
INTRODUCTION:	   Estrogen	   receptors	   are	   members	   of	   the	   nuclear	   hormone	  
receptor	   family	   that	   play	   an	   important	   role	   in	   breast	   carcinogenesis	   and	  
response	   to	  endocrine	   therapy.	   Though	   the	   role	  of	   ERα	   in	  breast	   cancer	  has	  
been	   studied	   extensively,	   li<le	   is	   known	   about	   the	   alterna?ve	   isoform	   ERβ.	  
ERβ	   has	   significant	   sequence	   homology	   to	   Erα,	   but	   is	   located	   on	   a	   different	  
chromosome	  and	  maintains	  both	  overlapping	  and	  unique	  func?onal	  a<ributes.	  
Five	  variants	  resul?ng	  from	  alterna?ve	  splicing	  of	  the	  C-‐terminal	  region	  of	  ERβ	  
exist.	  The	  relevance	  of	  ERβ	  variants	  in	  breast	  cancer	  outcomes	  and	  response	  to	  
therapy	   is	   difficult	   to	   assess	   because	   of	   conflic?ng	   results	   in	   the	   literature,	  
likely	  due	  to	  variable	  methods	  used	  to	  assess	  ERβ	  in	  pa?ent	  tumors.	  	  
METHODS:	  An?bodies	  against	  ERβ	  variants	  (ERβ1:	  ThermoScien?fic	  PPG5/10;	  
ERβ2/cx:	   Serotec	   Clone	   57/3;	   ERβ5:	   Serotec	   Clone	   5/25)	   were	   validated	   for	  
staining	   specificity	   by	   siRNA	   knockdown	   of	   ESR2	   as	   well	   as	   staining	   repro-‐
ducibility	   on	   FFPE	   ?ssue	   by	   quan?ta?ve	   immunofluorescence	   (QIF)	   using	  
AQUA	   technology	   (HistoRx).	   QIF	   staining	   of	   validated	   an?bodies	   was	   then	  
assessed	  on	  two	  separate	  breast	  cancer	  cohorts.	  
RESULTS:	  ERβ1	  and	  ERβ5,	  but	  not	  ERβ2/cx,	  an?bodies	  were	  found	  to	  be	  sen-‐
si?ve,	   specific	   and	   reproducible,	   as	   shown	  by	   reduc?on	   in	   signal	   a\er	   siRNA	  
knockdown	  in	  cell	   lines	  and	  reproducible	  QIF	  scores	  on	  a	  set	  of	  breast	  cancer	  
control	  cases.	  The	  distribu?on	  of	  both	  ERβ1	  and	  ERβ5	  is	  similar	  in	  two	  breast	  
cancer	   cohorts	   and	   QIF	   scores	   are	   significantly	   associated	   in	   both	   cohorts.	  
When	   pa?ents	   are	   stra?fied	   into	   low	   and	   high	   ERβ5	   groups	   based	   on	   the	  
median	  QIF	  score,	  high	  ERβ5	  is	  a	  trending	  marker	  of	  worse	  prognosis	  in	  (1)	  ERα	  
posi?ve	   pa?ents	   on	   one	   of	   the	   cohorts	   examined	   (p=0.0201)	   and	   (2)	   in	   pa-‐
?ents	  treated	  with	  adjuvant	  tamoxifen	  and/or	  chemotherapy	  (p=0.0195).	  ERβ1	  
does	  not	  appear	  to	  provide	  any	  prognos?c	  informa?on	  on	  either	  cohort.	  	  
CONCLUSIONS:	  Rigorous	  valida?on	  of	  ERβ	  an?bodies	   is	  required	  for	  accurate	  
measurement	   of	   expression.	   Assessment	   of	   two	   breast	   cancer	   cohorts	   using	  
validated	   reagents	   show	   that	   ERβ5,	   but	   not	   ERβ1,	   is	   a	   trending	   marker	   of	  
worse	   prognosis	   in	   ERα	   posi?ve	   pa?ents	   and	   pa?ents	   treated	  with	   adjuvant	  
tamoxifen	  and/or	  chemotherapy.	  

To	   assess	   specificity	   of	   ERβ	   variants,	   commercially	   available	   an?bodies	   against	  
unique	   regions	   of	   the	   C-‐terminus	   were	   obtained	   and	   stained	   on	   cell	   lines	   and	  
?ssue	  microarrays	   (TMAs)	   to	   qualita?vely	   assess	   specificity	   to	   ERβ	   a\er	   knock-‐
down	   with	   ESR2	   siRNA,	   as	   well	   as	   staining	   reproducibility	   on	   the	   TMAs	   by	  
quan?ta?ve	   immunofluorescence	   (QIF)	   using	   Automated	   QUan?ta?ve	   Analysis	  
(AQUA).	   Figure	   1	   illustrates	   the	   basis	   of	   AQUA	   technology.	   Briefly,	   TMAs	   are	  
stained	   with	   pan-‐cytokera?n,	   DAPI	   and	   target	   of	   interest,	   all	   on	   different	  
fluorophores.	   Cytokera?n	   is	   used	   to	  mark	   epithelium,	  which	   serves	   as	   a	   tumor	  
mask	   for	   breast	   cancer.	   Localiza?on	   of	   DAPI	   can	   then	   be	   used	   to	   establish	  
subcellular	   compartments	   within	   the	   tumor	   mask.	   The	   sum	   of	   the	   intensity	   of	  
pixels	   of	   the	   target	   divided	   by	   the	   total	   compartment	   pixel	   area	   then	   gives	   a	  
rela?ve	  intensity,	  denoted	  AQUA	  score.1	  
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Figure	  1.	   Illustra?on	  of	  AQUA,	  in	  which	  pan-‐cytokera?n	  marks	  breast	  tumor	  epithelium	  and	  DAPI	  
enables	  subcellular	  compartmentaliza?on	  within	  the	  tumor	  mask.	  The	  target	  of	  interest,	  ER	  shown	  
here,	   can	   then	   be	  measured	   quan?ta?vely	   within	   the	   desired	   compartment	   using	   the	   depicted	  
algorithm	  (image	  adapted	  from	  Dolled-‐Filhart	  et	  al.,	  Methods	  in	  Molecular	  Biology	  20102).	  
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Figure	  2.	  Specificity	  of	  three	  commercially	  available	  ERβ	  an?bodies.	  (A)	  Illustra?on	  of	  ERβ	  splice	  
variants	   with	   loca?on	   of	   an?bodies	   specific	   to	   each	   variant	   indicated.	   (B)	   Le\,	   example	   of	  
immunofluorescent	  (IF)	  staining	  on	  breast	  cancer	  histospot;	  right,	  specificity	  of	  ERβ1	  illustrated	  
by	   IF	   of	   MCF7-‐ERβ1	   cell	   line3	   with	   doxycycline-‐inducible	   ERβ1	   grown	   on	   coverslips	   and	   +/-‐	  
doxycycline	  and	  +/-‐	  ESR2	  siRNA.	  (C)	  Le\,	  example	  of	  IF	  staining	  on	  breast	  cancer	  histospot;	  right,	  
lack	   of	   specificity	   of	   ERβ2	   illustrated	   by	   IF	   of	  MCF7-‐ERβ2	   cell	   line3	  with	   doxycycline-‐inducible	  
ERβ2	   grown	   on	   coverslips	   and	   +/-‐	   doxycycline	   and	   +/-‐	   ESR2	   siRNA.	   Successful	   induc?on	   and	  
knockdown	  of	  ERβ2	  construct	  was	  confirmed	  by	  IF	  and	  Western	  blot	  using	  an?-‐Xpress	  an?body	  
(data	  not	  shown).	  (D)	  Le\,	  example	  of	  IF	  staining	  on	  breast	  cancer	  histospot;	  right,	  specificity	  of	  
ERβ5	   illustrated	  by	   IF	  of	  A431	  grown	  on	  coverslips	  and	  +/-‐	  ESR2	  siRNA.	  QIF	  of	  ERβ1	  and	  ERβ5	  
was	   performed	   twice	   on	   a	   TMA	   containing	   panel	   of	   breast	   cancer	   control	   cases	   and	   AQUA	  
scores	  regressed	  to	  assay	  QIF	  reproducibility,	  resul?ng	  in	  R2>	  0.8	  (data	  not	  shown).	  
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Figure	  3.	  Distribu?ons	  of	  ERβ1	  (A,B)	  and	  ERβ5	  (C,D)	  and	  regression	  of	  ERβ1	  and	  ERβ5	  AQUA	  
scores	  (E,F)	  on	  breast	  cancer	  pa?ent	  cohorts	  1	  on	  the	  le\	  and	  cohort	  2	  on	  the	  right.	  

Figure	  4.	  Kaplan-‐Meier	  curves	  illustra?ng	  Disease-‐Specific	  Survival	  (DSS)	  in	  which	  pa?ents	  are	  
grouped	  into	  ERβ5	  low	  and	  high	  according	  to	  the	  median	  AQUA	  score	  for	  cohort	  1	  (A)	  and	  for	  
cohort	   2	   (B).	   Also	   shown	   is	   separa?on	  of	   the	   two	   cohorts	   into	   ERα	   nega?ve	   (C,E)	   and	   ERα	  
posi?ve	  subgroups	  (D,F),	  as	  defined	  by	  IHC,	  with	  cohort	  1	  on	  the	  le\	  and	  cohort	  2	  on	  the	  right.	  
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Figure	  6.	  Kaplan-‐Meier	  curves	  illustra?ng	  DSS	  in	  which	  pa?ents	  are	  grouped	  into	  ERβ1	  low	  
and	  high	  according	  to	  the	  median	  AQUA	  score	  for	  cohort	  1	  (A)	  and	  for	  cohort	  2	  (B).	  ERβ1	  
did	   not	   stra?fy	   DSS	   in	   ERα	   nega?ve	   or	   ERα	   posi?ve	   subgroups	   in	   either	   cohort	   or	   in	  
pa?ents	  receiving	  different	  adjuvant	  treatment	  regimens	  in	  cohort	  2	  (data	  not	  shown).	  
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Figure	  5.	   Kaplan-‐Meier	   curves	   illustra?ng	  DSS	   in	  pa?ents	  on	   cohort	   2	   grouped	   into	   ERβ5	  
low	   and	   high	   according	   to	   the	   median	   AQUA	   score,	   separated	   according	   to	   adjuvant	  
treatment	   received.	   (A)	   No	   treatment;	   (B)	   Any	   adjuvant	   treatment	  which	   includes	   either	  
tamoxifen,	  chemotherapy	  or	  both;	  (C)	  Tamoxifen	  only;	  (D)	  Chemotherapy	  only.	  

CONCLUSIONS 

•  Rigorous	  an?body	  valida?on	  is	  required	  for	  measurement	  of	  ERβ.	  	  

•  ERβ1	   and	   ERβ5	   AQUA	   scores	   show	   similar	   distribu?ons	   in	   two	  
independent	   breast	   cancer	   cohorts	   and	   have	   correlated	  
expression	  in	  both.	  

•  ERβ1	  expression	  is	  not	  prognos?c	  in	  either	  cohort.	  	  
•  ERβ5	  expression	  is	  associated	  with	  worse	  prognosis	  in:	  	  
	  1)	  ERα	  posi?ve	  pa?ents	  in	  cohort	  2	  (current	  cohort)	  
	  2)	  Pa?ents	  treated	  with	  adjuvant	  tamoxifen	  and/or	  chemotherapy	  
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ERβ1 and Patient Survival 
Cohort	  1	  all	  pa;ents	   Cohort	  2	  all	  pa;ents	  

ERβ5 and Patient Survival in Treatment Groups 
No	  treatment	   Any	  treatment	  

Tamoxifen	   Chemotherapy	  

Cohort	  1	  all	  pa;ents	   Cohort	  2	  all	  pa;ents	  

Cohort	  2	  ERα	  nega;ve	  	  

Cohort	  2	  ERα	  posi;ve	  Cohort	  1	  ERα	  posi;ve	  

Cohort	  1	  ERα	  nega;ve	  	  

ERβ5 and Patient Survival 

ERβ1	  on	  cohort	  1	   ERβ1	  on	  cohort	  2	  

ERβ5	  on	  cohort	  1	   ERβ5	  on	  cohort	  2	  

Table	   1.	   Survey	   of	   ERβ	   literature	   illustra?ng	   discrepancies	   in	   reports	   on	   ERβ	  
variant	  correla?ons	  with	  breast	  cancer	  pa?ent	  survival	  and	  response	  to	  therapy,	  
with	  numbers	  represen?ng	  the	  number	  of	  published	  accounts,	   in	  total	  accoun-‐
?ng	  for	  17	  publica?ons.	  
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