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Why the Right Approach to Data Management Will
Enable the Potential of Small-molecule RNA Sodifiers as
Drug Targets to be Fulfilled

The Evolution in Drug Development

The approaches used for drug discovery
have changed markedly over the last 50
years, as new enabling technologies have
emerged and evolved. Prominent amongst
these is the revolution in genomics and
protein sequencing tools that enabled high-
throughput screening of small-molecule
libraries to become viable - and indeed
this remains a widely used route today.
However, powerful as this route is, it is
time-consuming and resource-intensive,
prompting scientists to develop new tools
to speed up the identification of candidate
drugs.

For example, advances in molecular
modelling and computing power now
enable in silico screening to play a major
role in drug development, while improving
capabilities in the analysis of ligand-protein

complexes by NMR and XRD have aided
the development of fragment-based lead
discovery. Above and beyond this, and
drawing on an ever-growing portfolio of
analytical and biotechnological methods,
biologics are now playing a major role as
therapeutics, with peptides, antibodies,
nucleic acids, blood components and cell
therapies all seeing success in recent years.

A Promising Paradigm -

RNA as a Drug Target

Joining this evolving portfolio of approaches
to drug discovery is a paradigm - first
suggested thirty years ago' - that suggests
that RNA structures could be targeted
using small molecules, in a way that is
analogous to the targeting of protein
structures. Termed the ‘RNA revolution’? this
approach has for a number of years been
developed using antisense oligonucleotides
and small interfering RNAs, which work by
complementary base-pairing with the target
and have helped researchers to identify
therapeutically tractable target RNAs.
However, small molecules are now receiving
increased interest, thanks to their generally
better pharmacological properties and
easily tunable structures, but particularly
because of their ability to ‘reprogram’ RNA
processing.

This reprogramming capability opens the
possibility of treating diseases in entirely new
ways that overcome challenges associated
with protein-based targets. Perhaps most
importantly, by targeting RNAs directly, the
activities of proteins that are difficult to
drug, or prone to give rise to undesirable
side-effects, could be modulated. This
potential is already beginning to be realized,
with the small-molecule drug risdiplam
(Evrysdi™), developed by Roche/Genentech
in collaboration with PTC Therapeutics,
having received FDA approval in 2020 for
the treatment of spinal muscular atrophy.?

Addressing the Challenge of Data
Processing

There are two interconnected data analysis
challenges in RNA targeted therapy
development: 1. The identification of disease
modifying intervention points in the RNA
splicing process and, 2. Detecting alterations
in splicing at genome scale both broadly

(selectivity) and specifically at the disease
modifying intervention points. Developing
RNA-targeting small molecules as drug
targets first requires identification of areas
on the mRNA molecule that are relevant
to the disease or trait in question. This
can be done using genome- or phenome-
wide association screening (GWAS and
PheWAS) in conjunction with quantitative
trait loci (QTL), to identify mutations in
specific regions of mRNA that occur more
frequently in people with that disease or
trait, compared to those without it.

Mutations that occur in regions of
precursor mRNA involved in the splicing
process are of particular interest, because
cellular differentiation is understood
to result from restriction of transcript
expression stemming from the coordinated
retention of introns. For this reason, RNA
mis-splicing is believed to be the root cause
of an array of human diseases.* It is known
that mis-splicing occurs in specific cell types
within tissues, which is essential information
of MoA determination of interventions.

As a result, QTLs are seen as valuable
for identifying splicing steps that may be
useful to modulate. However, because of
the amount of data involved, the standard
approach up to now has been to select a
small number of relevant genes for study,
but this is inflexible because if it is decided
to change them at a later date, then a new
database must be created.

A more complete approach would be to
use the full genome in the database, and
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this indeed has been done in a recent study
used GTEX consortium data to look at eQTLs
for 89 large GWAS studies.> Such work has
considerable potential, and the authors
demonstrate that tissue specific information
can be gleaned from the analyses. Moreover,
a recent bioRxiv paper from Aviv Regev's
laboratory at the Broad Institute, shows
that the methodology can further be refined
to offer cell type specific eQTLs which
provide detailed mechanistic insights into
associations that are masked by bulk tissue
analysis like the GTEx consortia’s.t

In Practice - The Challenge of Data
Processing

The work by the GTEx consortium is an
excellent starting point for understanding
how QTLs could be used in the identification
of new drugs. However, it does illustrate
that the value of mechanism of action
information in a national biobank data
depends crucially on the database tools
that are used to store and process it.

For example, current approaches in many
genomic studies rely on file based systems
with repetitive operations to extract, curate,
transform and load data, that increases the
time taken (and hence the computational
costs) for every question asked. In addition,
scientifically accepted tools are often
extremely inefficient in analysing population
scale datasets, making analysis of population
scale datasets prohibitively expensive or
simply impossible. Alongside these factors is
a need to improve data management, using
tools tailored for the purpose and designed
to enhance the ability to collaborate across
teams.

We think that a fundamentally different
data storage model is needed to tackle these
multiple challenges: one that dispenses
with row wise indexing used by so-called
‘relational databases. We believe that
complex, heterogeneous datasets should
be arranged in multidimensional arrays,
allowing data to be stored and accessed
horizontally and vertically. This approach
allows much greater flexibility in curating
and accessing multi-attribute data across
multiple datasets, including metadata
such as ontologies and reference data. It
also allows multiple queries to be run on
multiple datasets at the same time, all in a
secure environment.

To add functionality to this underlying
database, rather than assembling (and
needing to maintain) an ad-hoc group
of open-source algorithms or analysis

packages, a suite of application pro-
gramming interfaces (APIs) can be called
into play, tailored to the requirements of
the application. These provide purpose-
built data schema, interfaces, and task-
relevant functionality, using vocabulary
appropriate to the application. To ensure
ease of use by those without programming
expertise, interfaces can be set up focused
on achieving easy data visualisation and
exploration by non-specialists, allowing
multiple researchers to cross-analyse and
share hypotheses that they're working on.

Scaling-up analyses without experiencing
a slow-down in responsiveness is now
needed more than ever for genomics
studies, and using the approach described
here, we can readily apply it to the study
of small-molecule RNA modifiers. To
illustrate potential time and cost savings,
we recently enabled a protein QTL to run
40 times faster than previously, while at
the same time reducing computing costs
30-fold. In another case, a large GWAS
computation involving 10° linear regressions
was completed in just one hour, with a
computing cost of less than $300.

The Future with an Abundance

of Multi-omic Data

The abundance of multi-omics data
now available means a new era in the
development of small-molecule drugs that
target RNA, rather than proteins directly.
This approach has great potential for
circumventing the limitations of protein-
based targets, but we believe it requires a
new approach to data management.

Specifically, it is time to dispense with
relational databases and the restrictions
they impose, and instead use a vector-
based approach that allows disparate
datasets to be stored in multidimensional
arrays. This allows databases to be made
‘future-proof’, enabling a wide variety of
queries to be run without the need for
laborious reconfiguration, and the whole
infrastructure to be readily scalable without
incurring heavy computing costs. Enabled by
and enhancing this novel database approach
are ‘application programming interfaces),
allowing users to access and query data
in an environment that doesn't require
familiarity with programming languages,
while facilitating easy collaboration
between geographically separated teams.

With such database systems in place, we
think that future work in the world of small-
molecule targets for RNA should become
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far easier than at present, enabling insights
into new drugs based on this paradigm to
emerge far more readily.
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