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Understanding	the	pathogenesis	and	treatment	of	
APL	using	high-throughput	technologies		 

CH3 

RNA polymerase  

ChIP-seq RNA-seq 

PML/RARα					APL																										Effects	of	ATRA	and	ATO		
(co-regulators)	

? ? 



Hallmarks	of	acute	promyelocy3c	leukemia	

How	does	PML/RARα	drive	the	development	of	APL?	



•  PML/RARα retains the DNA binding 
domain of wild-type RARα.

•  PML/RARα acts as a strong 
transcriptional repressor.

•  Myeloid commitment is hardly affected 
in various RAR-deficient mice. 

Genome-wide	PML/RARα	binding	sites	

ChIP-chip/ChIP-seq	



Wang et al. Cancer Cell 2010 Martens et al. Cancer Cell 2010 

Genome-wide	binding	pictures	of	PML/RARα	

ATRA ATRA 

!  PU.1-mediated transactivation was restored
!  Genes repressed by PML/RARα were reactivated	

!  Increased in H3K9K14 acetylation
!  Induced transcriptional changes correlate 

with H3K9K14 acetylation



PU.1	and	RARE	half	sites	are	the	most	significant	
mo3fs	in	the	PML/RARα	ChIP	regions	

Wang et al. Cancer Cell 2010 



Wang et al. Cancer Cell 2010 

Recruitment	of	PML/RARα	to	chromaEn	pre-bound	by	PU.1		

PML/RARα	predominantly	represses	PU.1-regulated	genes	

Repression	of	PU.1-dependent	transacEvaEon	through	both	PU.1	and	RARE	half	sites			



PML/RARα	tends	to	colocalize	with	RXR	
preferen3ally	on	promoter	regions	 

Martens et al. Cancer Cell 2010 



ATRA	treatment	increases	the	level	of	
H3K9K14ac	but	not	H3K9me3	and	H3K27me3 

Martens et al. Cancer Cell 2010 
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Detailed analysis of key targets 

Genome-wide PML/RARα binding  

PML/
RARα 

CDKN2D 

Indirect binding              Binding to multiple PU.1         Coordinated regulation          Binding to ER8 

Hemorrhage 
 

Yan JS, et al,  
PNAS. 2010 

Antigen presentation 
 

Yang XW, et al,  
Oncogene. 2014 

Differentiation & Cell cycle 
 

Wang YW, et al, 
 Cell Death Dis. 2014 

Tumor suppression  
 

Zou DD, et al,  
Leukemia Res. 2010 

Regulatory	features	and	func3ons	of		
PML/RARα	key	targets	in	APL	

ER8 



PML/RARα	transac3vates	the	3ssue	factor	promoter	
through	an	indirect	interac3on		

 Yan et al. PNAS 2010 



PML/RARα	exerted	both	repressive	and	ac3va3ng	func3ons	

 Unpublished data 



Func3onally	importance	of	both	PML/RARα-repressed	
and	-ac3vated	targets 

 Unpublished data 



Repression	was	associated	with	RARα,	whereas		
ac3va3on	was	independent	of	RARα	

 Unpublished data 



Dis3nct	ATRA	effects	on	PML/RARα-ac3vated	
and	-repressed	genes 

 Unpublished data 



PML/RARα	preferen3ally	existed	within		
super-enhancer	regions	

 Unpublished data 



Transcriptome analysis of 
the mechanism of ATRA action 

•  RNA-seq/microarray	

•  Ribo-minus	RNA-seq 
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ATRA	regulates	gene	expression	at	the	transcriptomic	level,		
whereas	ATO	func3ons	at	the	proteomic	level	

Transcriptome	 Proteome	

Zheng et al. PNAS 2005 



Molecular	networks	underlying	the	combina3on	of		
ATRA	and	ATO	in	NB4	cells	
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Circular	RNA	genera3ng	from	the	fusion	site	of	PML/RARα	
is	oncogenic	and	contributes	to	cellular	transforma3on		

Zepp et al. Cell 2017 



Dynamic	regulated	cicrRNA	profiling	upon	ATRA	
treatment	of	APL	cells	

 Unpublished data 



cicrRNA	regula3on	independent	of	their		
host	linear	mRNA	

 Unpublished data 



 Unpublished data 

Requirement	of	circ-RELL1	in	ATRA-induced	
differen3a3on	of	APL	cells	



Summary 
"  Genome-wide binding pictures of PML/RARα  

-  PML/RARα selectively targets PU.1-regulated genes. 

-  PML/RARα is colocalized with RXR on chromatin. 

-  PML/RARα exerts both activation and repression roles of in 
driving APL. 

"  Regulatory features and functions of key targets of PML/
RARα. 

"  Transcriptomic view of the mechanism of ATRA action 

-  ATRA induces transcriptional remodeling and a series of 
signaling pathways in APL cells. 

-  ATRA dynamically regulates a number of cicrRNAs upon 
ATRA treatment. 
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