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the	  cell	  



Extracellular RNA composition!
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40	  -‐	  96%	  miRNA	  

3	  -‐	  56%	  rRNA	  

11	  -‐	  51%	  tRNA	  

<	  1%	  snoRNA	  &	  snRNA	  



Importance!
miRNA are usually associated with diseases!

!   (1921 mature miRNA annotated in miRBase)!

! ! !Non-invasive biomarkers.!
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Diagnostic potential!

21/08/2013	   6	  



Extracellular environment !
•  miRNA was found in various body fluids: serum, plasma, 

saliva, tears, urine, amniotic fluid, breast milk, colostrum, 
bronchial lavage, cerebrospinal fluid, peritoneal fluid, 
pleural fluid & seminal fluid!

•  Synthetic RNA is degraded in < 5s in human plasma, but 
ex-mRNA in serum and plasma is stable for hours!

•  pre-treatment of serum or plasma with detergents makes 
mRNAs susceptible to degradation by RNases !
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Exosomes!



Origins!
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Ago2 – Argonaute 2!
NPMP1 – RNA-binding protein 
nucleophosmin, a multifunctional 
histone-binding protein!
HDL – high density lipoprotein!
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Methods!
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Cell culture: 
 HepG2, A549, T98 & 

BSEA2B !

Fractionation of culture medium 
by sequential centrifugation!

 (1Kg, 16Kg, 120Kg & 220Kg)!

RNA extraction!

qRT-PCR! Microarray!MassSpec!

T98 – human glioblastoma multiforma,!
BEAS2B – lung bronchial epithelium !
HPF – primary pulmonary fibroblast cells!



miRNA spectra!
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No evidence of significant cell lysis 
observed for up to 48h =>!
ex-‐miRNAs	  are	  most	  likely	  exported	  from	  
intact	  cells	  by	  a	  specific	  cellular	  mechanisms	  	  



Induction of miRNA export!
•  When under stress cells alter their internal states 

significantly leading to cell cycle arrest, and in 
some cases cell death.!

!Hypothesis: cells could respond to this change of 
state, in part, by exporting miRNAs!

•   Stress: serum deprivation !
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Stress analysis results!
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•  Differences before and after serum deprivation!
•  Differences between cell lines!



Is exRNA stable?!
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exRNA export kinetics !

•  Is the exportation of miRNA immediately after 
serum deprivation from a pre-synthesized 
miRNA pool? …!

!
!
!
!
!
…YES!
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Accumulation	  	  
Export!



exRNA content analysis: 
1 - separation!
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exRNA content analysis: 
2 – results (A549) !
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Observations:!
1.  Various patterns for various miRNAs!
2.  miRNA content is cell specific for both extra and intracellular RNA!
3.  There are a couple of miRNA that are uniformly distributed 

regardless the fraction and cell line of provenience !



RNA binding proteins released!
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NPM1!
•  NPM1 (nucleophosmin 

1) is a nucleolar RNA-
binding protein, !

•  Nucleophosmin 1 is 
implicated in the 
nuclear export of the 
ribosome !

•  Large quantities of 
NPM1 were observed 
outside of the cell!

•  NPM1 bound miRNA is 
protected from RNase 
degradation!

!
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Protein Protection!
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Conclusions!
•  The exRNA spectrum varies upon cell 

provenience and/or stress!
•  ex-miRNA are exported after stress!
•  exRNA export is energy dependent!
•  exRNA is either in vesicle or protein bound 

(NPM1)!
•  The export of exRNA is a mean of cell-cell 

communication!
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Remarks!

•  Are RNA Binding Proteins promiscuous or 
specific for exRNA?!

•  Do have exRNA have specific binding motifs?!

•  exRNA purification & identification is limited 
experimentally => How does this affect the data 
analysis ?!
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Data availability!
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Sequence mapping!
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Data quality!
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Private Lab Data! Public Data!



Remarks!
•  Experimental bottleneck: separation and 

identification of exogenous and endogenous 
RNA !
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Thank You!!

21/08/2013	   28	  


