r a l le l  o r  conve rgen t arrangem ent in  a s s o c ia t io n  w ith  o th e r  

p ro te in s  such as tro p o m yo s in , r^  - a c t in in  o r  m yosin (B ye rs  e t  a l ,

1984). In  c e l ls  a tta ch e d  to  c u ltu r e  s u b s tra te s  as w e l l  as 

s ta t io n a r y  c e l l s ,  s t re s s  f ib r e s  have been observed a lth o u g h  th e y  

occu r to  a le s s e r  e x te n t  in  m ig ra to ry  c e l ls  (Bockush, 1983).



In  many c e l l  ty p e s , o th e r  p r o te in s ,  such as v in c u l in ,  are  

d e te c ta b le  a t  the  b in d in g  s i t e s  o f  th e  m ic ro f ila m e n ts  and the  

plasma membrane (G e ig e r e t  a l ,  1980).

C e lls  tra n s fo rm e d  by oncogen ic  v iru s e s ,  e .g .  Rous sarcoma 

v i r u s ,  have been a s s o c ia te d  w ith  reduced le v e ls  o f  s t re s s  

f ib r e s  (Ash e t  a l ,  1976; Osborn & W ebster, 1975). Mammary 

e p i t h e l ia l  c e l l s ,  c u ltu re d  on a c o lla g e n  s u b s tra te ,  how ever, 

were n o t found to  e x h ib i t  a r e la t io n s h ip  between tu m o u r ig e n ic ity  

and th e  presence o f  s t re s s  f ib r e s  (Yang e t  a l ,  1980 d ) .  C u r re n t ly ,  

i t  i s  u n c le a r w he ther th e re  i s  a s p e c i f ic  r e la t io n s h ip  between 

tra n s fo rm a t io n  and th e  e x p re s s io n  o f  s t re s s  f ib r e s .

1 .62 M ic ro tu b u le s

The m ic ro tu b u le  system  com prises h o llo w  c y l in d r ic a l  e lem ents 

w ith  an o u te r  d ia m e te r o f  25nm and a lu m in a l d ia m e te r o f  15nm.

In  c ro ss  s e c t io n ,  i t  i s  c le a r  th a t  th e  m ic ro tu b u le s  a re  form ed 

from  a po lym er o f  t h i r t e e n  g lo b u la r  s u b u n its  o f  o(. -and  ^  -  

t u b u l in .  The dynamic n a tu re  o f  m ic ro tu b u le s  w ith in  th e  m i t o t ic  

s p in d le  and c y to s k e le to n  i s  app a re n t a lth o u g h , l i k e  th e  m ic ro -  

f i la m e n ts ,  th e  m ic ro tu b u le s  in  c i l i a  and f l a g e l la  a re  r e la t i v e l y  

s ta b le  s t r u c tu r e s .  In  term s o f  fu n c t io n ,  m ic ro tu b u le s  a c t bo th  

as s t r u c t u r a l  s c a f fo ld s  and as p a r t  o f  th e  m ach inery f o r  th e  

movement o f  c e l ls  as w e ll  as p a r t i c le s  w ith in  the  c e l l s .

Evidence to  suggest th a t  m ic ro tu b u le s  have a r o le  in  c e l l  shape 

comes from  th e  p a r a l le l  arrangem ent o f  m ic ro tu b u le s  a t  th e  

c e l l  s u r fa c e .

1.63 In te rm e d ia te  F ila m e n ts

In  v i r t u a l l y  a l l  d i f f e r e n t ia t e d  c e l l  ty p e s , a m a jo r c y to s k e le ta l  

system  o f  in te rm e d ia te  f i la m e n ts  ( iF 's )  has been i d e n t i f i e d .

These I F ’ s are  in s o lu b le  c y to p la s m ic  p ro te in s  o f d ia m e te rs  

7-10nm, in te rm e d ia te  between th e  m ic ro f ila m e n ts  and th e  m ic ro -  

tu b u le s .  Im m u n o lo g ica l, b io c h e m ic a l and m o le c u la r b io lo g ic a l  

s tu d ie s  have re ve a le d  the  IF ’ s com prise  heterogeneous s u b u n its  

(L a z a r id e s , 1980), in  term s o f  w hich th e y  a re  c la s s i f ie d  in t o  

f iv e  se p a ra te  g ro up s : ( i )  k e ra t in s  in  e p i t h e l ia l  t is s u e s ;



(L i)  v im e n tin  in  c e l ls  o f  mesenchymal o r i g i n ; ( i i i )  desmin 

in  myogenic c e l l s ;  ( i v )  g l i a l  f i la m e n ts  in  g l i a l  and re la te d  

c e l ls  and (v )  n e u ro fila m e n ts  in  neurons. In te rm e d ia te  

f i la m e n ts  have been e x te n s iv e ly  rev iew ed  by L a za rid e s  (1980,

1982) and S te in e r t  e t  a l ,  (1 9 8 4 ).

1.631 E xp ress ion  o f  In te rm e d ia te  F ila m e n ts

The g e n e ra lis e d  c e l l - t y p e  c la s s i f i c a t io n  f o r  I F ’ s has been 

o u t l in e d  above , but, th e re  i s  a g row ing  l i s t  o f  a d d it io n s  and 

e x c e p tio n s . For exam ple, c o -e x p re s s io n  o f  v im e n tin  and th e  

c e l l - t y p e  IF  has been observed (L a z a r id e s  & Hubbard, 1976;

Z a c k ro ff  e t  a l , 1981). The presence o f  k e r a t in - l i k e  IF 's  

has a ls o  been re p o r te d  f o r  some f ib r o b la s t i c  c e l l  l in e s  (Z a c k ro f f  

e t  a l ,  1 9 8 4 '. C o -e x is te n ce  o f  s u b u n its  o f  two d i f f e r e n t  IF  

c la sse s  has been observed in  v iv o  (G ranger & L a z a r id e s , 1980) 

and in  v i t r o  (F ranks  e t  a l ,  1979; Osborn e t  a l ,  1980 ). V im e n tin  

e x p re s s io n  i s  suggested to  o ccu r a f t e r  re le a s e  o f  c e l ls  from  th e  

in  v iv o  e nv ironm en t (D a irke e  e t  a l ,  1984). Evidence to  s u p p o rt 

t h i s  h y p o th e s is  comes from  s tu d ie s  on a tra n s fo rm e d  e p i t h e l i a l  

c e l l  l i n e  w h ich  expresses bo th  k e r a t in  and v im e n tin  in  c u ltu r e  

b u t expresses k e r a t in  o n ly  in  tum ours g row ing  in  nude mice 

(Summerhayes e t  a l ,  1981).

IF ’ s are  u s e fu l t o o ls  in  d ia g n o s t ic  p a th o lo g y  to  d e te rm ine  th e  

o r ig in  o f  tum ours and m e tas tases , re g a rd le s s  o f  th e  d i f f e r e n t ia t e d  

s ta te  (A ltm a n nsb e rq e r e t  a l ,  1982; O sbo rn ,1983; M o ll e t  a l ,

1983) w ith  c e l ls  in  s o l id  tum ours e x p re s s in g  the  IF  o f  th e  

o r ig in a l  c e l l - t y p e  (O sborn, 1983).

1 .632 K e ra t in  F ila m e n ts

The c h a r a c te r is t ic  c la s s  o f  IF 's  in  e p i t h e l ia l  c e l ls  a re  th e  

k e ra t in s  w h ich  com prise  a h ig h ly  complex fa m ily  o f  p o ly p e p t id e s .

Up to  19 k e ra t in s  have been id e n t i f ie d  by h ig h  r e s o lu t io n  tw o - 

d im e n s io n a l g e l e le c tro p h o re s is  a lth o u g h  k e ra t in s  9 and 11 

(a c c o rd in g  to  th e  nom encla ture  o f  M o ll et^ a l , 1982a) a re  n o t 

regarded  as genuine t r a n s la t io n  p ro d u c ts . K e ra t in  s u b u n its  

have been shown to  form  a c id ic  and b a s ic  s u b fa m ilie s  w ith



m o le c u la r w e ig h ts  between 40-70K (Tseng a t  a l , 1982; Osborn,

1983). Im m uno log ica l and e le c t r o p h o r e t ic  s tu d ie s  have shown 

th a t  in  a p a r t i c u la r  e p ith e liu m ,  between 2-10 k e ra t in s  a re  

p re s e n t w ith  c o -o rd in a te d  d o u b le ts  o f  a c id ic  and b a s ic  sub

u n i ts  (Osborn 1983; Sun a t  a l , 1983; W o o d co ck -M itch e ll et_ a l , 

1982). The s m a lle r  k e r a t in  sp e c ie s  a re  expressed in  s im p le  

e p i t h e l ia ,  w h ile  te r m in a l ly  d i f f e r e n t ia t e d  e p id e rm a l c e l ls  

express th e  la r g e s t  k e ra t in s  (see S e c tio n  1 .6 4 3 ) . K e ra t in s  

com prise  a complex m u ltig e n e  p r o te in  fa m ily  w ith  d i f f e r e n t i a l  

e x p re s s io n  o f  k e ra t in s  dependent on th e  e p ith e liu m  and s tag e  

o f  d i f f e r e n t ia t io n  (Tseng ejt a l ,  1982; Wu ei^ a l , 1982). A 

u n i fy in g  model f o r  k e r a t in  e x p re s s io n  has been proposed by 

Sun e t  a l ,  (1984) and i s  d e s c r ib e d  be low .

1 .64  U n ify in g  Model f o r  C la s s i f ic a t io n  and E xp ress ion  o f  K e ra t in s  

1•641 K e ra t in  s u b fa m ilie s

In  term s o f  t h e i r  e le c t r o p h o r e t ic  p ro p e r t ie s  and im m u n o lo g ic a l 

r e a c t i v i t i e s  w ith  th e  AE1 and AE3 m onoc lona l a n t ib o d ie s ,  a l l  

human k e ra t in s  have been shown to  fo rm  two s u b fa m ilie s  (Tseng 

e t  a l ,  1982; W o o d co ck -M itch e ll e t  a l ,  1982; Sun e t  a l ,  1983 ). 

K e ra tin s  1 to  8 have, bo th  a common AE3 a n t ig e n ic  d e te rm in a n t 

and is o e le c t r i c  p o in ts  above 6 .0 .  T h is  b a s ic  s u b fa m ily ,  term ed 

s u b fa m ily  B has been shown to  be s t r u c t u r a l l y  s im i la r  from  

p e p tid e  mapping s tu d ie s  ( S c h i l le r  e t  a l ,  1982). M oreover, th e  B 

s u b fa m ily  has im m u n o re a c tiv ity  to  th e  m onoclona l K^8.13 a n tib o d y  

( G i g i e t  a l ,  1982).

K e ra tin s  10 and 12 to  19, w hich have common AE1 a n t ig e n ic  

d e te rm in a n ts  and p i ' s  below 5 .7 ,  fo rm  s u b fa m ily  A. P e p tid e  

a n a ly s is  (M o ll e t; a l ,  1982 b) and cDIMA s tu d ie s  (Fuchs a t  a l ,  1981 

Kim a t  a l ,  1983) have shown th a t  these  k e ra t in s  a re  s im i la r  in  

s t r u c tu r e  and sequence. A t le a s t  one k e r a t in  from  each s u b fa m ily  

i s  p re s e n t in  a l l  e p i t h e l ia  in  v iv o  ( S c h i l le r  e t  a l ,  1982; Tseng 

e t  a l ,  1982) and in  v i t r o  (Fuchs e t  a l ,  1981; Kim e t  a l ,  1983 ).

1.642 K e ra t in  p a ir s

W ith  the  e x c e p tio n  o f  th e  40-kd k e r a t in  19, w hich o ccu rs  in



F ig . 1 .6  C la s s i f ic a t io n  o f  e p i t h e l ia l  k e ra t in s

A. Schem atic d iv is io n  o f  human e p i t h e l ia l  

k e ra t in s  in t o  a c id ic  (A o r  ty p e  I )  and 

b a s ic  (B o r  ty p e  I l ) s u b fa m i l ie s .  K e ra tin s  

are  re p re s e n te d  by t h e i r  m o le c u la r 

w e ig h ts  and numbered a c c o rd in g  to  the  

c la s s i f i c a t io n  o f  M o ll e t  a l ,  (19 82 a ).

The k e ra t in s  re p re se n te d  by da rk  c i r c le s  

re a c t  w ith  AE1 a n tib o d y  w h ile  those  

id e n t i f ie d  by the  AE3 a n tib o d y  are  

hatched c i r c le s .

B. A u n i fy in g  model o f  k e r a t in  e x p re s s io n . 

K e ra t in s  o f  a c id ic  and b a s ic  s u b fa m ilie s  

are  a rranged  on th e  b a s is  o f  t h e i r  

m o le c u la r w e ig h ts (se e  5000 d a lto n  b a r ) .

(Adapted from  Sun e t  a l , 1984)
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v i r t u a l l y  a l l  n o n -e p id e rm a l e p i t h e l ia  (M o ll et_ a l , 1982 a;

Tseng e t  a l ,  1982), th e  re m a in in g  s u b fa m ily  A members have a 

c o u n te rp a r t  in  s u b fa m ily  B (see F ig . 1 .6 a ) .  C o -e xp re ss io n  o f 

k e r a t in  p a ir s  i s  found  w ith  th e  m o le c u la r w e ig h t o f  the  B 

s u b fa m ily  member exceed ing  th a t  o f  th e  A s u b fa m ily  member by 

7 -8  Kd (Sun e t  a l ,  1984; Tseng et^ a l , 1982).

1.643 C la s s i f ic a t io n  o f  e p i t h e l ia  by k e r a t in  c o m p o s itio n

On th e  b a s is  o f  th e  k e r a t in  co m p o s itio n  o f  v a r io u s  e p i t h e l ia ,  

i t  has been shown th a t  k e r a t in  e x p re s s io n  is  dependent on th e  

type  o f  e p ith e liu m  (see F ig .  1 .6 b ) .  For exam ple, s im p le  

e p i t h e l ia  a re  g e n e ra lly  c h a ra c te r is e d  by th e  e x p re s s io n  o f  2 -4  

o f  th e  s m a lle r  k e ra t in s  from  th e  4 5 - /5 2 -k d  and 4 6 - /5 4 -k d  p a ir s  

in  a d d it io n  to  th e  40-kd  k e r a t in  ( n o i l  e t  a l , 1982 a ; S c h i l le r  

e t  a l ,  1982). nany m onoclona l a n t ib o d ie s  have been produced 

w h ich  re a c t  s p e c i f i c a l l y  w ith  s im p le  e p i t h e l ia l  k e r a t in s ,  such 

as th e  LE61 a n tib o d y  w h ich  re a c ts  w ith  th e  45-kd  k e r a t in  18 

(Lane , 1982).

1 .65  E xp ress ion  o f  k e ra t in s

In  r a t  mammary e p i t h e l ia l  c e l ls  c u ltu re d  in  c o lla g e n  g e ls ,

EGF and mammogenic hormones have been re p o r te d  to  a l t e r  k e r a t in  

e xp re s s io n  (P a lm er e t  a l ,  1984). The hormones were found  to  

induce  th e  e x p re s s io n  o f  a 66-kd k e r a t in  w h ich  is  n o t expressed  

in  th e  presence o f  EGF a lo n e . I t  appears th a t  k e r a t in  e x p re s s io n  

in  r a t  mammary e p i t h e l ia l  c e l ls  i s  re g u la te d  by horm onal and 

c u ltu r e  c o n d it io n s .

V ita m in  A i s  re co gn ise d  as hav ing  an im p o r ta n t r o le  in  the  

re g u la t io n  o f  e p i t h e l ia l  g row th  and d i f f e r e n t ia t io n  ( Z i le  &

C u llum , 1983). Indeed v ita m in  A -d e f ic ie n c y  induces  k e r a t in -  

is a t io n  and m e ta p la s ia  in  many s e c re to ry  and n o n -k e ra t in is e d  

e p i t h e l ia  (liio lbach  & Howe, 1925). D u ring  e p id e rm a l k e r a t in -  

is a t io n ,  changes in  k e r a t in  e x p re s s io n  have been found  (Fuchs & 

Green, 1980) w ith  b a sa l and su p ra b a sa l c e l ls  e x p re s s in g  th e  

5 0 - /5 8 -k d  and 5 6 .5 - /6 5 -6 7 -k d  k e r a t in  p a ir s  r e s p e c t iv e ly  (U oodcock- 

M i t c h e l l  e t  a l ,  1982). The l a t t e r  k e ra t in s  are  n o t expressed



i n  c u ltu re d  human e p id e rm a l c e l ls  w hich fo rm  n o n -k e ra t in is a d  

e p i t h e l ia  (Fuchs & Green, 1973) a lth o u g h  under v ita m in  A- 

d e f ic ie n t  ic u l tu r s  c o n d it io n s ,  e x p re s s io n  o f  these  k e ra t in s  

i s  re g a in e d  (Fuchs & Green, 1981). S ince th e  5 6 .5 - /6 5 -6 7 -k d  

k e ra t in s  have been found in  n o n -e p id e rm a l e p i t h e l ia  from  

v ita m in  A - d e f ic ie n t  r a b b its  (Tseng e t  a l .  1984) i t  appears th a t  

these  k e ra t in s  a re  n o t m arkers f o r  e p id e rm a l k e r a t in is a t io n  b u t 

f o r  norm al and v ita m in -A  d e f ic ie n c y  induced  k e r a t in is a t io n .

1 .66  F u n c tio n  o f  in te rm e d ia te  f i la m e n ts

S ince  IF ’ s a re  le s s  s o lu b le  tha n  o th e r  c y to s k o le ta l  p r o te in s ,  

i t  has been suggested th a t  th e y  have a m echan ica l r a th e r  than  

a dynamic r o le  in  c e l ls  (L a z a r id e s ,1980, 1982). S tu d ie s  on 

c u ltu ra d  c a l l s ,  w h ich  have shoun th a t  k e r a t in  bund les a r is e  in  

th e  p e r in u c le a r  re g io n  and te rm in a te  a t  ju n c t io n a l  com plexes, 

have suggested th a t  k e ra t in s  a re  in v o lv e d  in  the  m aintenance 

o f  c e l l  shape, lo c a t io n  o f  th e  nuc leus and c a l l - c e l l  c o n ta c t 

(Oones et_ al_, 1932). However, mora ra c e n t s tu d ie s  have shown 

th a t  m ic r o in je c t io n  o f  a n t ib o d ia s ,  w h ile  d is r u p t in g  the  IF  

n e tw o rk ,had  no e f f e c t  on e i t h e r  th e  c a l l  shape o r  n u c le a r  cen- 

t r a t io n  in  c u ltu r e  (Klymkowsky e t  a l ,  1933).

V im e n tin , in  mesenchymal c e l ls  has becan suggested to  have a 

r o la  in  m aintenance o f  c e l l  shape, o rg a n e lle  movement and 

n u c le a r c e n t ra t io n  (Z a c k ro f f  ejfc al_, 1981). C o lla p se  o f  

v im e n tin  f i la m e n ts  in t o  the  p e r in u c le a r  re g io n  as a r e s u l t  o f  

c o lc h in e  tre a tm e n t in d ic a te s  a c lo s e  r e la t io n s h ip  w ith  the  m icro- 

tu b u le s .  T h is  has le d  to  th e  p ro p o s a l th a t  th e re  a re  re 

o rg a n is in g  c e n tre s  w h ich  are  in v o lv e d  in  c o n t r o l l in g  c y to p la s m ic  

d is t r ib u t io n  and perhaps IF  s y n th e s is  (E c k e r t  je t a l ,  1982).

The presence o f  d i f f e r e n t  I F ’ s in  d i f f e r e n t  c e l l - t y p e s  sugges ts  

a fu n c t io n a l h e te ro g e n e ity  f o r  I F ’ s a lth o u g h  th e  fu n c t io n a l  r o le  

has y e t  to  be e lu c id a te d .

1 .67 C onc lus ions

The fila m e n to u s  system s in v o lv e d  in  the  c y to a rc h ite c tu re  o f  

e u k a ry o t ic  c e l ls  have been d e s c r ib e d  in  t h i s  s e c t io n .



Oncogenic t ra n s fo rm a t io n  o f  c e l ls  has been found to  r e s u l t  in  

th e  p h o s p h o ry la t io n  o f  v a r io u s  p ro te in s  (H u n te r , 1984), 

in c lu d in g  v in c u l in  w hich may l i n k  a c t in  bund les to  anchor 

p ro te in s  in  adhesion  p la q u e s . These p laques anchor c e l ls  to  

t h e i r  s u b s tra te s  and a c t as in t e r n a l  anchors f o r  bund les  o f  

a c t in  f i la m e n ts .  P h o s p h o ry la tio n  o f  v in c u l in  may r e s u l t  in  

th e  d is r u p t io n  o f  th e  v in c u l in  l i n k  and accoun t f o r  th e  

p re v io u s ly  d e s c r ib e d  a l t e r a t io n  in  s t re s s  f ib r e s .  These and 

o th e r  changes may be re la te d  to  th e  p rocess o f  oncogenes is .

1 .68 Aims

The i n i t i a l  o b je c t iv e  o f  these  s tu d ie s  was to  r o u t in e ly  

e s ta b lis h  p r im a ry  c u ltu r e s  o f  human mammary e p i t h e l ia l  c e l ls  

from  b re a s t tum our b io p s ie s .  Such c u ltu r e s  were then  to  be 

c h a ra c te r is e d  and t h e i r  responses to  hormones and g row th  

fa c to r s  in v e s t ig a te d .  The g row th  responses were assessed, 

bo th  in  term s o f  c e l lu la r  p r o l i f e r a t io n  and a t  the  m o rp h o lo g ic a l 

le v e l .  d o rs  s p e c i f ic  aims a re  p re sen ted  in  the  in t r o d u c to r y  

s e c tio n s  o f  the  in d iv id u a l  ch a p te rs  o f  th e  r e s u l t s  s e c t io n .



2 .0  M a te r ia ls  and Methods

2 .1  T issu e  C u ltu re  M a te r ia ls

2.11 P la s t ic s

2
'N unc1 t is s u e  c u ltu r e  f la s k s  (2 5 , 80 and 175 cm ) ,  35mm P e t r i  

d ish es  and 4 -w e ll  p la te s  (16mm d ia m .) were s u p p lie d  by G ibco 

L i f e  T e c h n o lo g ie s , P a is le y ,  U.K.

'L in b r o ' SpaceSaver M u lt iw e l l  p la te s  (15mm d ia m .) and p la s t i c  

15mm 'Therm anox' c o v e rs lip s  were o b ta in e d  from  Flow L a b o ra to r ie s ,  

I r v in e ,  U.K.

2 .12  G lass

10 and 13mm c o v e rs lip s  were o b ta in e d  from  Chance P ro pp e r, 

Sm ethw ick, U.K. They were b o ile d  f o r  30 m ins. in  a 0 .1  M 

Sodium h y d ro x id e  s o lu t io n ,  r in s e d  in  ru n n in g  tap  w a te r o v e rn ig h t  

and f i n a l l y  g ive n  th re e  r in s e s  in  d i s t i l l e d ,  d e io n is e d  w a te r . 

C o v e rs lip s  were sepa ra ted  onto  t is s u e  p ap e r, a llo w e d  to  d ry  and 

s t e r i l i s e d  in  an oven a t  160°C f o r  two h ou rs .

2 .13  B a c te r io lo g ic a l P la s t ic s

90mm p la s t ic  P e t r i  d is h e s , u n iv e rs a l c o n ta in e rs  and b i jo u x  

were s u p p lie d  by S t e r i l i n ,  T e d d in g to n , U.K.

2 .2  Media

Ham's F10 (Ham, 1963) and D u lb e cco 's  m o d if ic a t io n  o f  E a g le 's  

medium (DMEM) (S m ith  e t  a l ,  1960) were o b ta in e d  as 10X s to c k  

s o lu t io n s  from  Flow L a b o ra to r ie s  and Gibco L i f e  T e chn o lo g ie s  

re s p e c t iv e ly .



2.21 Sera

The c u ltu r e  media were supplem ented w ith  f o e ta l  c a l f  serum 

(FCS) w h ich  was o b ta in e d  from  Flow L a b o ra to r ie s  and Gibco 

L i f e  T e ch n o lo g ie s .

2 .22  H e a t- In a c t iv a te d .  C ha rcoa l S tr ip p e d  Serum (HIDCCFCS)

F o e ta l c a l f  serum was h e a t - in a c t iv a te d  f o r  30 m ins , a t  56GC 

w ith  c o n s ta n t s t i r r i n g  and then  co o led  to  4°C. T h is  was 

added to  a p e l le t  o f  DCC (d e x tra n  coa ted  c h a rc o a l) .  DCC was 

made by s t i r r i n g  2 .5 $  (w /v ) N o r it -A  c h a rc o a l and d e x tra n  T -7 0 , 

0 .025$  (w /v ) in  PBS-A f o r  18 hours a t  4°C b e fo re  c e n t r i fu g a t io n  

a t  10Q0g (5 m in s .,  4 °C ). The serum was c h a rc o a l s t r ip p e d  f o r  

13 hours a t  4°C b e fo re  p e l le t in g  the  c h a rc o a l by c e n t r i f u g a t io n .  

S ub se qu e n tly , the  serum was f i l t e r e d  th ro u g h  Whatman’ s No. 1 

f i l t e r  p ap e r, 0 .4 5  and Q.2^m f i l t e r s  p r io r  to  f i l t e r  s t e r i l i s 

a t io n  and s to ra g e  a t  -20°C .

2 .3  T issu e  c u ltu r e  media

The co m p o s itio n  o f  the  media i s  d e s c r ib e d  b e low : -  

2.31 B asa l medium

T h is  com prised a 1:1 ( v /v )  m ix tu re  o f  Ham’ s F10 and DflEM 

b u ffe re d  w ith  20m(vl HEPES.

400 mis

22.25 m is

22.25  m is

9 .0  m is

2 .5  m is

Sodium h yd ro x id e  ( i f l )  was added to  a d ju s t  the  pH o f  th e  b a s a l 

medium to  pH 7 .2 . The s t e r i l i t y  o f  th e  b a sa l medium was
3

assessed by in c u b a t in g  a t  37 C f o r  2 -3  days.

D e io n is e d , d i s t i l l e d  H^O 

Ham's F10 (10X)

DNEfl (10X)

HEPES (TN,pH 7 .3 )

Sodium b ic a rb o n a te  (7 .5 $  s o lu t io n )



2 .32  D issec tio n  Medium

The b a s a l medijm  was supplem ented w ith  th e  fo l lo w in g  a n t ib io t ic s  

to  g iv e  th e  f i n a l  c o n c e n tra t io n s  shown: -

P e n ic i l l i n  200 u n i ts /m l

S tre p to m y c in  0 .1  mg/ml

Kanamycin 0 .1  mg/ml

Fungizone 0 .0025 mg/ml

2 .33  Growth medium f o r  m aintenance o f c e l l  l in e s  

The b a s a l medium was supplem ented w ith  : -

L -g lu ta n in e  (200 mfl) 5 m is ( F in a l c o n c e n tra t io n  2ml4)

F o e ta l c a l f  serum 50 m is ( " " 10$ v /v )

2 .3 4  S tandard  c u ltu r e  medium f o r  g row th  o f  p r im a ry  c u ltu r e s  (Sen)

The b a sa l medium was supplem ented w i t h : -  

L -g lu ta m in e  (200 n fl) 2m!vi

F o e ta l c a l f  serum 10$ ( v /v )

I n s u l in  0 .005  mg/ml

P e n ic i l l i n  50 u n i ts /m l

Kanamycin 0 .1  mg/ml

2 .35  PBS-A s o lu t io n

D u lbecco ’ s PBS-A was p repa red  by d is s o lv in g  one t a b le t  o f  PBS-A 

(O xo id ) in  100 m is . d i s t i l l e d ,  d e io n is e d  w a te r . The s o lu t io n  

was the n  a u to c la v e d .

2 .3 6  Phosphate b u f fe r

A s to c k  0.214 phosphate b u f fe r  (pH 7 .4 )  was p repa red  in  d i s t i l l e d  

w a te r as f o l lo w s : -



S o lu t io n  A : NaHg ^ 4  31 .2  g / i

S o lu t io n  B : Na, HP04 2 9 .4  g / l

T h is  s to c k  b u f fe r  was p repa red  by m ix in g  19ml o f  s o lu t io n  A 

w ith  81 ml o f  s o lu t io n  B and f i l t e r e d  th ro u g h  a 0 .2  jjm 

membrane f i l t e r .  T h is  b u f fe r  was f u r t h e r  d i lu te d  in  f i l t e r e d ,  

d i s t i l l e d  w a te r .

2 .37  !4 c l lv a in e 's  b u f fe r

T h is  b u f fe r ,  w h ich  com prises 0.2I4 P^HPD^and 0.114 c i t r i c  a c id ,  

was p repa red  by d is s o lv in g  2 9 .4g o f  ^ £ ^ 0 ^  and 2 1 .Og o f 

c i t r i c  a c id  in  d i s t i l l e d  w a te r . The b u f fe r  was made up to  

t o t a l  volume o f one l i t r e  w ith  th e  pH a d ju s te d  to  5 .5 .

2 .4  F ine  chem ica ls

These were o b ta in e d  as fo l lo w s

Acetone F is o n s , Loughborough, U.K.

C ha rcoa l ( i \ lo r i t - A )  Sigma, P oo le , U.K.

Chrome alum BDH, P oo le , U.K.

C i t i f l u o r  m ountant C ity  U n iv e r s i t y ,  London, U.K.

D extran  T-70 Pharm acia , Hounslow, U .K .

D im e th y l S u lphox ide  BDH, P oo le , U.K.

D isodium  hydrogen phosphate BDH, P oo le , U.K.

D .P .X . m ountant BDH, P oo le , U.K.

EDTA (E th y le n e d ia m in e  te t r a a c e t ic  a c id )  BDH, P oo le , U.K. 

E th a n o l (B u r ro u g h s )  F is o n s , Loughborough, U.K.

Formaldehyde BDH, P oo le , U.K.

G e la t in  Sigma, P oo le , U .K.

G la c ia l a c e t ic  a c id  BDH, P oo le , U.K.

L -g lu ta m in e  (200 mM) G ibco L i fe  T e c h n o lo g ie s , P a is le y ,

G lu ta ra ld e h y d e  Sigma, P oo le , U.K.

H ank's ba lanced s a l t  s o lu t io n  Flow L a b o ra to r ie s ,  I r v in e ,  U .K . 

HEPES 4 - (2 -h y d ro x y e th y l-1 -p ip e ra z in e -

e th a n e s u ip h o n ic  a c id )  BDH, P o o ls , U.K.

H y d ro c h lo r ic  a c id  BDH, P oo le , U.K.

f le th a n o l flay & B aker, Dagenham, U.K.



M itom yc in  C Sigma, P oo le . U.K.

Osmium te t r o x id e  .Johnson M a tthe y , R oyston , U.K.

PBS-A ta b le ts  O xo id , B a s in g s to ke , U.K.

Sodium b ic a rb o n a te  (7 .5 ^  s o lu t io n )

G ibco L i f e  T e c h n o lo g ie s , P a is le y ,  U.K. 

Sodium d ih yd ro g e n  phosphate BDH, P oo le , U.K.

BDH, P oo le , UoKo 

Farmachem, S tra th a v e n , U . K .  

M a ll in c k d r o t ,  P a r is ,  France 

BDH, P oo le , U . K .

BDH, P oo le , U.K.

Sodium h y d ro x id e  

Sucrose 

Tann ic  a c id  

T r ic h lo r o a c e t ic  a c id  

U ra n y l a c e ta te

A l l  o th e r  f in e  chem ica ls  were BDH ^ n a la R *  grade o r  e q u iv a le n ts

2.41 S ta in s

Giemsa BDH, P oo le , U.K.

Hoechst 33258 Sigma, P oo le , U.K.

( 2 - [_2- (4 -  Hydroxy p h e n y l) -  6- 

b e n z im id a z o ly l]  - 6 - ( l - m e th y l -  

4- p ip 9 r a z y l )  b en z im ida zo le  t r ih y d r o c h lo r id e , )

2 .42  Hormones and g row th  supp lem ents

These were o b ta in e d  as fo l lo w s

O e s tra d io l -1 7 ^

In s u l in  (b o v in e )

P r o la c t in  (o v in e )

C o r t is o l  (h y d ro c o r t is o n e )  

Tam oxifen

M e g e s tro l a c e ta te  (Megace) 

R e tin o ic  a c id  

E p ide rm a l Growth F a c to r

Sigma, P oo le , U.K.

Sigma, P oo le , U.K.

Sigma, P oo le , U.K.

Sigma, Poole, UoK.

IC I ,  M a c c le s f ie ld ,  U.K.

B r is t o l  M yers, New Y o rk ,U .S .A . ■

Sigma, P oo le , U.K.

C o lla b o ra t iv e  Research, c /o  U n is c ie n c e , 

Cam bridge, U.K.

-3S tock s o lu t io n s  o f  a l l  s te r o id s  (1x10 M) and r e t in o ic  a c id  
-3(2x10" M) were p repa red  in  a b s o lu te  e th a n o l (A .R ).

C r y s ta l l in e  bov ine  in s u l in  (2m g/m l) was d is s o lv e d  in  10mM HC1



C r y s ta l l in e  o v in e  p r o la c t in  was p rapa red  in  m ethanol (A .R ) 

a c id i f ie d  w ith  10mM HC1 ( f i n a l  c o n c e n tra t io n ) .

L y o p h ilis e d  EGF was re c o n s t i tu te d  in  d i s t i l l e d  w a te r and 

d i lu te d  to  0 .01 mg/ml in  Hank’ s ba lanced  s a l t  s o lu t io n .

A l l  s o lu t io n s  were s to re d  a t  -2Q°C.

2 .43  Enzymes

W o rth in g to n  c o lla g s n a s a , CLS typ e  I I I ,  c h ro m a to g ra p h ic a ily  

p u r i f ie d  from  C lo s tr id iu m  h is to ly t ic u m  (100-125 u/;ng) was 

o b ta in e d  from  Lom e D ia g n o s t ic s , R eading, U.K. A s to c k  s o lu t io n  

(2000 U /m i) was p repa red  in  POS-A, s t e r i l i s e d  th ro u g h  a Q.2jum 

f i l t e r  and s to re d  a t  -20°C .

C rjde  t r y p s in  (2 .5 ^  s o lu t io n )  came from  Gibco L i fe  T e ch n o lo g ie s .

2 .4 4  R ad iochem ica ls

(M e th y l-  H) Thym id ine  49 C i/:nm ol Amersham In te r n a t io n a l ,
Amersham, U.K. ,

2 .4 5  A n t ib io t ic s

These were o b ta in e d  as fo l lo w s

P e n ic i l l i n  G laxo, M id d le se x , U.K.

S tre p to m yc in  G laxo, M id d le s e x , U.K.

Kanamycin (10 m g/m l) G ibco L i f e  T e chn o lo g ie s

Gentamycin (10 m g/m l) Flow L a b o ra to r ie s

Fungizone (0 .2 5  m g/m l) G ibco L i f e  T e chn o lo g ie s

P e n ic i l l i n  and s tre p to m y c in  were p repa red  as s to c k  s o lu t io n s  

o f  1 0 ^ 'j/m l and 13 mg/ml re s p e c t iv e ly  in  PSS-A.

2 .4 6  P ho to g ra p h ic  m a te r ia ls

I l f o r d  K2 n u c le a r em u ls ion  was purchased from  H a m ilto n  T a i t ,  

Glasgow U.K.

D19 d e ve lo p e r and K o d a fix  f i x a t i v e  from  Kodak, M ancheste r, U.K.

F ilm s : L ig h t  m icroscopy I l f o r d  FP4 (125 ASA) and Kodak
Panatom ic -X  (32 ASA)

E le c tro n  m icroscopy I l f o r d  FP4 (125 ASA)



F luo rescence  m ic roscopy  Ektachrome 
1 6 0 /4 0 0 /3 0 0 /l6 0 0  ASA Kodak

2 .47  M isce lla n e o u s

G i l l e t t e  s c a lp e ls  were s u p p lie d  by M a ca rth y ’ s S u rg ic a l,  

Cumbernauld, U.K.

D isp o sab le  s t e r i l e  ’ M i l ls x *  0 .2 2 jjuti f i l t r a t i o n  u n i ts  were from  

M i l l ip o r e ,  London, U.K.

Nylon mesh (0.2mm) was purchased from  John S ta n ia r  & C o ., 

M ancheste r, U .K.

2.471 G e la t in  chrome alum s o lu t io n

5g o f  CrK(S0^ ) 2*12 H20 was d is s o lv e d  in  800mls w a te r c o n ta in in g  

5 m is o f  40$ fo rm a ldehyde  and 1ml p h o to f lo .  T h is  s o lu t io n  was 

m ixed w ith  5g g e la t in  p re v io u s ly  d is s o lv e d  in  200 m is d i s t i l l e d  

w a te r .

2 .4 8  A n tib o d ie s

LE61 mouse m onoc lona l to  k e r a t in  18 was k in d ly  s u p p lie d  by 

D r. E .B . Lane, Im p e r ia l Cancer Research Fund, London, U.K. 

A n ti-d e s m o p la k in  gu inea  p ig  a n tib o d y  was k in d ly  p ro v id e d  by 

D r. D. G arrod, D ept, o f  M e d ica l O nco logy, U n iv e rs ity  o f  

Southam pton, U.K.

Mouse m onoclona l a n tib o d y  M8 was p ro v id e d  by D r. P.A.W. Edwards, 

Ludwig I n s t i t u t e  f o r  Cancer R esearch, S u tto n , U.K.

A n t i- v im e n t in  mouse m onoclona l a n tib o d y  was purchased from  

Amersham In te r n a t io n a l ,  Amersham, U.K.

Mouse m onoclona l a n t ib o d ie s  HMFG-1 and HMFG-2 were purchased 

from  Seward L a b o ra to ry , B e d fo rd , U.K.

P o ly c lo n a l r a b b i t  a n t i - k e r a t in  was o b ta in e d  from  Dako L t d . ,

H igh Wycombe, U.K.

FITC -  ( f lu o r e s c e in  is o th io c y a n a te  co n ju g a te d ) a n t ib o d ie s  were 

purchased as fo l lo w s

Swine a n t i  r a b b i t  im m unog lobu lins  Dako L td .

R a b b it a n t i  mouse im m unog lobu lins  Dako L td .

R a b b it a n t i  gu inea  p ig  im m unog lobu lins  Dako L td .



2 .49  Normal sera

Normal mouse serum (B a lb /c  s t r a in )  and norm al r a b b i t  serum 

were k in d ly  p ro v id e d  by D r. A.H. Lope P ih ie ,  D ept. o f  B io 

c h e m is try , U n iv e rs ity  o f  G lasgow.

2 .5  Human t is s u e s

B re a s t tum our t is s u e  was k in d ly  s u p p lie d  by surgeons a t  

S t o b h i l l  G enera l H o s p ita l,  V ic t o r ia  In f ir m a ry  and th e  W estern 

In f i r m a r y ,  Glasgow.

2.51 C e l l  l in e s

NIH -  and Swiss -  3T3 mouse embryo f ib r o b la s t  c e l l  l in e s  were 

k in d ly  p ro v id e d  by D r. D. Morgan, Beatson I n s t i t u t e  f o r  Cancer 

Research, Glasgow.

The STO mouse embryo f ib r o b la s t  l in e  (Ware & A x e lra d , 1975) 

was p ro v id e d  by M iss S. Chuah, D ep t, o f  B io s c ie n c e s , S tra th c ly d e  

U n iv e r s i t y ,  G lasgow, U.K.

Normal r a t  k id n e y  f ib r o b la s t ,  NRK, (DeLarco & Todaro , 1978 ), 

Madin Darby Canine K idney , MDCK (Gausch e_b a l ,  1956) and EILU, 

a human f o e ta l  lu n g  e p i t h e l ia l  c e l l  l i n e ,  were p ro v id e d  by 

D r. R . I .  F reshney, D ept, o f  M e d ica l O nco logy, U n iv e r s i ty  o f  

G lasgow.

EWLU, a human f o e t a l  lu n g  f ib r o b la s t  s t r a in  was e s ta b lis h e d  

a f t e r  co lla g e n a se  d is s o c ia t io n  o f  f o e t a l  lu n g  t is s u e .

2 .6  M icroscopy 

2.61 Phase c o n tra s t

A L e i tz  D ia v e r t  m ic roscope , equipped w ith  a P o la ro id  camera 

was used to  examine c e l ls  g row ing  in  c u l tu r e .



2 .62  L ig h t microscopy

C u ltu re s  o f  f ix e d  c e l ls  were examined on an Olympus IMT 

m icroscope equ ipped w ith  an 0M2 35mm camera.

2 .63  F luo rescence  m icroscopy

Im m unofluorescence s tu d ie s  were perfo rm ed  on a P o ly v a r 

f lu o re s c e n c e  m icroscope (R e ic h e r t  Jung, V ienna) w ith  e p i-  

i l lu m in a t io n .

2 .6 4  Scanning e le c tr o n  m icroscopy

P rim a ry  c u ltu r e s  grown on 10mm g la s s  c o v e rs lip s  in  m u l t iw e l l  

p la te s  were f ix e d  a t  37°C a f t e r  rem ova l o f  most o f  th e  

c u ltu r e  medium b u t e n s u rin g  th a t  th e  c o v e rs lip s  rem ained 

covered  by medium. Prewarmed f i x a t i v e  ( a t  37°C ), c o m p ris in g  

2 .5 $  ( v / v )  g lu ta ra ld e h y d e  in  0.1M phosphate b u f fe r  was added 

f o r  an h o u r. F u r th e r  p ro c e s s in g  was pe rfo rm ed  a t  am b ien t 

te m p e ra tu re s . The f i x a t i v e  was removed and th e  c o v e rs lip s  

washed th re e  tim e s  w ith  a 0.1M p h o s p h a te /2 $ (w /v ) sucrose  r in s e  

(pH 7 .4 ) .  C u ltu re s  were p o s t f ix e d  w ith  1$ ta n n ic  a c id  (w /v )  

in  0.05M p h o s p h a te /l$  sucrose  b u f fe r  (pH 7 .4 )  f o r  one hou r 

and washed th re e  tim e s  w ith  0.05M p h o s p h a te /l$  sucrose  b u f fe r  

(pH 7 .4 ) .  F u r th e r  p o s t f ix a t io n  was perfo rm ed  w ith  a 2$ (w /v )  

aqueous s o lu t io n  o f  osmium te t r o x id e  f o r  one h o u r. C o v e rs lip s  

were washed th re e  tim e s  w ith  d i s t i l l e d  w a te r and t r a n s fe r r e d  

in t o  a 0 .5 $  (w /v ) aqueous s o lu t io n  o f  u ra n y l a c e ta te  f o r  30 

m inu tes  a f t e r  w h ich  th e y  were th o ro u g h ly  washed w ith  d i s t i l l e d  

w a te r .

For d e h y d ra tio n  by c r i t i c a l  p o in t  d ry in g  (CPD), c o v e rs l ip s  

were dehyd ra ted  th ro u g h  graded acetones (3 0 ,5 0 ,7 0 ,9 0 $  and 

a b s o lu te )  and c r i t i c a l - p o in t  d r ie d  from  l i q u id  C02in  a P o la ro n  

E3000 CPD. In  c o n t ra s t ,  f o r  fre e z e  d ry in g ,  c o v e rs lip s  were 

r a p id ly  fro z e n  in  l i q u id  propane p r io r  to  t r a n s fe r  in t o  th e  

chamber o f  th e  fre e z e  d r ie r .

D ehydrated c o v e r s l ip  c u ltu re s  were mounted o n to  13mm a lum in iu m  

s tu b s  and g o ld  s p u t te r  coated f o r  8 m ins. on a h ig h  r e s o lu t io n



P o la ron  E5000 in s tru m e n t.  The s tu b s  were examined in  a 

P h i l ip s  PSEM 500 in s tru m e n t w ith  a manual s tag e  a t  a c c e le ra t in g  

v o lta g e s  up to  24 k\j •

2 .7  T issue  C u ltu re  Methods

2.71 T issue  c o l le c t io n  and d is s e c t io n

Human mammary t is s u e  samples were c o l le c te d  f re s h  from  th e  

o p e ra tin g  th e a tre  and tra n s p o r te d ,  in  s t e r i l e  c o n ta in e rs ,  on 

ic e  to  th e  la b o ra to ry .

2 .72  P re p a ra tio n  o f  p r im a ry  c u ltu r e s  o f  human mammary e p i t h e l i a l  

c e l ls  from  b io p sy  samples

A s m a ll p ie c e  o f  tum our ( a t  le a s t  150mg) was re ta in e d  f o r

subsequent ER a n a ly s is .  The rem a inde r o f  the  t is s u e  was t r a n s 

fe r re d  in t o  a s t e r i l e  90mm P e t r i  d is h  c o n ta in in g  ic e - c o ld  

d is s e c t io n  medium.

F a tty  and n e c ro t ic  a reas o f  th e  b io p sy  were removed and th e

t is s u e  t r a n s fe r re d  to  a f re s h  P e t r i  d is h  c o n ta in in g  d is s e c t io n

medium. The t is s u e  was c a r e fu l ly  m inced in t o  s m a ll p ie c e s ,
3

a p p ro x im a te ly  2mm , u s in g  c lo s e ly  apposed s c a lp e l b lades  to

a vo id  a p p ly in g  excess ive  m echan ica l p re ssu re  on th e  t is s u e .

The fragm en ts  o f  t is s u e  were suspended in  10m ls. medium and

t ra n s fe r re d  to  a u n iv e rs a l c o n ta in e r .  They were a llo w e d  to

s e t t le  under g r a v i t y ,  then  washed tw ic e  w ith  f re s h  d is s e c t io n

medium. F in a l ly ,  the  fragm en ts  were c e n tr i fu g e d  in  a bench-

top  MSE C en taur 1 c e n t r i fu g e  (200g, 5 m in s . ) ,  resuspended in
2

s ta n d a rd  c u ltu r e  medium and t r a n s fe r re d  in t o  a 25cm t is s u e  

c u ltu r e  f la s k .  C o llagenase  was added to  a f i n a l  c o n c e n tra t io n  

o f  200 U/m l and th e  f la s k s  in c u b a te d  f o r  1 -5  days a t  37°C 

depending upon th e  n a tu re  o f  th e  t is s u e .  D is a g g re g a tio n  o f  

th e  fragm en ts  was a ided  by g e n t le  p ip e t t in g  o f  th e  su spens ion  

in  10ml p ip e t te s  to  d is p e rs e  th e  c e l l  clumps a n d /o r  resuspend- 

in g  the  fragm en ts  in  f re s h  s ta n d a rd  c u ltu r e  medium c o n ta in in g  

co lla g e n a se  (200 l l /m l) .



PREPARATION OF PRIMARY CULTURES

Biopsy sample
I Dissection medium

Mince into small pieces approx. 2mm3
Wash with dissection medium, 
200g, 5 mins

Resuspend in growth medium containing 
collagenase at 200U/ml

Incubate 2-5 days, 37°C
Filter cell suspension through 200jjM nylon mesh

I Centrifuge, 200g, 5 mins
Resuspend in growth medium

10% DMSO (v/v)

Seed onto Freeze in
feeder layers liquid N2-

F ig . 2 .1  M ethodology f o r  th e  e s ta b lis h m e n t o f  

p r im a ry  c u l tu r e s .



F o llo w in g  enzym atic  d is a g g re g a t io n , th e  suspens ion  was f i l t e r e d  

th ro u g h  a0.2.mm n y lo n  mesh, c e n tr i fu g e d  (200g, 5 m in s .)  and 

resuspended in  s ta n d a rd  c u ltu r e  medium. The r e s u l ta n t  c e l l  

su spe n s io n , co m p ris in g  clumps o f  c e l ls  (o rg a n o id s ) and s in g le  

c e l ls  was seeded on to  fe e d e r la y e rs  on f la s k s  o r  c o v e rs lip s  o r  

a l t e r n a t iv e ly  fro z e n  down in  l i q u id  n it ro g e n  w ith  10$ ( v /v )  

d im e th y ls u lp h o x id e . The f la s k s  o f  c e l ls  were m a in ta in e d  in  a 

37°C, Leec in c u b a to r  w h ile  c o v e r s l ip  c u ltu r e s  in  m u l t iw e l l  

p la te s  were m a in ta in e d  in  a h u m id if ie d  Heraeus in c u b a to r  w ith  

a 98$ a i r  -  2$ C02 atm osphere. The c u ltu r e  medium was re p la c e d  

every  two days and th e  c e l ls  examined r e g u la r ly  u s in g  an 

in v e r te d  p h a s e -c o n tra s t m ic roscope . The s ta n d a rd  m ethodology 

i s  summarised in  F ig . 2 .1 .

2 .73  P re p a ra tio n  o f  c o n f lu e n t fe e d e r la y e rs

2Feeder c e l ls  were grown to  su b co n flue n ce  in  e i t h e r  80 o r  175cm 

f la s k s  in  th e  g row th  medium f o r . c e l l  l in e s .  P a r a l le l  f la s k s  o f  

fe e d e r c e l ls  were s e t  up and one o f  th e  f la s k s  t r y p s in is e d  a t  

su b co n flu e n ce . M itom yc in  C was added to  th e  re m a in in g  f la s k s
» g

a t  a c o n c e n tra t io n  o f  2 j ig / l0  c e l ls  f o r  a l l  c e l l  l in e s  e xcep t 

STO cells f o r  w h ich  4 ^ g / l0 ^  c e l ls  was re q u ire d  to  s to p  c e l l  

d iv is io n .  F o llo w in g  24 hours exposure to  th e  d ru g , th e  medium 

was removed, the  c e l ls  were washed tw ic e  w ith  PBS-A and fe d  

w ith  f re s h  medium. A f te r  a f u r t h e r  24 h o u rs , the  medium was 

removed and the  c e l ls  washed w ith  PBS-A b e fo re  s u b c u ltu r in g  

w ith  0 .25$  t r y p s in  in  PBS-A. The fe e d e r c e l ls  were resuspended 

in  f re s h  medium and counted  p r io r  to  seed ing  on to  e i t h e r  c u ltu r e
5

f la s k s  o r  c o v e rs lip s  in  m u lt iw e l l  p la te s  a t  a d e n s ity  o f  10

c e lls /c m ^  f o r  a l l  c e l l  l in e s  e xcep t STO in  w hich case 2x10^ c e l l s /  
2

cm were re q u ire d  to  o b ta in  a c o n f lu e n t  fe e d e r la y e r .  A f te r  

o v e rn ig h t a tta ch m e n t, the  d isa g g re g a te d  e p i t h e l ia l  c e l ls  from  

the  b io psy  were seeded on to  th e  fe e d e r la y e rs .

2 .74  M aintenance o f  c u ltu re s

2.741 S u b c u lt iv a t io n



The grow th  medium was removed from  th e  f la s k s  o f  c e l ls  to  be 

s u b c u ltu re d  and th e  m onolayers washed tw ic e  w ith  PBS-A and 

covered  w ith  0 .25$  t r y p s in  in  PBS-A f o r  30 seconds. The 

s o lu t io n  was a s p ira te d  o f f  and th e  f la s k s  in c u b a te d  a t  37°C 

f o r  10-15 m inu tes  u n t i l  th e  c e l ls  had rounded up and detached 

from  th e  s u b s tra te .  Fresh g row th  medium was added to  the  

f la s k  and th e  c e l ls  resuspended by g e n t le  p ip e t t in g .  The 

c e l ls  were then  counted  on a Model ZB1 C o u lte r  C ounte r and 

t r a n s fe r re d  to  f re s h  c u ltu r e  v e sse ls  as re q u ire d .

2 .7 5  C ry o p re s e rv a tio n  o f  c e l ls

C u ltu re d  c e l ls  were h a rve s te d  w h ile  s t i l l  s u b c o n flu e n t (as 

d e s c r ib e d  in  S e c t. 2 .741 ) and resuspended in  grow th  medium. 

A l t e r n a t iv e ly ,  c e l ls  were o b ta in e d  d i r e c t l y  a f t e r  enzym ic 

d is a g g re g a t io n  and resuspended in  th e  a p p ro p r ia te  c u l tu r e  medium. 

In  th e  case o f  th e  c e l l  l in e s ,  th e  minimum c e l l  coun t was 1x10^ 

c e l ls /m l .  D im e th y ls u lp h o x id e  (DMSO) was added to  th e  resuspended 

c e l ls  to  p ro v id e  a f i n a l  c o n c e n tra t io n  o f  1 0 $ (v /v ) .  A liq u o ts  o f  

1 ml were t r a n s fe r re d  to  ampoules w h ich  were s to re d  in  a t h i c k -  

w a lle d  expanded p o ly s ty re n e  c o n ta in e r  a t  -70°C  f o r  a t  le a s t  

th re e  hours in  o rd e r  to  ensure g ra d u a l f re e z in g .  The ampoules 

iliere the n  t r a n s fe r re d  to  l i q u id  n it ro g e n  and s to re d  u n t i l  

re q u ire d .

Frozen c e l ls  were recove red  from  l i q u id  n it ro g e n  by r a p id ly  

thaw ing  the  ampoules in  w a te r a t  37°C. The c o n te n ts  o f  th e  

ampoule were d i lu te d  d ro p w ise , o ve r two m in u te s , in  f re s h  medium 

and t r a n s fe r re d  to  a c u ltu r e  f la s k .  The re s id u a l DMSO and any 

u n v ia b le  c e l ls  were removed on th e  fo l lo w in g  day by a s p ir a t in g  

o f f  th e  medium and re p la c in g  w ith  f re s h  c u ltu r e  medium.

2 .76  Check f o r  c o n ta m in a tio n  by mycoplasma

C u ltu re s  were te s te d  m on th ly  f o r  c o n ta m in a tio n  by mycoplasma 

u s in g  th e  f lu o re s c e n t  Hoechst 33258 s ta in in g  te ch n iq u e  o f  

Chen (1 9 7 7 ). Only m ycop lasm a-free  c u ltu r e s  were used f o r  

f u r t h e r  c u ltu r e  e xp e rim e n ts .



2 .77  C e ll f ix in g  and s ta in in g

The grow th  medium was removed from  th e  c u ltu r e s  to  be f ix e d  

and th e  c e l l  s u rfa c e s  washed tw ic e  w ith  PBS-A in  o rd e r  to  

remove a l l  t ra c e s  o f  th e  g row th  medium and i t s  serum. The 

c e l l  c u ltu re s  were f ix e d  w ith  m ethanol f o r  10 m in s .a t room 

te m p e ra tu re . The f i x a t i v e  was poured o f f  and the  c u ltu r e s  

a llo w e d  to  d ry  b e fo re  s ta in in g .

1 volume o f  Giemsa s ta in  was added to  co ve r th e  c u ltu r e  s u r fa c e . 

F ive  m inu tes  l a t e r ,  th e  s ta in  was d i lu te d  w ith  9 volumes o f  

d i s t i l l e d  w a te r . A f te r  a f u r t h e r  te n  m in u te s , the  s ta in  was 

removed and th e  c u ltu r e  washed e x te n s iv e ly  w ith  w a te r u n t i l  

no more s ta in  co u ld  be washed o f f .  lilhen th e  c u ltu r e s  had d r ie d ,  

the y  were examined on an Olympus IMT m ic roscope .

2 .78  I n d i r e c t  im m unofluorescence  s tu d ie s

In  o rd e r to  p e rfo rm  th e  im m unofluorescence  s tu d ie s ,  i t  was 

necessary to  grow th e  p rim a ry  c u ltu r e s  on g la s s  13mm c o v e rs l ip s  

w h ich  d id  n o t a u to f lu o re s c e , u n l ik e  th e  p la s t i c  Thermanox 

c o v e r s l ip s .  P rim a ry  c u ltu r e s  were e s ta b lis h e d  on fe e d e r la y e rs  

and m a in ta in e d  on these  c o v e rs l ip s  in  m u l t iw e l l  p la te s  f o r  up 

to  fo u r  weeks. P r io r  to  f i x a t i o n ,  th e  medium was removed and 

th e  c o v e rs lip s  washed tw ic e  w ith  PBS-A a t  room te m p e ra tu re .

The c u ltu r e s  were f ix e d  e i t h e r  in  acetone o r  m e thano l f o r  10 

m ins. a t  0°C. A l l  subsequent p rocedu res  were pe rfo rm ed  a t  

am bient te m p e ra tu re s .

A f te r  th e  f i x a t i v e  was removed, th e  c o v e rs lip s  were washed in  

PBS-A f o r  5 m ins. b e fo re  in c u b a t in g  w ith  th e  p r im a ry  a n tib o d y  

( a t  th e  a p p ro p r ia te  d i l u t io n  in  PBS-A) f o r  30 m in s ..  The 

p r im a ry  a n tib o d y  was washed o f f  and th e  c o v e rs lip s  g iv e n  th re e  

washes in  PBS-A (5  m ins. each w ash). The c o v e rs lip s  were 

in c u b a te d  w ith  co n ju g a te d  secondary a n tib o d y  d i lu te d  in  PBS-A 

f o r  30 m in s . ,  g e n e ra lly  a t  tw ic e  th e  c o n c e n tra t io n  o f  th e  

p r im a ry  a n t ib o d y . A f te r  th e  secondary a n tib o d y  was removed, 

th e  c o v e rs lip s  were washed tw ic e  in  PBS-A b e fo re  c o u n te r -  

s ta in in g  w ith  Hoechst 33258 (0 .0 5 u g /m l in  PBS-A) f o r  10 m ins.



in  th e  d a rk . The c o v e rs lip s  were washed tw ic e  w ith  PBS-A 

b e fo re  m ounting  on to  a m icroscope s l id e  (w ith  the  c e l ls  fa c in g  

downwards in t o  th e  C i t i f l u o r  m o u n ta n t). These s l id e s  were 

viewed on th e  f lu o re s c e n c e  m icroscope and pho tographed on an 

Ektachrome 160, 400 o r  800/1600 ASA f i lm .

2 .79  M ethodology f o r  a u to ra d io g ra p h y

P rim a ry  c u ltu r e s  were grown on p la s t i c  o r  g la s s  c o v e rs lip s  

f o r  a u to ra d io g ra p h y . The g row th  medium was re p la ce d  w ith  f re s h  

medium c o n ta in in g  ( H )-m e th y l th y m id in e , 5 iiC i/m l and th e  

c u ltu r e s  la b e l le d  f o r  th re e  h ou rs . The medium was removed and 

the  c o v e rs lip s  washed w ith  two changes o f  PBS-A (0°C , 5 m in s .)  

b e fo re  f i x a t i o n  w ith  m ethanol (0 °C , 10 m in s . ) .  C o v e rs lip s  

were washed tw ic e  f o r  5 m inu tes  w ith  5$ t r ic h lo r o a c e t ic  a c id  

(w/ j ) and d i s t i l l e d  w a te r (0°C ) r e s p e c t iv e ly .  C o v e rs lip s  were 

r in s e d  in  e th a n o l and a i r  d r ie d  b e fo re  m ounting  the  c o v e rs l ip s  

(w ith  c e l ls  upperm ost) on to  m icroscope  s l id e s  w ith  DPX m ountan t. 

A f te r  o v e rn ig h t  d ry in g ,  th e  s l id e s  were d ipped  in to  g e la t in  

chrome alum s o lu t io n  ( s e c t .  2 .4 7 1 ) and d r ie d  b e fo re  d ip p in g  

in t o  I l f o r d  K2 n u c le a r em u ls ion  (1 :2  p a r ts  w a te r ( v / v ) ,  45°C ). 

The em u ls ion  was d ra in e d  and th e  s l id e s  were d r ie d  in  a 

h o r iz o n ta l p o s i t io n  w ith  a fa n  (15 -20  m in s .)  b e fo re  s to r in g  in  

a l ig h t - p r o o f  box w ith  d e s s ic a n t a t  4°C f o r  3 -4  days.

A f te r  exposu re , the  l ig h t - p r o o f  boxes were brought to  am bien t 

tem pe ra tu re  a t  w hich subsequent p ro c e s s in g  was p e rfo rm ed .

S lid e s  were deve loped f o r  5 m ins. in  Kodak D19 d e v e lo p e r and 

washed w ith  d i s t i l l e d  w a te r f o r  2 m ins. The s l id e s  were f ix e d  

in  K o d a fix  (1 :3  p a r ts  d i s t i l l e d  w a te r)  and washed fo u r  tim e s  

w ith  ta p  w a te r. F in a l ly ,  th e  s l id e s  were s ta in e d  w ith  u n d ilu te d  

Giemsa f o r  one m inu te  b e fo re  d i lu t in g  1: 9 p a r ts  w a te r f o r  10 

m inu tes  and su bse q u e n tly  washing o f f  th e  s ta in  w ith  tap  w a te r .

2 .80  E xperim en ts  w ith  c o n d it io n e d  medium

C o n d itio n e d  medium was poo led  from  s u b c o n flu e n t f la s k s  o f  a 

b re a s t f ib r o b la s t  s t r a in  BMAMF (between passages 6 to  9) 48 

hours a f t e r  fe e d in g  w ith  f re s h  g row th  medium. T h is  c e l l  s t r a in



was e s ta b lis h e d  from  an ER n e g a tiv e  b re a s t tum our from  a p re 

menopausal woman. The c o n d it io n e d  medium was f i l t e r  

s t e r i l i s e d  and s to re d  a t  -20°C  p r io r  to  use.

Pooled c o n d it io n e d  medium was d i lu te d  50:50 w ith  f re s h  c u ltu r e  

medium and th e  supp lem ents were added to  g iv e  the  a p p ro p r ia te  

f i n a l  c o n c e n tra t io n s .  For th e  c o n t r o l  f la s k s ,  medium was 

in c u b a te d  f o r  48 hours a t  37°C in  t is s u e  c u ltu r e  f la s k s  p r io r  

to m ix in g  w ith  f re s h  g row th  medium. The f i n a l  c o n c e n tra t io n  

o f  e th a n o l was made up to  0 .02$  ( v / v ) .

In  these  e xpe rim en ts  w ith  poo led  c o n d it io n e d  medium, o rg a n o id s  

were seeded on to  fe e d e r la y e rs  in  e i t h e r  th e  d i lu te d  c o n d it io n 

ed medium o r  c o n t r o l  medium, w ith  o r  w ith o u t  s te r o id s .  The 

c o lo n y  numbers and areas were measured a f t e r  the  e s ta b lis h m e n t 

o f  th e  p r im a ry  c u ltu r e s .



3. Growth o f human mammary e p i t h e l ia l  c e lls  in  prim ary c u ltu re .

3 .1  In t r o d u c t io n

The hormone dependent n a tu re  o f  many b re a s t cancers and th e  

c l i n i c a l  s ig n if ic a n c e  o f  th e  o es tro g en  and p ro g e s te ro n e  re c e p to r  

in d ic e s  a re  w e l l  documented (Osborne e t  a l . f 1980; LeaKe 

e t  a l . ,  1981 a b ) . There i s  however a s ig n i f i c a n t  p ro p o r t io n  

o f  p a t ie n ts  whose response to  a n t io e s tro g e n  th e ra p y  does n o t 

c o r re la te  w ith  the  re c e p to r  s ta tu s .  The p re c is e  r o le  o f  

oes trogens  in  human b re a s t c a rc in o g e n e s is  i s  u n c le a r .  The 

d i r e c t  and in d i r e c t  mechanisms o f  o es tro g en  a c t io n  on c e l l u la r  

p r o l i f e r a t io n  have been p re v io u s ly  d e s c r ib e d  (s e c t .  1 .3 ) .

P rim a ry  c u ltu r e s  o f  human mammary e p i t h e l ia l  c e l ls  have, th e re fo re ,,  

been e s ta b lis h e d  in  o rd e r to  s tu d y  hormone dependence and g row th  

re g u la t io n  in  v i t r o .

Growth o f  mammary e p i t h e l ia l  c e l ls  in  p r im a ry  c u ltu r e  has p roved  

d i f f i c u l t ,  w ith  th e  m a jo r prob lem  be ing  th e  ra p id  o ve rg row th  

o f  the  e p i t h e l ia l  c e l ls  by s tro m a l f ib r o b la s t s .  The approaches 

adopted to  overcome t h is  prob lem  have been d e s c r ib e d  in  S e c t.

1 .3 3 . The s tu d ie s  d e s c r ib e d  below have been based on a m o d if ic a t io n  

o f  th e  te ch n iq u e  re p o r te d  by Rheinwald & Green, (1975) who 

grew human e p id e rm a l k e ra t in o c y te s  on s p e c i f ic  fe e d e r la y e rs .

3 .11  Aims

The o b je c t iv e s  o f  these  s tu d ie s  were: 

i  ) to  deve lop  a re p ro d u c ib le  system  f o r  th e  e s ta b lis h m e n t o f  

p r im a ry  c u ltu r e s  o f  human b re a s t e p i t h e l ia l  c e l ls  from  

tum our b io p s ie s .

i i )  to  s tu d y  the  responses o f  these  p r im a ry  c u ltu r e s  to  hormones 

and grow th  fa c to r s  as assessed by th e  measurement o f  co lo n y



3i i  ) area/num ber and ( H) th y m id in e  in c o rp o ra t io n .

i i i )  to  in v e s t ig a te  th e  p o s s ib le  e x is te n c e  o f  a paracrine-type  

grow th  re g u la to ry  mechanism m ediated by s tro m a l b re a s t 

f ib r o b la s t s .

3.2 R e su lts

Human b re a s t tum ours were d isa g g re g a te d  by e nzym atic  tre a tm e n t 

w ith  co lla g e n a se  (see S e c t. 2 .7 2 ) w h ich  r e s u l t s  in  th e  breakdown 

o f  th e  e x t r a c e l lu la r  m a tr ix  and re le a s e  o f  th e  e p i t h e l ia l  component 

and th e  s tro m a l c e l l  ty p e s . The d isa g g re g a te d  c e l l  suspens ion  

(see F ig . 3 .1 )  was found  to  com prise  bo th  s in g le  c e l ls  and 

clumps o f  c e l ls  (o rg a n o id s ) w hich re p re s e n t e p i t h e l ia l  a lv e o la r  

and d u c ta l a gg re g a te s . T h is  c e l l  suspens ion  was p la te d  o u t 

on to  e i t h e r  p la s t i c  t is s u e  c u ltu r e  s u b s tra te s  o r  o n to  fe e d e r 

la y e rs  in  o rd e r to  e s ta b l is h  p r im a ry  c u ltu re s  o f  human mammary 

e p i t h e l ia l  c e l l s .  C e lls  grew as d i s t i n c t  c o lo n ie s  w h ich  a ro se , 

n o t from  s in g le  c e l l s ,  b u t from  the  o rg an o ids  (see F ig . 3 .2 )

The l a t t e r  became a tta c h e d  to  th e  s u b s tra te  w ith in  12-18 hours 

o f i n i t i a l  p la t in g .

3.21 Growth on p la s t i c  s u b s t ra te s .

When th e  d isa g g re g a te d  b re a s t tum our c e l l  suspens ion  was p la te d

onto  s ta n d a rd  t is s u e  c u ltu r e  s u b s tra te s ,  i t  was found th a t

the  e p i t h e l ia l  c e l ls  were r a p id ly  overgrown by s tro m a l f ib r o b la s t s .

Even when s tro m a l c e l ls  were s e le c t iv e ly  a llo w e d  to  a tta c h

onto  one c u ltu r e  f la s k  and th e  e p i t h e l ia l  o rg an o ids  t r a n s fe r r e d

to  a f re s h  f la s k  a f t e r  two h o u rs , f ib r o b la s t ic  o ve rg row th  was

the  e n d - r e s u lt .  I t  was, however, p o s s ib le  to  grow some e p i t h e l i a l -

l i k e  c u ltu re s  f o r  3 -4  days as c o lo n ie s  (F ig .  3 .3 a ) w h ich  degene ra ted

and p rog ressed  in t o  f ib r o b la s t ic  c u ltu r e s  w ith in  a f u r t h e r

week (F ig .  3 .3  b: & c ) .  Two s t r a in s  o f  b re a s t s tro m a l c e l l s ,

BABF and BMAMF were e s ta b lis h e d  and co u ld  be c u ltu re d  in d e f in i t e l y  

w ith  s ta n d a rd  g row th  medium. These b re a s t f ib r o b la s t  s t r a in s ,  

which grew r a p id ly  in  c u l tu r e ,  were n o t c o n ta c t - in h ib i te d  and 

u l t im a te ly  re s u lte d  in  th e  p i l i n g  up o f  these  ce ljs . The s tro m a l 

c e l l  s t r a in  BMAMF was la t e r  used f o r  th e  e xpe rim en ts  to  in v e s t ig a te



F ig . 3.1 C e ll suspension o f d isaggregated human

b re a s t tum ou r.

B re a s t tum our b io p s ie s  were d is s o c ia te d ,  

f i l t e r e d  th ro u g h  a 0 .2  mm n y lo n  mesh, 

c e n tr i fu g e d  and resuspended in  the  

s ta n d a rd  c u ltu r e  medium ( as d e s c r ib e d  

in  S e c t. 2 .7 2 ) .  The d is s o c ia te d  c e l l  

suspens ion  co n ta in e d  bo th  s in g le  c e l ls  

and clumps o f  e p i t h e l ia l  c e l ls ( o r g a n o id s ) .

Phase c o n tra s t  (Mag.x 120 ) .







F ig . 3 .2  Growth p a tte rn  o f prim ary human breast

c u ltu r e  on th e  NIH -  3T3 fe e d e r la y e r .

P rim a ry  c u ltu r e s  were e s ta b lis h e d  as in  

S e c t. 2 .72  and the  g row th  o f  these  

c u ltu r e s  was fo llo w e d  o ve r th e  f i r s t  

te n  days in  c u l tu r e .

A Day 1: o rg a n o id  has a tta c h e d  to  the

fe e d e r la y e r .

Phase c o n t ra s t  (Hag. x1 0 0 ).

B. Day 4 : o rg a n o id  has spread o u t on to

th e  fe e d e r la y e r  and s ta r te d  to  grow.

Phase c o n t ra s t  (Mag. x1 0 0 ).

C. Day 7 : g row th  o f  b re a s t o rg a n o id  is *

w e l l  e s ta b lis h e d .

Phase, c o n tra s t  (Mag. x1 00 ).

D. Day 10: o u tg ro w th  o f  c e l ls  from  o rg a n o id

extends undernea th  th e  fe e d e r la y e r  

w h ich  is  pushed a s id e .

Phase c o n t ra s t  (Mag. x1 00 ).





F ig . 3 .3  Growth o f a prim ary breast c u ltu re  on

a p la s t i c  s u b s t ra te .

A human b re a s t tum our b io p sy  was d is 

s o c ia te d  in t o  a c e l l  suspens ion  (see 

F ig . 3 .1 ) and p la te d  on to  a c o n v e n tio n a l 

p la s t i c  t is s u e  c u ltu r e  s u b s tra te .  

C u ltu re s  were s ta in e d  w ith  Giemsa 

(S e c t. 2 .7 7 ) .

A. E p i t h e l ia l  co lo n y  from  b re a s t tum our, 

BED, a f t e r  two days in  c u l tu r e .

Mag. x450.

B. S trom a l f ib r o b la s t s  have r a p id ly  taken  

o ve r th e  e p i t h e l ia l  c u ltu r e  a f t e r  

f i v e  days in  c u l tu r e .

nag. x180.

C. The p r im a ry  c u ltu r e  i s  a lm o s t p u re ly  

s tro m a l f ib r o b la s t s  a f t e r  n in e  days 

in  c u l tu r e .

nag. x180.
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th e  p o s s ib le  e x is te n c e  o f  a p a ra c r in e  mechanism f o r  mammary 

e p i t h e l ia l  c e l l  g row th  (see S e c t. 2 .8 0 ) .

3 .22  Growth o f  p r im a ry  c u ltu r e s  on fe e d e r la y e rs

S e le c t iv e  g row th  o f  human mammary e p i t h e l ia l  c e l ls  was a tte m p ted  

on a v a r ie t y  o f  fe e d e r la y e r s .  P re v io us  s tu d ie s  from  my la b o ra to r y  

have employed an u n d i f fe r e n t ia te d  e p i t h e l ia l  F H I-4  fe e d e r la y e r  

d e r iv e d  from  em bryonic human in t e s t in e  by co lla g e n a se  tre a tm e n t 

(F reshney et_ a l . , 1984). U n fo r tu n a te ly ,  s to c k s  o f  t h i s  c e l l  

l i n e  were no lo n g e r  a v a i la b le  and th e re fo re  a l t e r n a t iv e  fe e d e r 

la y e rs  were te s te d  f o r  t h e i r  a b i l i t y  to  s u p p o rt mammary e p i t h e l ia l  

c e l l  g ro w th .

E p i t h e l ia l  fe e d e r la y e rs  o f  m itom ycin -C  t re a te d  ca n ine  k id n e y  

MDCK c e l ls  and human em bryonic lu n g  c e l ls  EILU were unab le  to  

s u p p o rt th e  g row th  o f  b re a s t e p i t h e l ia l  c e l l s .  A bov ine  e n d o th e l ia l  

c e l l  l i n e  CPAE was a ls o  unab le  to  s u s ta in  mammary e p i t h e l i a l  

c e l l  g ro w th . V a rio us  f ib r o b la s t  c e l l  l in e s  in c lu d in g  l\IRK norm a l 

r a t ,  N IH -, Sw iss-3T3 and STO mouse embryo f ib r o b la s t s  were a ls o  

te s te d  as fe e d e r la y e rs .  The most s u c c e s s fu l o f  these  fe e d e r 

la y e rs  were th e  m itom ycin -C  tre a te d  mouse embryo f ib r o b la s t  

fe e d e r la y e r s ,  a lth o u g h  th e  d i f f e r e n t  c e l l  l in e s  su p p o rte d  

mammary e p i t h e l ia l  c e l l  g row th  to  v a ry in g  e x te n ts  (see T ab le  3 .1 ) .  

Growth and m aintenance o f  p r im a ry  b re a s t c u ltu re s  has been ach ieved  

most ro u n t in e ly  u s in g  STO (4 1 /5 2  s u c c e s s fu l c u ltu r e s )  and NIH- 

3T3 (2 6 /3 5  s u c c e s s fu l c u ltu r e s )  fe e d e r la y e rs .  The 3T3 c e l l  

l in e  from  NIH mice p roved  th re e  tim e s  more s u c c e s s fu l tha n  

th a t  from  Swiss m ice (7 /3 0  s u c c e s s fu l c u ltu r e s )  in  s u p p o r t in g  

th e  grow th  o f  p r im a ry  b re a s t c u ltu r e s .

3 .221 Flode o f  g row th  on fe e d e r la y e r s .

A f te r  th e  i n i t i a l  a tta ch m e n t and s p re a d in g  o f  b re a s t o rg a n o id s  on

to  th e  fe e d e r la y e r s ,  t h e i r  g row th  was fo llo w e d  f o r  s e v e ra l weeks. 

The i n i t i a l  p a t te rn  o f  g row th  o f  a b re a s t co lo n y  i s  shown in  

F ig . 3 .2 . These c o lo n ie s  were c h a r a c t e r is t ic a l ly  r in g  shaped 

(F ig .  3 .4 a ) .  The o rg an o ids  have been observed to  push a s id e  

th e  fe e d e r la y e r  a f t e r  i n i t i a l  a tta c h m e n t, w ith  th e  subsequent



Table 3.1 Growth o f prim ary b reas t e p i t h e l ia l  c u ltu res

on d i f f e r e n t  fe e d e r la y e rs .

P rim a ry  human mammary e p i t h e l i a l  c e l ls  were 

e s ta b lis h e d  as in  S e c t. 2 .72  on M itom yc in -C  

t re a te d  mouse embryo f ib r o b la s t  fe e d e r 

la y e rs  (S e c t. 2 .7 3 ) .  Success ra te s  f o r  the  

grow th  o f these  p r im a ry  c u ltu r e s  were 

de te rm in e d .



F e e d e r  l a y e r T o ta l  num ber 
o f  c u l t u r e s

S u c c e s s fu l
c u l t u r e s

P e rc e n ta g e  o f  
s u c c e s s fu l c u l t u r e s

N IH -3 T 3 35 26 74
S w is s -3 T 3 30 7 23
STO 52 41 79



F ig . 3 .4  Growth o f  a p r im a ry  b re a s t c u ltu r e  on 

the  NIH-3T3 fe e d e r la y e r .

P rim a ry  c u ltu r e s  were e s ta b lis h e d  as in  

S e c t. 2 .7 2 , f ix e d  and s ta in e d  a f t e r  

fo u r  weeks as d e s c r ib e d  in  S e c t. 2 .7 7 .

i. The c h a r a c te r is t ic  r in g -s h a p e d  co lo ny  

is  su rrounded  by the  fe e d e r c e l l s .

Hag. x180

I. H igh m a g n if ic a t io n  view  o f  the

c h a r a c te r is t ic  p a v e m e n t- lik e  e p i t h e l ia l  

c e l ls  o f  the  p r im a ry  b re a s t c o lo n y .

Hag. x450.
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o u tg ro w th  o f  c e l ls  e x te n d in g  unde rnea th  th e  fe e d e r la y e r .

T h is  has been co n firm e d  by the  im m unofluorescence  s tu d ie s  

(F ig .  4 .2 b ) and scann ing  e le c tr o n  m icroscopy s tu d ie s  

(F ig .  5 .3 b ) .

The p r im a ry  b re a s t c o lo n ie s  c o n ta in e d  two m o rp h o lo g ic a lly  

d i s t i n c t  c e l l  ty p e s . F la t t e r  c o b b le s to n e - l ik e  e p i t h e l ia l  

c e l ls  were p re s e n t in  th e  c e n t r a l  re g io n ,  w h ile  th e  somewhat 

e lo n g a te d  c e l ls  were lo c a te d  tow ards th e  p e r ip h e ry  o f  these  

c o lo n ie s  (F ig .  3 .4 b ) .  These e lo n g a te d  c e l ls  may re p re s e n t 

th e  m y o e p ith e l ia l c e l ls  w hich have n o t been observed in  

c u ltu r e  f o r  more th a n  te n  days (B . G us te rson , p e rs . comm.)

The im m unofluorescence  s tu d ie s  w ith  the  LE61 a n tise ru m  (see 

S e c t. 4 .3 3 ) however, id e n t i f ie d  a l l  th e  c e l ls  w i th in  the  

c o lo n ie s  as e p i t h e l ia l  c e l ls  and n o t as b a s a l m y o e p ith e l ia l 

c e l ls .

3 .23  Growth re g u la t io n  o f  p r im a ry  c u ltu r e s  by hormones and 
g row th  fa c to r s .

Growth r e g u la t io n  e xpe rim en ts  were conducted u s in g  th e  s ta n d a rd  

c u ltu r e  medium supplem ented w ith  f u l l  f o e t a l  c a l f  serum.

The le v e ls  o f  s te r o id  hormones in  th e  f o e t a l  c a l f  serum used 

f o r  c e l l  c u l tu r e  have been measured bo th  p r io r  and subsequent 

to  hea t in a c t iv a t io n  and c h a rc o a l s t r ip p in g  (see S e c t. 2 .2 2 ) .  

HIDCCFCS c o n ta in e d  d e p le te d  le v e ls  o f  s te r o id  hormones. Only 

o e s t r a d io l  was d e te c ta b le .  I t  was p re s e n t a t  77pM in  com parison  

to  185pM in  f u l l  f o e t a l  c a l f  serum. The c o n c e n tra t io n  o f  

endogenous o e s t r a d io l  in  th e  s ta n d a rd  c u ltu r e  medium (c o n ta in in g  

1C$ ( v /v )  f o e t a l  c a l f  serum) was 18 .5  pM w ith  th e  f u l l  serum 

o r  7 .7  pM i f  HIDCCFCS was used. S ince  th e  le v e l  o f  o e s t r a d io l  

employed f o r  th e  g row th  s t im u la t io n  e xpe rim en ts  was InM , i t  

was dec ided  to  use th e  f u l l  serum f o r  su p p le m e n ta tio n  o f  th e  

g row th  medium. A d d i t io n a l ly ,  hea t in a c t iv a t io n  and c h a rc o a l 

s t r ip p in g  have been re p o r te d  to  remove p ro te in s  and a tta ch m e n t 

fa c to r s  w hich p la y  an im p o r ta n t r o le  in  the  g row th  o f  p r im a ry  

c u ltu re s  (M u n ir,p e rs . comm).



These grow th  e xpe rim en ts  were perfo rm ed  by e s ta b lis h in g  

p r im a ry  c u ltu r e s  on fe e d e r la y e rs  in  25cm2 t is s u e  c u ltu r e  

f la s k s  (see F ig . 3 .5 ) .  C u ltu re s  were grown f o r  fo u r  weeks 

w ith  fe e d in g  on a lte r n a te  days. Growth was assessed by 

d e te rm in a t io n  o f  b o th  th e  co lo n y  a rea  and number. There was 

no e v id e n t d if fe re n c e  between th e  c e l l  d e n s ity  o f  s m a ll o r  

la rg e  b re a s t c o lo n ie s  in  e i t h e r  th e  c o n t r o l  o r  hormone s t im u la te d  

c u ltu r e s .  I t  was, th e re fo re ,  assumed th a t  an in c re a s e  in  

th e  co lo n y  a rea was p a r a l le le d  by a c o rre sp o n d in g  in c re a s e  

in  c e l l  number. The hormones and g row th  fa c to r s  d id  n o t 

appear to  m ed ia te  t h e i r  e f fe c ts  d i r e c t l y  th ro u g h  th e  m itom yc in -C  

t re a te d  fe e d e r la y e rs  s in c e  c o n d it io n e d  medium from  fe e d e r c e l ls  

d id  n o t p ro lo n g  o r  s t im u la te  th e  grow th  o f  p r im a ry  c u ltu r e s  

on c o n v e n tio n a l p la s t i c  t is s u e  c u ltu r e  s u b s tra te s .

Due to  th e  s m a ll s iz e  o f  th e  b re a s t b io p s ie s ,  i t  was n o t p o s s ib le  

to  c o n s tru c t  dose response cu rves f o r  th e  hormones and g row th  

fa c to r s  s tu d ie d .  These were th e re fo re  used e i t h e r  a t  p h y s io lo g ic a l 

c o n c e n tra t io n s  o r  a t  le v e ls  p re v io u s ly  d e s c r ib e d  f o r  b re a s t 

c e l l  c u l tu r e .  The r e s u l ts  o f  th e  g row th  s t im u la t io n  e xpe rim en ts  

on th e  mouse embryo f ib r o b la s t  fe e d e r la y e rs  a re  d e ta i le d  in  

th e  fo l lo w in g  s e c t io n .

3.231 Growth s t im u la t io n  on th e  NIH-3T3 fe e d e r la y e r

Table  3 .2  p ro v id e s  a d e ta i le d  breakdown o f  th e  horm onal 

s t im u la t io n  e xpe rim en ts  pe rfo rm ed  w ith  th e  p r im a ry  b re a s t 

c u ltu re s  u s in g  c o r t i s o l  (10"^M ) and o e s t r a d io l  .(10~®M) e i t h e r  

a lone  o r  in  co m b in a tio n . From th e  d a ta  i t  i s  e v id e n t th a t  

the  s ta n d a rd  d e v ia t io n s  a re  v e ry  la rg e .  The m agnitude o f  

th e  s ta n d a rd  d e v ia t io n s  may be a t t r ib u te d  to  v a r ia t io n s ,  bo th  

in  the  s iz e  and h e te ro g e n e ity  o f  th e  p a re n t tum ours and th e  

number o f  b re a s t c e l ls  and o rg a n o id s  seeded on to  th e  fe e d e r 

la y e rs .

T ak ing  in t o  accoun t the  v a r ia t io n s  d e s c r ib e d  f o r  c o lo n ie s  

grown under c o n t r o l  c o n d it io n s ,  th e  mean t o t a l  co lo n y  a re a ,



F ig . 3 .5  The e f fe c t  o f s te ro id  hormones on the

grow th  o f  b re a s t c o lo n ie s

B re a s t c o lo n ie s  were e s ta b lis h e d  u s in g  the

s ta n d a rd  m ethodology (S e c t. 2 .7 2 ) and

grown f o r  fo u r  weeks on th e  NIH-3T3

fe e d e r la y e r .  The p a re n t tum ours shown

as ER + /+  were found to  c o n ta in  more than

30 fm o l/m g p r o te in  in  the  c y to s o l and 250

fm o l/m g Di\IA in  th e  n u c le a r f r a c t io n  as

de te rm ined  by an exchange assay.

O e s tra d io l (E) and c o r t i s o l  (c)  were added
_ g

to  g iv e  f i n a l  c o n c e n tra t io n s  o f  10 M and 
-710 M r e s p e c t iv e ly .  E th a n o l was added to  

th e  c o n t r o l  c u ltu re s  to  g iv e  a f i n a l  

c o n c e n tra t io n  o f  0,Q2% ( v / v ) .
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Table 3 .2 The e f fe c t  o f o e s tra d io l and c o r t is o l  on the

Tab le  A.

Tab le  B.

g row th  o f  p r im a ry  human mammary e p i t h e l ia l  

c u ltu r e s  on NIH-3T3 fe e d e r la y e r s .

Hormonal e f f e c t s  on th e  mean t o t a l  co lo n y

area  (flTCA) o f  b re a s t c o lo n ie s  grown on 
225cm f la s k s .

Hormonal e f fe c ts  on p la t in g  e f f ic ie n c y  as 

assessed by th e  mean t o t a l  co lo n y  number 

(MTCINI) o f  b re a s t c o lo n ie s  grown on 25cm 

f la s k s .

P a t ie n ts  were d iv id e d  a c c o rd in g  to  meno

p a u sa l s ta tu s  (p re -  and p os t-m e n o p a u sa l). 

O estrogen re c e p to r  p o s i t iv e  (ER + /+ )  

tum ours c o n ta in e d  more than  30 fm ol/m g 

p r o te in  in  th e  c y to s o l and 250 fm o l/m g DNA 

in  th e  n u c le a r f r a c t io n s .  C u ltu re s  were 

e s ta b lis h e d  as d e s c r ib e d  in  S e c t. 2 .72  and 

m a in ta in e d  f o r  fo u r  weeks w ith  o e s t r a d io l  

(10'"^IV1), c o r t i s o l  (10~^IV1) o r  0.02%  ( v /v )  

e th a n o l f o r  th e  c o n t r o l  c u ltu r e s .

A bso lu te  va lu es  f o r  th e  mean t o t a l  co lo n y  

a rea  (ITTCA) and th e  mean t o t a l  co lo n y  number 

(IYITCN)' t  .s tanda rd  d e v ia tio n s - a re  p re s e n te d : 

Perbenta^S changes"*are . ' e x p r e s s e d . -v.. .

( in '-b ra c k e ts )  *• w ith  re s p e c t to  th e - 'c o n tro l 

f la s k s .  i Growth o f  th e  c u ltu re s

was compared by the  s tu d e n t 's  *t 1 test(l\IS =no 

s ig n i f i c a n t  d i f fe r e n c e ,  i . e . p > 0 .1 ;  ND= 

n o t d e te rm in e d ). The m agnitude o f  the  

s ta n d a rd  d e v ia t io n s  was ve ry  la rg e  as a r e s u l t  

o f  -the d if fe re n c e s  in  s iz e  and c e l l u l a r i t y  o f 

th e  p a re n t tum ours , as w e l l  as th e  number o f  

c e l ls  seeded.
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MTCA, f o r  postm enopausal ER o /o  d e r iv e d  c u ltu re s  was 1 .8 x  

th a t  o f  th e  postm enopausal ER + /+  c u ltu r e s .  In  c o n t ra s t ,  

th e  prem enopausal ER + /+  d e r iv e d  c u ltu re s  had a mean t o t a l  

co lo n y  a rea 1 .7 x  th a t  o f  th e  prem enopausal ER o /o  c u ltu r e s  

under same grow th  c o n d it io n s .

C o r t is o l  (1 0 - M) a lone  g e n e ra lly  e l i c i t e d  a marked m ito g e n ic  

response in  term s o f  bo th  co lo n y  a rea  and co lo ny  number in  

prem enopausal and postm enopausal ER + /+  d e r iv e d  p r im a ry  

c u ltu r e s ,  w h ile  th e re  was a s m a lle r  response from  th e  ER o /o  

d e r iv e d  c u ltu r e s .  In  term s o f  th e  mean t o t a l  co lo n y  number, 

MTCN, th e re  was a s ig n i f i c a n t  25$ in c re a s e  in  th e  postmeno

p au sa l and a le s s e r  8 .3 $  in c re a s e  in  th e  prem enopausal ER + /+  

g roups , r e s p e c t iv e ly .  C o r t is o l  had l i t t l e  e f f e c t  on th e  

co lo n y  number o f  e i t h e r  postm enopausal and prem enopausal ER 

o /o  d e r iv e d  c u ltu r e s .  In  th e  c u ltu r e s  d e r iv e d  from  th e  p o s t

menopausal ER + /o  sam ple, th e re  was a 58$ decrease in  co lo n y  

a rea  b u t an 11$ in c re a s e  in  th e  t o t a l  co lo n y  number in  

response to  c o r t i s o l .

In  response to  o e s t r a d io l ,  bo th  postm enopausal and premeno

pau sa l ER + /+  d e r iv e d  c u ltu re s  showed s t a t i s t i c a l l y  s ig n i f i c a n t  

in c re a s e s  in  MTCA o f  11 and 39$ r e s p e c t iv e ly .  O e s tra d io l 

re s u lte d  in  a s l i g h t  in c re a s e  ( n o n - s ig n i f ic a n t )  in  th e  MTCA o f  

postm enopausal ER o /o  d e r iv e d  c u ltu r e s  and a s l i g h t  decrease 

f o r  prem enopausal ER o /o  b io p s ie s .  A s ig n i f i c a n t  re d u c t io n  in  

MTCN was observed in  prem enopausal o /o  c u ltu r e s  b u t t h i s  de

crease was o f  a s m a lle r  m agnitude f o r  postm enopausal ER o /o  

d e r iv e d  c u ltu r e s .  The postm enopausal + /o  d e r iv e d  c u ltu r e s  

showed a 45$ decrease in  WTCA and an 11$ in c re a s e  in  MTCN.

W ith  th e  e x c e p tio n  o f  th e  one postm enopausal + /o  b io p sy  

e s ta b lis h e d  in  p r im a ry  c u l tu r e ,  th e re  was a 28-78$ in c re a s e  in  

th e  NTCA in  response to  c o r t i s o l  and o e s t r a d io l  in  c o m b in a tio n  

re g a rd le s s  o f  th e  menopausal and re c e p to r  s ta tu s .  Postmeno

pau sa l and prem enopausal + /+  d e r iv e d  c u ltu r e s  e x h ib ite d  

s ig n i f ic a n t  MICA in c re a s e s  o f  51 and 78$ re s p e c t iv e ly  in  

response to  the  co m b ina tio n  o f  s te r o id s .  A s im i la r  in c re a s e



in  nTCM was observed f o r  postm enopausal + /+  d e r iv e d  c u ltu r e s  

b u t th e re  was o n ly  a 46$ in c re a s e  in  th e  prem enopausal + /+

MTCIM r e la t iv e  to  the  78$ in c re a s e  in  MICA.

The prem enopausal ER o /o  d e r iv e d  c u ltu re s  showed a 45$ i n 

crease in  ITTCA w ith  a 24$ decrease in  MTCIM in  response to  th e  

co m b in a tio n  o f  c o r t i s o l  and o e s t r a d io l .  The postm enopausal 

ER o /o  d e r iv e d  c u ltu r e s ,  however, responded to  the  co m b in a tio n  

o f  c o r t i s o l  and o e s t r a d io l  by a 28$ in c re a s e  in  ITTCA b u t o n ly  

a 7$ in c re a s e  in  1TTCIM.

The r e s u l t s  o f  s t im u la t io n  by o e s t r a d io l  and c o r t i s o l  in  com

b in a t io n ,  have been f u r t h e r  ana lysed  w ith  re g a rd  to  menopausal 

s ta tu s  o r  re c e p to r  s ta tu s  a lone  (T a b le  3 .3 ) .  There was an 

in c re a s e  o f  25$ in  th e  MTCA o f postm enopausal d e r iv e d  c u ltu r e s  

b u t a more s ig n i f i c a n t  66$ in c re a s e  in  th e  ITTCA o f  premeno

p au sa l d e r iv e d  c u ltu r e s .  There were a ls o  la rg e  in c re a s e s  in  

th e  MTCA o f  67 and 32$ f o r  ER + /+  and o /o  c u ltu r e s  r e s p e c t iv e ly ,  

a lth o u g h  these  were n o t s t a t i s t i c a l l y  s ig n i f i c a n t .  W ith  re g a rd  

to  co lo n y  number, th e re  was a 17$ in c re a s e  o v e r c o n t r o l  va lu e s  

f o r  postm enopausal d e r iv e d  c u ltu re s  w h ile  th e re  was no change 

f o r  prem enopausal d e r iv e d  c u ltu r e s .  For ER + /+  d e r iv e d  

c u ltu r e s ,  a s ig n i f i c a n t  50$ in c re a s e  in  MTCIM was o bse rved . In  

c o n t ra s t ,  th e re  was an 8$ re d u c t io n  in  th e  MTCIM o f  ER o /o  

d e r iv e d  c u ltu r e s .  The one postm enopausal + /o  d e r iv e d  c u l tu r e  

was found to  have a 39$ re d u c t io n  in  ITTCA in  response to  th e  

o e s t r a d io l  and c o r t i s o l  co m b in a tio n  and an 11$ re d u c t io n  in  MTCIM.

3.232 Growth s t im u la t io n  on th e  STO fe e d e r la y e r

Tab le  3 .4a  shows th a t  th e  ITTCA o f  c o n t r o l  prem enopausal d e r iv e d  

c u ltu re s  i s  s ig n i f i c a n t l y  g re a te r  (2 .44 X ) tha n  the  c o n t r o l  p o s t

menopausal c u ltu r e s  when grown on th e  STO fe e d e r la y e r .  S im i la r ly ,  

th e  c o n t r o l  ER + /+  d e r iv e d  c u ltu r e s  have a s ig n i f i c a n t l y  g re a te r  

(2 .67X ) nTCA tha n  th e  c o n t r o l  ER o /o  d e r iv e d  c u ltu r e s .

S t im u la t io n  o f  bo th  p re -  and post-m enopausa l d e r iv e d  c u ltu r e s  by 

the  c o r t i s o l  and o e s t r a d io l  co m b in a tio n  was found to  in c re a s e  th e  

co lo n y  a rea  by 36-37$ . The e f f e c t  o f  the  c o r t i s o l  and o e s t r a d io l  

co m b in a tio n  on ITTCIM o f p re -  and post-m enopausa l c u ltu r e s



Table 3 .3  The e f fe c t  o f menopausal and recep to r s ta tu s

Tab le  A.

Tab le  B.

on the  growth o f  p r im a ry  b re a s t c u ltu re s  on 

th e  NIH-3T3 fe e d e r la y e r s .

—7The e f f e c t  o f  th e  c o r t i s o l  (10”  M ) /o e s tr a d io l
_ g

(10 M) co m b in a tio n  on th e  g row th  o f  p r im a ry  

c u ltu r e s  w ith  re g a rd  to  th e  mean t o t a l  co lo ny  

a rea  (MTCA).

— 7
The e f f e c t  o f  th e  c o r t i s o l  (10”  M ) /o e s tr a d io l

_ g
(10 M) co m b in a tio n  on the  g row th  o f  p r im a ry  

c u ltu r e s  in  term s o f  th e  mean t o t a l  co lo n y  

number (MTCIM).

P a t ie n ts  were d iv id e d  a c c o rd in g  to  menopausal 

s ta tu s  (p re -  and p os t-m e n o p a u sa l). O estrogen 

re c e p to r  p o s i t iv e  (ER + /+ )  tum ours co n ta in e d  

g re a te r  than  30 fm o l/m g p r o te in  in  the  

c y to s o l and 250 fm o l/m g DIMA in  th e  n u c le a r 

f r a c t io n s .

A b so lu te  va lu es  f o r  th e  mean t o t a l  co lo ny  

a rea  (MTCA) and th e  mean t o t a l  co lo ny  number 

(MTCN) a re  p re se n te d  f o r  the  c o n t r o l  c u ltu re s  

( -  s ta n d a rd  d e v ia t io n s )  o f  the  e xp e rim e n ts . 

Percentage changes a re  expressed w ith  re s p e c t 

to  th e  c o n t r o l  f la s k s .  Growth o f  th e  c u ltu re s  

was compared by th e  s tu d e n t 's  11 1 t e s t  (IMS= 

n o t s ig n i f i c a n t ,  i . e .  p >  0 .1 ;  ND=not d e te rm in e d ).
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Table 3 .4  The e f fe c t  o f menopausal and recep to r s ta tu s

Tab le  A.

Tab le  B.

on the  g row th  o f  p r im a ry  b re a s t c u ltu re s  on 

th e  STO fe e d e r la y e r s .

— 7
The e f f e c t  o f  th e  c o r t i s o l  (10”  lvl ) / o e s t r a d io l

_ g
(10 n ) co m b in a tio n  on th e  g row th  o f  p r im a ry  

c u ltu r e s  w ith  re g a rd  to  th e  mean t o t a l  co lo ny  

a rea  (ITTCA).

— 7
The e f f e c t  o f  the  c o r t i s o l  (10 ”  lvl ) / o e s t r a d io l

_ g
(10 M) co m b in a tio n  on th e  grow th  o f  p r im a ry  

c u ltu r e s  in  term s o f  th e  mean t o t a l  co lo ny  

number (iTTCN).

P a t ie n ts  were d iv id e d  a c c o rd in g  to  menopausal 

s ta tu s  (p re -  and p o s t-m e n o p a u sa l). O estrogen 

re c e p to r  p o s i t iv e  (ER + /+ )  tum ours c o n ta in e d  

more tha n  30 fm ol/m g p r o te in  in  th e  c y to s o l 

and 250 fm o l/m g DNA in  the  n u c le a r  f r a c t io n s .

A bso lu te  va lu es  f o r  th e  mean t o t a l  co lo n y  a rea 

(ITTCA) and th e  mean t o t a l  co lo n y  number (ITTCIM) 

a re  p re se n te d  f o r  th e  c o n t r o l  c u ltu re s  ( -  

s ta n d a rd  d e v ia t io n s )  o f  the  e xp e rim e n ts . 

P ercentage changes a re  expressed w ith  re s p e c t 

to  th e  c o n t r o l  f la s k s .  Growth o f  the  c u ltu re s  

was compared by th e  s tu d e n t 's  ’ t 1 t e s t  (NS= 

n o t s ig n i f i c a n t ,  i . e .  p >  0 .1 ;  l\ID= n o t 

d e te rm in e d ).
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was v a r ia b le  in  th a t  th e re  was a 41$ in c re a s e  f o r  postm enopausal 

c u ltu r e s  and a '15% re d u c t io n  f o r  prem enopausal c u ltu re s  (see 

Tab le  3 .4 b ) .

The co m b in a tio n  o f  c o r t i s o l  and o e s t r a d io l  in c re a s e d  th e  MTCA 

and MTCN o f  ER + /+  d e r iv e d  c u ltu r e s  by a p p ro x im a te ly  23$. The 

MTCA o f  th e  ER o /o  d e r iv e d  c u ltu r e s  was found to  in c re a s e  by 

34$ w h ile  th e  MTCN rose by o n ly  7$. The c u ltu re s  d e r iv e d  from  

th e  abnorm al re c e p to r  s ta tu s  group showed a 166$ in c re a s e  in  

the  MTCA w h ile  th e re  was a 52$ decrease in  MTCN.

The o v e r a l l  responses o f  p r im a ry  b re a s t c u ltu re s  to  c o r t i s o l  

and o e s t r a d io l ,  a lone  and in  c o m b in a tio n , as w e l l  as to  EGF and 

E G F /c o r t is o l a re  summarised in  Tab le  3 .5 . C o r t is o l  a lone  

e l i c i t e d  a s m a ll in c re a s e  in  b o th  th e  MTCA and MTCN. O e s t ra d io l,  

however, r e s u lte d  in  a 10$ re d u c t io n  in  MTCA w h ich  was s t a t i s t i c a l l y  

s ig n i f i c a n t .  T h is  was accompanied by a s l i g h t ,  b u t n o t s t a t i s t i c a l l y  

s ig n i f i c a n t ,  (3 .5 $ )  in c re a s e  in  th e  MTCN. The c o r t is o l / o e s t r a d io l  

co m b in a tio n  gave r is e  to  a s ig n i f i c a n t  37$ in c re a s e  in  MTCA b u t a 

s m a lle r  10$ in c re a s e  in  MTCN.

EGF, a lo n e , and to g e th e r  w ith  c o r t i s o l  re s u lte d  in  a d ra m a tic  

in c re a s e  in  MTCA and a s m a lle r  e f f e c t  on MTCN. EGF e l i c i t e d  a 

146$ in c re a s e  in  MTCA and a s m a lle r  (25$) in c re a s e  in  MTCN. In  

th e  presence o f  th e  c o r t is o l/E G F  c o m b in a tio n , th e re  i s  an even 

g re a te r  (265$) in c re a s e  in  MTCA and a 31$ in c re a s e  in  MTCN.

The d e ta i le d  a n a ly s is  o f  th e  e f fe c ts  o f  c o r t i s o l  and o e s t r a d io l  

on p r im a ry  b re a s t c u ltu r e s  grown on- m itom yc in -C  t re a te d  STO 

fe e d e r la y e rs  i s  shown in  Tab le  3 .6 a  and 3 .6 b . The MTCA o f  th e  

prem enopausal ER + /+  c o lo n ie s  was found  to  be 3.3X th a t  o f  th e  

postm enopausal ER + /+  d e r iv e d  c o lo n ie s .  S im i la r ly ,  th e  MTCA o f 

prem enopausal ER o /o  d e r iv e d  c u ltu r e s  was 1.7X th a t  o f  those  

c u ltu re s  d e r iv e d  from  postm enopausa ljo /cT  b io p s ie s .

C o r t is o l  a lone  re s u lte d  in  an 8-10$ decrease in  MTCA o f th e  ER 

+ /+  d e r iv e d  c u ltu r e s .  A c o n t ra s t in g  e f f e c t  o f  c o r t i s o l  was 

observed on MTCN o f  p re -  and postm enopausal d e r iv e d  c u l tu r e s .



Table 3 .5  The e f fe c t  o f hormones and growth fa c to rs  on

the  g row th  o f  p r im a ry  mammary e p i t h e l ia l  

c u ltu r e s  on STO fe e d e r la y e r s .

P rim a ry  c u ltu r e s  were e s ta b lis h e d  as in  S ec t. 

2 .72  and grown f o r  fo u r  weeks w ith  c o r t i s o l  

(T 0 "7n ) , o e s t r a d io l  (10 “ 9M), EGF ( lO n g /m l) 

o r  0 .02$  ( v /v )  e th a n o l in  th e  c o n t r o l  c u ltu r e s .

A bso lu te  va lu es  a re  p re se n te d  f o r  th e  mean 

t o t a l  co lo n y  a rea (MTCA) and th e  mean t o t a l  

co lo n y  number (MTCN) o f  th e  c o n t r o l  c u ltu re s  

( -  s ta n d a rd  d e v ia t io n s )  o f  th e  e xp e rim e n ts . 

P ercentage changes a re  expressed w ith  re s p e c t 

to  th e  c o n t r o l  f la s k s  and compared by th e  ' t 1 

t e s t  (NS= no s ig n i f i c a n t  d i f fe r e n c e ,  i . e .  p 

> 0 . 1).



— I
o
LO
i—l Lu 
t—  CJ 
CC Ld  
CD 
CJ

< r

1

LO
LO

< f

+  1 CD LO 
V  VO 

On CL CM 
CO +

O '

i—i

<—1 r  s
LO LO o °  

O  LO 
+  1 • *

O  i—1
□  v  r o

• CL +
r o  ^  
ov

r o O '
CO r - s •

• CM o5 VO
rH  CD LO <J" i—1 o °

Ll. CD • • O
CJ o +  1 • vo +  1 o  •
Ld rH o  < r \ /  LO

CO V  H < r  CL CM
r o  o_  + +

• ' —/ CO
LO CO

r o
— i CD •
o • CM r - v r o  rH -r-N

_ l  1-1 r o  CD S'? CO O  o °
CD O • r o . CM
LO < v o +  1 o  • +  1 o  •
HH CT CM V  O ' V  o
V— 1— O Q . r o Ov Q_ i—1
c r  c o o  + +
CD Ld O ' ^
CJ CD r o O '

1—1
_ J Ov •
O • LO ^ o v
HH 1—1 CD o? v o  S'?
Q • ON LO
< VO - H o  • +  1 •cr CM V  CO l o  r o
i— O ' CL 1 CM Z  +
LO Ov • V_'
Ld • r o
O 1—1 O '

o v
o •

_ l • ^ O' r-N
CD CM S'? O' S'?
CO Ov LO
l-H VO +  1 • +  1 •
(— CM l o  < r LO v ocr Ov z  + r o z  I
o CM ' • '—'
CJ • LO

CM O'

H o
•

_ j • < r
o CM vocr
i— VO + 1 + iz CM
o Ov O'
CJ rH •

• CD
CM O'

M
0

CO H  0 i—1 JD
C- -Q 0  0 0 Eo c -U U -P D

0 O  < O  Ze I— t—
L-i *H >>
0  Cl c C

JD 0 c o c oe a. 0  H 0 rH
D X 0  O 0  O

Z  0 s :  c j c j



Table 3 .6 The e f fe c t  o f o e s tra d io l and c o r t is o l on the

T ab le  A.

Tab le  6.

g row th  o f  p r im a ry  mammary e p i t h e l ia l  c u ltu r e s  

on th e  STO fe e d e r la y e r s .

Hormonal e f fe c ts  on th e  mean t o t a l  co lo n y  a rea  

(MTCA) o f  b re a s t c o lo n ie s  grown on 25cm f la s k s .

Hormonal e f fe c ts  on p la t in g  e f f ic ie n c y  as

assessed by th e  mean t o t a l  co lo n y  number (MTCIM)
2o f b re a s t c o lo n ie s  grown on 25cm f la s k s .

P a t ie n ts  were d iv id e d  a c c o rd in g  to  menopausal 

s ta tu s  (p re -  and p o s t-m e n o p a u sa l). O estrogen 

re c e p to r  p o s i t iv e  (ER + /+ )  tum ours c o n ta in e d  

more than  30 fm o l/m g p r o te in  in  th e  c y to s o l 

and 250 fm ol/m g DIMA in  th e  n u c le a r f r a c t io n s .  

C u ltu re s  were e s ta b lis h e d  as d e s c r ib e d  in  

S e c t. 2 .72  and m a in ta in e d  f o r  fo u r  weeks, w ith  

o e s t r a d io l  (10**^Vl), c o r t i s o l  (10 ^M) o r  0 .0 2 ^  

( v /v )  e th a n o l f o r  th e  c o n t r o l  c u ltu r e s .

A bso lu te  va lu es  f o r  the  mean t o t a l  co lo n y  a rea 

(MTCA) and the  mean t o t a l  co lo n y  number (MTCIM)
j

are  p re se n te d  f o r  th e  c o n t r o l  c u ltu re s  ( -  

s ta n d a rd  d e v ia t io n s )  o f  the  e xp e rim e n ts . 

Percentage changes a re  expressed w ith  re s p e c t 

to  the  c o n t r o l  f la s k s .  Growth o f  th e  c u ltu re s  

was compared by the  s tu d e n t ’ s ’ t ’ t e s t  (lMS=no 

s ig n i f i c a n t  d if fe r e n c e ,  i . e .  p ^  0 .1 ;  ND=not 

d e te rm in e d ). The m agnitude o f  the  s ta n d a rd  

d e v ia t io n s  was ve ry  la rg e  as a r e s u l t  o f  th e  

d if fe re n c e s  in  s iz e  and c e l l u l a r i t y  o f  the  

p a re n t tum ours , as w e l l  as th e  number o f 

c e l ls  seeded.
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Postmenopausal d e r iv e d  c u ltu re s  showed a 27$ in c re a s e  in  MTCJM 

w h ile  the  prem enopausal d e r iv e d  c u ltu r e s  showed a 15$ decrease . 

Postm enopausal ER o /o  d e r iv e d  c u ltu r e s  showed a s ig n i f i c a n t  

(63$) in c re a s e  in  MTCA and a s im i la r  in c re a s e  in  MTCIM. P re -
o| o

m enopausa l^derived  c u ltu r e s ,  however responded w ith  a 14$ 

re d u c t io n  in  MTCA and a s im i la r  decrease in  MTCIM. The p o s t

menopausal abnorm al re c e p to r  s ta tu s  d e r iv e d  c u ltu r e  showed a 

c o m p a r it iv e  23-27$ decrease in  bo th  MTCA and MTCIM in  th e  presence  

o f  c o r t i s o l .  However, th e  prem enopausal abnorm al re c e p to r  s ta tu s  

sample showed a d i f f e r e n t  r e s u l t  w ith  a 93$ in c re a s e  in  MTCA and 

a 70$ re d u c t io n  in  MTCIM.

O e s tra d io l was found to  reduce th e  MTCA o f  ER + /+  p o s t-  and p re 

menopausal d e r iv e d  c u ltu re s  by 9 and 21$ re s p e c t iv e ly .  However, 

th e  MTCIM was in c re a s e d  by 7 and 13$ f o r  p o s t-  and prem enopausal 

ER + /+  d e r iv e d  c u ltu re s  r e s p e c t iv e ly .  The ER o /o  d e r iv e d  

c u ltu re s  v a r ie d  in  th a t  th e  MTCA f o r  postm enopausal d e r iv e d  

c u ltu r e s  rose  by 29$ w h ile  th e re  was a decrease o f  20$ f o r  the  

prem enopausal c a te g o ry . For b o th  groups o f  ER o /o  d e r iv e d  

c u ltu re s  th e re  was a 41-43$ decrease in  the  MTCN a f t e r  tre a tm e n t 

w ith  o e s t r a d io l  a lo n e .

The co m b in a tio n  o f  c o r t is o l / o e s t r a d io l  re s u lte d  in  a 5-229$ 

in c re a s e  in  th e  MTCA o f th e  p r im a ry  c u ltu r e s .  P o s t- and p re 

menopausal ER + /+  d e r iv e d  c u ltu r e s  showed 11 and 27$ in c re a s e s  in  

MTCA r e s p e c t iv e ly .  Both groups o f  ER + /+  d e r iv e d  c u ltu r e s  a ls o  

e x h ib ite d  a r is e  in  th e  MTCIM a lth o u g h  th e  p o s i t io n s  were re ve rse d  

w ith  th e  postm enopausal ER + /+  d e r iv e d  c u ltu r e s  show ing a 36$ 

in c re a s e  w h ile  th e  prem enopausal ER + /+  c u ltu re s  showed a 15$ 

in c re a s e  in  th e  MTCIM.

The ER o /o  d e r iv e d  c u ltu re s  showed a g re a te r  v a r ia t io n  in  the  

MTCA in c re a s e s  in  response to  c o r t is o l / o e s t r a d io l .  The MTCA o f 

th e  postm enopausal ER o /o  groups rose  by 71$ , w h ile  a s l i g h t l y  

s m a lle r  in c re a s e  (58$) o ccu rre d  in  th e  MTCIM. The prem enopausal 

ER o /o  g roup , however, o n ly  showed a r is e  o f  4 .6 $  in  MTCA and a 

s im u lta n e o u s  43$ decrease in  MTCIM.



The c u ltu re s  e s ta b lis h e d  from  the  postm enopausal abnorm al re 

c e p to r  s ta tu s  b io p sy  were found to  respond to  c o r t i s o l  and 

o e s t r a d io l  in d iv id u a l ly  by reduced t o t a l  co lo n y  a reas o f  27 and

however, in c re a s e d  th e  t o t a l  co lo n y  a rea  by 51%. The t o t a l  

co lo ny  number was reduced in  th e  presence o f  c o r t i s o l ,  o e s t r a d io l  

o r  t h e i r  co m b in a tio n  by 23, 12 and 25% re s p e c t iv e ly .

S t im u la t io n  o f  th e  prem enopausal abnorm al re c e p to r  s ta tu s  d e r iv e d  

c u ltu r e s  re s u lte d  in  in c re a s e s  in  t o t a l  co lo n y  a rea  o f  93, 17 and 

229% w ith  c o r t i s o l ,  o e s t r a d io l  and t h e i r  co m b in a tio n  r e s p e c t iv e ly .  

The a d d it io n  o f  these  s te r o id s  a ls o  re s u lte d  in  a re d u c t io n  in  

th e  t o t a l  co lo n y  number o f  70, 10 and 73% re s p e c t iv e ly .

3.2321 Growth s t im u la t io n  by p r o la c t in

c u ltu r e s  e s ta b lis h e d  on STO fe e d e r la y e rs  was assessed in  th e  

p resence and absence o f  c o r t i s o l  and o e s t r a d io l .  Tab le  3 .7  shows 

th a t  p r o la c t in  re s u lte d  in  a s ig n i f i c a n t  (88%) in c re a s e  in  the  

MTCA and a 19% re d u c t io n  in  the  MTCN o ve r c o n t r o l  v a lu e s .

C o r t is o l  in  co m b in a tio n  w ith  p r o la c t in  o n ly  re s u lte d  in  a 24% 

in c re a s e  in  MTCA o ve r c o n t r o l  v a lu e s . T h is  re p re s e n ts  a 65% 

re d u c t io n  o ve r th e  p r o la c t in  va lu e  w ith o u t  any e f f e c t  on th e  MTCN.

O e s tra d io l in  co m b in a tio n  w ith  p r o la c t in  e l i c i t e d  a 61% in c re a s e  

in  th e  MTCA o ve r c o n t r o l  v a lu e s . The re d u c t io n  in  MTCA by 

o e s t r a d io l  was s m a lle r  than  th a t  induced  by c o r t i s o l .  W ith  re g a rd  

to  th e  MTCN, th e re  d id  n o t appear to  be any a d d i t io n a l  e f f e c t  o ve r 

and above th a t  produced by p r o la c t in  a lo n e .

The co m b in a tio n  o f  o e s t r a d io l ,  c o r t i s o l  and p r o la c t in  re s u lte d  

o n ly  in  a 6% in c re a s e  in  th e  MTCA. T h is  co m b in a tio n  o f  hormones 

caused a re d u c t io n  in  MTCA (compared to  p r o la c t in  a lo n e ) and 

was le s s  than  the  a d d it iv e  re d u c tio n s  e l i c i t e d  by c o r t i s o l  o r  

o e s t r a d io l  on MTCA. The co m b in a tio n  o f  th e  th re e  hormones 

e l i c i t e d  a 30% re d u c t io n  in  MTCN in  com parison to  the  21% de

crease  w ith  p r o la c t in  and one s te r o id  hormone and the  19% 

re d u c t io n  by p r o la c t in  a lo n e .

34% r e s p e c t iv e ly .  The co m b in a tio n  o f  c o r t is o l / o e s t r a d io l ,

The e f f e c t  o f  p r o la c t in grow th  o f  p r im a ry  b re a s t



Table 3 .7 The e f fe c t  o f p ro la c t in  on the growth of

p rim a ry  b re a s t e p i t h e l i a l  c u ltu r e s  on STO 

fe e d e r la y e r s .

A bso lu te  va lu es  a re  p re se n te d  f o r  th e  J, 

mean t o t a l  co lo n y  a rea  (MTCA) and mean t o t a l  

co lo n y  number (MTCN) and s ta n d a rd  d e v ia t io n s .  

Percentage, changes are ' e x p re s s e d .; ' v^-; v.

( in  b ra c k e ts ) w ith  re s p e c t -to c o n t ro l • 

va lu es  and have been compared by th e  p a ire d  

f t ! t e s t  (NS= n o t s ig n i f i c a n t  p >  0 .1 ) .

P rim a ry  c u ltu r e s  were p re pa re d  as in  S e c t. 

2 .72  and grown f o r  fo u r  weeks. Hormones 

were added to  th e  e x p e rim e n ta l f la s k s  as
_ 7

fo l lo w s ,  c o r t i s o l  (10 M), o e s t r a d io l

(10**^M) and p r o la c t in  (5 p g /m l) .
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3 .2 4  Does a p a ra c r in e  mechanism o pe ra te  f o r  mammary e p i t h e l ia l  

c e l l  grow th?

E xperim en ts  w ith  c o n d it io n e d  medium from  b re a s t s tro m a l f i b r o 

b la s ts  (see S e c t. 2 .8 0 ) were perfo rm ed  in  o rd e r  to  a s c e r ta in  

w he the r s tro m a l f ib r o b la s t s  a re  in v o lv e d  in  a p a ra c r in e - ty p e  

mechanism w ith  re g a rd  to  g row th  r e g u la t io n  o f  mammary e p ith e liu m .. 

Tab le  3 .8  shows th e  e f fe c t s  o f  c o n d it io n e d  medium, from  s tro m a l

f ib r o b la s t s  grown in  the  p resence (CME) o r  absence (CM-) o f  
-9o e s t r a d io l  (10 M ), on th e  grow th  o f  p r im a ry  b re a s t c u ltu r e s .

C o n d itio n e d  medium from  b re a s t s tro m a l f ib r o b la s t s ,  (n o t  t re a te d  

w ith  o e s t r a d io l ) ,  was found to  reduce th e  MTCA by 7% and MTCN by 

13%. A d d it io n  o f  exogenous o e s t r a d io l  to  th e  c o n d it io n e d  medium 

was o n ly  found to  have a s l i g h t  e f f e c t  on th e  grow th  o f  the  

p r im a ry  b re a s t c u ltu re s  o ve r and above th a t  e l i c i t e d  by CM- a lo n e . 

The co m b in a tio n  o f  CM- and o e s t r a d io l  (CM -/E) re s u lte d  in  a 12% 

re d u c t io n  in  the  MTCA w hich re p re s e n ts  an a d d i t io n a l  4% decrease 

o ve r CM- a lo n e . In  term s o f  MTCN, th e  re d u c t io n  by CM-/E was 

o n ly  about h a l f  t h a t  e l i c i t e d  by CM- a lo n e .

C o n d itio n e d  medium from  b re a s t s tro m a l f ib r o b la s t s  grown in  th e  

presence o f  o e s t r a d io l  (CME) was found to  in c re a s e  th e  MTCA by 

18% and th e  MTCN by a s im i la r  amount. The a d d it io n  o f  c o r t i s o l  

to  CME in  two e xpe rim en ts  was found to  decrease th e  MTCA by 36% 

w h ile  s im u lta n e o u s ly  re d u c in g  th e  MTCN by 17%. In  th e  presence 

o f  CME, c o r t i s o l  reduced th e  MTCA and MTCN by 36 and , 17% 

re s p e c t iv e ly ,  r e la t iv e  to  th e  c o n t r o l  v a lu e s .

3 .25  A u to ra d io g ra p h y  o f  p r im a ry  c u l t u r e s .

An a tte m p t was made to  assess th e  e f f e c t  o f  horm onal s t im u la t io n  

on the  ( H) th y m id in e  la b e l l in g  p a t te rn s  o f  th e  p r im a ry  b re a s t 

c o lo n ie s .  F ig .  3 .6a  shows a t y p ic a l  p r im a ry  c u ltu r e  d e r iv e d from  

a la rg e  o rg a n o id  w h ich  has s ta in e d  in te n s e ly  w ith  Giemsa.

Within v.the-labelled colonies y>?there were areas, of. labelled, and /.>. /; 

:unlabelle,d cells,- -givibg *r.ise  ftoda f e t e r D g e n e o u b  d a b a i l i n g  .pattern;

' ’ ' ’ These la b e l le d  c e l ls  e x h ib ite d  a secondary



Table  3 .8  The e f f e c t  o f  b re a s t s tro m a l f ib r o b la s t

c o n d it io n e d  medium on th e  g row th  o f  p r im a ry  

b re a s t e p i t h e l ia l  c u ltu r e s  on STO fe e d e r la y e r s .

mean t o t a l  co lo n y  a rea  (MTCA) and mean t o t a l  

co lo n y  number (MTCN) and s ta n d a rd  d e v ia t io n s .  

C o n d itio n e d  medium was o b ta in e d  from  human 

b re a s t s tro m a l f ib r o b la s t s  (BMAMF) grown in  

th e  presence (CME) o r  absence (CM-) o f
_  g

exogenous 10 M o e s t r a d io l  (see S e c t. 2 .8 0 ) .  

P rim a ry  c u ltu r e s  were e s ta b lis h e d  as in  

S e c t. 2 .72  u s in g  50$ c o n d it io n e d  medium ( v / v ) .  

C o r t is o l  (C) and o e s t r a d io l  (E) were added
_7

to  g iv e  f i n a l  c o n c e n tra t io n s  o f  10 M and 
_g

10 M r e s p e c t iv e ly .  In  th e  absence o f  

exogenous s te r o id  hormone, e th a n o l was added 

(0 .0 2 $  f i n a l  c o n c e n tra t io n ) .  R e su lts  

were compared by th e  p a ire d  f t ! t e s t  (NS- = 

n o t s ig n i f i c a n t ,  i . e .  p >  0 .1 ;  ND = n o t 

d e te rm in e d ).

The va lu es  marked w ith  an a s te r is k  ( * )  are  

expressed  w ith  re s p e c t to  th e  c o n t r o l  

va lu es  f o r  these  p a r t i c u la r  expe rim en ts  

o n ly .

A bso lu te
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F ig . 3 .6  L a b e llin g  p a tte rn s  in  prim ary human mammary

e p i t h e l ia l  c u ltu r e s  grown on th e  NIH-3T3 

fe e d e r la y e r .

P rim a ry  c u ltu r e s  were p repa red  as d e s c r ib e d  

in  S e c t .2 .7 2 . A f te r  two weeks, c u ltu re s

f o r  th re e  hours as in  S e c t. 2 .7 9 , s u b je c t  

to  a u to ra d io g ra p h y  and then  s ta in e d  w ith  

Giemsa.

A. Heterogeneous la b e l l in g  o f  e p i t h e l ia l  c o lo n y , 

flag . x116

B. F oca l a reas o f  la b e l le d  c e l l s .

Mag. x288

C. E p i t h e l ia l  co lo n y  w ith  no la b e l le d  c e l l s ,  

nag. x288

D. H igh m a g n if ic a t io n  view  o f  d i f f e r i n g  . 

in t e n s i t ie s  o f  la b e l l in g  w ith in  the  

p r im a ry  c u ltu r e s .

3
were la b e l le d  w ith  ( H) th y m id in e

nag. x1160
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le v e l  o f  o rg a n is a t io n ,  in  th a t  th e y  form ed bo th  f o c i  and w h o r ls .

The in t e n s i t y  o f  la b e l l in g  was found to  va ry  w ith in  th e  b re a s t 

c o lo n y  (F ig .  3 .6 d ) and i s  p ro b a b ly  a r e f le c t io n  o f  the  exposure 

tim e  o f  those  c e l ls  in  S phase. The p ro p o r t io n  o f  la b e l le d  

c e l ls  in  th e  p r im a ry  c u ltu r e s  v a r ie d  from  ze ro  to  20%.

In d iv id u a l  c u ltu r e s  showed no la b e l l in g  a t  a l l ( F i g .  3 .6 c ) ,  i n t e r 

m ediate  la b e l l in g  and a ls o  e x te n s iv e  la b e l l in g  (F ig .  3 .6 b ) .

The background fe e d e r la y e r  i t s e l f  d id  n o t in c o rp o ra te  any ( H )- 

th y m id in e  d u r in g  the  la b e l l in g  p e r io d ,  re g a rd le s s  o f  horm onal 

t re a tm e n t.  In  th e  absence o f  horm onal s u p p le m e n ta tio n , the  

la b e l l in g  o f  th e  e p i t h e l ia l  c e l ls  was s im i la r  to  th a t  in  F ig .  3 .6 a .
_ 7

A d d it io n  o f  c o r t i s o l  (10 M) s l i g h t l y  in c re a s e d  th e  p ro p o r t io n  o f
_ g

la b e l le d  c e l l s ,  w h ile  o e s t r a d io l  (10 N) appeared to  have e i t h e r  

no e f f e c t  o r  reduced th e  number o f  la b e l le d  c e l ls  (d a ta  n o t show n). 

The co m b in a tio n  o f  c o r t i s o l  and o e s t r a d io l  re s u lte d  in  an in c re a s e  

s im i la r  to  t h a t  w ith  c o r t i s o l  a lone  (d a ta  n o t shown).

Due to  h e te ro g e n e ity  o f  in te r c o lo n y  la b e l l in g ,  random sa m p lin g  o f  

b re a s t c o lo n ie s  was n o t co n s id e re d  to  p ro v id e  a re p re s e n ta t iv e  

a n a ly s is  o f  horm onal e f fe c ts  on th e  g row th  o f th e  p r im a ry  c u l tu r e s .

3 .3  D is c u s s io n

P rim a ry  c u ltu re s  o f  human mammary e p i t h e l i a l  c e l ls  have r o u t in e ly  

been e s ta b lis h e d  from  tum our b io p s ie s  w ith  74 and 79% success 

ra te s  on m itom yc in -C  tre a te d  WIH-3T3 and STO fe e d e r la y e rs  

re s p e c t iv e ly .  The d if fe re n c e s  in  th e  a b i l i t y  o f  the  IMIH- and 

Sw iss-3T3 c e l l  l in e s  to  s e le c t  f o r  th e  g row th  o f  b re a s t e p i t h e l i a l  

c e l ls  (74% and 24% success ra te s  r e s p e c t iv e ly ) ,  a re  u n c le a r .

Both the  NIH- and Sw iss-3T3 c e l l  l in e s  have been e s ta b lis h e d  in  

th e  same manner a lth o u g h  from  d i f f e r e n t  s t r a in s  o f  m ice . The 

im proved success ra te  w ith  th e  IMIH-3T3 c e l l  l i n e  may r e f l e c t ,  f o r  

exam ple, th e  a b i l i t y  o f  d i f f e r e n t  fe e d e r la y e rs  to  p ro v id e  a good 

ECn f o r  a tta ch m e n t and s u s ta in e d  g row th  o f  th e  b re a s t c o lo n ie s .

3.31 Growth r e g u la t io n  on the  NIH-3T3 fe e d e r la y e r



C u ltu re s  from  prem enopausal ER + /+  b io p s ie s  were found to  

grow b e t te r  in  c u ltu r e  than  those  from  postm enopausal ER + /+  

b io p s ie s  s in c e  the y  had a g re a te r  MTCA tha n  th e  l a t t e r  g roup .

In  c o n t ra s t ,  th e  r e la t iv e  co lo n y  a rea fo rm a tio n  f o r  the  

p o s t-a n d  p re -m enopausa l ER o /o  groups was re v e rs e d .

I t  i s  g e n e ra lly  accep ted  th a t  ER n e g a tiv e  tum ours are  h is t o lo g ic a l l y  

p o o r ly  d i f f e r e n t ia t e d  w h ile  the  ER p o s i t iv e  tum ours a re , g e n e ra lly  

b e t te r  d i f f e r e n t ia t e d  (see s e c t 1 .5 5 2 ) .  For th e  w e l l  

d i f f e r e n t ia t e d  ER p o s i t iv e  g roup , c u ltu r e s  from  the  prem enopausal 

p a t ie n ts  grew b e t te r  than  those  o f  th e  postm enopausal g roup .

However, i t  i s  in te r e s t in g  th a t  in  th e  p o o r ly  d i f f e r e n t ia t e d  

ER n e g a tiv e  g roup , c u ltu r e s  from  th e  more a gg re ss ive

prem enopausal tum ours grew le s s  w e l l  tha n  the  c u ltu r e s  from

postm enopausal tum ours . These r e s u l t s  seem somewhat

c o n t ra d ic to r y  in  th a t  th e re  i s  s e le c t io n  o f  c u ltu r e s  from

th e  p o o r ly  d i f f e r e n t ia t e d  postm enopausal ER n e g a tiv e  group as 

w e ll  as th e  more d i f f e r e n t ia t e d  prem enopausal ER p o s i t iv e  

g roup . S e le c t io n  o f  c u ltu r e s  from  tum ours in  these  s ta te s  

o f  d i f f e r e n t ia t io n ,  perhaps suggests  th a t  s im i la r  c e l l  

p o p u la tio n s  were s e le c te d  from  tum ours w ith in  th e  d i f f e r e n t  

g roups.

3 .311 Response to  c o r t i s o l  and o e s t r a d io l .

P rim ary  c u ltu r e s  d e r iv e d  from  th e  more d i f f e r e n t ia t e d  ER 

+ /+  b io p s ie s  showed a s ig n i f ic a n t  response to  the  a d d it io n  

o f c o r t i s o l  o r  o e s t r a d io l  in  term s o f  MTCA re g a rd le s s  o f  

menopausal s ta tu s .  In  th e  ER o /o  g roup , these  s te r o id s  

had l i t t l e  e f f e c t  when used .a lon e , e xcep t th a t  c o r t i s o l  

in c re a se d  th e  MTCA f o r  the  prem enopausal ER o /o  c a te g o ry  by 17%. 

I n d iv id u a l ly ,  these  s te r o id s  had o n ly  a s l i g h t  e f f e c t  on 

th e  MTCN w ith  th e  e x c e p tio n  o f  a 25% in c re a s e  f o r  th e  

postm enopausal ER + /+  group and a 24% decrease f o r  the  

prem enopausal ER o /o  g roup . These r e s u l t s  suggest th a t  those  

c u ltu re s  w h ich  have been d e r iv e d  from  th e  more d i f f e r e n t ia t e d  

ER + /+  b io p s ie s  have a g re a te r  a b i l i t y  to  respond to  c o r t i s o l  

o r  o e s t r a d io l .  Even so, th e  le v e l  o f  response i s  low  r e la t iv e  

to  the  e f fe c ts  in_ v iv o , in d ic a t in g  th a t  much o f  th e  m ito g e n ic



e f fe c t  may be in d ir e c t .

3.312 Response to  c o r t is o l and o e s tra d io l in  com bination.

The s te r o id  hormone co m b in a tio n  re s u lte d  in  a s ig n i f i c a n t  

response in  th e  c u ltu re s  d e r iv e d  from  the  more d i f f e r e n t ia t e d  

b io p s ie s  w h ile  i t  evoked a v a r ia b le  response from  th e  

re c e p to r -p o o r  d e r iv e d  c u ltu r e s .  D ram a tic  changes o ccu rre d  

in  the  MTCA and MTCN f o r  th e  ER + /+  groups re g a rd le s s  o f  th e  

menopausal s ta tu s .  C u ltu re s  from  th e  ER + /+  prem enopausal 

b io p s ie s  showed a g re a te r  in c re a s e  tha n  those  from  postm enopausa l 

ER + /+  b io p s ie s .  The in c re a s e s  appeared to  be le s s  than  

a d d it iv e  f o r  MTCA b u t were s y n e r g is t ic  f o r  th e  MTCN o f  the  

c u ltu r e s  from  th e  more d i f f e r e n t ia t e d  ER + /+  b io p s ie s .

P rim a ry  c u ltu r e s  d e r iv e d  from  p o o r ly  d i f f e r e n t ia t e d  ER 

o /o  b io p s ie s  showed a s y n e r g is t ic  response to  th e  hormone 

co m b in a tio n  in  term s o f  MTCA. The e f f e c t  o f  th e  c o r t i s o l /  

o e s t r a d io l  co m b in a tio n  on the  MTCN o f  c u ltu r e s  from  ER o /o  

b io p s ie s  was, however, v a r ia b le .  A s l i g h t  (7%) in c re a s e  

in  MTCN o ccu rre d  f o r  th e  postm enopausal ER o /o  group b u t th e  

prem enopausal ER o /o  group showed a 24% decrease . The 

reasons f o r  th e  v a r ia t io n s  in  p la t in g  e f f ic ie n c y  and subsequent 

g row th  e l i c i t e d  by th e  hormone co m b in a tio n  a re  u n c le a r .

I n t e r e s t in g ly ,  th e re  was no o v e r la p  in  the  responses o f  

c u ltu r e s ,  from  th e  ER + /+  and o /o  b io p s ie s ,  to  e i t h e r  c o r t i - s o l 

a lone  o r  the  co m b in a tio n  o f  o e s t r a d io l / c o r t i s o l .  The MTCA 

o f ER + /+  d e r iv e d  c u ltu r e s  rose by 51-78% in  response to  th e  

hormone co m b in a tio n  w h ile  th a t  o f  th e  ER o /o  group in c re a s e d  

by 28-45%. S im i la r ly ,  th e  in c re a s e s  in  MTCA f o r  th e  ER + /+  

and o /o  groups to  c o r t i s o l  were 46-90% and 3-17% r e s p e c t iv e ly .  

There was a ls o  no o v e r la p  f o r  th e  MTCN’ s o f  these  groups in  

response to  c o r t i s o l  a lone  o r  in  co m b in a tio n  w ith  o e s t r a d io l .

I f  th e  re c e p to r  s ta tu s  o f  th e  p a re n t b io p sy  i s  m a in ta in e d  in  

s h o r t- te rm  p r im a ry  c u l t u r e ,  these  responses may re p re s e n t a 

p o te n t ia l  d is c r im in a n t  between c u ltu r e s  d e r iv e d  from  ER + /+  

and o /o  b io p s ie s .

The combined r e s u l t s  o f  th e  g row th  e xpe rim en ts  on th e  NIH-3T3



fe e d e r la y e r  (T ab le  3 .3 ) have shown th a t  th e  MTCA o f  prem enopausal 

d e r iv e d  c u ltu r e s  is  in c re a s e d  by 66% in  response to  th e  c o r t i s o l /  

o e s t r a d io l  c o m b in a tio n . T h is  c o n tra s ts  w ith  th e  25% in c re a s e  

w ith  the  postm enopausal d e r iv e d  c u ltu r e s .  F u r th e r  a n a ly s is  

o f  th e  MTCA has shown th a t  th e  re c e p to r  s ta tu s  in f lu e n c e s  the  

in c re a s e  in  MTCA s in c e  c u ltu r e s  from  ER + /+  and o /o  b io p s ie s  

showed 67 and 32% in c re a s e s  re s p e c t iv e ly .  However, some o f  

the  responses may n o t be m ediated by the  ER s in c e ,a lth o u g h  th e  

ER o /o  d e r iv e d  c u ltu r e s  do n o t show any d ra m a tic  responses 

to  o e s t r a d io l  and c o r t i s o l  a lo n e , th e y  respond d ra m a t ic a l ly  

to  th e  hormone c o m b in a tio n . These responses may, pe rhaps , 

be m ediated by an a u to c r in e - ty p e  mechanism. The r e s u l t s  o f  

an in v e s t ig a t io n  in t o  a p o s s ib le  p a ra c r in e  mechanism, such 

as m ig h t o pe ra te  in  v iv o  are  d e s c r ib e d  in  s e c t.  3 .2 4 .

In  term s o f  MTCN a 17% in c re a s e  was found  f o r  c u ltu r e s  from  

th e  postm enopausal b io p s ie s  in  response to  the  c o r t i s o l /  

o e s t r a d io l  co m b in a tio n  w h ile  th e re  was no change f o r  c u ltu r e s  

from  th e  prem enopausal g roup . T h is  suggests  th a t  these  s te r o id s  

prom ote th e  p la t in g  e f f ic ie n c y  o f  th e  postm enopausal d e r iv e d  

c u ltu r e s .  In  the  w e l l  d i f f e r e n t ia t e d  ER + /+  c a te g o ry , a 50% 

in c re a s e  in  MTCN was found  w h ile  an 8% re d u c t io n  o ccu rre d  in  

th e  ER o /o  g roup . T h is  in d ic a te s  th a t  c o r t i s o l  and o e s t r a d io l  

d ra m a t ic a l ly  enhance p la t in g  e f f ic ie n c y  f o r  th e  w e l l  d i f f e r e n t ia t e d  

ER + /+  group o f  b io p s ie s .  Indeed , e x te rn a l s ig n a ls  such as 

hormones and g row th  fa c to r s  may w e l l  be expected  to  e x e r t  

d i f f e r e n t i a l  e f fe c ts  on p la t in g  e f f ic ie n c y  and on subsequent 

g ro w th .

3 .32  Growth re g u la t io n  on th e  5TQ fe e d e r la y e r .

The r e s u lts  in  Table  3 .4a  and 3 .4b  have shown th a t  c u ltu r e s  

from  prem enopausal b io p s ie s  grow b e t te r  tha n  those  from  

th e  postm enopausal b io p s ie s .  S im i la r ly ,  c u ltu r e s  from  

ER + /+  grow b e t te r  tha n  those  from  th e  ER o /o  g roups . These 

r e s u l t s  a re  p a r t i c u la r l y  in t e r e s t in g  in  t h a t  b o th  the  

prem enopausal ( o f te n  le s s  w e l l  d i f f e r e n t ia t e d )  and th e  ER + /+  

(u s u a lly  w e ll  d i f f e r e n t ia t e d )  groups grew w e ll  in  c u l tu r e .

These somewhat c o n t ra d ic to r y  r e s u l t s  sugges t th a t  the

s u b p o p u la tio n s  o f  c e l l s ,  s e le c te d  by th e  c u ltu r e  c o n d it io n s  

p ro v id e d , may n o t a lw ays be t y p ic a l  o f  th e  p a re n t tum our.



The response to  the  c o r t is o l / o e s t r a d io l  co m b in a tio n  seems 

to  o ccu r in d e p e n d e n tly  o f  th e  menopausal s ta tu s ,  b u t i s  o f  

a g re a te r  m agnitude in  c u ltu r e s  from  ER o /o  b io p s ie s  than  

ER + /+  b io p s ie s .  T h is  in d ic a te s  th a t  some p ro p o r t io n  o f  the  

response may o ccu r in d e p e n d e n tly  o f  th e  ER.

In  th e  s m a ll sample o f  abnorm al re c e p to r  s ta tu s  b io p s ie s  

(a  group n o rm a lly  co n s id e re d  to  be o es tro g en  in s e n s i t iv e ) ,  

th e  la r g e s t  in c re a s e  in  MTCA (166%) was found in  response to  

the  c o r t is o l / o e s t r a d io l  c o m b in a tio n . T h is  i s  c o n s is te n t  

w ith  th e  g re a te r  response to  th e  co m b in a tio n  be ing  in  th e  ER 

o /o  g roup . In  c o n t ra s t ,  th e  MTCN f o r  the  abnorm al re c e p to r  

group decreased by 52% w h ich  was the  la r g e s t  decrease f o r  any 

o f  the  groups c la s s i f ie d  a c c o rd in g  to  re c e p to r  s ta tu s .  I t  i s  

in t e r e s t in g  th a t  the  g re a te s t  change in  bo th  the  MTCA and MTCN 

sh ou ld  o ccu r in  the  same group and aga in  in d ic a te s  th a t  

fa c to r s  w hich prom ote p la t in g  and co lo n y  g row th  are d i f f e r e n t .

In  term s o f  MTCN, th e re  i s  a f a i r l y  good c o r r e la t io n  w ith  MTCA 

f o r  tho se  c u ltu r e s  from  postm enopausal and ER + /+  b io p s ie s .

The re m a in in g  prem enopausal and ER o /o  groups showed l i t t l e  

c o r r e la t io n .  I n t e r e s t in g ly ,  these  groups showed th e  la r g e s t  

in c re a s e s  in  MTCA in  term s o f  menopausal and re c e p to r  s ta tu s .

The combined r e s u lts  in  Table  3 .5  have shown th a t  c o r t i s o l  

a lone  e l i c i t s  s l i g h t  in c re a s e s  in  MTCA and MTCN, and o e s t r a d io l  

in c re a s e s  MTCN b u t reduces MTCA by 10%. T h is  re d u c t io n  

in  MTCA by o e s t r a d io l  i s  s u r p r is in g  in  th a t  i t  suggests  th a t  

o e s t r a d io l  may r e s u l t  in  th e  i n h ib i t i o n  o f  c e l l  p r o l i f e r a t io n .

The co m b in a tio n  o f  c o r t i s o l  and o e s t r a d io l  has e l i c i t e d  s ig n i f i c a n t  

in c re a s e s  in  bo th  th e  MTCA (37%) and MTCN (10%). These 

r e s u lts  im p ly  th a t  th e  o v e r a l l  e f f e c t  o f  th e  hormone 

co m b ina tio n  in duces  in c re a s e s  in  bo th  c e l lu la r  p r o l i f e r a t io n  

and p la t in g  e f f ic ie n c y .

3.321 Response to  EGF.



EGF a lone  d ra m a t ic a l ly  in c re a s e d  bo th  c e l lu la r  p r o l i f e r a t io n  

(146%) and p la t in g  e f f ic ie n c y  by 25%. The e f f e c t  o f  EGF 

was p o te n t ia te d  by c o r t i s o l  w ith  re s p e c t to  the  MTCA. The 

combined e f f e c t  o f  EGF and c o r t i s o l  on p la t in g  e f f ic ie n c y  

was a t  le a s t  a d d i t iv e .  The r e s u l t s  o f  t h i s  l a t t e r  e xpe rim en t 

sugges t th a t  c o r t i s o l  and EGF may e l i c i t  t h e i r  e f fe c ts  on 

c e l lu la r  p r o l i f e r a t io n  th ro u g h  d i f f e r e n t  mechanisms.

The d e ta i le d  a n a ly s is  o f  g row th  re g u la t io n  on th e  STO fe e d e r 

la y e r  has shown th a t  g row th  o f  the  prem enopausal c u ltu r e s  

was b e t te r  than  th a t  o f  th e  postm enopausal group re g a rd le s s  

o f  re c e p to r  s ta tu s  (T a b le s  3 .6 a  and 3 .6 b ) .  These r e s u lts  

c o n t r a s t  w ith  g row th  on th e  NIH-3T3 fe e d e r la y e r  w hich 

showed b e s t g row th  in  th e  prem enopausal ER + /+  and postm enopausal 

ER o /o  c a te g o r ie s .  However, these  d e ta i le d  r e s u lts  f o r  the  

STO fe e d e r la y e r  sugges t th a t  c u ltu re s  from  th e  le s s  w e l l  and 

le a s t  d i f f e r e n t ia t e d  b io p s ie s  grew b e t te r  su g g e s tin g  s e le c t io n  

o f  d i f f e r e n t  c e l l  p o p u la t io n s  by the  d i f f e r e n t  fe e d e r la y e rs .

The d if fe re n c e s  in  th e  response o f  the  b re a s t c e l ls  to  

p a r t i c u la r  s ig n a ls ,  when grown on d i f f e r e n t  fe e d e r la y e r s ,  

emphasises the  im po rtance  o f  the  s t r o m a l- e p i th e l ia l  in t e r a c t io n  

in  m o d u la tin g  grow th  responses i r i  v iv o .

3 .322 Response to  c o r t i s o l  and o e s t r a d io l .

W ith  th e  e x c e p tio n  o f  postm enopausal ER o /o  group and the  

prem enopausal abnorm al re c e p to r  g roups , c o r t i s o l  and 

o e s t r a d io l  were in d iv id u a l ly  found to  reduce th e  MTCA.

W ith  re g a rd  to  p la t in g  e f f ic ie n c y ,  c o r t i s o l  and o e s t r a d io l  

had d i f f e r i n g  e f f e c t s .  C o r t is o l  reduced th e  p la t in g  

e f f ic ie n c y  in  a l l  g roups e xcep t th e  postm enopausal ER + /+  

and o /o  g roups. However, o e s t r a d io l  in  common w ith  the  

c o r t is o l / o e s t r a d io l  co m b ina tio n  in c re a s e d  th e  p la t in g  e f f ic ie n c y  

o f  th e  ER + /+  groups w h ile  re d u c in g

th a t  o f  the  re m a in in g  g roups. The d a ta , th e re fo re ,  s u p p o rts  

the  view  th a t  o e s t r a d io l  does n o t have a d i r e c t  m ito g e n ic  

e f f e c t  on b re a s t e p ith e liu m .

3 .323 Response to  the  c o r t is o l / o e s t r a d io l  c o m b in a tio n .

There was an o v e r a l l  in c re a s e  in  the  MTCA in  response to



th e  horm onal com b ina tion ,, re g a rd le s s  o f  th e  menopausal o r  

re c e p to r  s ta tu s .  W ith  th e  e x c e p tio n  o f  the  abnorm al 

re c e p to r  g roups , th e  g re a te s t  responses o ccu rre d  in  the  

postm enopausal ER o /o  and prem enopausal ER + /+  g roups.

These r e s u lts  in d ic a te  th a t  th e  le a s t  d i f f e r e n t ia t e d  and 

p o o r ly  d i f f e r e n t ia t e d  groups have th e  g re a te s t  a b i l i t y  to  

respond to  th e  horm onal co m b in a tio n  by in c re a s e d  c e l lu la r  

p r o l i f e r a t io n .

In  response to  th e  c o r t is o l / o e s t r a d io l  c o m b in a tio n , th e  MTCIM 

was in c re a s e d  in  th e  ER + /+  and th e  postm enopausal ER o /o  

groups w h ile  i t  was reduced in  the  re m a in in g  g roups.

P la t in g  e f f ic ie n c y  was th e re fo re  g r e a t ly  enhanced in  th e  

postm enopausal ER o /o  and ER + /+  groups and to  a le s s e r  

e x te n t in  th e  prem enopausal ER + /+  g roup . I n t e r e s t in g ly ,  

bo th  postm enopausal ER + /+  and o /o  groups showed an in c re a s e d  

p la t in g  e f f ic ie n c y  w ith  bo th  c o r t i s o l  and o e s t r a d io l  a lo n e .

The e f fe c ts  o f  th e  horm onal co m b in a tio n  on p la t in g  e f f ic ie n c y  

were a d d it iv e  f o r  the  postm enopausal ER + /+  group b u t o n ly  

s im i la r  to  c o r t i s o l  a lone  in  th e  postm enopausal ER o /o  g roup .

3.3 24 Growth re g u la t io n  by p r o la c t in .

P r o la c t in  a lone  e l i c i t e d  a h ig h ly  s ig n i f i c a n t  in c re a s e  in  

MTCA o f  th e  p rim a ry  c u l tu r e s .  The 88% in c re a s e  in  MTCA 

was accompanied by a 19% re d u c t io n  in  p la t in g  e f f ic ie n c y .

The re d u c t io n  in  p la t in g  e f f ic ie n c y  by p r o la c t in  o ccu rre d  

re g a rd le s s  o f  a d d i t io n a l  s te r o id  hormone s t im u la t io n .  The 

in c re a s e  in  c e l l  p r o l i f e r a t io n  by p r o la c t in  was an ta go n ise d  

by th e  a d d it io n  o f  e i t h e r  o r  bo th  c o r t i s o l  and o e s t r a d io l .

The t o t a l  re d u c t io n  by bo th  c o r t i s o l  and o e s t r a d io l  was a lm o s t 

a d d it iv e  w h ich  suggests  th a t  these  s te r o id s  may a n ta go n ise  the  

a c t io n  o f  p r o la c t in  on c e l lu la r  p r o l i f e r a t io n  by se pa ra te  

mechanisms. However, s in c e  f u l l  dose response cu rves f o r  the  

e f fe c ts  induced  by e i t h e r  hormone were n o t c o n s tru c te d , an 

u n e q u ivo ca l s ta te m e n t cannot be made.



There was l i t t l e  e f f e c t  o f  e i t h e r  s te r o id  on MTCN b u t in  

co m b ina tio n  th e  th re e  hormone c o c k ta i l  re s u lte d  in  a 30% 

decrease in  p la t in g  e f f ic ie n c y .  T h is  sugges ts  th a t  c o r t i s o l  

and o e s t ra d io l  a c t s y n e r g is t ic a l l y  in  the  presence o f  p r o la c t in  

to  reduce th e  p la t in g  e f f ic ie n c y .

3 .33  Growth re g u la t io n  by c o n d it io n e d  medium.

I n te r e s t in g ly ,  these  e xpe rim en ts  showed th a t  th e  o n ly  c a te g o ry

o f  c o n d it io n e d  medium w h ich  in c re a s e d  th e  MTCA was th e

c o n d it io n e d  medium from  b re a s t f ib r o b la s t s  grown in  th e  p resence 
-9o f  exogenous 10 M o e s t r a d io l  (CME). Somewhat s u r p r is in g ly ,  

the  enhancement o f  c e l lu la r  p r o l i f e r a t io n  by CME was 

in h ib i te d  when c o r t i s o l  was a ls o  added and indeed  th e  MTCA 

and MTCN were reduced by 36 and 17% re s p e c t iv e ly .  T h is  

o b s e rv a tio n  i s  s u r p r is in g  c o n s id e r in g  th e  p re v io u s ly  d e s c r ib e d  

e f fe c ts  o f  c o r t i s o l  on p r im a ry  b re a s t e p i t h e l ia l  c e l l  g ro w th .

The r e s u l ts  o f  these  e xpe rim en ts  w ith  c o n d it io n e d  medium have 

ra is e d  th e  p o s s ib i l i t y  th a t  a p a ra c r in e - ty p e  mechanism may, 

a t  le a s t  in  p a r t ,  o p e ra te  in  the  grow th  re g u la t io n  o f  

mammary e p ith e liu m . T h is  p re l im in a ry  d a ta  m e r its  f u r t h e r  

in v e s t ig a t io n  to  e lu c id a te  th e  e x a c t mechanism in v o lv e d , in  

a d d it io n  to  th e  is o la t io n  o f  the  f a c to r ( s )  re s p o n s ib le  f o r  

the  in c re a s e  in  c e l l  p r o l i f e r a t io n .

3 .34  A u to ra d iog ra p hy  o f  p r im a ry  c u l tu r e s .

L a b e ll in g  o f  th e  p r im a ry  b re a s t c u ltu r e s  w ith  ( H) th y m id in e  

re ve a le d  th a t  these  c u ltu re s  were n o t u n ifo rm ly  la b e l le d .

The presence o f  f o c i  o f  bo th  la b e l le d  and u n la b e lle d  c e l l s ,  

in  those  c o lo n ie s  w h ich  were la b e l le d ,  ra is e s  th e  p o s s ib i l i t y  

o f  lo c a l  S y n c h ro n is a tio n  o f  those  c e l ls  w h ich  a re  e i t h e r  a c t iv e ly  

s y n th e s is in g  DNA o r  in  a q u ie s c e n t s ta te .

Hormonal tre a tm e n t was found to  have a s l i g h t  e f f e c t  on the  
3

( in) th y m id in e  la b e l l in g  p a t te rn  o f  the  p r im a ry  b re a s t 

c u ltu r e s .  In  those  c o lo n ie s  w h ich  were la b e l le d ,  a d d it io n  

o f  c o r t i s o l  was found to  s l i g h t l y  in c re a s e  th e  p ro p o r t io n  o f  

la b e l le d  c e l ls .O e s t r a d io l ,  however, appeared to  have l i t t l e



o r  no e f f e c t  on the  number o f  la b e l le d  c e l l s .  The c o r t i s o l /  

o e s t r a d io l  co m b in a tio n  in c re a s e d  th e  p ro p o r t io n  o f  la b e l le d  

c e l ls  to  a s im i la r  le v e l  as th e  s t im u la t io n  by c o r t i s o l  

a lo n e . However, s in c e ,  th e re  was such a marked h e te ro g e n e ity  o f  

l a b e l l i n g , i t  was dec ided  th a t  an e s t im a tio n  o f  the  

f r a c t io n  o f  la b e l le d  c e l ls  by random sam p ling  would n o t be 

a ve ry  a c c u ra te  re p re s e n ta t io n  and th e re fo re  be s t a t i s t i c a l l y  

in v a l id .

3 .35  C o n c lu s io n s .

P rim a ry  c u ltu r e s  have r o u t in e ly  been e s ta b lis h e d  from  b re a s t 

tum our b io p s ie s  w ith  a p p ro x im a te ly  80% success ra te s  on fe e d e r 

la y e rs  o f  NIH-3T3 and STO mouse embryo f ib r o b la s t s .  C u ltu re s  

have fo llo w e d  two d i f f e r e n t  p a t te rn s  o f  g ro w th , e i t h e r  g row ing  

on o r  undernea th  th e  fe e d e r la y e r .  A u to ra d io g ra p h ic  

s tu d ie s  have h ig h l ig h te d  the  e x te n s iv e  v a r ia t io n  in  th e  

la b e l l in g  p a t te rn s  o f  th e  b reas t, c o lo n ie s .  The h e te ro g e n e ity  

w i th in  th e  la b e l l in g  appears to  be due to  areas o f  q u ie s c e n t 

c e l ls  and o th e r  a reas o f  a c t iv e ly  s y n th e s is in g  c e l l s .  I t  

has in v a l id a te d  th e  use o f  a u to ra d io g ra p h y  to  assess hormone 

dependence in  th e  p r im a ry  c u ltu r e s .

Growth on the  NIH-3T3 fe e d e r la y e r .

The c u ltu r e  c o n d it io n s  p ro v id e d  by th e  NIH-3T3 fe e d e r la y e r  

s e le c te d  f o r  the  grow th  o f  the  more d i f f e r e n t ia t e d  ER + /+  

prem enopausal and th e  le s s  d i f f e r e n t ia t e d  postm enopausal 

ER o /o  g roups . T h is  s u g g e s ts ,p e rh a p s ,th a t c e l l  p o p u la t io n s  

w ith  some common c h a r a c te r is t ic s  were s e le c te d  from  tum ours 

w ith in  th e  d i f f e r e n t  g roups . The ER + /+  groups showed 

th e  g re a te s t  response to  c o r t i s o l  o r  o e s t r a d io l  a lone  in  

term s o f  MTCA re g a rd le s s  o f  menopausal s ta tu s .  L i t t l e  response 

to  in d iv id u a l  s te r o id s  was observed from  th e  ER o /o  group in  

g e n e ra l.  S im i la r ly ,  th e re  was g e n e ra lly  l i t t l e  e f f e c t  o f  

c o r t i s o l  o r  o e s t ra d io l  a lo ne  on the  MTCN.

The w e l l  d i f f e r e n t ia t e d  ER + /+  groups showed s ig n i f i c a n t  

in c re a s e s  in  MTCA and MTCN in  response to  th e  c o r t is o l / o e s t r a d io l

c o m b in a tio n . The p o o r ly  d i f f e r e n t ia t e d  ER o /o  c a te g o r ie s



showed a s y n e r g is t ic  response to  the  hormone co m b ina tio n  

in  term s o f  MTCA a lth o u g h  th e  e f fe c ts  on MTCIM were v a r ia b le .

There was no o v e r la p  in  th e  e x te n t o f  th e  response o f  the  ER 

+ /+  and o /o  groups to  the  hormone co m b in a tio n  and c o r t i s o l  

a lone  f o r  e i t h e r  MTCA o r  MTCN. The MTCA in c re a s e d  by 67 

and 32% f o r  th e  ER + /+  and o /o  groups re s p e c t iv e ly ,  in d ic a t in g  

th a t  a lm ost h a l f  o f  th e  response may be independen t o f  the  

ER, perhaps in v o lv in g  an a u to c r in e - ty p e  mechanism.

Growth on the  STO fe e d e r la y e r .

There was s e le c t io n  f o r  th e  prem enopausal ( le s s - w e l l  

d i f f e r e n t ia t e d )  and the  ER + /+  ( w e l l  d i f f e r e n t ia t e d )  

groups on t h is  fe e d e r la y e r .  I n d iv id u a l ly ,  th e  s te r o id s  

c o r t i s o l  and o e s t r a d io l  reduced th e  MTCA in  a l l  th e  groups 

excep t th e  postm enopausal ER o /o  and the  abnorm al 

prem enopausal g roup . D i f f e r in g  e f fe c ts  o f  th e  in d iv id u a l  

s te r o id s  were observed on p la t in g  e f f ic ie n c y .  These s te r o id s  

a lone  do n o t g e n e ra lly  appear to  have a d i r e c t  m ito g e n ic  e f f e c t  

on c e l l  p r o l i f e r a t io n .

The response o f  c u ltu re s  to  the  c o r t is o l / o e s t r a d io l  co m b in a tio n  

seemed to  be independen t o f  menopausal and, pe rhaps , re c e p to r  

s ta tu s  s in c e  th e  m agnitude o f  response was g re a te r  in  c u ltu r e s  

from  th e  ER o /o  group than  th e  ER + /+  g roup . The g re a te s t  

responses to  th e  hormone co m b in a tio n  were observed in  the  

prem enopausal ER + /+  ( i . e .  the  n a tu r a l ly  p r o l i f e r a t in g  g roup) 

and th e  postm enopausal ER o /o  group ( i . e .  th e  p o o r ly  d i f f e r e n t ia t e d  

group ).

EGF a lone  e l i c i t e d  a s ig n i f i c a n t  in c re a s e  in  c e l l  p r o l i f e r a t io n  

and p la t in g  e f f ic ie n c y .  T h is  m ito g e n ic  e f f e c t  o f  EGF was 

p o te n t ia te d  by c o r t i s o l  a lth o u g h , in  term s o f  p la t in g  e f f ic ie n c y  

th e  e f fe c ts  were o n ly  a d d i t iv e .  The s y n e r g is t ic  m ito g e n ic  

a c t io n s  o f  c o r t i s o l  and EGF sugges t th a t  th e y  may m ed ia te  t h e i r  

e f fe c ts  on c e l lu la r  p r o l i f e r a t io n  by d i f f e r e n t  mechanisms.



P r o la c t in  was th e  o n ly  n o n -s te ro id a l mammogenic hormone used 

in  these  s tu d ie s .  I t  induced  a most s ig n i f i c a n t  in c re a s e  in  

MTCA and a s im u lta n e o u s  re d u c t io n  in  p la t in g  e f f ic ie n c y .

The s te r o id s ,  a lone  o r  in  c o m b in a tio n , a n tagon ised  the  

m ito g e n ic  e f f e c t  o f  p r o la c t in  and —  reduced

th e  p la t in g  e f f ic ie n c y .  An a n ta g o n is t ic  e f f e c t  o f  o e s t r a d io l  

on p r o la c t in  has n o t p re v io u s ly  been re p o r te d  f o r  human 

b re a s t c e l l s .

The e xpe rim en ts  w ith  c o n d it io n e d  medium from  b re a s t s tro m a l 

f ib r o b la s t s  suggested the  p o s s ib le  e x is te n c e  o f  a p a ra c r in e -  

typ e  mechanism. T h is  was, however, in h ib i t e d  by c o r t i s o l  in  

term s o f  bo th  co lo n y  a rea  and number.

The r e s u l t s  p re se n te d  in  t h is  s e c t io n  sugges t th a t  e x te rn a l 

s ig n a ls ,  such as hormones and grow th  fa c to r s  e x e r t  d i f f e r e n t i a l  

e f fe c ts  on bo th  p la t in g  e f f ic ie n c y  and g ro w th . The m agnitude 

o f  th e  g row th  responses to  hormones and g row th  fa c to r s  has 

been found to  be r e la t i v e l y  s m a ll in  com parison to  th e  e f fe c ts  

in  v iv o . T h is  sugges ts  th a t  a la rg e  p ro p o r t io n  o f  th e  m ito g e n ic  

e f f e c t  in  v iv o  may be in d i r e c t .  The co m b in a tio n  o f  c o r t i s o l /  

o e s t r a d io l  has in d ic a te d  th e  p o s s ib le  e x is te n c e  o f an a u to c r in e -  

type  mechanism f o r  g row th  r e g u la t io n ,  s in c e  on the  STO fe e d e r 

la y e r  th e  ER n e g a tiv e  group showed a 50% g re a te r  response tha n  

th e  ER p o s i t iv e  group to  the  same c o r t is o l / o e s t r a d io l  com bina

t io n .  A d d i t io n a l ly ,  th e  e xpe rim en ts  in v o lv in g  c o n d it io n e d  

medium have ra is e d  th e  p o s s ib i l i t y  o f  a p a ra c r in e - ty p e  mechanism. 

The da ta  p re s e n te d , th e re fo re ,  sugges t th a t  g row th  r e g u la t io n  

o f  b re a s t e p ith e liu m  in  v iv o  may be s u b je c t  to  e n d o c r in e , a u to 

c r in e  and p a ra c r in e  re g u la to ry  mechanisms.



4. C h a ra c te ris a tio n  o f Primary C u ltu res .

4 .1  In t r o d u c t io n .

4 .11  I d e n t i f i c a t io n  o f  The Mammary O r ig in .

M arkers f o r  b re a s t t is s u e  in c lu d e  v a r io u s  enzymes w hich 

a re  e le v a te d  in  m a lig n a n t t is s u e s  a lth o u g h  th e y  a re  p re s e n t 

in  norm al o r  ben ign  t is s u e s .  These in c lu d e  m ito c h o n d r ia l 

m a la te  dehydrogenase, la c ta te  dehydrogenase isozyme 5 and 

th e  K4 -  p y ru v a te  dehydrogenase isozym e (B a lin s k y  ejt a l , 1 98 3 ). 

R e c e n tly , a t is s u e  s p e c i f ic  m arker f o r  human mammary 

e p ith e liu m , in  the  form  o f  th io e s te ra s e  I I ,  has been id e n t i f ie d  

(S m ith  et_ a l , 1984) and sh ou ld  p rove  u s e fu l in  d ia g n o s t ic  

p a th o lo g y .

In  th e  s tu d ie s  o u t l in e d  be low , th e  i d e n t i f i c a t io n  o f  th e  mammary 

o r ig in  o f  the  p r im a ry  c u ltu r e s  has, however, r e l ie d  on th e  

presence o f  a n tig e n s  a s s o c ia te d  w ith  the  human m ilk  f a t  

g lo b u le  membrane. The th re e  m onoclona l a n t ib o d ie s  employed 

were th e  HMFG - 1 ,  HMFG-2 (T a y lo r -P a p a d im itr io u  e t  a l ,  1983) 

and M8 (F o s te r  ert a l ,  1982) a n t ib o d ie s .  HMFG -  1 and HMFG -  2 

re a c t  w ith  d i f f e r e n t  e p ito p e s  o f  a la rg e  m o le c u la r w e ig h t 

g ly c o p ro te in ,  im m u n o lo g ic a lly  r e la te d  to  th e  e p i t h e l ia l  membrane 

a n t ig e n , EMA, (B u rc h e ll ert a l ,  1983) and M8 re a c ts  d i r e c t l y  

w ith  th e  EMA a n tig e n  i t s e l f  (S loane + Ormerod, 1 981 ). P a r t ia l  

p u r i f i c a t io n  o f  th e  a n tig e n  has shown th a t  i t  com prises a 

heterogeneous g ly c o p ro te in ( s )  o f  h ig h  m o le c u la r w e ig h t. The 

ca rb o h yd ra te  m o ie ty  i s  regarded  as a m a jo r a n t ig e n ic  d e te rm in a n t 

w ith  the  p r in c ip a l  sugars be ing  g a la c to s e  and ( \ l-a c e ty l-g lu c o s a m in e  

(Ormerod e t  a l ,  1983 ). The id e n t i f i c a t io n  o f  EMA in  tum our 

t is s u e  is  h ig h ly  in d ic a t iv e  o f  i t s  e p i t h e l ia l  o r ig in s  w h ile  

th e  absence o f  th e  a n tig e n  a lm ost c e r t a in ly  exc ludes  b re a s t 

d e r iv a t io n .

The a n t ig e n ic  d e te rm in a n ts  d e te c te d  by HMFG -  1 and HMFG -  2



are  s t r o n g ly  expressed on th e  la c t a t in g  b re a s t and many p r im a ry  

cancers a lth o u g h  th e y  a re  expressed  to  a le s s e r  e x te n t  in  the  

g la n d u la r  e p ith e liu m  o f  th e  r e s t in g  b re a s t .  HMFG -  1 and 

HMFG -  2 r e a c t i v i t y  has been re p o r te d  to  be s im i la r  in  

c u ltu re d  c e l ls  and t is s u e  s e c tio n s  a lth o u g h  HMFG -  1 re a c ts  

more in te n s e ly  w ith  c u ltu re d  m ilk  e p i t h e l ia l  c e l ls  and 

la c t a t in g  g land  s e c tio n s  tha n  HMFG -  2 w h ich  re a c ts  more 

s t ro n g ly  w ith  d u c ta l carcinom as and c e l l  l in e s  d e r iv e d  from  

them o r  t h e i r  m e ta s ta t ic  le s io n s  (B u rc h e ll  e t  a l ,  1 983 ).

The M8 a n tib o d y  b in d s  to  bo th  a p ic a l and l a t e r a l  membranes o f  

mammary e p i t h e l ia l  c e l l s ,  b u t n o t to  m y o e p ith e l ia l o r  s tro m a l 

c e l ls  (F o s te r  e t  a l ,  1982 ). The s p e c i f i c i t y  o f  the  M8 a n tib o d y  

i s  such th a t  i t  s ta in s  o n ly  some o f  the  mammary e p i t h e l ia l  

c e l ls  l i k e  o th e r  s im i la r  a n t ib o d ie s  ( A r k l ie  e t  a l ,  1 982 ).

The s ig n if ic a n c e  o f  t h is  heterogeneous s ta in in g  p a t te r n ,  

however, rem ains u n c le a r .

4 .1 2 . I d e n t i f i c a t io n  o f  The E p i t h e l ia l  O r ig in .

4 .121  Desmosomal J u n c t io n s .

One c r i t e r io n  to  e s ta b l is h  the  e p i t h e l ia l  n a tu re  o f  the  

p r im a ry  c u ltu r e s  i s  the  presence o f  desmosomes w h ich  a re  

c e l l  membrane o rg a n e lle s  in v o lv e d  in  i n t e r c e l l u l a r  adhes ion .

They com prise  p a r a l l e l  c e l l  membranes se p a ra te d  by an 

in t e r c e l l u l a r  space o f  25 -  35nm. Dense r i g id  p laques 

(10 -  15nm th ic k )  a re  connected to  th e  c y to k e r a t in  bund les  

(Henderson & Weber, 1 981 ). These desmosomes may be 

id e n t i f ie d  by e i t h e r  u l t r a s t r u c t u r a l  o r  im m u n o lo g ica l s tu d ie s .

4 .122  E xp ress ion  o f  In te rm e d ia te  F ila m e n ts .

The in te rm e d ia te  f i la m e n ts  c h a r a c te r is t ic  o f  e p i t h e l ia l  c e l ls  

are  the  c y to k e ra t in s .  The p a t te rn  o f  k e r a t in  e x p re s s io n  i s ,  

m oreover, a c h a r a c te r is t ic  fe a tu re  o f  a s p e c i f ic  e p i t h e l ia l  

c e l l  ty p e 0 W ith in  th e  b re a s t ,  th e re  i s  d i f f e r e n t i a l  k e r a t in  

e x p re s s io n  in  th e  m y o e p ith e l ia l and th e  g la n d u la r  o r  lu m in a l 

c e l ls  (Lane & Klymkowsky, 1981 ). For exam ple, th e  m y o e p ith e l ia l 

c e l ls  do n o t express k e ra t in s  18 and 19 w h ich  a re  bo th  however 

expressed by lu m in a l mammary e p i t h e l ia l  c e l ls .

In  c u ltu re d  e p ith e liu m , c o -e x p re s s io n  o f  k e r a t in  and v im e n tin



in te rm e d ia te  f i la m e n t  typ e s  has been re p o r te d  (F ranke et_ a l ,

1979 ), However human tum our e p i t h e l ia l  c e l l s ,  w hich co -e xp re ss  

v im e n tin  and k e r a t in  in  c u ltu r e ,d o  n o t co -e xp ress  v im e n tin  

when these  tum our c e l ls  deve lop  in t o  s o l id  tum ours in  nude 

mice (Ramaekers e t  a l ,  1 9 8 3 .) I t  has been proposed 

th a t  th e  c o -e x p re s s io n  o f  v im e n tin  i s  n o t an a r te fa c t  o f  

c e l l  c u l t u r e ,  b u t ,  i s  induced  by th e  re le a s e  o f  the  e p i t h e l i a l  

c e l ls  from  t h e i r  n e ig h b o u rin g  c e l ls  in  th e  s o l id  tum ours 

(Ramaekers e t  a l ,  1983; D a irkee  e t  a l ,  1984 ).

4 .1 3 . A im s.

The aims o f  these  s tu d ie s  were to  c h a ra c te r is e  th e  mammary 

and th e  e p i t h e l ia l  o r ig in s  o f  th e  p r im a ry  c u ltu re s  e s ta b lis h e d  

u s in g  th e  m ethodology d e s c r ib e d  in  S e c t. 2 .7 2 . An a tte m p t was 

a ls o  made to  assess th e  e f fe c t s  o f  r e t in o ic  a c id  and v a r io u s  

s te r o id s  on th e  e x p re s s io n  o f  k e r a t in  18 w h ich  i s  a m arker 

f o r  s im p le  e p ith e liu m .

4 .2  R e s u lts .

4 .21  E xp ress ion  o f  human mammary a n t ig e n s .

Im m uno fluo rescen t s ta in in g  o f  p r im a ry  c u ltu r e s  w ith  HMFG -  1 

re ve a le d  ve ry  l i t t l e  i f  any s p e c i f ic  b in d in g  o f  th e  a n tib o d y  

(d a ta  n o t show n). In  c o n t ra s t ,  s ta in in g  w ith  HMFG -  2 

re s u lte d  in  h ig h  le v e ls  o f  s p e c i f ic  s ta in in g  as seen in  F ig .  4 .1 a . 

The s ta in in g  appears to  be c y to p la s m ic  and is  most in te n s e  

in  the  o u te r  c e l ls  o f  the  c o lo n y . The fe e d e r la y e r  o f  mouse 

embryo f ib r o b la s t s  showed o n ly  background s ta in in g  s im i la r  to  

th a t  o b ta in e d  w ith  norm al mouse serum.

Im m unofluorescence s tu d ie s  w ith  the  M8 a n tib o d y  re v e a le d  th a t  

some o f  the  c e l ls  w i th in  th e  c o lo n ie s  were s ta in e d  by th e  

a n tib o d y  (F ig .  4 .1 b . )  The s ta in in g  was heterogeneous a lth o u g h  no 

p a r t i c u la r  c h a r a c te r is t ic s  co u ld  be a s c r ib e d  to  th e  c e l ls  w h ich  

bound a n tib o d y .

4 .22  I d e n t i f i c a t io n  o f  desmosomal . ju n c t io n s .

A p o ly c lo n a l a n tise ru m  a g a in s t h ig h  m o le c u la r w e ig h t



F ig . 4 .1  Expression of human mammary e p i t h e l ia l

a n tig e n s  in  p r im a ry  c u l t u r e .

P rim a ry  c u ltu r e s  were grown f o r  fo u r  weeks 

on 13mm g la s s  c o v e rs l ip s  on STO fe e d e r 

la y e r s ,  as d e s c r ib e d  in  S e c t. 2 .72  and 

im m unocytochem is try  was pe rfo rm ed  as in  

S e c t. 2 .78  o n ' f iv e  se pa ra te  o ccas ion s ,,

A. S p e c if ic  im m unofluorescence s ta in in g  o f  

a human mammary f a t  g lo b u le  membrane 

a n tig e n  u s in g  HMFG-2 a n t is e ra  (M ag .x144).

U n ifo rm  s ta in in g  o f  th e  b re a s t co lo n y  was 

observed .

P rim a ry  and secondary a n t ib o d ie s  were used 

a t  /1 0  d i lu t io n s .

B. S p e c if ic  im m unofluorescence  s ta in in g  o f  an 

e p i t h e l ia l  membrane a n tig e n  w ith  th e  M8 

a n tise ru m  (Mag. x1 8 0 ). A heterogeneous 

s ta in in g  p a t te rn  was o b ta in e d  w ith  t h is  

a n t ib o d y .

P rim a ry  and secondary a n t ib o d ie s  were 

employed a t  /1 0  d i lu t io n s .
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desmosomal components, re fe r re d  to  as desm op lakins (Cowin 

& G arrod, 1983) has been employed in  im m unofluorescence  s tu d ie s  

on p r im a ry  c u ltu r e s .  In te n s e  s ta in in g  o f  c e l l  in te r fa c e s  

was observed in  the  e p i t h e l ia l  c o lo n ie s  (F ig .  4 .2 a ) ,  p a r t i c u la r l y  

a t  th e  e p i t h e l ia l  -  s tro m a l ju n c t io n .  S ta in in g  was o fte n  

p u n c ta te  (d a ta  n o t shown) as would be expected  from  th e  

in t e r d ig i t a t in g  n a tu re  o f  the  desmosomes.

4 .2 3  E xp ress ion  o f  In te rm e d ia te  F ila m e n ts .

S p e c if ic  s ta in in g  o f  p r im a ry  human mammary e p i t h e l ia l  

c u ltu r e s  was o b ta in e d  w ith  w ide spectrum  k e r a t in  (F ig .  4 .2 b ),

LE61 ( a n t i - k e r a t in  18) (F ig  4 .3 a ) and v im e n tin  a n t is e ra  (F ig .

4 .4 c ) .  The fe e d e r la y e r  showed o n ly  background s ta in in g  

com parable to  c o n t r o l  s ta in in g  w ith  norm al serum. S tu d ie s  

w ith  th e  w ide spectrum  k e r a t in  a n tib o d y  re ve a le d  th a t  the  

c h a r a c te r is t ic  " r in g "  c o lo n ie s  may grow undernea th  th e  fe e d e r 

la y e r  s in c e  the y  extended beyond th e  app a re n t edge o f  th e  

co lo n y  v is ib le  under phase c o n t ra s t  m icroscopy (see F ig s  4 .2b  

and 4 .2 c ) .  C o u n te rs ta in in g  w ith  Hoechst 33258 showed th a t  

th e  s p e c i f ic  s ta in in g  was a s s o c ia te d  w ith  the  c o lo n ie s  o f  b re a s t 

c e l ls  w h ich  have th e  s m a ll n u c le i ,  r a th e r  than  th e  fe e d e r c e l ls  

w ith  th e  somewhat la r g e r  n u c le i (compare F ig s  4 .3 a  and 4 .3 b ) .

The e x p re s s io n  o f  k e r a t in  18, d e te c te d  by the  LE61 m onoc lona l 

a n tib o d y  was g e n e ra lly  found to -b e  q u ite  u n ifo rm  (F ig .  4 .3a  

and 4 .4 a ) .  O c c a s io n a lly ,  however, he terogeneous s ta in in g  

was observed in  some c o lo n ie s  (F ig s .  4 .4 b ) .  In te n s e  

s ta in in g  was a s s o c ia te d  w ith  e i t h e r  lo c a l is e d  areas w ith in  th e  

co lo ny  (F ig .  4 .4 b ) o r  le s s  f r e q u e n t ly  w ith  s in g le  c e l ls  (d a ta  

n o t show n). The a c c e s s ib i l i t y  o f  the  a n tib o d y  does n o t seem 

to  be re s p o n s ib le  f o r  the  heterogeneous s ta in in g  o b ta in e d  w ith  

the  LE61 s in c e  th e  e le v a te d  c e n t r a l  p o r t io n s  o f  th e  c o lo n ie s  

are  n o t those  re g io n s  w ith  th e  most in te n s e  s ta in in g .  The 

reason f o r  the  h e te ro g e n e ity  in  th e  s ta in in g  w ith  the  LE61 a n tib o d y  

rem ains u n c le a r b u t a lm ost c e r t a in ly  r e f le c t s  th e  hete rogeneous 

n a tu re  o f  th e  p rim a ry  c e l l  c u ltu r e s .

C o -e xp ress ion  o f  k e r a t in  and v im e n tin  was observed in  th e  p r im a ry



F ig . 4 .2  Expression o f e p i t h e l ia l  s p e c if ic  antigens

in  p r im a ry  b re a s t c u l t u r e s .

P rim a ry  c u ltu r e s  were e s ta b lis h e d  as in  

S e c t. 2 .72  on 13mm g la s s  c o v e r s l ip s .  

C u ltu re s  were p rocessed a f t e r  two weeks 

as d e s c r ib e d  in  S e c t. 2 .7 8 . P rim a ry  

c u ltu r e s  were grown on STO (F ig .A )  o r  NIH- 

3T3 (F ig s .  B and C) fe e d e r la y e rs .

A. S p e c if ic  im m unofluorescence  s ta in in g  o f  

desmosomes w ith  desm op lak in  (desmosomal 

p laque  p r o te in )  a n tise ru m  (Nag. x3 2 4 ). 

P rim a ry  and secondary a n t ib o d ie s  were
A

used a t  /5 0  d i lu t io n s  in  PBS-A.

B. S p e c if ic  im m unofluorescence  s ta in in g  o f  

k e ra t in s  w ith  p o ly c lo n a l human k e r a t in  

a n tise ru m  (Mag. x2 6 0 ). T h is  i s  the  same 

f i e l d  o f  v iew  as F ig . C and shows the  

e p i t h e l i a l  c e l ls  e x te n d in g  beyond the  

a pp a re n t edge o f  the  r in g  co lo n y  v is ib le  

under phase c o n t ra s t .

P rim a ry  and secondary a n t ib o d ie s  were used
A  A

a t  /4 0  and /2 0  d i lu t io n s  in  PBS-A 

r e s p e c t iv e ly .

C. Same f i e l d  o f  view  as F ig . B. Phase 

c o n t ra s t  (nag . x2 60 ).

Im m unocytochem istry was perfo rm ed  -on - th re e  

se pa ra te  o cca s io n s . - • *;;• • /;





F ig . 4 .3  S ta in in g  o f prim ary human mammary

c u ltu res  w ith  LE61 antiserum .

E p i t h e l ia l  c u ltu r e s  were e s ta b lis h e d  

u s in g  th e  s ta n d a rd  p rocedu re  on STO 

fe e d e r la y e rs  (S e c t. 2 .7 2 ) .  

Im m unocytochem istry  and Hoechst 33258 

s ta in in g  were conducted (as in  S ec t. 2 .7 8 ) 

a f t e r  fo u r  weeks in  c u ltu re (^ q n !io ^ ^ ^

LE61 and th e  secondary a n t is e ra  were 

employed a t  /2 0  d i lu t io n s  in  PBS-A.

A. S p e c if ic  im m unofluorescence  o f  k e r a t in  

18 (Hag. x 6 4 ).

The b re a s t e p i t h e l ia l  c u ltu r e s  were 

s ta in e d  w ith  LE61 ( k e r a t in  18) a n tis e ru m .

B. Hoechst 33258 c o u n te rs ta in in g  o f  

p r im a ry  b re a s t c u ltu r e s  (dag. x 6 4 ) .

Same f i e l d  o f  view  as F ig . A. The c e l l  

n u c le i were s ta in e d  by Hoechst 33258.

The b re a s t e p i t h e l ia l  c e l ls  were v is 

u a l is e d  as a c o n c e n tra te d  mass o f  

s m a lle r  n u c le i in  com parison to  the  

la r g e r  n u c le i o f  th e  fe e d e r c e l ls .





F ig . 4 .4 Expression of in te rm e d ia te  fila m e n ts

in  p r im a ry  b re a s t e p i t h e l ia l  c u l t u r e s .

P rim a ry  c u ltu r e s  were grown on STO 

fe e d e r la y e rs  f o r  fo u r  weeks (as 

d e s c r ib e d  in  S e c t. 2 .7 2 ) and immuno- 

c y to c h e m is try  was conducted  as in  

;*;Sfect\ 2*78• on over 20 occas ion s  w ith ,LE 6 1  

^and^on\^hree';:occasions.;:;w ith  v im e n tin  . antise rum v;

A. S p e c if ic  im m unofluorescence  o f  k e r a t in  

1 8  (Hag. X 1 0 1 2 ) .

The p r im a ry  b re a s t e p i t h e l ia l  c u l t u r e ,

BnAH, was s ta in e d  w ith  LE61 a n tise ru m  

and examined a t  h ig h  m a g n if ic a t io n .

P rim a ry  and secondary a n t ib o d ie s  were
/I

used a t  /2Q  d i lu t io n s  in  PBS-A.

B. S p e c if ic  im m unofluorescence  o f  k e r a t in  

18 (nag . x81 ) .

S ta in in g  o f  th e  m il  c u ltu r e  w ith  

LE61 a n tise ru m  re v e a le d  th e  presence o f  

in te n s e  s ta in in g  groups o f  c e l ls  

amongst th e  re m a in in g  u n ifo rm ly  s ta in e d  

e p i t h e l ia l  c e l ls .

P rim a ry  and secondary a n t ib o d ie s  were 

used a t  /2 0  d i lu t io n s  in  PBS-A.

C. S p e c if ic  im m unofluorescence  o f  v im e n tin  

(nag. x2 6 0 ).

The p r im a ry  b re a s t e p i t h e l ia l  c u l t u r e ,

BnAn, was s ta in e d  w ith  v im e n tin  a n t i 

serum w h ich  h ig h l ig h te d  b o th  th e  

e p i t h e l i a l  b re a s t co lo n y  and th e  mesen

chyme d e r iv e d  fe e d e r c e l ls .

V im e n tin  and secondary a n t is e ra  were used 

a t  /1 0  d i lu t io n s  in  PBS-A.



iw ̂  /!i
^  I v *  * J

/  ••<“ « *  :
f  •• a  • *  r » w



human mammary e p i t h e l ia l  c u ltu re s  (F ig .  4 .4 c ) .  The fe e d e r 

c e l ls  were a ls o  s ta in e d  w ith  the  a n t i- v im e n t in  a n tib o d y  as 

v im e n tin  i s  th e  c h a r a c te r is t ic  in te rm e d ia te  f i la m e n t  c la s s  o f  

m esenchym e-derived c e l l  ty p e s .

4 .2 4  E f fe c ts  o f  r e t in o ic  a c id  and s te r o id s  on th e  e x p re s s io n  
o f  k e r a t in  1 8 .

- 6
The e f fe c ts  o f  r e t in o ic  a c id  (2x10 fl) and v a r io u s  s te r o id s

on th e  e x p re s s io n  o f  k e r a t in  18 were in v e s t ig a te d  by im m uno fluo rescence

s tu d ie s  w ith  th e  LE61 a n tis e ru m . In  v a r io u s  e p i t h e l ia ,

r e t in o ic  a c id  has p re v io u s ly  been re p o r te d  to  re g u la te

d i f f e r e n t ia t io n  and k e r a t in  e x p re s s io n  (see s e c t.  1 .6 5 ) .  C e lls

c u ltu re d  under c o n t r o l  c o n d it io n s  e x h ib ite d  a c h a r a c te r is t ic

f in e  r a d ia l  a r ra y  o f  k e r a t in  f i la m e n ts  (see F ig  4 .4 a ) .

These k e r a t in  f i la m e n ts  were found to  emanate from  th e  p e r in u c le a r  

re g io n  and extended to  th e  plasma membrane. R e t in o ic  a c id  

(2  x 10~6m) a t  g re a te r  tha n  p h y s io lo g ic a l le v e ls ,  appeared 

to  induce  a p h e n o ty p ic  a l t e r a t io n  in  th e  e x p re s s io n  o f  

k e r a t in  18. T h is  a l t e r a t io n  had two e f fe c t s  on th e  p a t te rn  

o f  k e r a t in  18 s ta in in g .  F i r s t l y ,  th e  in t e n s i t y  o f  th e  

f lu o re s c e n c e  s ig n a l was d im in is h e d  ( F ig .  4 .5 a ) .  There was 

a ls o  a m o d if ic a t io n  in  the  k e r a t in  ne tw o rk  w ith  th e  k e r a t in  

f i la m e n ts  app e a ring  to  be much t h ic k e r .

In  the  presence o f  e i t h e r  c o r t i s o l  o r  o e s t r a d io l ,  two d i f f e r e n t  

typ e s  o f  s ta in in g  p a t te rn s  were observed w ith  the  LE61 

a n tise ru m  (see F ig .  4 .5 b ) .  The f i r s t  typ e  o f  s ta in in g  was 

s im i la r  to  the  c h a r a c te r is t ic  f in e  f ila m e n to u s  ne tw ork  

observed in  c u ltu r e s  grown under c o n t r o l  c o n d it io n s  (F ig .  4 .4 a ) .

The o th e r  p a t te rn  o f  s ta in in g  was a ve ry  in te n s e  s ta in in g  o ve r 

the  whole s u rfa c e  o f  the  c e l l .  In  c o m b in a tio n , c o r t i s o l  

and o e s t r a d io l  re s u lte d  in  th e  same typ e  o f  s ta in in g  p a t te rn s  

a lth o u g h  th e  m a jo r i ty  o f  c e l ls  e x h ib ite d  th e  c h a r a c te r is t ic  

f ila m e n to u s  ne tw ork  (d a ta  n o t show n).

-7
The e f fe c ts  o f  ta m o x ife n  (10 fl)  and m e g e s tro l a c e ta te

_7
(10 M) on th e  e x p re s s io n  o f  k e r a t in  18 were a ls o  in v e s t ig a te d



F ig . 4 .5  S ta in in g  of prim ary human mammary

e p i t h e l i a l  c u ltu r e s  w ith  LE61.

C u ltu re s  were p repa red  as d e s c r ib e d  in  

S e c t. 2 .72  in  th e  s ta n d a rd  c u ltu r e  medium. 

R e t in o ic  a c id  and s te r o id s  were added to  

g iv e  th e  f i n a l  c o n c e n tra t io n s  shown in  the  

f ig u r e  le g e n d s . C u ltu re s  were grown, w ith  

change o f  medium and a d d it iv e  each 48 

h o u rs , f o r  fo u r  w eeks(un less  o th e rw is e  s ta te d )  

and p rocessed  f o r  im m unofluorescence  (S e c t .2 .7 8 ) .  

LE61 and secondary a n t is e ra  were used a t  /2 0  

d i lu t io n s  in  PBS-A.

A. S p e c if ic  im m unofluorescence  o f  k e r a t in  18 

u s in g  th e  LE61 a n tise ru m  (Mag. x1012 ).

P rim a ry  b re a s t c u ltu r e s ,  BMAM, were grown

w ith  r e f  in t iic ,"  a c id .  - The in t e n s i t y  o f ,
f lu o re s c e n c e  was g e n e ra lly  . s ig n i f i c a n t ly  g re a te r  
■in c o n t r o l  c u ltu r e s .  * ‘ ’

B. S p e c if ic  im m unofluorescence  o f  k e r a t in  18 

u s in g  th e  LE61 a n tise ru m  (Mag. x 648 ).

The p r im a ry  b re a s t c u ltu r e s ,  M T II, were
_g

grown f o r  24 days in  th e  presence o f  10 M 

o e s t r a d io l .  Two typ e s  o f  k e r a t in  18 

s ta in in g  were observed .

C. S p e c if ic  im m unofluorescence  o f  k e r a t in  18 

u s in g  th e  LE61 a n tise ru m  (Mag. x1012 ).

The p r im a ry  c u ltu r e s ,  BMAM, were grown in
_7

th e  presence o f  c o r t i s o l  (10 M) f o r  fo u r te e n
—7days. Tam oxifen  (10 M) was added to  the

c o r t i s o l  f o r  the  n e x t seven days and the

c u ltu r e s  a llo w e d  to  re c o v e r f o r  th re e  days
-7in  medium supplem ented w ith  10 M c o r t i s o l .

A change in  th e  m orphology o f  the  

e p i t h e l ia l  c e l ls  was observed .

These; experim ent's  - were, per.farhn'ed • bn. .th ’ree;” .





_7
on c u ltu re s  grown f o r  14 days w ith  c o r t i s o l  (10 M).

Tam oxifen  o r  m e g e s tro l a c e ta te  was added f o r  seven days 

a long  w ith  c o r t i s o l  and the  c u ltu r e s  were a llo w e d  to  re c o v e r 

f o r  th re e  d a y s . in  medium supplem ented w ith  c o r t i s o l .  In  

those  c u ltu re s  exposed to  ta m o x ife n , the  c e l ls  were found 

to  have a ve ry  i r r e g u la r  shape ( F ig . 4 . 5 c ) .  The e x p re s s io n  o f  

k e r a t in  18 was s im i la r  f o r  bo th  ty p e s  o f  tre a tm e n t and the  

p redom inan t s ta in in g  p a t te rn  was s im i la r  to  th a t  o f  the  

c o n t r o l  c e l ls .

The r e s u l t s  o f  these  s te r o id  expe rim en ts  have shown t h a t  th e re  i s  l i t t l e  

change in  the  p a t te rn  o f  k e r a t in  18 e x p re s s io n . Tam oxifen , 

in  c o n ju n c t io n  w ith  c o r t i s o l -, was found to  e l i c i t  a change 

in  c e l l  shape w h ich  d id  n o t o ccu r w ith  any o f  th e  o th e r  s te r o id s .

4 .3  D is c u s s io n .

4 .3 1 . E xp ress ion  o f  Human Mammary A n tig e n s .

Im m uno fluo rescen t s tu d ie s  have shown d i f f e r e n t i a l  b in d in g  

o f  the  HNFG -  1 , HMFG -  2 and M8 m onoclona l a n t ib o d ie s  to  

p r im a ry  c u ltu re s  d e r iv e d  from  human b re a s t tum our b io p s ie s .

HMFG -  2 was bound most s t r o n g ly  w h ile  th e re  was l i t t l e  b in d in g  

o f  HMFG -  1 . T h is  o b s e rv a tio n  c o r re la te s  w ith  the  f in d in g s  

th a t  HFIFG -  2 re a c te d  more in te n s e ly  w ith  c e l ls  d e r iv e d  from  

d u c ta l carc inom as than  HMFG -  1 (B u rc h e ll e t  a l ,  1983 ).

Heterogeneous b in d in g  o f  th e  N8 a n tib o d y  i s  in  agreement w ith  

the  re p o r t  from  Edwards & B rooks, (1 9 8 4 ), who have observed 

t h is  c h a r a c te r is t ic  heterogeneous a n tig e n  e x p re s s io n .

T h is  h e te ro g e n e ity  has been suggested  to  be due e i t h e r  to  

random a n tig e n  e x p re ss io n  o r  perhaps re la te d  to  the  d i f f e r e n t  

p h y s io lo g ic a l s ta te s  o f  th e  mammary e p i t h e l ia l  c e l l s .  The 

s tu d ie s  w ith  these  a n t ib o d ie s  have co n firm e d  th e  human mammary 

o r ig in  o f  th e  p r im a ry  c u ltu re s  and a ls o  p o s s ib ly  t h e i r  m a lig n a n t 

n a tu re .

4 .32  Desmosomal . ju n c t io n s .

In te n s e  s ta in in g  w ith  th e  a n ti-d e s m o p la k in  a n tib o d y  has 

id e n t i f ie d  th e  presence o f  desmosomal ju n c t io n s  w ith in  the



e p i t h e l ia l  c o lo n ie s .  T h is  has in  tu r n  co n firm e d  the  

e p i t h e l ia l  n a tu re  o f  th e  c o lo n ie s  d e r iv e d  from  th e  human b re a s t 

tum our b io p s ie s .

4 .3 3  E xp ress ion  o f  in te rm e d ia te  f i la m e n ts .

The im m unofluorescence  s tu d ie s  have shown th a t  p r im a ry  b re a s t 

c u ltu re s  grow e i t h e r  on (F ig  4 .3 a ) o r  undernea th  th e  fe e d e r 

la y e r  (F ig s .  4 .2b  and 4 .2 c ) .  The s p e c i f ic  s ta in in g  w ith  the  

w ide spectrum  and the  LE61 ( a n t i - k e r a t in  18) a n t is e ra  have 

c o n firm e d  th e  e p i t h e l ia l  n a tu re  o f  th e  p r im a ry  b re a s t 

c u ltu r e s .

S ta in in g  o f  th e  p r im a ry  b re a s t c u ltu r e s  w ith  the  LE61 

a n tise ru m  has shown th a t  th e  c o lo n ie s  a r is e  from  lu m in a l 

c e l ls  and n o t th e  b a sa l m y o e p ith e l ia l c e l l s .  The h e te ro g e n e ity  

in  s ta in in g  p a t te rn  w ith  the  LE61 a n tise ru m  was u n l ik e ly  to  

re p re s e n t an a r te fa c t  and p ro v id e s  ev idence  to  suggest th e  

heterogeneous n a tu re  o f  the  c e l ls  w i th in  th e  p r im a ry  c u ltu r e s .

These s tu d ie s  have shown the  c o -e x p re s s io n  o f  v im e n tin  in  

p r im a ry  b re a s t c u ltu r e s .  V im e n tin  i s  the  in te rm e d ia te  f i la m e n t  

c la s s  c h a r a c te r is t ic  o f  mesenchymal d e r iv e d  c e l ls  and i s  n o t 

expressed in  s o l id  e p i t h e l ia l  tum ours in  v iv o . The c o e xp re ss io n  

o f  v im e n tin  in  p r im a ry  c u ltu r e  c o n firm s  o th e r  p re v io u s  re p o r ts  

o f  v im e n tin  co e xp re ss io n  in  e p i t h e l ia l  c e l ls  i r i  v i t r o .

4 .3 4  E f fe c ts  o f  r e t in o ic  a c id  and s te r o id s  on k e r a t in  18 e x p re s s io n .

R e t in o ic  a c id  appeared to  e l i c i t  a p h e n o ty p ic  a l t e r a t io n  

in  th e  e x p re s s io n  o f  k e r a t in  18 in  p rim a ry - human mammary 

e p i t h e l ia l  c u ltu r e s .  A lthough  th e re  was a re d u c t io n  in  the  

f lu o re s c e n c e  s ig n a l and a more l in e a r  o rg a n is a t io n  o f  th e  k e r a t in  

f i la m e n ts  (see F ig  4 .5 a ) ,  these  e f fe c ts  sugges t e i t h e r  a 

re d u c t io n  had o ccu rre d  in  th e  e x p re s s io n  o f  k e r a t in  18 

o r  th e re  was a m asking o f  i t s  a n t ig e n ic  d e te rm in a n ts . These 

o b s e rv a tio n s  a re  s im i la r  to  p re v io u s  f in d in g s  w ith  human



e n d o m e tr ia l p r im a ry  c u ltu r e s  in  response to  r e t in o ic  a c id
_ y

( l  x 10 n) ( F ie ld ,  1 98 5 ). These p re l im in a ry  o b s e rv a tio n s  

on th e  e f fe c ts  o f  r e t in o ic  a c id  on th e  e x p re s s io n  o f  k e r a t in  

18 , a m arker o f  s im p le  e p i t h e l ia ,  m e r it  f u r t h e r  in v e s t ig a t io n  

u s in g  im m u n o lo g ica l o r  b io c h e m ic a l te c h n iq u e s .

In  th e  presence o f  a l l  th e  s te r o id s  em ployed, two d i f f e r e n t  

typ e s  o f  s ta in in g  p a t te rn  were obse rved . In  a d d it io n  to  th e  

c h a r a c te r is t ic  f in e  k e r a t in  n e tw o rk , an in te n s e  type  o f  s ta in in g  

p a t te rn  was obse rved . There was no o bv ious  d if fe re n c e  in  th e  

k e r a t in  s ta in in g  p a t te rn  w ith  c o r t i s o l  and o e s t r a d io l  a lone  

o r  in  c o m b in a tio n . N e ith e r  ta m o x ife n  n o r m e g e s tro l a c e ta te  

had any e f f e c t  on th e  s ta in in g  p a t te rn  w ith  th e  LE61 a n tise ru m  

a lth o u g h  an i r r e g u la r  m orphology was induced  by th e  c o r t i s o l /  

ta m o x ife n  co m b in a tio n . A ltho u gh  l i t t l e  d if fe re n c e  was 

observed in  th e  LE61 s ta in in g  p a t te r n ,  th e  change in  m orphology 

w ith  th e  c o r t is o l / ta m o x ife n  co m b in a tio n  m e r its  f u r t h e r  in v e s t ig a t io n .

4 .4  C o n c lu s io n s .

The human mammary e p i t h e l ia l  n a tu re  o f  the  p r im a ry  c u ltu r e s  

e s ta b lis h e d  from  human b re a s t tum our b io p s ie s  has been c o n firm e d .

The presence o f  desmosomes, b re a s t c e l l  s u r fa c e  a n tig e n s  and 

th e  e x p re s s io n  o f  k e ra t in s  ( c h a r a c te r is t ic  o f  e p i t h e l ia l  c e l ls )  

has been v e r i f ie d  by im m unofluorescence  s tu d ie s .  V im e n tin , 

a lth o u g h  n o t expressed in  s o l id  e p i t h e l ia l  tum ours in_ v iv o , 

was co -expressed  in  p r im a ry  c u ltu r e s .  An a tte m p t was made 

to  assess th e  e f fe c ts  o f r e t in o ic  a c id  and v a r io u s  s te r o id s  

on e p i t h e l ia l  d i f f e r e n t ia t io n .  R e t in o ic  a c id  appeared to  reduce 

bo th  th e  in t e n s i t y  and th e  p a t te rn  o f  k e r a t in  18 e x p re s s io n . 

Tam oxifen , in  c o n ju n c t io n  w ith  c o r t i s o l  had a s ig n i f i c a n t  e f f e c t  

on c e l lu la r  m orphology a lth o u g h  th e re  was l i t t l e  e f f e c t  on th e  

e x p re s s io n  o f  k e r a t in  18.



5. Surface Morphology o f Primary C u ltu re s .

5 .1 . In t r o d u c t io n .

The e f fe c ts  o f  o e s t r a d io l  on p r im a ry  c u ltu r e s  o f  o rg a n o id s , 

d e r iv e d  from  re d u c t io n  m am m oplasties, have been d e s c r ib e d  w ith  

re g a rd  to  bo th  u l t r a s t r u c t u r a l  a l t e r a t io n s  in  ch ro m a tin  

s t r u c tu r e  and c e l l  s u r fa c e  m orphology (Chambon e t  a l ,  1 984 ). 

T rea tm en t w ith  10nM o e s t r a d io l  was found to  induce  

d is p e rs io n  o f  ch ro m a tin  in  80$ o f  th e  c le a r  e p i t h e l ia l  c e l ls  

a t  th e  o rg a n o id  s u rfa c e  and in  the  e p ith e liu m  b o rd e r in g  th e  

lu m in a . The s u rfa c e  m orphology o f  these  c le a r  c e l ls  c u ltu re d  

on e i t h e r  g la s s  o r  f lo a t in g  c o lla g e n  g e ls  has been f u r t h e r  

examined by scann ing  e le c tro n  m icroscopy (SEN). I t  was 

observed th a t  th e  c o n t r o l  o rg a n o id s  had a r e la t i v e l y  smooth 

a p ic a l s u r fa c e  and were bo th  s m a ll and s p h e r ic a l.  O estrogen- 

t re a te d  o rg a n o id s , however, were heterogeneous w ith  31$ s im i la r  to  

c o n t ro ls  and th e  rem a inde r be ing  p o ly lo b u la r .  Of th e  c o n t r o l

o rg a n o id s , 20 -  29$ were homogeneously f l a t  w ith  few s h o r t  

m i c r o v i l l i  w h ile  42 -  100$ o f  o e s t r a d io l- t r e a te d  o rg a n o id s  

had a dense a rra y  o f  lo n g  and s h o r t  m i c r o v i l l i .  O the r s u r fa c e  

fe a tu re s  o f  o e s tro g e n - tre a te d  o rg a n o id s  in c lu d e d  b le b s  o r  

knobs on the  c e l l  s u r fa c e .

5 .1 1 . Aims.

The o b je c t iv e  o f  these  s tu d ie s  was to  observe  the  s u rfa c e  

m orphology o f  p r im a ry  human mammary e p i t h e l ia l  c u ltu r e s  and 

to  assess any e f fe c ts  produced by hormones.

5 .2 . R e s u lts .

5 .2 1 . F ix a t io n  P rocedures.

G lu ta ra ld e h yd e  is  u n iv e r s a l ly  employed as a p r im a ry  f i x a t i v e  

f o r  whole c e l ls  as i t  has been shown to  te rm in a te  a l l  

movements w ith in  seconds o f  a d d it io n  to  th e  c u ltu r e s  (B runk



e t  a l ,  1975 ). I t  was th e re fo re  chosen as th e  p r im a ry  

f i x a t i v e  f o r  p r im a ry  human b re a s t e p i t h e l ia l  c u ltu r e s .  P rim a ry  

f i x a t i o n  was c a r r ie d  o u t a t  th e  s ta n d a rd  c u ltu r e  tem pe ra tu re  

o f  37°C s in c e  Brunk e t  a l , ( l 9 8 l ) ,  have shown th a t  c u ltu re d  c e l ls  

cease to  move w ith o u t  any e f f e c t  on m orphology when f ix e d  a t  

t h i s  te m p e ra tu re . P ost f i x a t i o n  was pe rfo rm ed  w ith  osmium 

te t r o x id e  s in c e  i t  bo th  s t a b i l is e s  l i p i d s  a g a in s t e x t r a c t io n  

by o rg a n ic  s o lv e n ts  (B runk ejb a l , 1981) and a c ts  as an e le c tro n  

dense s ta in .

The most im p o r ta n t aspec ts  o f  th e  f i x a t i v e  v e h ic le  a re  the  

b u f fe r in g  c a p a c ity  and o s m o la r ity .  A s ta n d a rd  pH o f  7 .4  was 

employed and f i x a t i o n  b u f fe rs  o f  d i f f e r i n g  o s m o la r it ie s  

(each c o n ta in in g  2 .5 $  v /v  g lu ta ra ld e h y d e )  were compared.

F ix a t iv e  v e h ic le s  co m p ris in g  0 .2 ,  0 .1  and 0.05M phosphate 

b u f fe rs  (pH 7 .4 )  were assessed f o r  t h e i r  e f fe c ts  on th e  

s u rfa c e  m orpho logy. Somewhat s u r p r is in g ly ,  th e  d i f f e r e n t  

b u f fe rs  d id  n o t appear to  e l i c i t  s w e ll in g  o r  sh rin k a g e  

a r te fa c ts  as assessed by phase c o n t ra s t  and scann ing  e le c t ro n  

m icroscopy (d a ta  n o t show n). N e v e rth e le s s , the  is o to n ic  O .IN  

phosphate b u f fe r  (290 mOsm/kg) was used as th e  v e h ic le  f o r  

th e  p r im a ry  f i x a t i v e ,  g lu ta ra ld e h y d e .

There rem ains c o n tro v e rs y  re g a rd in g  th e  e f f e c t iv e  c o n t r ib u t io n  

o f  g lu ta ra ld e h y d e  to  th e  o s m o la r ity  o f  the  f i x a t i v e  (B runk et_ a l , 

1975; Lee e t  a l ,  1979 ). When th e  c u ltu r e  medium and th e  

f i x a t i v e  v e h ic le  a re  is o to n ic ,  g lu ta ra ld e h y d e , in  the  commonly 

used range (2 -  2 .5 $ ) ,  does n o t make a c o n t r ib u t io n  to  th e  

e f f e c t iv e  o s m o la r ity  (B runk e t  a l ,  1975 ;1981; B e ll,  1984 ). The 

c e l l  c u l tu r e s ,  however, rem ain o s m o t ic a lly  s e n s i t iv e  u n t i l  

th e y  a re  p o s t f ix e d  w ith  osmium te t r o x id e .

P rim a ry  f i x a t i o n  p rocedu res  were a ls o  v a r ie d  in  o rd e r to  

d e te rm ine  the  b e s t c o n d it io n s  f o r  p r im a ry  f i x a t i o n .  I n i t i a l  

f i x a t i o n  c o n d it io n s  in v o lv e d  the  a d d it io n  o f  an equa l volume 

o f  prewarmed f i x a t i v e  (37°C ) to  th e  g row th  medium f o r  f iv e  

m inu tes  w ith  subsequent rep lacem en t o f  th e  th u s  d i lu te d



f i x a t i v e  by " f u l l "  f i x a t i v e  f o r  a n o th e r 55 m in u te s . A 

com parison o f  the  a d d it io n  o f  f u l l  f i x a t i v e  to  a m in im a l 

volume o f  g row th  medium re q u ire d  to  co ve r the  c o v e rs lip s  showed 

no a ppa ren t e f f e c t  on th e  s u rfa c e  m orphology o f  the  c u ltu r e s  

(d a ta  n o t show n). The f i n a l  p r im a ry  f i x a t i o n  p rocedu re  

in v o lv e d  d i r e c t  a d d it io n  o f  prewarmed 2 .5 $  ( v /v )  g lu ta ra ld e h y d e  

in  O .IN  phosphate b u f fe r  to  the  g row th  medium f o r  an hou r 

a t  37°C.

P re s e rv a t io n  o f  the  s u rfa c e  m orphology was a ls o  compared by 

bo th  c r i t i c a l  p o in t  d ry in g  (CPD) and fre e z e  d ry in g  (FD) 

d e h y d ra tio n  p ro ce d u re s . D e h y d ra tio n  by CPD re s u lte d  in  

e x te n s iv e  c ra c k in g  commonly a s s o c ia te d  w ith  c e l l  s h r in k a g e  (see 

F ig  5 .1 a ) w h ile  fre e z e  d ry in g  produced th e rm a l c ra c k in g  

(see F ig  5 .1 b ) .  Tann ic  a c id  was used as a m ordant and 

p r im a ry  p o s t - f ix a t iv e  p r io r  to  tre a tm e n t w ith  osmium 

te t r o x id e  (see s e c t .  2 .6 4 ) in  o rd e r to  im prove membrane 

s t a b i l i t y .  Therm al c ra c k in g  w ith  fre e z e  d r ie d  p re p a ra t io n s  

rem ained a prob lem  b u t th e re  was a s ig n i f i c a n t  im provem ent 

in  th e  p re s e rv a t io n  o f  s u r fa c e  m orpho logy. T h e re fo re , 

d e s p ite  these  te c h n ic a l p rob lem s, i t  was p o s s ib le  to  s tu d y  th e  

s u rfa c e  m orphology as w e l l  as the  horm onal e f f e c t s  on p r im a ry  

human mammary e p i t h e l ia l  c u ltu r e s .

5 .22  S urface  m orpho logy.

SEN was perfo rm ed  on e ig h t  specim ens o f  human mammary tum ours 

e s ta b lis h e d  in  p r im a ry  c u l tu r e .  In  term s o f  t h e i r  s u r fa c e  

m orpho logy, CPD p re p a ra t io n s  (F ig s .  5 .1 a , 5 .2 a  and 5 .2 b ) have 

shown th a t  th e re  a re  two c a te g o r ie s  o f  e p i t h e l ia l  c e l ls .

F i r s t l y ,  th e re  a re  e p i t h e l ia l  c e l ls  w ith  a homogeneous d is t r ib u t io n  

o f  m i c r o v i l l i  and s e c o n d ly , th e re  a re  those  e p i t h e l ia l  c e l ls  

w h ich  have a heterogeneous s u rfa c e  m orpho logy. The hete rogenous 

m orphology i s  i l l u s t r a t e d  by th e  c e l ls  a t  th e  c e n tre  r ig h t  o f  

F ig . 5 .2 a . In  th e  more c e n t r a l  c e l l ,  th e  m i c r o v i l l i  a re  p re s e n t 

in  th e  upper r ig h t  hand c o rn e r and the  lo w e r h a l f  o f  th e  c e l l



F ig . 5.1 Scanning e le c tro n  microscopy o f prim ary

human b re a s t c u l tu r e s .

P rim a ry  c u ltu r e s  were e s ta b lis h e d  as des

c r ib e d  in  S e c t. 2 .72  on 10mm g la s s  c o v e r

s l ip s  and m a in ta in e d  f o r  tu o  weeks under 

th e  s ta n d a rd  c o n d it io n s (S e c t .  2 .3 4 ) .

C u ltu re s  were f ix e d  and p rocessed  f o r  SEN 

a c c o rd in g  to  the  m ethodology in  S ec t.

2 .6 4  u n le ss  o th e rw is e  s ta te d .

A. Low m a g n if ic a t io n  scann ing  e le c tr o n  m ic ro 

graph o f  p r im a ry  b re a s t c u ltu r e  ((vlag .x62 )

The p r im a ry  c u ltu r e  was p rocessed as in  

S e c t. 2 .6 4  w ith o u t  ta n n ic  a c id  p o s t f ix a t io n  

and deh yd ra te d  by c r i t i c a l  p o in t  d ry in g .

E x te n s iv e  c ra c k in g  o f the  p r im a ry  c u ltu r e  

has o ccu rre d  as a r e s u l t  o f  c e l l  sh rin k a g e  

a s s o c ia te d  w ith  c r i t i c a l  p o in t  d ry in g .

The mammary e p i t h e l ia l  c e l ls  can be seen 

g row ing  undernea th  the  s u rro u n d in g  fe e d e r 

la y e r .

B. Low m a g n if ic a t io n  scann ing  e le c tro n  m ic ro 

graph o f  p r im a ry  b re a s t c u ltu r e  (M ag.x520)

The p r im a ry  c u ltu r e  was p rocessed as des

c r ib e d  in  S e c t. 2 .64  u s in g  ta n n ic  a c id  and 

dehyd ra ted  by fre e z e  d ry in g .  Therm al 

c ra c k in g  o f  th e  c u ltu re s  was observed across 

th e  c o v e rs l ip  as a r e s u l t  o f  the  d i f f e r e n 

t i a l  c o o l in g  ra te s  o f  the  c e l ls  and t h e i r  

s u b s tra te .  The m orphology o f  the  

e p i t h e l ia l  c e l ls  i s  p re se rved  to  a g re a te r  

e x te n t  than  the  CPD p re p a ra t io n s .  The 

v a r io u s  b le b s , w hich are  p re s e n t on the  

e p i t h e l ia l  and f ib r o b la s t  s u r fa c e s , 

p ro b a b ly  re p re s e n t a r te fa c ts  due to  ta n n ic ,  

a c id  p o s t f ix a t io n .

;Cul‘tu re s ; were; p repared  .using,CRD and FD * ** V
. ;vv. . 'v V ^ \  ^ % j '  i

^techFiiques * on bh rtee‘, -and s 'ix  ̂ oGcaisitins■ .re s p e c t iv e ly
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F ig . 5 .2 Scanning e le c tro n  microscopy o f prim ary

human b re a s t c u l t u r e s .

P rim a ry  c u ltu r e s  were p repa red  as in  S ec t.

2 .72  on 10mm g la s s  c o v e rs lip s  and grown fo r  

two weeks. They were f ix e d  and p rocessed 

f o r  SEM as d e s c r ib e d  in  S e c t. 2 .5 4  w ith o u t  

ta n n ic  a c id  p o s t f ix a t io n .  D e h yd ra tio n  was 

pe rfo rm ed  by CPD from  l iq u id  CO^*

A. Scanning e le c t r o n  m ic rog raph  o f  p r im a ry  

b re a s t c u ltu r e  (fla g . x2Q8Q).

The h e te ro g e n e ity  o f  th e  s u rfa c e  mor

pho logy  o f  mammary e p i t h e l ia l  c e l ls  in  

p r im a ry  c u ltu r e  i s  dem onstra ted . Many 

o f  the  e p i t h e l ia l  c e l ls  have a homogeneous 

m ic r o v i l la r  d is t r ib u t io n  a lth o u g h  the  

number o f  m i c r o v i l l i  a re  v a r ia b le .

Some c e l l s ,  such as th e  c e l l  a t  the  

c e n tre  r ig h t ,  have m ic r o v i l l i  p re s e n t 

in  s p e c i f ic  re g io n s  o f  th e  c e l l s . .

B. Scanning e le c tro n  m ic rog raph  o f  p r im a ry  

b re a s t c u ltu r e  (Hag. x8320) .

H igh m a g n if ic a t io n  view  o f  in d e n ta t io n  

in  F ig . 5 .2A . C e lls  between the  

s u p e r f ic ia l  la y e r  have s h o r t ,  stumpy 

m i c r o v i l l i  and b le bs  on th e  c e l l  s u r fa c e . 

I n t e r c e l lu la r  b r id g e s  are  p re s e n t 

between th e  e p i t h e l ia l  c e l ls  and th e re  

a re  r u f f l e s  on th e  c e l l  w h ich  is  a t  

the  fo rw a rd  r ig h t  o f  th e  m ic ro g ra p h .

 ̂C u ltu re s  were ‘p repa red  u s in g  th e  CPD 'te chn iq u e  , 

on th re e  d i f f e r n t  o cca s io n s . t i





w h ile  in  th e  o u te r  c e l l ,  th e re  appear to  be r u f f l e s  p re s e n t 

on the  c e l l  s u r fa c e .

An in t e r e s t in g  fe a tu re  in  th e  CPD p re p a ra t io n s  was th e  p resence 

o f  f i l l i p o d i a  w h ich  form ed in t e r c e l l u l a r  b r id g e s . The 

s ig n if ic a n c e  o f  these  s t r u c tu re s  i s ,  however, u n c le a r .  F igs  

5 .2 a  and 5 .2b  a ls o  sugges t th a t  th e  e p i t h e l ia l  c e l ls  may n o t 

a lways grow s im p ly  as m onolayers as shown by th e  p i t  in  these  

f ig u r e s .  T h is  o b s e rv a tio n  would re q u ire  v e r i f i c a t io n  by 

s e c t io n in g  o f  these  c u ltu r e s  and f u r t h e r  c o r r e la t iv e  s tu d ie s  

by tra n s m is s io n  e le c tr o n  m icroscopy (TEM).

I t  has p re v io u s ly  been d e s c r ib e d  th a t  o rg a n o id s  o f  human 

b re a s t e p ith e liu m  a tta c h  to  the  fe e d e r la y e r  (see F ig . 3 .2 )  

and then  appear to  m ig ra te  under the  fe e d e r la y e r  (s e c t  4 .2 3 ) .  

The a pp a re n t edge o f  a b re a s t c o lo n y , as de te rm ined  by phase 

c o n t ra s t  m isc ro sco p y , i s  i l l u s t r a t e d  in  F ig  5 .3 a . There 

appears to  be a d i s t i n c t  s e p a ra t io n  between the  human b re a s t 

e p ith e liu m  and th e  mouse embryo f ib r o b la s t  fe e d e r la y e r .  

E xam ina tion  o f  th e  edge o f  th e  o rg a n o id  in  F ig  5 .3b  p ro v id e s  

f u r t h e r  ev idence  to  c o n firm  the  o b s e rv a tio n s  in  s e c t.  4 .2 3  th a t  

human mammary e p i t h e l ia l  c e l ls  may grow undernea th  th e  fe e d e r 

la y e r .

E xam ina tion  o f  o rgano ids , p repa red  by FD te ch n iq u e s  re v e a ls  

c e l ls  w ith  d i f f e r i n g  s u rfa c e  m o rp h o lo g ie s . There appear to  

be a t  le a s t  4 type s  o f  e p i t h e l ia l  s u r fa c e  m o rpho log ies  (see 

F ig s . 5 .3b  and 5 „ 4 a ) : -

i )  f la t te n e d  c e l ls  w ith  a r e la t i v e l y  smooth homogeneous s u r fa c e .

i i )  c e l ls  w ith  a homogeneous d is t r ib u t io n  o f  m i c r o v i l l i .

i i i )  c e l ls  w ith  a heterogeneous m ic r o v i l la r  d i s t r ib u t io n .

i v )  rounded c e l ls  w ith  a dense ne tw o rk  o f  m i c r o v i l l i .

The b le bs  observed in  th e  FD p re p a ra t io n s  p ro b a b ly  re p re s e n t 

f i x a t i o n  a r te fa c t s .  They may be e lim in a te d  by f i x a t i o n  in  

g lu ta ra ld e h y d e  a lone  (L . T e t le y ,  p e rs o n a l comm.) a lth o u g h  t h is  

would n o t a llo w  adequate p re s e rv a t io n  o f  th e  s u rfa c e  m orphology 

o f  th e  e p i t h e l ia l  c e l ls .



F ig . 5 .3  Scanning e le c tro n  microscopy o f prim ary

human breas t c u ltu re s .

B re a s t c e l ls  were e s ta b lis h e d  in  p r im a ry  

c u ltu r e  as in  S e c t. 2 .72  on 10mm g la s s  

c o v e rs lip s  and m a in ta in e d  f o r  two weeks. 

F ix a t io n  and p ro c e s s in g  was c a r r ie d  o u t 

as d e s c r ib e d  in  S e c t. 2 .6 4  and d e h y d ra tio n  

by fre e z e  d ry ih g  on ^ ix  ::d i 'f fe r e n t ' ;occasiPhs«

A. H igh m a g n if ic a t io n  scann ing  e le c tro n , 

m ic rog raph  o f  a p r im a ry  b re a s t c u ltu r e  

(Hag. x416Q) .

P rim a ry  c u ltu r e s  were e s ta b lis h e d  from  

an ER o /o  b io p s y , m i l ,  and grown in  

th e  presence o f  0 ,02%  ( v / v )  e th a n o l as 

c o n t r o l  c u ltu r e s .  S h o rt,  stumpy m ic ro 

v i l l i  a re  p re s e n t on th e  e p i t h e l ia l  c e l ls  

w h ile  th e re  are  r u f f le s  on th e  mouse 

embryo f ib r o b la s t  c e l ls .

B. Scanning e le c tro n  m ic rog raph  o f  p r im a ry  

b re a s t c u ltu r e  (hag. x52D ).

P rim a ry  c u ltu re s  were e s ta b lis h e d  from  

an ER o /o  b io psy  H T II .  The o u tg ro w th  

o f  c e l ls  from  th e  o rg a n o id  was found to  

m ig ra te  undernea th  th e  fe e d e r la y e r .





F ig . 5.

*

4 Scanning e le c tro n  microscopy o f prim ary

human breast c u ltu re s .

P rim a ry  c u ltu r e s  uere  e s ta b lis h e d  from  

an ER + /+  b io p s y , BIM4, as d e s c r ib e d  in  

S e c t. 2 .72  on 10mm g la s s  c o v e rs lip s  and 

grown f o r  two weeks p r io r  to  p ro c e s s in g  

(S e c t. 2 .6 4 ) .  C u ltu re s  were dehyd ra ted  

by fre e z e  d ry in g .

I. Scanning e le c tr o n  m ic rog ra p h  o f  p r im a ry  

b re a s t c u ltu r e  (fla g . x2080)

The d i f f e r i n g  s u rfa c e  m orphology o f  the  

p r im a ry  c u ltu r e  was observed . Mammary 

e p i t h e l ia l  c e l ls  were a ls o  found  to  

grow undernea th  th e  fe e d e r la y e r .

3. Scanning e le c tro n  m ic rog raph  o f  p r im a ry  

b re a s t c u ltu r e  (Mag, x 2080)

Changes in  th e  s u rfa c e  m orphology o f  

p r im a ry  c u ltu re s  d e r iv e d  from  ER + /+  

b io p s ie s  were observed in  response to
_ g

o e s t r a d io l  (10 M ). The e p i t h e l ia l  

c e l ls  e x h ib ite d  a g re a te r  degree o f 

roundedness and showed in c re a s e s  in  the  

number and le n g th  o f  m i c r o v i l l i .  B lebs 

were a ls o  obse rved , a lth o u g h  th e y  are  

p ro b a b ly  a r te fa c ts  induced  by the  

f i x a t i o n  p ro ce d u re .

E xperim en ts  A' and;B were conducted on th re e  

and two 'o c c a s d o n s '- r^  ; •/





5 .23  S te ro id  e ffe c ts  on surface morphology.

The e f f e c t  o f  o e s t r a d io l  on the  s u rfa c e  m orphology o f  p r im a ry  

c u ltu re s  d e r iv e d  from  the  same b io p sy  sample has been compared. 

C e lls  from  ER p o s i t iv e  b io p s ie s  grown in  th e  presence o f  

o e s t r a d io l  were more rounded and had g re a te r  numbers o f  

m i c r o v i l l i  w h ich  were a ls o  lo n g e r  (see F ig . 5 .4b) than  those  o f  

id e n t ic a l  c e l ls  grown in  the  absence o f  o e s t r a d io l  (F ig .  5 .5 a ) .

In  v a r io u s  p r im a ry  c u ltu r e s  d e r iv e d  from  ER p o s i t iv e  tum ours , 

a n a ly s is  o f  th e  s u rfa c e  m orphology in  th e  presence o f  o e s t r a d io l  

shows th e  presence o f  e p i t h e l ia l  c e l ls  w ith  a homogeneous and 

dense d is t r ib u t io n  o r  m i c r o v i l l i  (see F ig .  5 .5 b ) .  O the r 

c a te g o r ie s  o f  e p i t h e l ia l  c e l ls  were n o t observed .

C u ltu re s  d e r iv e d  from  ER n e g a tiv e  tum ours re ve a le d  th e  

presence o f  an e p i t h e l ia l  c e l l  p o p u la t io n  in  w hich in d iv id u a l  

c e l ls  had lo c a l is e d  re g io n s  o f  v e ry  h ig h  s u rfa c e  m orphology 

w h i ls t  the  r e s t  o f  th e  c e l l  s u r fa c e  had a f a i r l y  homogeneous 

m ic r o v i l la r  d is t r ib u t io n  (F ig .  5 .6 a ) .  Comparison o f  th e  s u rfa c e  

m orphology o f  o e s t r a d io l- t r e a te d  (F ig .  5 .6 a ) and c o n t r o l  o rg a n o id  

c u ltu r e s  (F ig .  5 .6 b ) showed th a t  th e re  was l i t t l e  d if fe re n c e  

in  m ic r o v i l la r  o rg a n is a t io n .  The m i c r o v i l l i  in  these  c o lo n ie s  

w he the r E2~ tre a te d  o r  n o t ,  were s h o r t  and stumpy as shown 

a t  h ig h e r  m a g n if ic a t io n  in  F ig . 5 .7 .  D if fe re n c e s  were noted  in  

the  m ic r o v i l la r  o rg a n is a t io n  and d is t r ib u t io n  when o e s tro g e n - 

t re a te d  E R -p o s it iv e  and E R -nega tive  c u ltu r e s  were compared 

(F ig s .  5 .5b  and 5 .6 a  r e s p e c t iv e ly ) .  The m ic r o v i l l i  i n  th e  ER- 

p o s i t iv e  d e r iv e d  c u ltu r e s  were lo n g e r  and p re s e n t a t  g re a te r  

d e n s ity  than  th e  m ic r o v i l l i  in  th e  E R -nega tive  d e r iv e d  c u ltu r e s .

_7
In  th e  p resence o f  c o r t i s o l  (10 M ), two d i f f e r e n t  p o p u la t io n s

o f  e p i t h e l ia l  c e l ls  were obse rved . Some e p i t h e l ia l  c e l ls  

were found to  have a homogenous d is t r ib u t io n  o f  s m a ll,  stumpy 

m ic r o v i l l i  w h ile  th e  o th e r  p o p u la t io n  has lo c a l is e d  re g io n s  

o f  h ig h  s u rfa c e  m orphology (F ig .  5 .8 ) .  Comparison o f  the



5 Scanning e le c tro n  microscopy o f prim ary

human breast c u ltu re s .

B re a s t c e l ls  were e s ta b lis h e d  in  p r im a ry  

c u ltu r e  as in  S e c t. 2 .72  on 10mm c o v e r- 

s l ip s  and grown f o r  two weeks. The 

c u ltu r e s  were su bse q u e n tly  processed 

a c c o rd in g  to  th e  schedu le  in  S ec t. 2 .64  

and dehyd ra ted  by fre e z e  d ry in g .  B lebs 

on th e  c e l l  s u r fa c e  p ro b a b ly  re p re s e n t 

a r te fa c ts  o f  f i x a t i o n .

Scanning e le c t ro n  m ic rog raph  o f  a p r im a ry  

b re a s t c u ltu r e  (Hag. x2080)

C o n tro l p r im a ry  c u ltu r e s  from  an ER + /+  

b io p s y , BIM4, were grown in  th e  presence 

o f  0 .0 2 ^  ( v / v )  e th a n o l.  C e lls  a t  the  

p e r ip h e ry  o f  th e  e p i t h e l ia l  co lo n y  are 

r e la t i v e l y  f l a t .

H igh m a g n if ic a t io n  scann ing  e le c tro n  

m ic rog raph  o f  a p r im a ry  b re a s t c u ltu r e  

(Mag. x8 3 2 0 ).

P rim a ry  c u ltu re s  from  an ER + /+  b io psy
_g

were grown in  the  presence o f  10 M 

o e s t r a d io l .  The c e l ls  from  th e  c e n tre  

o f  th e  co lo ny  showed o n ly  one ca te g o ry  

o f  rounded e p i t h e l ia l  c e l ls  w ith  a 

homogeneous and dense d is t r ib u t io n  o f  

lo n g  m ic r o v i l l i .

| Experiments A and B'were conducted on'three 
and two occasions respectively.'\ " >





F ig . 5 .6  Scanning e le c tro n  microscopy o f prim ary

human b re a s t c u ltu r e s

P rim a ry  c u ltu r e s  were e s ta b lis h e d  from  

an ER o /o  b io p sy  as in  S e c t. 2 .72  on 

10mm g la s s  c o v e rs l ip s  and grown f o r  two 

weeks in  c u l tu r e .  C u ltu re s  were f ix e d  

and processed a c c o rd in g  to  the  

m ethodology in  S e c t. 2 .64  and dehy

d ra te d  by fre e z e  d ry in g .

A. H igh m a g n if ic a t io n  scann ing  e le c tro n  

m ic rog raph  o f  a p r im a ry  b re a s t c u ltu r e  

(Mag. x416D ).

P rim a ry  c u ltu re s  from  an ER o /o  b io p sy
-g

were grown in  the  presence o f  10 M 

o e s t r a d io l .  The e p i t h e l ia l  c e l ls  ex

h ib i te d  a heterogeneous s u rfa c e  m orpho logy. 

The c e l l  a t  th e  c e n tre  r ig h t  had lo c a l is e d  

re g io n s  o f  ve ry  h ig h  s u rfa c e  m orpho logy, 

w h ile  th e  r e s t  o f  the  c e l l  s u r fa c e  had a 

f a i r l y  homogeneous d is t r ib u t io n  o f  s h o r t ,  

stumpy m ic r o v i l l i .

B. H igh m a g n if ic a t io n  scann ing  e le c tro n  

m ic rog raph  o f  a p r im a ry  b re a s t c u ltu r e  

(Mag, x 4160) .

C o n tro l p r im a ry  c u ltu r e s ,  d e r iv e d  from  an 

ER o /o  b io p sy  were grown in  th e  presence 

o f  0 .0 2 ^  ( v /v )  e th a n o l.  The f in e  

d e t a i l  re v e a ls  a homogeneous d is t r ib u t io n  

o f  s m a ll m i c r o v i l l i .

E xperim en ts  A and B were conducted on two 

and th re e  occas ions  r e s p e c t iv e ly .  j





7 Scanning e le c tro n  microscopy o f a prim ary

b re a s t c u l t u r e .

P rim a ry  c u ltu r e s  from  an ER o /o  b io p sy  were

e s ta b lis h e d  as in  S e c t. 2 .72  on 10mm g la ss

c o v e r s l ip s .  C u ltu re s  were grown f o r  two
-9

weeks in  th e  p resence o f  10 M o e s t r a d io l ,  

p rocessed f o r  SEN and dehyd ra ted  by fre e z e  

d ry in g  (S e c t. 2 .6 4 ) .

The h ig h  m a g n if ic a t io n  scann ing  e le c tro n  

m ic rog raph  o f  th e  p r im a ry  c u ltu r e  (Hag. x8320) 

shows th e  f in e  d e t a i l  o f  th e  s u rfa c e  m orpho logy. 

A homogeneous d is t r ib u t io n  o f  s h o r t ,  stumpy 

m ic r o v i l l i  was observed .

I This experiment was performed on two occasions.

.8  Scanning e le c t r o n  m icroscopy o f  a p r im a ry  

b re a s t c u l t u r e .

P rim a ry  c u ltu r e s  from  an ER + /+  b io p s y , B I ^ ,  

were e s ta b lis h e d  on 10mm c o v e rs lip s  as d e s c r ib e d  

in  S e c t. 2 .7 2 . C u ltu re s  were grown in  the
_ 7

presence o f  c o r t i s o l  (10 f l ) ,  p rocessed f o r  

SEN and dehyd ra ted  by fre e z e  d ry in g  as in  

S e c t. 2 .6 4 .

D i f f e r e n t  type s  o f  s u r fa c e  m orphology were 

observed in  th e  scann ing  e le c tro n  m ic ro 

graph (flag . x2080 ). The e p i t h e l ia l  c e l ls  

showed an in te rm e d ia te  degree o f  roundedness 

between th e  c o n t r o l  and o e s t r a d io l  t re a te d  

c u ltu r e s .

T h is  e x p e r im e n t:was perfo rm ed on one occas ion  

i i n  d u p lic a te .



> 
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m ic r o v i l l i  o f  o e s t r a d io l  and c o r t i s o l  t re a te d  c u ltu re s  from  

th e  same b io p sy  have shown th a t  o e s t r a d io l  t re a te d  c u ltu r e s  

have more rounded c e l ls  w ith  an in c re a s e d  d e n s ity  and le n g th  

o f  m i c r o v i l l i .  (See F ig s . 5 .4b  and 5 .8 ) .

5 .3  D is c u s s io n ,

The m u lt ip le  s u r fa c e  m o rpho log ies  o f  p r im a ry  human mammary 

e p i t h e l ia l  c e l l  c u ltu r e s  have been d e s c r ib e d . The f in e  d e t a i l  

o f  th e  s u rfa c e  m orphology has been found to  be in f lu e n c e d  by 

bo th  f i x a t i o n  and d e h y d ra tio n  p ro ce d u re s . U sing CPD 

te c h n iq u e s , e x te n s iv e  c ra c k in g  o f  th e  c u ltu r e s  o ccu rre d  

th ro u g h  s h r in k a g e , b u t ,  a llo w e d  th e  i d e n t i f i c a t io n  o f  two 

e p i t h e l ia l  c e l l  ty p e s . A d d i t io n a l ly ,  the  presence o f  f i l l i p o d i a  

a t  c e l l - c e l l  ju n c t io n s  was obse rved , a lth o u g h  t h e i r  s ig n if ic a n c e  

u n c le a r .  The p re s e rv a t io n  o f  s u r fa c e  d e t a i l  was .im proved by 

fre e z e  d ry in g  d e h y d ra tio n  p rocedu res  a lth o u g h  th e  p rob lem  o f  

the rm a l- c ra c k in g  was encoun te red* ‘ G re a te r d if fe re n c e s  in  

the  s u rfa c e  m orphology were a ppa ren t w ith  fo u r  d i f f e r e n t  

e p i t h e l ia l  c e l l  typ e s  d is t in g u is h e d ,  c o n f irm in g  th a t  th e re  was 

a d i s t i n c t  im provem ent in  the  m aintenance o f  s u r fa c e  m orphology 

r e la t iv e  to  CPD te c h n iq u e s .

O e s tra d io l was found to  a l t e r  th e  s u rfa c e  m orphology o f  p r im a ry  

.c u ltu re s  from  E R -p o s it iv e  tum ours b u t n o t th e  E R -nega tive  tum ours
_ g

The m o d if ic a t io n  in  s u r fa c e  m orphology by o e s t r a d io l  (10 M) 

re s u lte d  in  th e  presence o f  a s in g le  p o p u la t io n  o f  v e ry  rounded 

e p i t h e l ia l  c e l ls  w ith  a dense and homogeneous m ic r o v i l la r
_ 7

d is t r ib u t io n .  The e f f e c t  o f  c o r t i s o l  (10 M) on s u rfa c e  

m orphology re s u lte d  in  th e  i d e n t i f i c a t io n  o f  two e p i t h e l i a l  

p o p u la tio n s  w ith  an in te rm e d ia te  degree o f  roundedness 

between the  c o n t r o l  and o e s t r a d io l- t r e a te d  c e l l  c u l tu r e s .



5 General D iscussions.

S p e c if ic  d is c u s s io n s  a re  p re sen ted  a t  the  end o f  ch a p te rs  

3 ,  4 and 5. The c h ie f  c o n c lu s io n s  a re  r e i te r a te d  in  t h is  

c h a p te r and co n s id e re d  in  r e la t io n  to  c u r re n t  concep ts  on 

o es tro g en  re g u la t io n  o f  e p i t h e l ia l  c e l l  p r o l i f e r a t io n .

Feeder L a y e rs .

P rim ary  c u ltu re s  o f  human mammary e p i t h e l ia l  c e l ls  were 

e s ta b lis h e d  in  o rd e r  to  m in im ise  th e  s e le c t io n  o f  v a r ia n t  

p o p u la t io n s  o f  c e l ls  w i th in  th e  o r ig in a l  tum our c e l l  

p o p u la t io n .  The da ta  o b ta in e d  d u r in g  these  s tu d ie s  have 

h ig h l ig h te d  the  heterogeneous n a tu re  o f  th e  p r im a ry  b re a s t 

tum ours . However, th e  da ta  d e s c r ib e d  in  t h is  th e s is  show 

th a t  bo th  ER p o s i t iv e  and ER n e g a tiv e  t e l l s  can be e s ta b lis h e d  

in  p r im a ry  c u l tu r e .

P rim a ry  human b re a s t c u ltu r e s  have r o u t in e ly  been e s ta b lis h e d  

on fe e d e r la y e rs  o f  m itom yc in  -  C t re a te d  mouse embryo 

f ib r o b la s t s  fo l lo w in g  enzym atic  d is a g g re g a t io n  o f  human b re a s t 

tum ours. The most s u c c e s s fu l o f  th e  fe e d e r la y e rs  p roved  to  

be th e  l\!IH -  3T3 and STO mouse embryo f ib r o b la s t  c e l l  l in e s  

on w hich a p p ro x im a te ly  80̂ 6 o f  the  b re a s t tum our b io p s ie s  were 

s u c c e s s fu lly  e s ta b lis h e d  in  p r im a ry  c u l tu r e .  The th r e e - fo ld  

d if fe re n c e  in  th e  a b i l i t y  o f th e  NIH-3T3 fe e d e r la y e r  o ve r 

the  Sw iss-3T3 fe e d e r la y e r ,  to  s e le c t  f o r  th e  grow th  o f  

b re a s t e p i t h e l ia l  c e l ls  rem ains u n c le a r .  I t  may, pe rhaps, 

be re la te d  to  th e  p ro v is io n  o f  e x t r a c e l lu la r  m a tr ix  components 

w hich prom ote bo th  a tta ch m e n t and subsequent g row th .

In  term s o f  the  mode o f  g row th  o f  the  p r im a ry  c u ltu r e s ,  the y  

a re  a l l  d e r iv e d  from  o rg an o ids  w h ich  a re  s m a ll clumps o f  

e p i t h e l ia l  c e l ls  th a t  a tta c h  and spread o u t on th e  fe e d e r la y e  

P rim ary  c u ltu re s  grew e i t h e r  on (F ig .  4 .3 a )  o r  undernea th  the  

fe e d e r la y e rs  (F ig .  4 .2 b ) .  In  th e  l a t t e r  case, th e  o rg a n o id s  

p la te d  on to  th e  fe e d e r la y e r  appeared to  m ig ra te  undernea th



th e  fe e d e r la y e r  as shown by th e  im m unofluorescence  (see

ch a p te r 4) and a u to ra d io g ra p h ic  s tu d ie s  (see c h a p te r 3 ) .

The use o f  a u to ra d io g ra p h y  to  assess hormone dependence was

abandoned a f t e r  p re l im in a ry  s tu d ie s  re v e a le d  the  e x te n s iv e
3

v a r ia t io n  in  th e  ( H) th y m id in e  la b e l l in g  p a t te rn s  w ith in  

s in g le  c u ltu r e s .

Responses to  hormones.

S e le c t io n  o f  bo th  th e  more d i f f e r e n t ia t e d  prem enopausal 

ER + /+  and th e  le s s  w e l l  d i f f e r e n t ia t e d  postm enopausal ER 

o /o  groups o ccu rre d  on th e  NIH -  3T3 fe e d e r la y e r .  A 

m ito g e n ic  response to  c o r t i s o l  and o e s t r a d io l  a lone  was 

observed f o r  th e  ER + /+  c a te g o r ie s ,  w h ile  th e  ER o /o  groups 

g e n e ra lly  showed l i t t l e  response . Ths most s ig n i f i c a n t  

in c re a s e s  in  MTCA and MTCN o cc u rre d  in  th e  w e ll  d i f f e r e n t ia t e d  

ER + /+  groups in  response to  th e  c o r t is o l / o e s t r a d io l  c o m b in a tio n . 

A s y n e r g is t ic  response to  th e  hormone co m b in a tio n  was 

observed in  the  p o o r ly  d i f f e r e n t ia t e d  ER o /o  groups in  term s 

o f  co lo ny  a rea b u t the  e f fe c ts  on co lo n y  number were v a r ia b le .  

There was no degree o f  o v e r la p  in  the  responses o f  th e  ER 

+ /+  and o /o  groups to  c o r t i s o l  a lone  o r  the  c o r t is o l / o e s t r a d io l  

co m b ina tio n  w ith  re s p e c t to  e i t h e r  MTCA o r  HTCN. The response 

o f  the  ER + /+  group to  th e  o e s t r a d io l / c o r t i s o l  co m b in a tio n  

was tw ic e  th a t  o f  th e  ER o /o  g roup , s u g g e s tin g  th a t  h a l f  o f  

th e  response i s  ER in d ep e nd e n t. T h is  may o ccu r th ro u g h  

c o r t is o l - p r im in g  o f  an o es trogen  s e n s i t iv e  a u to c r in e  

mechanism.

Growth on the  STO fe e d e r la y e r  suggested  th a t  the  prem enopausal 

ER + /+  and prem enopausal ER o /o  groups were s e le c te d  f o r  on 

t h is  fe e d e r la y e r .  C o r t is o l  and o e s t r a d io l  a lone  d id  n o t 

g e n e ra lly  appear to  e x e r t  a d i r e c t  m ito g e n ic  a c t io n  on 

c e l l  p r o l i f e r a t io n .  P rim a ry  c u ltu r e s  appeared to  respond 

to  c o r t i s o l  and o e s t ra d io l  in  c o m b in a tio n , in d e p e n d e n tly  

o f  menopausal and, pe rhaps, re c e p to r  s ta tu s  as th e re  was 

a g re a te r  response in  th e  ER o /o  group than  the  ER + /+  

group . I t  was in te r e s t in g  to  no te  th a t  the  postm enopausal 

ER o /o  and prem enopausal ER + /+  groups showed the  g re a te s t  

response to  c o r t i s o l  and o e s t r a d io l  in  co m b in a tio n . These



r e s u l t s ,  once a g a in ,  sugges t t h a t  some o f  the  m ito g e n ic  

response may o ccu r independen t o f  the  ER.

C u l tu re s  grown on the  STO fe e d e r  l a y e r  showed a d i r e c t  m i to g e n ic  

response to  EGF i n  terms o f  both  co lony  area and p la t i n g  

e f f i c i e n c y .  C o r t i s o l ,  i n  co m b ina t io n  w i th  EGF e l i c i t e d  a 

s y n e r g i s t i c  m ito g e n ic  e f f e c t ,  b u t ,  o n ly  an a d d i t i v e  e f f e c t  

on p l a t i n g  e f f i c i e n c y .

P r o la c t i n  was found to  s i g n i f i c a n t l y  s t im u la te  the  grow th  

o f  p r im a ry  c u l t u r e s  w h i le  th e re  was an accompanying decrease 

i n  co lony  number. The s te r o id s  c o r t i s o l  and o e s t r a d io l ,  

e i t h e r  a lone  o r  i n  c o m b in a t io n ,  a n tagon ised  the  m i to g e n ic  

a c t io n  o f  p r o l a c t i n  and a ls o  reduced the  p l a t i n g  e f f i c i e n c y .

F u r th e r  ev idence  f o r  the  in vo lve m e n t o f  an a d d i t i o n a l  mechanism(s) 

i n  grow th  r e g u la t io n  o f  b re a s t  e p i th e l iu m  (a p a r t  from an 

end o c r in e  mechanism) has come from the  expe rim en ts  w i th  

c o n d i t io n e d  medium from  human b re a s t  s t ro m a l  f i b r o b l a s t s .

The r e s u l t s  suggest th e  e x is te n c e  o f  a p a r a c r in e - ty p e  mechanism 

i n  the  m o d u la t io n  o f  mammary e p i t h e l i a l  c e l l  g row th .

In  summary, e x te r n a l  s ig n a ls  such as hormones and growth  

f a c t o r s  have e x e r te d  d i f f e r e n t i a l  e f f e c t s  on both  the  p l a t i n g  

e f f i c i e n c y  and grow th  o f  the  p r im a ry  b re a s t  c u l t u r e s .

The m ito g e n ic  e f f e c t s ,  observed i n  response to  hormones and 

growth  f a c t o r s ,  have been o f  a r e l a t i v e l y  s m a l l  magnitude 

w i th  rega rd  to  the  i n  v iv o  e f f e c t s .  The p o s s ib le  e x is te n c e  

o f  non -endocr ine  growth  r e g u la to r y  mechanisms such as 

a u to c r in e  and p a ra c r in e  mechanisms has been suggested . The 

da ta  p re s e n te d ,  c o n f i rm  t h a t  th e re  i s  a complex i n t e r p la y  

o f  hormonal and growth  f a c t o r  r e g u la to r y  mechanisms i n  the  

grow th  o f  mammary e p i th e l iu m .

C e l l  I d e n t i f i c a t i o n .

C h a r a c te r is a t io n  o f  the  human mammary e p i t h e l i a l  n a tu re



n a tu re  o f  the  p r im a ry  c u l t u r e s  was perfo rm ed by im m unofluorescence 

s tu d ie s  u s ing  a p ane l o f  a n t ib o d ie s .  The mammary o r i g i n  was 

con f irm e d  by in te n s e  s t a i n i n g  o f  the  p r im a ry  c u l t u r e s  w i th  the  

HflFG -  2 m onoclonal a n t ib o d y .  T h is  has p r e v io u s ly  been 

re p o r te d  to  show a s t r o n g e r  r e a c t io n  w i th  both  d u c ta l  carc inom as 

and c e l l  l i n e s  d e r iv e d  e i t h e r  from them o r  t h e i r  m e ta s ta t ic  

le s io n s  ( B u r c h e l l  e t  a l ,  1983).  The h e te ro g e n e i ty  o f  s t a i n i n g  

w i th  the  H8 m onoclonal a n t ib o d y  a g a in s t  the  e p i t h e l i a l  

membrane a n t ig e n ,  c o n f i rm s  the  o b s e rv a t io n s  o f  o th e rs  

(Edwards & Brooks, 1984). T h is  h e te ro g e n e i ty  has been a t t r i b u t e d  

to  e i t h e r  random a n t ig e n  e x p re s s io n  o r  d i f f e r e n t  p h y s io lo g ic a l  

s ta te s  w i t h in  the  mammary e p i th e l iu m .

The e p i t h e l i a l  n a tu re  o f  the  p r im a ry  b re a s t  c u l t u r e s  was 

con f irm e d  by s p e c i f i c  s t a i n i n g  w i th  the  a n t i -d e s m o p la k in  

a n t ib o d y  i n  a d d i t io n  to  the  s tu d ie s  w i th  the  k e r a t i n  a n t ib o d ie s .  

The s t a i n i n g  w i th  the  w ide -spec trum  a n t ib o d y  a lone  was n o t  

adequate to  c o n f i rm  the  t r u e  e p i t h e l i a l  n a tu re  o f  the  p r im a ry  

c u l t u r e s  s in c e  the  b asa l m y o e p i th e l ia l  c e l l s  a ls o  s t a i n  

p o s i t i v e l y  w i th  the  a n t ib o d y .  However, u n e q u ivo ca l p ro o f  

o f  th e  g la n d u la r  e p i t h e l i a l  n a tu re  o f  these  c u l t u r e s  was 

o b ta in e d  by the  s p e c i f i c  s t a i n i n g  o b ta in e d  w i th  the  LE61 ( a n t i -  

k e r a t i n  18) a n t ise ru m  which s t a in s  g la n d u la r  e p i th e l iu m  

bu t  no t  the  b asa l c e l l s .

D i f fe re n c e s  were a ls o  observed i n  the  i n t e n s i t i e s  o f  the  

f lu o re s c e n c e  s ig n a l  o b ta in e d  f o r  the  LE61 s t a i n i n g .

L o c a l is e d  re g io n s  o f  b re a s t  c o lo n ie s ,  o r  le s s  commonly s in g le  

c e l l s ,  e x h ib i t e d  in te n s e  s t a i n i n g .  The v a r ia t i o n s  i n  the  

f lu o re s c e n c e  s ig n a ls  are u n c le a r  b u t  may r e f l e c t  the  

heterogeneous n a tu re  o f  the  p r im a ry  human mammary e p i t h e l i a l  

c e l l s .

l / im e n t in ,  the  in te r m e d ia te  f i l a m e n t  type  a s s o c ia te d  w i th  

mesenchyme-derived c e l l s ,  was co -expressed  i n  the  p r im a ry  

b re a s t  c u l t u r e s .  T h is  o b s e rv a t io n  i s  i n  agreement w i th  o th e r



r e p o r ts  o f  v im e n t in  c o -e x p re s s io n  i n  e p i t h e l i a l  c u l t u r e s  

(Franke e t  a l ,  1979; Ramaekers e t  a l ,  1983; D a irkee  e t  a l ,

1984 ).  I t  i s  p a r t i c u l a r l y  i n t e r e s t i n g  s in c e  v im e n t in  i s  

n o t  expressed i n  s o l i d  e p i t h e l i a l  tumours iin v i v o , w h i le  

i t s  e x p re s s io n  appears to  be induced i n  c u l t u r e .  V im en tin  

e x p re s s io n  i n  v iv o  has n o t  been examined d u r in g  the  course  o f  

t h i s  s tu d y ,  b u t  i t  i s  c u r r e n t l y  regarded t h a t  v im e n t in  i s  

co -exp ressed  iin v i t r o  due to  the  re le a s e  o f  the  e p i th e l iu m  

from the  in_ v iv o  th re e -d im e n s io n a l  c o n s t r a in t s  o f  i n t a c t  

t i s s u e .

The e f f e c t s  o f  v a r io u s  s t e r o id s  and r e t i n o i c  a c id ,  on the  

e x p re s s io n  o f  k e r a t i n  18, a marker o f  s im p le  e p i th e l iu m ,  

were assessed by f u r t h e r  im m unocytochem ica l s tu d ie s .

P r im ary  c u l t u r e s  showed l i t t l e  response to  s t e r o id s ,  w i t h  the  

e x c e p t io n  o f  the  c o r t i s o l / t a m o x i f e n  co m b ina t io n  wh ich  r e s u l t e d  

i n  a s i g n i f i c a n t  change i n  the  morphology o f  the  e p i t h e l i a l  

c e l l s .  However, r e t i n o i c  a c id  appeared to  e l i c i t  a p h e n o ty p ic  

a l t e r a t i o n  i n  the  p a t t e r n  o f  k e r a t i n  18 e x p re s s io n  wh ich  

seemed to  have a more d i f f u s e  and l i n e a r  arrangem ent. These 

o b s e rv a t io n s  w i th  r e t i n o i c  a c id  are s i m i l a r  to  p re v io u s  

f i n d in g s  w i th  p r im a ry  c u l t u r e s  o f  human e n d o m e tr ia l  c e l l s  

( F i e ld ,  1985). The appa ren t changes i n  the  e x p re s s io n  o f  k e r a t i n  

18 need n o t  n e c e s s a r i ly  o ccu r th rou g h  a re d u c t io n  i n  the  

e x p re s s io n  o f  the  k e r a t i n  18, b u t  may perhaps , re p re s e n t  the  

masking o f  a n t ig e n ic  d e te rm in a n ts  wh ich  a re  d e te c te d  by the  LE61 

a n t is e ru m . These o b s e rv a t io n s  are p a r t i c u l a r l y  i n t e r e s t i n g  

s in c e  i t  i s  recogn ised  t h a t  v i ta m in  A has an im p o r ta n t  r o le  i n  

the  r e g u la t io n  o f  e p i t h e l i a l  g row th  and d i f f e r e n t i a t i o n  ( Z i l e  & 

Cu llum , 1983). Moreover i n  some c a nce rs ,  v i ta m in  A has been ■ 

a t t r i b u t e d  a p r o te c t i v e  r o le  (Newberne & Rogers, 1981 ).  I f  these  

o b s e rv a t io n s  on the  appa ren t change i n  c e l l u l a r  phenotype are  

con f irm e d  by b io c h e m ic a l  and im m un o lo g ica l te c h n iq u e s ,  these  

r e s u l t s  would sugges t t h a t  d i f f e r e n t i a t i o n  may, pe rhaps , induce  a 

change i n  the  k e r a t i n  ne tw o rk . A c o r r e l a t i o n  has a ls o  been 

proposed between changes i n  c y t o a r c h i t e c t u r e  and oncogen ic



t r a n s fo r m a t io n  (see S ec t.  1 .6 1 1 ) . '  These p r e l im in a r y  

r e s u l t s ,  t h e r e fo r e ,  sugges t t h a t  the  p o s s i b i l i t y  e x is t s  to  

m a n ipu la te  the  s t a te  o f  d i f f e r e n t i a t i o n  o f  tumour c e l l s  and, 

perhaps , t h e i r  m a l ig n a n t  p r o p e r t ie s .

U l t r a s t r u c t u r e .

The s u r fa c e  morphology o f  p r im a ry  human mammary c u l t u r e s  

was examined i n  o rd e r  to  de te rm ine  the  e p i t h e l i a l  n a tu re  o f  

the  b re a s t  c o lo n ie s  and to  assess the  response to  hormones.

The presence o f  m i c r o v i l l i  on c u l t u r e s  d e r iv e d  from bo th

E R -p o s i t iv e  and ER -nega t ive  b io p s ie s  co n f irm e d  t h e i r

e p i t h e l i a l  n a tu re .  W ith  rega rd  to  the  responses to

hormones, o e s t r a d io l  was found  to  in c re a s e  the  degree o f

roundedness o f  the  e p i t h e l i a l  c e l l s  as w e l l  as the  number

and le n g th  o f  m i c r o v i l l i  i n  c u l t u r e s  d e r iv e d  from ER

p o s i t i v e  b io p s ie s .  The morphology o f  c u l t u r e s  from ER

n e g a t iv e  b io p s ie s  was, however, u n a f fe c te d  by the  a d d i t i o n

o f  o e s t r a d io l .  These o b s e rv a t io n s  on the  changes i n

s u r fa c e  morphology i n  response to  o e s t r a d io l  a re  i n

agreement w i t h  the  f in d in g s  o f  Chambon e t  a l , (1984) who

found both  an in c re a s e d  number and le n g th  o f  m i c r o v i l l i  o f

some o f  the  o e s t r a d io l - t r e a t e d  o rg a n o id s .  These a u th o rs

a lso  observed the  presence o f  b lebs  o r  knobs i n  response to

o e s t r a d io l .  In  the  s tu d ie s  re p o r te d  i n  t h i s  t h e s is ,  b lebs

have a lso  been observed a l th o u g h  th e y  o ccu r re d  re g a rd le s s

o f  the  type  o f  hormone t re a tm e n t .  These b lebs  p ro b a b ly

re p re s e n t  a r t e f a c t s  and may be avo ided  by a m o d i f i c a t io n  o f

th e  p o s t - f i x a t i o n  tech n iq u e  ( L . T e t le y ,  p e rs .  comm.). Inc reased

le n g th  and number o f  m i c r o v i l l i  on b re a s t  e p i t h e l i a l  c e l l s

i n  response to  s t e r o id s  s u p p o r ts  the  p re v io u s  f i n d in g s  from

my la b o r a to r y  on the  e f f e c t s  o f  o e s t r a d io l  and m edroxyprogeste rone

a c e ta te  on human e n d o m e tr ia l  carc inom a p r im a ry  c u l t u r e s  ( F i e l d ,  1985)

I t  i s  p a r t i c u l a r l y  i n t e r e s t i n g  to  note  t h a t  c u l t u r e s  d e r iv e d  

from ER p o s i t i v e  tumours r e t a i n  the  a b i l i t y  to  respond to  

o e s t r a d io l  i n  u l t r a s t r u c t u r a l  te rm s . S im i la r  c u l t u r e s



e s ta b l is h e d  i n  e x a c t ly  the  same manner, however, f a i l  to  

show a m ito g e n ic  response to  o e s t r a d io l .  These e f f e c t s  o f  

o e s t r a d io l  on s u r fa c e  morphology dem onstra te  t h a t  these 

p r im a ry  c u l t u r e s  r e t a i n  a f u n c t i o n a l  s t a te  o f  d i f f e r e n t i a t i o n .

These d i f f e r e n t i a l  e f f e c t s  o f  o e s t r a d io l  on c e l l u l a r  p r o l i f e r a t i o n  and 

d i f f e r e n t i a t i o n  are i n  agreement w i th  the  f i n d in g s  o f  

Sonnenschein and Soto , (1 9 8 0 ) ,  and s u p p o r t  the  v iew t h a t  

b re a s t  e p i t h e l i a l  c e l l s  respond d i r e c t l y  to  o e s t r a d io l  

i n  re c e p to r -m e d ia te d  m o d i f i c a t io n  o f  v a r io u s  pa ram ete rs .

However, the  m i to g e n ic  response to  o e s t r a d io l ,  seen i r i  v i v o ,

i s  a p p a re n t ly  m ediated th rou g h  an i n d i r e c t  mechanism

such as the  s t ro m a l  g row th  f a c t o r s  suggested i n  t h i s  t h e s is .



F u r th e r  expe r im en ts .

Some o f  the  p r e l im in a r y  da ta  p re sen ted  i n  the  p re ced in g  

c h ap te rs  w a rra n ts  f u r t h e r  i n v e s t i g a t i o n .  In  p a r t i c u l a r ,  the  

growth r e g u la t io n  expe r im en ts  w i th  the  v a r io u s  hormones, 

g rowth  f a c t o r s  and c o n d i t io n e d  medium which have suggested i n d i r e c t  

mechanisms f o r  oes trogen  a c t io n  on c e l l u l a r  p r o l i f e r a t i o n  

shou ld  be ex tended. The p a r a c r in e - ty p e  mechanism, in d ic a te d  

by the  c o n d i t io n e d  media e x p e r im e n ts ,  sh ou ld  be in v e s t ig a te d  

f u r t h e r .  The u l t im a te  aim would be to  p u r i f y  the  u n d e f in e d  

m ito g e n ic  " f a c t o r ( s ) " p re s e n t  i n  the  c o n d i t io n e d  media from 

human b re a s t  s t ro m a l  f i b r o b l a s t s  s t im u la te d  w i th  o e s t r a d io l .

T h is  may n e c e s s i ta te  g row ing  the  c e l l s  i n  s e ru m -fre e  medium 

i n  o rd e r  to  remove i n t e r f e r i n g  serum p r o te in s  f o r  the  

subsequent p u r i f i c a t i o n .  A l t e r n a t i v e l y ,  the  b re a s t  

f i b r o b l a s t s  may be grown i n  the  d e f in e d  medium f o r  human 

d ip l o i d  . f i b r o b la s t s ,  MCDB 104, and the  m ito g e n ic  a c t i v i t y  

( i f  any) o f  t h i s  c o n d i t io n e d  medium, de te rm ined  and 

su bseq ue n tly  p u r i f i e d .  I t  i s  indeed  p o s s ib le  th a t  the  

unde f ine d  m ito g e n ic  f a c t o r ( s )  may be p re s e n t  i n  h ig h e r  

amounts w i t h in  the  b re a s t  s t ro m a l  c e l l s  and i t  may prove  

more f r u i t f u l  to  i s o la t e  the  f a c t o r ( s )  from the  c e l l s  

the m se lves .  The p u r i f i c a t i o n  and subsequent sequence 

a n a ly s is  o f  the  m ito g e n ic  a c t i v i t y  shou ld  enab le  a com parison 

w i th  o th e r  c h a ra c te r is e d  growth  f a c t o r s .  The p u r i f i c a t i o n  

o f  the  m ito g e n ic  a c t i v i t y  would a ls o  enab le  an assessment 

o f  the  r e l a t i v e  s t im u la t i o n  o f  b re a s t  s t ro m a l f i b r o b l a s t s  

and b re a s t  e p i t h e l i a l  c e l l s  and improve o u r  u nd e rs ta n d in g  o f  

t i s s u e - s p e c i f i c  g row th  f a c t o r  a c t i v i t y .

S im i l a r l y ,  the  a u to c r in e - t y p e  mechanism in d ic a te d  by the  

e f f e c t s  o f  the  c o r t i s o l / o e s t r a d i o l  co m b ina t io n  on p r im a ry  

b re a s t  c u l t u r e s  m e r i t s  f u r t h e r  i n v e s t i g a t i o n .  A s i m i l a r /  

approach to  the  one o u t l i n e d  above would p ro b a b ly  be 

necessary . T h is  may be a ided  by the  growth  o f  the  p r im a ry  

b re a s t  c u l t u r e s  i n . t h e  d e f in e d  medium’ MCDB 170 which i s  now



a v a i la b le  f o r  the  c lo n a l  g row th  o f  normal human mammary 

e p i t h e l i a l  c e l l s .  However, t h i s  medium may have the  

drawback o f  a g re a te r  degree o f  s e le c t i o n  a ltho u gh  i t  would 

d ispense  w i t h  the  re q u ire m e n t f o r  serum and fe e d e r  la y e r s .

T h is  would a ls o  s im p l i f y  the  i n t e r p r e t a t i o n  o f  the  responses 

to  hormones and grow th  f a c t o r s  and p e r m i t  the  c o n s t r u c t io n  

o f  dose-response cu rves f o r  hormones, growth f a c t o r s  and a ls o  

v a r io u s  d rugs .

The p re s e n t  p r im a ry  c u l t u r e  system has the  p o t e n t i a l  to  be 

developed i n t o  an assay f o r  hormone dependence based on the  

d e te c t io n  o f  ER by imm unocytochemica l te c h n iq u e s .  T h is  

would p e rm it  the  responses to  e x te r n a l  s ig n a ls  to  be r e la te d  

to  ER le v e l s  p re s e n t  i n  the  p r im a ry  c u l t u r e s  and th e re b y  

p ro v id e  an assessment o f  the  degree o f  hormone dependence 

i n  the  c u l t u r e s  and, perhaps , the  p a re n t  tum ours. The 

h e te ro g e n e i ty  o f  the  c u l t u r e s  may indeed  p ro v id e  a more 

a ccu ra te  r e p re s e n ta t io n  o f  the  hormone dependence and, t h e r e fo r e  

enab le  p a t ie n ts  to  be s t r a t i f i e d  i n  terms o f  t re a tm e n t  on the  

b a s is  o f  the  hormonal s t im u la t i o n  expe r im en ts .

The p r e l im i n a r y ' da ta  from the  SEM and imm unofluorescence 

s tu d ie s  has suggested t h a t  a f u n c t i o n a l  s ta te  o f  d i f f e r e n t i a t i o n  

i s  re ta in e d  and t h a t  the  d i f f e r e n t i a t e d  s ta te  (and m a l ig n a n t  

p r o p e r t ie s )  o f  the  b re a s t  c e l l s  may be m a n ipu la ted . The 

appa ren t changes i n  k e r a t i n  18 re q u i r e  v e r i f i c a t i o n  by 

b io c h e m ic a l  a n d /o r  im m uno log ica l te c h n iq u e s .  O the r accompanying 

changes i n  the  c y to s k e le to n  shou ld  be co ns ide re d  e .g .  

a c t i n  e x p re s s io n ,  s in c e  the y  may be r e la te d  to  oncogenesis  

and grow th  f a c t o r  a c t i v i t y .  A d d i t i o n a l l y ,  th e  i n t e g r i t y  o f  

the  c e l l - c e l l  communication shou ld  be in v e s t ig a te d  by 

immunocytochemica l tech n iq ue s  (u s in g  the  a n t i -d e s m o p la k in  

a n t is e r a )  to  assess changes induced by e x te r n a l  s ig n a ls  and 

any m o d i f i c a t io n  i n  c e l l - c e l l  c o n ta c t  r e la t e d  to  the  re c e p to r  

s t a tu s .
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