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Agenda 

• Oligonucleotide discovery at Santaris 
Pharma 

• History and trends in specificity 
assessment 

• Case: Specificity of tiny LNA-
antimiRs™ 
 



 messengerRNA 

TargetSurveyor 

50-500 oligos In vitro pharmacology 

Conservation 
Uniqueness - Specificity 
Novelty (IP) 
Intrinsic properties 

Analyse all possible target sites 

In vivo pharmacology 

First screen: potency assessment 

Second screen: IC50, duration of action, specificity 

Functional assays: depends on target 

10-20 oligos 

Preliminary tolerability-screen, target engagement, ED50 
Optional: Functional screen in disease model (dependent on target) 

Preclinical development 1-3 oligos 

Optional: Expression analysis in treated target organ 

Thousands of target 
sites 

10-100 oligos 

10-20 oligos 

microRNA 

Hundreds of possible 
oligos  

1-3 oligos 

Discovery of antisense 
oligonucleotides at Santaris 



Bioinformatic collection of information about 
each possible target site 

All possible target sites 

Homologous sequences (monkey, mouse, rat) 
matching 

overlapping 

Possible off-
target RNA 
database 

matching 
3. Find target sites conserved 
 in model species 

1. Maximise specificity 

Prior art 
sequences 

4. Oligos likely to 
be potent and tolerable 

2. Find novel target sites 

Sequence of intended target 



Evolution of specificity assessment 

• BLAST individual sequences on NCBI homepage 
– Very low throughput, hard to QA, BLAST is not 

comprehensive 
• Scripted BLAST or FASTA on local databases 

– BLAST / FASTA not comprehensive 
• Suffix-array matching on local databases 

– String matching is unphysical 
• Search with energy based affinity model 

– Energy parameters not available for all 
combinations of chemistries  

• Activity model trained on omics data 
– Requires expertise and data to build, tissue 

dependencies 
• Actual omics on each oligonucleotide in relevant 

tissue/cell 
– Costly, only possible for a few candidates per 

target. Integrates all determinants for activity. 
Data can be used to improve activity model. 

Filter with 
knowledge about 
mechanism, e.g. 
seed of siRNA 



EXPERIMENTAL 
ASSESSMENT OF TINY 
LNA-ANTIMIR™ 
SPECIFICITY 

Case 

The effect of  
perfect match off-targets 



In silico screen finds hundreds of perfect 
matches! 

Does potential binding of tiny LNAs 
to perfect match sites lead to off-
target effects at the mRNA or protein 
level?  

Oligo Sequence Sites in human 
transcriptome 

Sites in mouse 
transcriptome 

Tiny antimiR-21 GATAAGCT 917 688 

Tiny antilet-7 ACTACCTC 
 

737 608 

Tiny antimiR-122 CACACTCC 
 

2416 2127 

Control oligo TCATACTA 
 

617 356 



Assess antimiR and potential off-target 
effects in a single experiment 

RISC 
miR 

antimiR 

Q: Does the antimiR derepress targets of the miR? 

Q: Direct effect on 
complementary mRNAs? 

Especially relevant for 
tiny LNA-antimiRs™ of length 8! A: mRNAs containing a seed 

target site for the miR 
should be upregulated in 
treated samples 

A: mRNAs with direct target site 
should be downregulated in treated 
samples 



Sylamer detects overpresented words in 
microarray experiment 

Sort according to t-statistics 

Analyze all possible 8-mers 
- Bin width: 100 genes 
- Test for overrepresentation 

in leading set 

TTTTTTTT 
TTTTTTTA 

TTTTTTTC 
... 
TTTTTTGA 
... 
GGGGGGGG 

8-mer sequence words 
ACACTCCA 

AACACTCC 

Setup: mice treated with oligo or control (5 per group) 



Clear engagement of target miR, no 
evidence for general effect on off-targets 



• Do 8-mer tiny LNAs inhibit Renilla luciferase activity? 
 

Tiny LNA effects on protein expression 

Obad et al Nat Gen 2011 

• No significant effect of perfect 
match to protein coding genes 



Conclusions 

• Oligonucleotide design integrates 
many factors, specificity is just one  

• In silico off-target prediction 
methodology is under rapid 
development to become more driven 
by experimental data 

• Even perfect match off-targets are 
not necessarily productive 
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