36 CMﬂfgﬂATﬂG RAPHY  August/September 2010

Oligonucleotides:
The Next Big Challenge
For Analytical Chemistry

Chromatographic Society Symposium at GSK Ware
27 and 28th October 2010

by George Okafo' & Chris Bevan?,*
Scinovo, GSK, Ware, SG12 ODP - >The Chromatographic Society, c/o Meeting Makers, Jordanhill Campus, 76 Southbrae Drive, Glasgow, G13 1PP

*Corresponding author: chr @meetingmakers.co.uk

Research and development of oligonucleotides as therapeutic medicines is filis, . OLIGONUCLEOTIDES

experiencing exponential growth and interest within academia, the ot | THE NEXT BIG CHALLENGE FOR ANALYTICAL SCIENCE
ey

biotechnology and pharmaceutical industries ['l. This has largely been driven

by several key historical events including:

1. The regulatory approval of the first antisense oligonucleotide (ASO) for
cytomegalovirus infection Vitravene® (1998), "B.g %

2. Approval of Macugen®, an aptamer for treatment of wet macular
degeneration (2005) &

3. The discovery by Drs Andrew Fire and Craig Mello Of gene silencing by € .I' GLAXOSMITHKLINE AMENITIES CENTRE WARE HERTS UK
RNA interference (RNAI) (published 1998, Nobel Prize, 2006).“ 27 & 28 October 2010

RNAIi technology has been used to validate gene targets, and both RNAi and ASO technologies have been used to interfere with targets that
are considered non-druggable by traditional small molecule interventions Bl. The early Nobel Prize-winning work by Fire and Mello
demonstrated that some genes in C.elegans can be switched off by the introduction of double stranded small interfering RNA (siRNA) to
block the normal translation of a specific messenger RNA to the protein product 1. This early identification of the process has been extended

to mammalian cells and the molecular process characterized.

Oligonucleotide therapeutics (miRNA) to down-regulate the production of a harmful protein 7},
Oligonucleotide therapeutics can be divided into a number of different others stimulate the body’s immune system (sequence dependant ASO
classes based on mechanism of action; and siRNA) % or work by interacting with a specific gene sequence to
1. siRNA's and microRNA ( miRNA) use RNA interference to restore function to a defective protein ( exon skipping ASO) I'. As
degrade messages via a phylogenetically conserved scientific knowledge of oligonucleotides grows coupled with increased
regulatory mechanism I evidence of clinical efficacy of these compounds as drugs, the

Anti-sense oligonucleotides (ASO) working either through steric pharmaceutical industry has considered it worth investing billions of

hindrance or RNA degradation via RNAase H degradation of double dollars to develop oligonucleotide-like drugs to treat diseases ranging

. . . . from viral infections 1'%, immuno-inflammation 13 an rtain cancer:
stranded RNA.B/Receptor or soluble mediator antagonism using single © al infections =, uno-inflammatio and certain cancers

stranded oligonucleotide ligands such as aptamers and speiglemers.! (acute myeloid luekeamia) "to rare diseases like Duchenne muscular

] i i [15]
Each oligonucleotide class has a different mechanism of action; some dystrophy "} thrombic thrombocytopenic purpura %, thought to be

caused by genetic mutations.

work by blocking a specific gene (siRNA, ASO) ¥/ or family of genes




The analytical challenge

Unlike small molecule NCE's, oligonucleotides present some uniquely
different analytical challenges due to their larger size (>3kDa and
between 20 and 40 units in length) and multiple charges. Also,
oligonucleotides can adopt complex secondary structures involving
highly specific folding and other intra-molecular conformations which
play a vital role in their biological activity. Traditional approaches have
used in-vitro bioassays to measure biological activity as an indirect
measure of secondary structure. Nowadays, more modern analytical
approaches are being developed to complement these indirect
methods and to provide a more direct assessment of oligonucleotide
conformation, not only in the formulated drug product, but also in
biological systems. To meet these challenges, analytical chemists have
had to develop novel state-of-the-art analytical solutions to address the
types of scientific problems encountered in oligonucleotide R&D. For
these reasons it is timely to hold a symposium to share current best
practices in the analysis of these challenging molecules.

The Symposium

This highly topical symposium has attracted international specialists
and pharma experts in this area who will be describing their work and
revealing the analytical challenges they face.

e Dr Vesela Encheva (LGC, Middlesex, UK) describing the
characterisation of oligonucleotide mixtures using electrospray
jonisation mass spectrometry (ESI MS). Her work has demonstrated
the utility of ESI MS for the detection and base composition
determination of oligonucleotides ranging in size from 80 to 200
base pairs. Her methodology has been directly applied to real samples
and successfully used for genotyping human mitochondrial DNA.

e Ken Cook (Dionex, UK) will describe high resolution ion exchange
separations of a broad spectrum of oligonucleotides with
automated off-line desalting for MS. Particular reference will be
made to aberrant linkage isomers of RNA, thioation and an
automated off-line desalting protocol for MS which can be
introduced as a second dimension separation. Separation of a broad
spectrum of oligonucleotides is possible and examples of control of
the separation by pH, temperature and counter ion used will be given.

e Dr. Mark J Dickman (ChELSI Institute, University of Sheffield, UK) will
explain the principles and applications of RNA chromatography.
Mark has elucidated the mechanism of the separation of RNA using
ion pair reverse phase chromatography. The high-resolution
separation of double stranded (ds) RNA was observed, in a similar
manner to dsDNA under non denaturing conditions. The versatility
of the application of RNA chromatography has been extended to a
wide range of important applications including; purification of
synthetic oligoribonucleotides.

e Resident scientist Dr George Okafo and colleagues from Scinovo,
GSK, Ware are developing radio-labelling strategies for synthetic
therapeutic oligonucleotides and will describe their procedures in

some detail. Also from GSK, Nigel Richardson and Paul Newstead

will discuss the practical implications for developing related impurity
HPLC/UHPLC methods for thiolated oligonuleotides and will
present the findings from their investigations-.

e Dr. Nadim Akhtar (Astra Zeneca) will discuss pulmonary delivery of
Oligonucleotides; focussing on analytical, formulation and
regulatory considerations in early development.

e From Roche Kulmbach GmbH, Dr. Bernhard Noll will present various
analytical methods used in the siRNA drug development process,
with a special focus on HPLC-MS. Examples of in-depth data
analysis will be presented and the challenges associated with
process development, method development and transfer will be
demonstrated using case studies. Setting of release specifications

with regard to regulatory requirements will also be discussed.

e Dr. Kathy Ackley from Girindus will describe the use of orthogonal

analytical methods for analysis of impurities in oligonucleotides.

e Dr. William van Dongen (Proxylab, Netherlands) will describe the
development of UPLC methods for characterisation of synthetic
oligonucleotide drugs. Synthetic oligonucleotides are short nucleic
acid chains, typically 15-35 nucleotides long, which can direct gene
expression in a sequence specific manner. This class of therapeutic
agents target the diseases literally at the nucleus resulting in a
broad therapeutic range. In his presentation, the process of
analytical method development and qualification for

oligonucleotide products will be outlined.

Any analyst who wishes to stay at the forefront of the subject will benefit
from the knowledge shared at this symposium and should make every
effort to attend. For details on how to register for this exciting
symposium, please contact The Chromatographic Society through our

secretariat Meeting Makers using the contact details listed above.
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