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miRNA function was first demonstrated in cultured HeLa cells using 2’-O-methyl (2’-O-Me) 

modified RNA oligonucleotides complementary to mature miRNAs [74, 75]. The 2’-O-Me 

modification as well as the 2’-O-methoxyethyl (2’-MOE) and 2’-fluoro (2’-F) chemistries are 

modified at the 2’ position of the sugar moiety, whereas locked nucleic acid (LNA) 

comprises a class of bicyclic RNA analogues in which the furanose ring in the sugar–

phosphate backbone is chemically locked in a RNA mimicking N-type (C3’-endo) 

conformation by the introduction of a 2’-O,4’-C methylene bridge (Figure 2A) [50, 76-80]. 

All the aforementioned modifications confer nuclease resistance and increase the binding 

affinity of antimiR oligonucleotides to their cognate miRNAs. Among these, LNA 

possesses the highest affinity towards complementary RNA with an increase in duplex 

melting temperature (Tm) of +2 to 8°C per introduced LNA monomer against 

complementary RNA compared to unmodified duplexes [80-83]. Another important 

observation is that LNA monomers are also able to twist the sugar conformation of flanking 

DNA nucleotides from an S-type (C2’-endo) towards an N-type sugar pucker in LNA-

modified DNA oligonucleotides [80, 84]. Indeed, structural studies of different LNA-RNA 

and LNA-DNA heteroduplexes based on NMR spectroscopy and X-ray crystallography 

have shown that LNA-modified DNA oligonucleotides are RNA mimics, which fit 

seamlessly into an A-type Watson-Crick duplex geometry [84, 85] similar to that of dsRNA 

duplexes.  

Nuclease resistance is also improved by backbone modification of the parent 

phosphodiester linkages into phosphorothioate (PS) linkages in which a sulfur atom 

replaces one of the non-bridging oxygen atoms in the phosphate group (Figure 2A) or by 

using morpholino oligomers, in which a six-membered morpholine ring replaces the sugar 

moiety. Morpholinos are uncharged, inherently resistant to degradation by nucleases and 

exhibit only a slight increase in binding affinity to miRNAs [86]. Morpholino oligomers have 

been shown to be sequence-specific, non-toxic and potent inhibitors of both pri-miRNA 

and mature miRNA activity in zebrafish and Xenopus laevis [87-89].  

Several studies have evaluated the potency of different chemically modified antimiR 

oligonucleotides in miRNA inhibition [76, 77, 90-93]. Two studies used luciferase reporter 

assays to compare different antimiR designs in targeting of miR-21 in HeLa cells. Davis et 

al. [76] showed a loose correlation between binding affinity and in vitro antimiR potency 

and found that among the fully PS modified antimiRs investigated, those with the highest 





 

heteroduplex recovery, evaluation of antimiR mediated inhibition of miRNA function by 

direct methods should be interpreted with some caution. Thus, we recommend that direct 

measurements of the targeted miRNA should always be accompanied with assessment of 

the functional effects after miRNA antagonism, as outlined in Figure 3.   

Assays that measure a functional readout of miRNA modulation by antimiRs are 

often employed to provide substantial evidence for miRNA inhibition. These approaches 

include miRNA reporter gene constructs, assessment of de-repression of direct targets by 

real-time qPCR, Western blot analysis and genome-wide transcriptional or proteomic 

analyses. A simple and very sensitive approach involves construction of a miRNA reporter 

that carries a single or multiple perfect match or bulged miRNA binding sites in the 3’ UTR 

of a reporter gene, such as luciferase or GFP. This method has been extensively used in 

cultured cells to validate miRNA inhibition (Figure 3A) and also to compare the potency of 

different chemically modified antimiR designs [76, 90, 92, 103, 112]. Recently, a miR-21 

luciferase reporter was used in a mouse mammary tumor model to monitor functional 

inhibition of miR-21 by a seed-targeting antimiR-21 in vivo [103]. The antimiR specificity is 

typically assessed using control oligonucleotides, either by introducing one or more 

mismatches in the antimiR sequence or by using a scrambled sequence oligonucleotide. 

The potencies of such control oligonucleotides are expected to be markedly reduced, as 

shown in Figure 3B, in which the specificity of an 8-mer LNA-antimiR-21 was assessed by 

introducing one or two adjacent mismatches at all possible nucleotide positions in an 8-

mer antimiR-21 sequence. Ideally, both control reporters with mutated miRNA target sites 

and mismatched or scrambled oligonucleotides should be included as specificity controls 

when assessing inhibition of miRNA function by miRNA reporter constructs.     

The mechanism of miRNA-mediated mRNA repression involves both mRNA 

deadenylation and degradation and translational repression (Figure 1) [34, 35]. Recent 

reports on simultaneous genome-wide measurements of changes in mRNA and protein 

levels after perturbing miRNA levels showed good correlation between mRNA and protein 

levels [39, 40]. Thus, an alternative or supplemental approach to employing miRNA 

reporter constructs is to use the levels of direct target mRNAs and their encoded proteins 

as functional readouts of miRNA silencing. Western blots are readily used to demonstrate 

the effect of antimiR mediated inhibition by assessing target de-repression at the protein 

level [103, 113-115]. However, the degree of miRNA target de-repression is often modest 
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