RNA Interference
(RNAI)



“antisense” therapy

OmRNATITTTITOTInmanm
LI [1“antisense” RNA

X

PROTEIN



Caenorhabditis elegans




TTTTVUEEREE TR T T OmRNA
NI [Jantisense

|||”||"||”|| [Isense
|””|””|””|"”|""|”"|””| [IMRNA




TTTTVUEEREE TR T T OmRNA
PEOEREEREnn [lantisense

||||||||||||||| [Isense
|||||||||||||||||||||||||||||||||||| [IMRNA

[T [Isense/antisense
FEEEREEREERRiny (dSRNA)




OmRNA
NI [Jantisense

|||”||"||”|| [Isense

[antisense [sense/antisense (dsRNA)




Potent and specific

genetic interference by
double-stranded RNA in
Caenorhabditis elegans

Andrew Fire*, SiQun Xu*, Mary K. Montgomery*,
Steven A. Kostas*t, Samuel E. Driver: & Craig C. Mello:

* Carnegie Institution of Washington, Department of Embryology,
115 West University Parkway, Baltimore, Maryland 21210, USA
T Biology Graduate Program, Johns Hopkins University,

3400 North Charles Street, Baltimore, Maryland 21218, USA

I Program in Molecular Medicine, Department of Cell Biology,
University of Massachusetts Cancer Center, Two Biotech Suite 213,
373 Plantation Street, Worcester, Massachusetts 01605, USA

Nature 391: 806-810 (1998)



Breakthrough

Just when scientists thought they had deciphered the roles played by the cell's leading
actors, a familiar performer has turned up in a stunning variety of guises. RNA, long up-
staged by its more glamorous sibling, DNA, is turning out to have star qualities of its own.

Small RNAs Make Big Splash

Science, 20 December 2002
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RNAI-Fever Heats Up Novel Drug
Category Funding

By Malorye Branca
Bio-IT Waorld

BOSTON (10/09/02)—A clever new way to silence
genes added a little sizzle to this summer's otherwise
dull biotech market. Excitement about RMA
interference (RMAI) caught investors' attention and
helped renew overall interest in drugs that target
RMA — the key stepping stone in the path from gene
to protein.

In early August, Alnylam
Pharmaceuticals
announced it raised $17
million in early rounds of
equity financing, Alnylam
was founded earlier this
year by Polaris Venture
Partners, Cardinal
Partners, and a small
band of RNAI pioneers,
including Nobel laureate
and Biogen founder Phillip
Sharp, Sharp is also the
current director of the
McGovern Institute for




A resource for large-scale
RNA-interference-hased
screens in mammals

Patrick J. Paddison'~, Jose M. Silva'*, Douglas S. Conklin'* 1,
Mike Schiabacht, Mamie LP, Shola Aruleba’, Vivekanand Balija’,
Andy 0'Shaughnessy', Lidia Gnoj', Kim Scobie', Kenneth Chang’,
Thomas Westbrook’+, Michele Cleary’, Ravi Sachidanandam',

W. Richard McCombie', Stephen J. Elledge’+ & Gregory J. Hannon'

'Cold Spring Harbor Laboratory, Watson School of Biological Sciences,
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*Department of Biochemistry, Howard Hughes Medical Institute, Baylor College of
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* These authors contributed equally to this work

1 Present addresses: Department of Biomedical Sciences, Center for Functional Genomics, University at
Albany, East Campus, B3424, One University Place, Rensselaer, New York 12144-2345, USA (D.S.C.);
Department of Genetics, Harvard Partners Center for Genetics and Genomics, Harvard Medical School
Room 1580, NREB, 77 Avenue Louis Pasteur, Boston, Massachusetts 02115, USA (M5, TW. and S]L.E.}

Nature 428: 427 (2004).



articles

Full-genome RNAI profiling of early
embryogenesis in Caenorhabditis
elegans

B. Sonnichsen’, L. B. Koskl'*, A. Walsh', P. Marschall'*, B. Neumann'*, M. Brehm', A.-M. Alleaume'*, J. Artelt'*, P. Bettencourt' *, E. Cassin™,
M. Hewitson', C. Holz', M. Khan', S. Lazlk', C. Martin', B. Nitzsche'*, M. Ruer’, J. Stamford’, M. Winzl', R. Heinkel'*, M. Riader'*, J. Finell'*,
H. Hantsch', S. J. M. Jones’, M. Jones**, F. Plano’, K. C. Gunsalus®, K. Oegema’”, P. Ginczy™*, A. Coulson**, A. A. Hyman’ & C. J. Echeverrl’
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10003, USA

Nature 434: 462 (2005).




RNAI-mediated alleviation of motor defects in a mouse model for Huntington Disease
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RNAI-mediated reduction of cholesterol blood levels in primates by targeting ApoB mRNA

RNAi-mediated gene silencing in non-human
primates Nature 438: 685 (2006)

Tracy S. Zimmermann', Amy C. H. Lee?, Akin Akinc', Birgit Bramlagej, David Bumcrot', Matthew N. Fedoruk?,
Jens Harborth', James A. Heyes?, Lloyd B. Jeffs®, Matthias John®, Adam D. Judge®, Kieu Lam®,

Kevin McClintock?, Lubomir V. Nechev', Lorne R. Palmer? Timothy Racie!, Ingo Rohl®, Stephan Seiffert’,
Sumi Shanmugam', Vandana Sood?, Jirrgen Soutschek?, lvanka Toudjarska', Amanda J. Wheat?, Ed Yaworski?,

William Zedalis', Victor Koteliansky', Muthiah Manoharan', Hans-Peter Vornlocher” & lan Maclachlan®
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Mechanism of RNAI
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Mechanism of RNAI
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Mechanism of RNAI

RISC (RNA-Induced Silencing
| | Complex)
Guide RNA
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On the art of identifying effective and
specific siRNAs

Yi Pei & Thomas Tuschl Nature Methods 3, 370 (2006)

Table 1 | Representative siRNA sequence selection web tools

Tools URLs Comments References
siDESIGN http://www.dharmacon.com/ Scores and ranks candidate siRNAs based on thermodynamic and 6,79
sequence-related criteria. BLAST search is conducted by default.
RNAi Designer https://rnaidesignerinvitrogen.com/ Ranks candidate siRNAs using a primitive scoring system. Proprietary
rnaiexpress, BLAST search is automatic and the results are shown.
BIOPREDs? http://www.biopradsi.org An artificial neural network-based tool, which was trained with 14

~2,500 experimentally assessed siRNAs. Analysis of genome-wide
specificity is included.

Whitehead siRNA Selection server  http://jura.wi.mit.edu/bioc/siRNA Offers flexibility in defining siRNA sequence patterns and 30
selection of filter functions. Different properties of selected
siRMAs are calculated, including thermodynamic values,
polymorphisms are identified and the results of configurable
BLAST search and filtering are shown. The user can sort the
output in various ways and balance decisions.

siDE http://side.bioinfo.ochoa.fib.es/ Developed for high-throughput applications of siRNAs using 80
several published algorithms for efficacy prediction and a
nonredundant database for specificity analysis.

siSearch http://sisearch.cgh.ki.se/ The kernel algorithm focuses primarily on energy features of 31
effective siRNAs. Alternative algorithms are also implemented
and integrated in the tool. siSearch is expandable to include
newly discoverad rules.

Sirna http://sfold.wadsworth.org/sirna.pl  Sequence selection tool, which incorporates the target 36
accessibility in the evaluation. No specificity analysis.

siRNA design software http:/ www.cs.hku.hk/~sirna Candidate siRNAs proposed by various previously developed 38
sequence selection tools are classified based on target
accessibility.



Caveats with RNAI experiments

Design of
expearimant

siENA

— IFN response

Saturation Y siRNA design Design of experiment
\,_u_@ RISC l

Specific @ Specific Ami

target off-target

Confirm phenﬂwpe
specificity



Fatality in mice due to oversaturation of cellular
microRNA/short hairpin RNA pathways

Dirk Grimm’, Konrad L. Streetz'+, Catherine L. Jopling?, Theresa A. Storm’, Kusum Pandey', Corrine R. Davis?,
Patricia Marion®, Felix Salazar® & Mark A. Kay'

Nature 441, 537 (2006)
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Mechanism of RNAI
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Co-suppression phenomena in plants, insects,
fungi and protozoa

Petunia .;. | Neurospora B '-

Paramecium

Drosophila
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LIN-4 RNA precursor
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LIN-4 RNA precursor
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Why is this relevant for
therapeutic chemists ?



Tumor classification by miRNA profiling

Tumor type

Breast Colon Lung Pancreas ProstateStomach

MIiRNAS
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Volinia, Stefano et al. (2006) Proc. Natl. Acad. Sci. USA 103, 2257-2261
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OncomiR target genes
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Silencing miRNASs
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The logic of miRNA-based requlation of gene expression
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Silencing of

microRNAs in vivo with ‘antagomirs’

Jan Kriitzfeldt', Nikolaus Rajewskyj, Ravi Braich®, Kallanthottathil G. Rajeevd, Thomas Tuschl?,
Muthiah Manoharan® & Markus Stoffel'

Nature 438, 675 (2005)

miR-122: miRNA highly expressed in liver
Potential targets: mMRNAs encoding cholesterol metabolism enzymes
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Qutstanding questions:

-Efficacy
-Specificity
-High intravenous dosage required
-Inhibition of mMIRNAS has not been
observed in the brain
-Tissue-specific, diseased tissue-specific targeting?
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