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Introduc1on	  
•  Ovarian	  and	  pituitary	  hormones	  are	  regulators	  of	  normal	  breast	  development	  

as	  well	  as	  risk	  factors	  for	  breast	  carcinogenesis	  1.	  	  
•  Mammographic	  density,	  which	  correlates	  with	  high	  stromal	  content,	  including	  

cells	   (stromal	   fibroblasts)	   and	   collagen	   is	   an	   addi1onal	   risk	   factor	   for	   breast	  
carcinogenesis	  2.	  

•  A	   link	   between	   hormones	   and	   mammographic	   density	   has	   yet	   to	   be	   fully	  
explored	  and	  understood.	  

	  	  
Role	  of	  fibroblasts	  in	  stromal	  density:	  
•  Stromal	   fibroblasts	   (RMF)	   exert	   contrac1le	   forces	   that	   remodel	   type	   1	  

collagen	  fibers,	  which	  in	  turn	  modulate	  cell	  behavior	  in	  an	  itera1ve	  fashion	  3.	  	  
•  RMF	  secrete	  several	  factors	  that	  can	  determine	  the	  density	  and	  rigidity	  of	  the	  

stroma	  3.	  
•  In	   addi1on,	  RMF	  have	  been	   shown	   to	   accelerate	   the	   forma1on	  of	   epithelial	  

ducts	  by	  organizing	  collagen	  fibers	  around	  these	  ducts	  4.	  
	  	  
Hormonal	  regula1on	  of	  the	  stroma:	  	  
•  The	  quality	  of	   the	   stroma	   changes	  during	  puberty	   and	  pregnancy	  under	   the	  

influence	   of	   mammotropic	   hormones,	   estradiol	   (E2),	   progesterone	   (P)	   and	  
prolac1n	  (Prl)	  5.	  	  

•  In	   our	   hormone-‐sensi1ve	   three-‐dimensional	   (3D)	   model,	   E2,	   P	   and	   Prl	  
respec1vely	   induce	  ductal	  elonga1on,	  branching	  and	  budding	  by	   remodeling	  
the	  extracellular	  matrix	  (ECM)	  6.	  	  

Hypotheses	  
•  Higher	   stromal	   density	   and	   rigidity	   favors	  
neoplas1c	  organiza1on	  of	  epithelial	  cells.	  
•  Hormones	   ac1ng	   on	   stromal	   fibroblasts	   alter	  
epithelial	  phenotype.	  
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1.	   Effect	   of	   stromal	   fibroblasts	   (RMF)	   and	   the	  
density	  of	  collagen	  on	  mammary	  epithelial	  cells	  	  	  
A.	  Higher	  elonga1on	  of	  structures	  	  in	  0.5	  mg/ml	  than	  1	  
mg/ml	  collagen:	  T47D	  cells	  alone	  
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B.	  No	  differences	  in	  elonga1on	  of	  structures	  in	  0.5	  mg/
ml	  and	  1	  mg/ml	  collagen	  gels:	  T47D	  cells	  with	  RMF	  
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C.	  Higher	  elonga1on	  of	  structures	  with	  lumen	  forma1on	  
in	  1	  mg/ml	  collagen:	  T47D	  cells	  +/-‐	  RMF	  
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2.	  Effect	  of	  stromal	  fibroblasts	  (RMF)	  and	  hormones	  
on	  mammary	  epithelial	  cells	  
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Higher	  elonga1on	  of	  structures	  with	  hormones	  in	  co-‐culture	  
(T47D	  +	  RMF)	  than	  mono-‐culture	  (T47D	  cells	  alone)	  

Significance	  

Graph	  represents	  mean	  distribu1on	  of	  elon	  1	  of	  structures	  in	  3D	  gels	  of	  1mg/ml	  
collagen.	  Data	  obtained	  from	  6	  gels	  run	  in	  duplicate	  in	  3	  separate	  experiments;	  
*p<0.05	  
T47D	   cells	   (150,000	   cells/well)	   +/-‐	   RMF	   (50,000	   cells/well)	  were	   suspended	   in	  
0.5	  or	  1	  mg/ml	  type	  1	  collagen.	  	  
Media:	  Phenol-‐red	  free	  DMEM-‐F12	  +	  7.5%	  charcoal-‐dextran	  stripped	  FBS.	  
Hormones	  used:	  E2	  (10-‐10	  M)	  and	  P	  (10-‐10	  M).	  

•  RMF	   may	   require	   a	   certain	   threshold	   of	   collagen	   concentra1on	   to	  
alter	   epithelial	   phenotype.	   This	   suggests	   that	   RMF	   exerts	   physical	  
forces	   and	   altera1ons	   in	   biomechanical	   proper1es	   of	   the	   collagen	  
fibers,	  which	   is	  hindered	  when	  there	  are	  not	  enough	  collagen	  fibers	  
available.	  

•  Hormones	   may	   be	   ac1ng	   on	   epithelial	   cells	   and	   RMFs,	   which	   then	  
affects	   epithelial	   phenotype.	   The	   ques1on	   remains	   whether	   RMF	  
alters	   the	   biomechanical	   proper1es	   of	   collagen	   as	   well	   as	   collagen	  
density	  around	  the	  elongated	  structures.	  
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Highlights	  

Graphs	   represent	   mean	   distribu1on	   of	   elon	   1	   of	   structures	   in	   3D	  
cultures	  of	  T47D	  cells.	  Data	  obtained	   from	  6	  gels	   run	   in	  duplicate	   in	  3	  
separate	  experiments;	  p<0.05.	  	  
T47D	   cells	   (150,000	   cells/well)	   +/-‐	   RMF	   (50,000	   cells/well)	   were	  
suspended	  in	  0.5	  or	  1	  mg/ml	  type	  1	  collagen.	  	  
1.5	  ml	   of	   cells	   +	   collagen	   suspension	  were	   poured	   into	   the	  wells	   and	  
allowed	  to	  congeal	   for	  30	  minutes.	  1.5	  ml	  of	  media	  (DMEM	  +	  5%	  FBS)	  
was	   poured	   on	   the	   congealed	   gels.	   The	   gels	  were	   detached	   from	   the	  
sides	  of	  the	  wells.	  	  

•  Lower	   type	   1	   collagen	   concentra1on	   (0.5	   mg/ml)	   increases	   elonga1on	   of	  
structures	  compared	  to	  1	  mg/ml.	  

•  Fibroblasts	  enhances	  elonga1on	  of	  structures	  in	  1	  mg/ml,	  but	  not	  0.5	  mg/ml.	  
•  In	   1	   mg/ml	   collagen,	   elongated	   epithelial	   structures	   had	   lumen	   forma1on	  

when	  co-‐cultured	  with	  fibroblasts.	  
•  Hormones	   in	   co-‐cultures	   of	   T47D	   +	   fibroblasts,	   significantly	   altered	   the	  

phenotype	  in	  terms	  of	  elonga1on.	  	  

•  A	  unique	  feature	  of	  our	  3D	  model	  is	   its	  responsiveness	  to	  hormones	  
in	  ways	  similar	  to	  the	  mammary	  gland	  in	  situ.	  	  

•  Moreover,	   stroma	   can	  be	  manipulated	  by	   altering	   the	  proper1es	  of	  
the	   ECM.	   In	   this	   3D	   culture	  model,	   hormones	   affect	   epithelial	   cells	  
that,	  in	  turn,	  alter	  collagen	  organiza1on	  6.	  	  

•  This	  knowledge	  will	  explain	  how	  two	  of	  the	  main	  risk	  factors	  in	  breast	  
cancer	   (mammotropic	   hormonal	   influence	   and	  1ssue	   biomechanics)	  
operate,	   thus	   paving	   the	  way	   for	   poten1al	   novel	   targets	   for	   breast	  
cancer	  preven1on,	  prognosis	  and	  cure.	  	  
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