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like bulge off of the main strand. These hairpin 
structures are common in human RNA, Weeks 
says, which, presumably, made it difficult for 
small molecules to distinguish HIV’s TAR 
elements from similar hairpins in human RNA. 

To circumvent any issues with specificity, 
each of the aforementioned companies is now 
focusing on tertiary structures, which have 
more clefts and niches for binding, rather than 
the secondary structures that result from base 
pairing. Weeks’s company is using mutational 
profiling to find the select RNA motifs that fold 
into complex 3D forms. These shapes, which 
contain potential binding sites, are then tested 
against a library of small molecules to find 
appropriate matches. Arrakis’s proprietary 
platform, called PEARL-seq, allows the 
company to apply small molecules of interest 
to RNA and then sequence the sample to 
figure out the tertiary structural component 
behind the binding site. The company can 
then characterize the binding sites of interest 
in detail and distinguish them from other off-
target sites to which the molecule could bind. 
“We know that [the small molecule] is selected 
for that specific RNA and not other RNAs,” 
Gilman says. Ultimately, researchers think that 
any issues with selectivity in targeting RNA are 
no more complicated than those facing other 
drug-discovery programs.

In the end, the scientists who are mining 
through small-molecule libraries to target 
RNA are encouraged by the growing interest in 
RNA-based therapies. Disney has championed 
the idea of small-molecule targets for RNA for 
more than a decade, and has observed a change 
in attitude toward the field. “My first few grant 
applications got torched,” Disney says. “But 
people now have a greater appreciation for the 
role of RNA in biology.” 

Shraddha Chakradhar is Nature Medicine’s 
associate news editor based in Boston.

developed is a way to see those movements.” 
Instead of having a single structure with a 
set number of binding sites, scientists have 
the opportunity to capture the different 
conformations that RNA goes through. “Now,” 
Pape says, “you don’t just have one target—you 
can generate a variety of targets.” 

Scientists are particularly excited about 
targeting RNA because this approach opens up 
the possibility of targeting proteins that have 
been considered ‘undruggable.’ “Of the roughly 
20,000 proteins that exist, only a tiny fraction 
are druggable by small molecules,” Gilman 
says. This is because proteins often form large, 
complex structures with other proteins, and the 
activity of a small-molecule drug against a large 
molecule such as a complex protein structure is 
usually insignificant. Moreover, Cheneval says, 
these larger protein structures don’t often have 
active binding sites to which small molecules 
can bind. “Proteins that are undruggable can 
then be targeted through their RNA to prevent 
translation or create more protein, as needed,” 
Gilman says. Given that only about 15% of 
proteins are currently druggable, targeting 
the rest through their RNAs is “an investment 
worth making,” says Gilman.  

Renewed focus
Despite the excitement surrounding RNA, it 
has been a challenge to find drugs that target 
only specific RNA structures. Different RNA 
molecules can have similar binding sites, and 
so drugs can end up binding to RNA that is 
not meant to be targeted. Weeks explains that 
this lack of specificity is what foiled attempts in 
the 1990s to fight HIV by targeting the virus’s 
RNA with small molecules. These efforts often 
involved targeting a portion of the HIV RNA 
strand known as the transactivation response 
(TAR) element. A TAR element is a so-called 
secondary structure of RNA, in which part of 
the chain of RNA nucleotides forms a hairpin-

says. Consequently, the key to targeting RNA is 
to lock the molecule into a conformation that 
prevents it from unfolding. So, any site where 
a small molecule can lock RNA into its shape 
is considered an active binding site, Gilman 
explains. 

Nymirum has dedicated its entire platform 
to identifying sites in RNA structures that are 
optimal for binding to small molecules. “We 
look for three-dimensional folds and pockets 
that specifically bind to small molecules,” says 
Andrew Stelzer, vice-president of Nymirum. 
Because the company’s sole mission is to 
identify RNA structures, the team doesn’t have 
a therapeutic focus. Instead, it partners with 
several pharma companies to provide them 
with possible RNA targets, according to Stelzer. 
As Nature Medicine went to press, none of these 
partnerships had been made public. 

In his lab, Matthew Disney developed a 
computational tool known as Inforna, which 
uses RNA sequencing to inform drug design. 
Specifically, the tool matches microRNA 
sequences to their structural counterparts. 
“If we got drugs that bind to specific patterns 
in RNA, we could then find those patterns in 
vivo,” says Disney, a biochemist at the Scripps 
Research Institute in Jupiter, Florida. “It’s like 
finding a key for a specific lock, and then 
looking for that lock in other places.” Disney 
says that his team was able to use this method 
to identify a small molecule that targets 
microRNA to trigger apoptosis in breast 
cancer cells. The team is currently optimizing 
the drug in animal models, but it hopes to take 
the candidate molecule to clinical trials soon. 

One surprising finding about RNA’s structure 
is that the molecule does not statically remain in 
one conformation, but instead switches among 
many different forms. “RNA molecules move, 
they dance, they breathe,” Pape says, describing 
these changes as akin to toggling between 
different conformations. “What Nymirum has 

Correction
In the December 2016 issue, the piece 
“Sex on the brain: Unraveling the 
differences between women and men in 
neurodegenerative disease” (Nat. Med. 22, 
1370–1372, 2016), the explanation of the 
US National Institutes of Health’s (NIH’s) 
policy on sex differences in animal research 
is incorrect. The policy does not require that 
researchers include equal numbers of male 
and female animals, but rather that they 
account for sex as a biological variable in 
their research design. The error has been 
corrected in the HTML and PDF versions of 
the article.

Finding a fit: How a small molecule (in color) might fit into a cleft in RNA (grey).
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