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MicroRNAs: biogenesis and function   

Fig adapted from Chang-Zheng Chen, New Eng. J. Med 

• Found across all metazoans 
 
• over 700 in humans 
 
• estimated over 45,000 target 
sites 
 
• roles in development, 
differentiation, homeostasis, 
immunity, and notably, functions 
related to cancer  



MicroRNAs and Cancer 
 

• Frequently located in genomic regions linked to 
cancers 
 
• Frequently mis-expressed in tumors versus normal 
tissue 
 
• Mutation of members of the miRNA biogenesis 
machinery results in global down-regulation of 
miRNAs and contributes to transformation and 
tumorigenesis 
 
• miRNAs themselves can act as tumor suppressors 
or oncogenes 
 
 



Part A: OncomiR addiction 
in a mouse model of 

cancer- a case for 
antagonizing microRNAs 

in cancer 



Potential 
oncomiRs 

with altered 
expression 
in tumors 
relative to 

normal 
adjacent 

tissue 

Down-regulated in colon 

Down-regulated in lung 

Down-regulated in thyroid 

Down-regulated in all 

Down-regulated in breast 

Up-regulated in all 

Up-regulated in all D. Brown, 2003 



mir-21 maps to a region frequently amplified in 
neuroblastoma 

miR-21 is over-expressed in many cancers 



Transgenic Mice to Over-express mir-21:  
Tissue specific & DOX inducibility (tet-off) 

mir-21 
Tetracycline transactivator (tTA) is expressed by the ubiquitously expressed ROSA26 promoter  

mir-21 gene expression is driven by 
the Tet-Operator-miniCMV that need, 
tTA for their expression 

Endogenous ROSA26 promoter will 
express the tTA (Tet transactivator) 
necessary for the function of 
miniCMV promoter. 

Doxycycline binds to tTA and 
inactivates it: expression is lost. 

Medina et al. Nature 2010 



Thymus Spleen Lymph  
WT mir-21 

Cre-recombined (606bp) 

Cre-non recombined 
(461bp) 

NesCre-mir-21LSL-Tetoff  

LoxP recombination and higher miR-21 levels 
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Lymphoadenopathy: enlargement of lymph nodes 



7 immunodeficient 
mice were inoculated 
with 5 million 
lymphoid cells. 
 
All the mice 
developed 
conspicuous tumors 
in less than 2.5 
weeks 

Normal 
Lymphocyte 
cells 

Nestin-Cre/mir-
21LSL-Tetoff 

Lymphocyte 
cells 



CD3- 
B220+ 

CD3+B220- 
(T cells) 

CD3-B220+ 
(B cells) 

IgM- 
B220+ 

IgM-B220- 
(T cells) 

IgM+B220+ 
(mature B cells) 

Spleen wt Spleen #332 Spleen #247 
mir-21LSL-Tetoff/Nestin-Cre  

Mice develop a Pre-B-Cell Lymphoblastic Lymphoma/Leukemia 



Transgenic mice to over-express mir-21:  
Tissue specific & DOX inducibility (tet-off) 

(Mao et al., Nucleic Acids Research, 2006) 

mir-21 

Tetracycline transactivator (tTA) is expressed by the ubiquitously expressed ROSA26 promoter  

The mir-21 gene expression is driven 
by the Tet-Operator-miniCMV that is 
inactivated by Dox. 

Endogenous ROSA26 promoter will 
express the tTA (Tet transactivator) 
necessary to the function of miniCMV 
promoter. 

Doxycycline binds to the tTA and 
inactivates it: the expression is lost. 



miR-21 levels in Nestin-Cre/mir-21 mice 

Mice fed with doxycycline food 



4 days 0 days 

DOX  treatment leads to regression of 
lymphoadenopathy 



Doxycycline treatment leads to regression of 
transplanted tumors 



Hematopoietic recovery as seen by FACS 

NesCre-mir-21LSL-Tetoff-DOX  Wildtype NesCre-mir-21LSL-Tetoff  

DOX 72h 



Apoptosis levels 
modified by DOX 
in mir-21 mice, 
not in wt mice. 

Immunotype 
(related to cell 
differentiation) 
Unchanged 
by DOX 

Dox treatment leads to apoptosis but not 
differentiation 



Conclusions 
 
•  mir-21 is a bona-fide oncogene. 
 
•  The tumors are addicted to miR-21 over-expression (this is the 
first demonstration of oncomiR addiction). 
 

•  miR-21 is an excellent target for anticancer therapy. 
 
 



Part B: MicroRNA 
therapeutics - a case for 

microRNA therapeutics in 
cancer 

Collaboration with Andy Bader and David Brown at Mirna Rx 



Potential 
oncomirs 

with altered 
expression 
in tumors 
relative to 

normal 
adjacent 

tissue 

Down-regulated in colon 

Down-regulated in lung 

Down-regulated in thyroid 

Down-regulated in all 

Down-regulated in breast 

Up-regulated in all 

Up-regulated in all D. Brown, 2003 



Calin, G.A., et al., 2004. PNAS 101:2999-3004 

let-7 genes map to “fragile regions”  
associated with various cancers 



Combined, let-7 and miR-34 target the 
major oncogenes in lung cancer 

Gene Incidence 
Proto-oncogenes   
RAS 15-20% 
MYC 5-10% 
BCL-2 10-35% 
EGFR 7% 
Tumor Suppressors   
p53 >50% 
RB 15-30% 
p16 10-40% 

let-7 

miR-34 



Can loss of let-7 function increase tumor load in  
an activated K-ras lung cancer mouse model? 

25%-50% of all 
human lung 

adenomas carry 
activating mutations 

in KRAS 

WT 

5x108 PFU Ad-Cre 

Lox-K-ras G12D 
4 wk post 

5x108 PFU Ad-Cre 

Lox-K-ras G12D

10 wk post 
 

 

5x105 PFU Ad-Cre 

5x105 PFU Ad-Cre - 6 wk post 5x106 PFU Ad-Cre - 6 wk post 

 

Jackson, et al., (2001) Genes Dev. 



Can systemic let-7 delivery reduce lung tumor burden? 

let-7 miR-NC 
 10 weeks 

Sacrifice at 
2 weeks & 
4 weeks P.I. 

Ad-Cre 

•1mg/kg for a total 
of 8 tail vein 
injections every 
other day.  
 

•Treated animals 
were sacrificed 48 
hrs after the last 
injection 

Trang et al, 2011 Mol. Ther. 



Let-7b treated lungs 

Negative control (NC2) 

-0.05 

0 

0.05 

0.1 

0.15 

0.2 

Cre/let-7b Cre/NC2 

n=4 n=5 

p=.01 



Can systemic miR-34 delivery reduce lung tumor burden? 

miR-34 miR-NC 
 10 weeks 

Sacrifice at 
2 weeks & 
4 weeks P.I. 

Ad-Cre 

•1mg/kg for a total 
of 8 tail vein 
injections every 
other day.  
 

•Treated animals 
were sacrificed 48 
hrs after the last 
injection 

K-ras LSL 



Whole lung H&E 
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  p=.04   * 

Systemic miR-34a treatment causes regression  
of lung tumors 



KrasG12D; p53fl/fl mice have advanced 
disease and live half as long as KrasG12D 

animals 

DuPage et al. Nature Protocols 2009 



Tumor burden increase over time in 
KrasG12D/+;p53R172/+  mice  

10X 

4 weeks   8 weeks                   10 weeks               13 weeks                 16 weeks              19 weeks 

10X 40X 40X 

  

infected 

 4                  8      10      13     16       19     22      25   
             weeks post infection 

minimal  
hyperplasia        

adenocarcinoma  

19 weeks 
 



Restoration of miR-34 in  
KrasG12D/+;p53R172/+  mice (study design)  

Ad-Cre 

lenti-miR-34 

Sacrifice at 19  
weeks post infection 
 (pre inflammation) 

harvest lungs 

  

infected 

 4                  8      10      13     16       19     22      25   
             weeks post infection 

minimal  
hyperplasia        

adenocarcinoma  

inflammation 



miR-34 pretreatment prevents 
KrasG12D/+;p53R172/+ lung tumorigenesis 

Control                               miR-34 

Whole 
 Lung 

 
 
 
 
 
 
 
 

H&E 



Conclusions 

• Local or systemic delivery of tumor suppressor 
miRNAs leads to organ-specific tumor regression. 

 

• microRNAs and antimiRs should prove useful as 
therapeutics in difficult to treat cancers. 
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