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       Summary:  Targeted therapeutic  approaches have seen tremendous advances in the last decade, for good reason. 
Specifi cally intervening with a disease-causing gene can revert the deleterious phenotype while eliminating the 
toxicity often associated with broad-spectrum agents. Unfortunately, because these selective agents hit one 
target in a single location, acquired resistance is often high. An  arguably better treatment approach includes 
coupling multiple targeted agents or using an agent that hits an individual target in several independent loca-
tions and/or alters multiple relevant targets in the disease-causing pathway(s), precisely the approach taken by 
Nishimura and colleagues in their recent report aimed at identifying a better treatment option for ovarian cancer. 
Cancer Discov; 3(11); 1220–1. ©2013 AACR.  

 See related article by Nishimura et al., p. 1302 (1).              

    Because acquired resistance to a therapy, often brought on 
by a single mutation, can easily select for tumor cells that can 
evade the therapy, a second agent or agents that hit multiple 
tumor-addicted genes need to be evaluated and included in 
the therapy. Both of these characteristics are inherent to a class 
of endogenously expressed, small, noncoding RNAs termed 
microRNAs (miRNA, miR). Because of their somewhat  pro-
miscuous behavior, a single miRNA can bind to and modulate 
the expression of multiple target genes, and in many instances 
the presence of numerous miRNA-binding sites in the target 
ensures target gene repression. Nevertheless, because binding 
between the target and the mRNA is imperfect, repression is 
typically modest. Reducing the expression of one gene below 
its critical threshold is possible; however, not always achiev-
able with miRNAs. For genes that require additional silencing 
or near-complete ablation, siRNAs are more effective. Unlike 
miRNAs, siRNAs bind with perfect complementarity in a very 
stringent manner to rigorously downregulate a single target. 
Yet, siRNAs are not endogenously encoded, which may contrib-
ute to off-target effects and toxicity, and they regulate only a 
single gene, increasing the chances of acquired resistance. One 
could imagine that in the right situation, capitalizing on the 
bene fi ts of a miRNA with that of an siRNA while circumventing 
their challenges may produce an enhanced therapeutic effect. 

 The study  performed in the laboratories of Calin and 
Sood focused on identifying a superior treatment option 
for ovarian cancer through administering a combination of 

an siRNA that rigorously and specifi cally downregulates the 
EphA2 receptor with a miRNA that has a broader impact on 
targeting the Eph (erythropoietin-producing hepatocellular) 
receptor family and other potential targets ( Fig. 1 ; ref.  1 ). 
EphA2 is overexpressed in more than 75% of ovarian cancer 
cases ( 2 ), and in the absence of cell-to-cell contact, which 
results in ineffi cient interaction of EphA2 with its ligand on 
adjacent cells, sustained mitogen—activated protein kinase 
(MAPK) and RhoA signaling occurs, leading to tumor promo-
tion (reviewed in ref.  3 ). Silencing EphA2 through a variety 
of mechanisms has been shown to slow ovarian cancer cell 
growth, and as such the approach taken by Nishimura  and 
colleagues ( 1 ), once validated, may be useful for treating 
thousands of ovarian cancer cases as well as breast, prostate, 
lung, and colon cancers, which also present with overexpres-
sion of EphA2. Although targeting this pathway is not novel, 
the approach taken by Nishimura and colleagues ( 1 ) is. 
Before this study, nobody had yet assessed the combined effi -
cacy of directly silencing  EphA2 , using an siRNA, with indirect 
silencing of other critical pathways using a specifi c miRNA.  

 The group began by probing The Cancer Genome Atlas 
for a biologically relevant miRNA that was associated with 
response to therapy and overall survival of ovarian cancer, 
and was predicted to target  EphA2 . Their detailed investiga-
tion and validation study determined that high expression of 
the miRNA miR-520-3p was a favorable predictor for ovarian 
cancer patient survival. Furthermore, an inverse correlation 
of EphA2 and miR-520-3p was identifi ed, and combining 
the expression levels of EphA2 and miR-520-3p enhanced 
the ability to predict patient survival. Functionally similar 
to the  EphA2 -siRNA, miR-520-3p inhibited migration, inva-
sion, and tumor growth. This effect was dependent on the 
silencing of  EphA2 , which was identifi ed as a direct target of 
miR-520-3p. It was also determined that miR-520-3p directly 
targets  EphB2 , and including the EphB2 expression data with 
the gene signatures of EphA2 and miR-520-3p further strati-
fi ed the patient survival data. 

 Perhaps the most  extraordinary part of the study was when 
the authors combined the two small RNAs into a single 
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therapeutic and showed that the  EphA2 -siRNA, which is enter-
ing into clinical trial at MD Anderson Cancer Center (Hou-
ston, TX; NCT01591356), and miR-520-3p synergized. The 
combination of these small RNAs enhanced repression of 
the EphA2 protein that translated into a synergistic effect on 
reducing cellular viability, decreasing cellular invasion, and 
inhibiting tumor growth  in vivo . Other functional readouts 
were suggestive of an additive response; perhaps not surpris-
ing as there is overlap between the miRNA and the siRNA in 
their ability to target  EphA2 . Regardless, the long-term effects 
of using these two small RNAs are predicted to be greater 
than using either agent alone due to overcoming the potential 
acquired resistance of a monotherapy. Furthermore, modulat-
ing the expression of multiple Eph receptors through miR-
520-3p while strongly silencing the  EphA2  receptor affords the 
cells limited compensatory pathways that it can use to evade 
this dual therapeutic approach ( Fig. 1 ). 

 These studies open the door to a multitude of potential 
therapeutic options. Using various agents in combination 

 Figure 1.      A multi-RNA therapeutic  approach to treating ovarian 
cancer. The study reported by Nishimura and colleagues ( 1 ) evaluated the 
effi cacy of the  EphA2 -siRNA with miR-520-3p, which also targets EphA2 
as well as other Eph receptors. The utility of both small RNAs resulted in 
a synergistic response with respect to cell viability, invasion, and tumor 
growth.   
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is not new, but as of yet the research to support the utility 
of small RNAs in combination is limited. Indeed, individual 
siRNAs and more recently miRNAs and their antagonizing 
counterparts, antagomiRs, have entered into clinical trials 
( 4–7 ). As researchers begin to understand the biologic out-
comes of silencing miRNAs or overexpressing siRNAs or 
miRNAs, the ability to target relevant biologic pathways 
in combination becomes an achievable reality. In the past, 
many of these studies were bottlenecked at the level of deliv-
ering these small RNAs. However, the fi rst miRNA is now 
in clinical trials ( 6 ), and as the anticipation of this trial is 
building scientists are beginning to evaluate the next genera-
tion of small RNA therapeutics: combining multiple RNAs 
into a single cocktail. It  is expected that adding two or more 
miRNAs, antagomiRs, or siRNAs, or a combination thereof, 
may have an enhanced effect if the agents are critically 
selected on the basis of the etiology of the disease, as per-
formed by Nishimura and colleagues ( 1 ).  
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