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ABSTRACT	
  
	
  
Reduced	
   expression	
   or	
   ac8vity	
   of	
   the	
   thyroid	
   hormone	
  
receptors	
   (TRs)	
   are	
   common	
   events	
   in	
   cancer,	
   sugges8ng	
  
that	
   these	
   receptors	
   could	
   act	
   as	
   tumor	
   suppressors.	
  We	
  
have	
   previously	
   shown	
   that	
   TRβ	
   expression	
   in	
   SK-­‐hep1	
  
hepatocarcinoma	
   cells	
   (SK-­‐TRβ	
   cells),	
   reduces	
   tumor	
  
growth	
  and	
  strikingly	
   inhibits	
   invasion,	
  extravasa8on,	
  and	
  
metastasis	
  forma8on	
  in	
  nude	
  mice.	
  These	
  effects	
  could	
  be	
  
related	
   to	
   a	
   decreased	
   expression	
   in	
   these	
   cells	
   of	
  
prometasta8c	
  genes,	
  such	
  as	
  COX2,	
  MMP9	
  or	
  ID1.	
  We	
  have	
  
now	
   found	
   that	
   transcripts	
   for	
   these	
   genes	
   are	
   also	
  
decreased	
   in	
   tumors	
  and	
  metastasis	
  originated	
  by	
  SK-­‐TRβ	
  
cells	
  in	
  nude	
  mice.	
  Using	
  transient	
  transfec8ons	
  assays	
  we	
  
have	
   localized	
   CRE,	
   AP1	
   and	
   SP1	
   sites	
   in	
   their	
   promoters	
  
that	
  appear	
   to	
  mediate	
   the	
   inhibitory	
  effect	
  of	
  TRβ.  This	
  
suggests	
   that	
   cross-­‐talk	
   with	
   other	
   transcrip8on	
   factors	
  
plays	
  an	
  important	
  role	
  in	
  the	
  repression	
  of	
  prometasta8c	
  
gene	
   transcrip8on	
   by	
   the	
   receptor.	
   One	
   mechanism	
   that	
  
could	
   explain	
   suppression	
   of	
   prometasta8c	
   gene	
  
expression	
   by	
   TRβ	
   is	
   the	
   recruitment	
   of	
   corepressor	
  
complexes.	
   Indeed,	
   we	
   found	
   that	
   expression	
   of	
   the	
  
corepressor	
   NCoR	
   is	
   significantly	
   higher	
   in	
   SK-­‐TRβ	
   cells	
  
than	
   in	
  parental	
   cells	
  and	
   is	
  also	
   increased	
   in	
   tumors	
  and	
  
metastasis.	
  NcoR	
  silencing	
  with	
  interference	
  RNA	
  produces	
  
a	
   strong	
   increase	
   of	
   transcript	
   levels	
   of	
   several	
  
prometasta8c	
   genes	
   and	
   enhances	
   cellular	
   invasion	
   in	
  
matrigel	
   assays.	
   These	
   effects	
   appear	
   to	
   be	
   specific	
   for	
  
NCoR,	
   since	
   deple8on	
   of	
   the	
   corepressor	
   SMRT	
   is	
  
ineffec8ve.	
   Furthermore,	
   NCoR	
   silencing	
   reverses	
  
significantly	
  the	
  effect	
  of	
  TRβ	
  expression,	
  enhancing	
  tumor	
  
growth	
   and	
   invasion,	
   extravasa8on	
   and	
   metastasis	
  
development	
   when	
   cells	
   are	
   inoculated	
   into	
   nude	
   mice.	
  
These	
  changes	
  are	
  associated	
  with	
  increased	
  expression	
  of	
  
prometasta8c	
   genes	
   in	
   the	
   tumors	
   and	
   in	
   the	
  metasta8c	
  
injuries.	
  	
  
These	
   results	
   demonstrate	
   the	
   essen8al	
   role	
   of	
   the	
  
corepressor	
  NcoR	
  in	
  the	
  tumor	
  suppressive	
  ac8ons	
  of	
  TRβ,	
  
and	
   suggest	
   the	
   importance	
   of	
   the	
   corepressor	
   as	
   a	
  
poten8al	
  therapeu8c	
  target	
  in	
  cancer.	
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EXPRESSION OF THE COREPRESSOR NCoR IS 
INCREASED IN SK-TRβ CELLS AND IN TUMORS 

ORIGINATED BY THESE CELLS!
A) 

B) 

Fig 1.- A) NCoR and TRβ  mRNA measured by 
Q-RT-PCR in SK and SK-TRβ cells (stable cell 
line transfected with TRβ). B) western blot of 
NCoR and TRβ in the same cells. C) NCoR 
mRNA in six tumors of nude mice inoculated 
with SK or SK-TRβ cells. Results are expressed 
as the mean ± SE. *P < 0.05, **P < 0.01, ***P < 
0.001.!

NCoR DEPLETION INCREASES TRANSCRIPTION OF 
PROMETASTATIC GENES!

A) 

Fig2.- Cells were transfected with siControl or siNCoR and mRNA levels of 
prometastatic genes were determined after 72h. Results are expressed as the 
mean ± SD.!
!

Cos1 cells 

CRE, NFKB, SP1 AND AP1 SITES ARE REQUIRED FOR THE REPRESSION OF PROMETASTATIC GENES BY TRβ	



Cos1 cells 

Fig 3. A) Different luciferase constructs of the cox2 promoter were transfected in SK, SK-TRβ and Cos1 cells. Cells were treated with 5nM T3 for 36h and luciferase 
activity was measured. B) Idem to A with Id1 promoter constructs.  Results are expressed as the mean ± SD. !
 !

INHIBITION OF NCoR EXPRESSION INCREASES 
PROLIFERATION AND INVASION!

A) B) 
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A) B) 
A) 

Fig 4.- A) number of cells 72h after the transfection of siNCoR or Sicontrol. 
B) Number of cells stained in matrigel invasion assays. Results are 
expressed as the mean ± SD. !
!

B) 

NCOR SILENCING ENHANCES TUMOR INVASION AND 
INFILTRATION INTO SURROUNDING TISSUES!
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Fig 7.- A  Representative Masson Trichromic staining of tumors formed by 
inoculation of nude mice with parental and TRβ-expressing cells, transfected 
with siControl or siNCoR. B) Percentage of animals with bone or muscle 
infiltration. !
!

NCoR SILENCING ENHANCES METASTASIS DEVELOPMENT!

     -      +     -     + siNCoR siNCoR      -      +        -     + 

A) B) 

C) 

Fig 8.- A) representative Masson Trichromic staining of lungs from mice injected with 
siControl- and siNCoR-transfected cells 30 days before into the tail vein. B) percentage 
of animals bearing metastatic lesions, number of lesions/lung, and area of lung 
parenchyma affected. C) Extravasation assay. Cells were labelled with 125IdU and 
injected into the tail vein of nude mice. Radioactivity in the lungs was determined at 9h 
after the inoculation. Results are expressed as the mean ± SE.  

CHANGES  IN TUMOR AND METASTASIS GROWTH ARE 
ASSOCIATED WITH ALTERED EXPRESSION OF 

PROMETASTATIC GENES. A) 
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Fig 9.- A) Transcript levels of NCoR, TRβ and prometastatic genes in 
tumors of six animals inoculated with cells transfected with siControl or 
siNCoR. B) Image of laser capture microscope dissection of lung 
metsstasis. C) mRNA levels of NCoR, TRβ and prometastatic genes in 
dissected metastasis.  
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TRβ           +   +                                  +   + TRβ           +   +                                          +   + 

Fig 5.- A) mRNA levels of NCoR and the prometastatic genes cox2 and id1 measured after 
SMRT depletion. B) Invasion assays through matrigel after SMRT silencing.	
    Results are 
expressed as the mean ± SD 

INHIBITION OF SMRT DOES NOT AFFECT EXPRESSION OF 
PROMETASTATIC GENES OR CELLULAR INVASIVENESS!

NCoR SILENCING ENHANCES TUMOR GROWTH!

Fig 6.- Cells transfected with siNCoR or siControl were 
inoculated into both flanks of six nude mice and tumor volume 
was measured at different time points after inoculation. Results 
are expressed as the mean ± SE.  
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NCoR IS REQUIRED FOR THE INHIBITION OF TUMORIGENESIS, INVASION AND METASTASIS BY TRβ	
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