
 

 

Small RNA Activation of Gene Expression 
 
 Small RNA-mediated gene regulation through gene silencing was observed when 
exogenous double-stranded RNAs (dsRNAs) were introduced into C.elegans1.  This exogenously 
introduced RNA is known as a small interfering RNA (siRNA).  An endogenous gene silencing 
process was also discovered in C. elegans whereby lin-4 encodes a small RNA molecule known 
as a microRNA (miRNA) that is complementary to the 3’ untranslated region of the lin-14 
messenger RNA (mRNA)2.  Collectively these two processes of gene silencing are known as 
RNA interference (RNAi). 
 The mechanism of RNAi is mediated through RNA-protein interactions.  Precursor 
RNAs are processed by an RNase, Dicer, into mature 19 to 21-nucleotide small dsRNAs with 2-
base pair overhangs at the 3’ ends.  For siRNA, the small RNA duplexes are assembled into an 
RNA-protein complex called the RNA-induced silencing complex (RISC), which contains the 
protein Argonaute 2 (AGO2).  RISC facilitates both the interaction between the target mRNA 
and the complementary strand of the small RNA duplex and the cleavage of the mRNA3.  In the 
case of miRNAs, AGO2 facilities degradation of the target mRNA through a number of 
mechanisms including deadenylation and endonuclease cleavage4.  The silencing of gene 
expression by small RNAs has made this an attractive therapeutic technique to treat diseases 
resulting from gene overexpression5. 
 Antigene RNA (agRNA) is another potential therapeutic reagent that has emerged from 
the study of RNAi that combines siRNA with antisense RNA.  agRNAs are small duplex RNAs 
that are complementary to DNA.  agRNAs silence genes by binding to complementary DNA 
sequences at the transcription start site when the two strands of DNA are separated and thus 
prevent transcription6.  Corey, et al. demonstrated that agRNAs targeting the transcriptional start 
site of the progesterone receptor (PR) can potently silence the expression of PR7. Surprisingly, 
when the target site for agRNAs within the PR promoter was moved enhanced gene expression 
was actually observed8.  Similarly, enhanced gene expression was also observed by Li, et al., 
when attempting to silence the E-cadherin, p21 and VEGF genes using an agRNA approach9. 
This observed process of RNA activation, RNAa, was sequence specific, independent of the 
interferon response and had slower kinetics than RNAi8,9.  This leads to the hypothesis that 
small RNA-mediated gene regulation is not limited to gene silencing, but also includes 
enhanced gene expression through transcriptional activation affecting promoter activity. 
 To elucidate the mechanism of RNAa, Li, et al. examined possible roles for pre-miRNA, 
Dicer and AGO210.  They verified that RNAa can, in fact, occur through miRNAs and requires 
both Dicer and AGO2.  Corey, et al. used both chromatin and RNA immunoprecipitation assays 
to examine the interactions that occur at the promoter between RNA, DNA and proteins11.  They 
observed changes in protein, RNA and DNA interactions at the PR promoter that affected 
promoter activity to cause enhanced gene expression. 
 The ability of small RNA duplexes to enhance gene expression makes them attractive 
potential therapeutics for treating diseases such as cancer.  The possibility of RNAa as a 
therapeutic agent to enhance p21 expression has shown promise in bladder cancer12.  However, 
the exact mechanism of RNAa still needs to be completely elucidated.   
 

References 
 



 

 

1. Andrew Fire, Potent and specific genetic interference by double-stranded RNA in 
Caenorhabditis elegans. Nature 391, 806-811 (1998). 

2. Rosalind C. Lee, Phonda L. Feinbaum and Victor Ambros. The C. elegans Heterochronic 
Gene lin-4 Encodes Small RNAs with Antisense Complementarity to lin-14. Cell. 75(5). 
843-854 (1993). 

3. Gregory J. Hannon. RNA Interference. Nat. 418, 244-251 (2002). 
4. Wiltold Filipowicz, Suvendra N. Bhattacharyya and Nahum Sonenberg. Nat. Rev. Genet. 9, 

102-114 (2008). 
5. Jurgen Soutschek, Akin Akira, Birgit Bramiage, Klaus Charisse, Rainer Constien, Mary 

Donghue, Sayda Elbashir, Anke Geick, Philipp Hadwiger, Jeus Harborth, Matthias John, 
Venkitasamy Kesavan, Gary Lavine, Rajendra K. Pandey, Timothy Pacie, Kallanthottathil 
G. Rajeer, Ingo Rohl, Ivanka Tondjarska, Gang Wang, Silvio Wuschko, David Bumcrot, 
Victor Kotellansky, Stefan Limmer, Muthiah Manoharan and Hans-Peter Vornlocher. 
Therapeutic silencing of an endogenous gene by systemic administration of modified 
siRNAs. Nat. 434, 173-178 (2008). 

6. David R. Corey. Recognition of Chromosomal DNA in Human Cells by Peptide Nucleic 
Acids and Small Duplex RNAs. Ann. N.Y. Acad. Sci. 1058, 16-25 (2005). 

7. Bethany A Janowski, Kenneth E Huffman, Jacob C Schwartz, Rosalyn Ram, Daniel Hardy, 
David S Shames, John D Minna and David R Corey. Inhibiting gene expression at 
transcription start sites in chromosomal DNA with antigene RNAs. Nat. Chem. Biol. 1 (4), 
216-222 (2005). 

8. Bethany A Janowski, Scott T Younger, Daniel B Hardy, Rosalyn Ram, Kenneth E Huffman 
and David R Corey.  Activating gene expression in mammalian cells with promoter-target 
duplex RNAs.  Nat. Chem. Biol. 3, 3, 166-173 (2007). 

9. Long-Cheng Li, Steven T. Okino, Hong Zhao Deepa Pookot, Robert F. Place, Shinji Urakami, 
Hideki Enokida, and Rajvir Dahiya. Small dsRNAs induce transcriptional activation in 
human cells. Proc. Nat. Acad. Sci. 103, 46, 17337-17342. 

10. Robert F. Place, Long-Cheng Li, Deepa Pookot, Emily J. Noonan, and Rajvir Dahiya. 
MicroRNA-373 induces expression of genes with complementary promoter sequences. 
Proc. Nat. Acad. Sci. 105, 5, 1608-1613. 

11. Jacob C Schwartz, Scott T Younger, Ngoc-Bich Nguyen, Daniel B Hardy, Brett P Monia, 
David R Corey and Bethany A Janowski.   Antisense transcripts are targets for activating 
small RNAs. Nat. Struct. Mol. Biol.15, 8, 842-848. 

12. Zhong Chen, Robert F. Place, Zhe-Jun Jia, Deepa Pookot, Rajvir Dahiya and Long-Cheng Li.  
Antitumor effect of dsRNA-induced p21WAF/CIP1 gene activation in human bladder 
cancer cells.  Mol. Cancer Ther. 7, 3, 698-703. 


