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Effects in individual studies in mouse liver

Scatterplots of genes with significant (P < 0.05 by t-test) log2-expression changes for both
the active oligo (x-axis) and the matched control oligo (y-axis). Results from four different
studies are shown. The pearson correlation coefficient and the significance of this correla-
tion is shown at the top-left in each plot. Within each study, between 20 and 150 genes
were typically identified that responded in a consistent manner irrespective of oligo. 
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How to evaluate non-specific effects across studies

Having established that there are genes that respond in the same manner irrespective
of oligo within each study we next asked if the similarly responding genes are different
between independent studies (no general effect) or if there exists a core set of genes
that respond in the same manner across all studies.
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Effects across studies in mouse liver

For each gene across 8 oligo-treatments and studies, we counted the number of treat-
ments where the gene significantly changes expression (P < 0.05). Next, we counted the
number of genes that never responded significantly to oligo treatment (first bar in figure), 
those that responded only to one treatment (second bar), those that responded to two, 
and so on, up till genes that responded significantly to all 8 treatments. A small set of 
persistent genes was identified.
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Effects across studies in human cell lines

A similar analysis as for mouse liver was performed in various human cell lines using 11
different oligos across 15 different treatments. The distribution of counts largely followed
the modeled distributions, the fraction of agreement did not change, and no genes
displayed persistent expression changes in more than half of the treatments (only 3 genes
in 7 or 8 treatments).
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Abstract
We have initiated systematic investigations of general class effects of LNA-modified 
phosphorothioate antisense oligonucleotides. To this end, we have created a reference 
set of gene-expression profiles from cultured cells, rodents, and non-human primates 
treated with different oligonucleotides.

Using this resource we are able to detect gene expression patterns that occur in subsets
of experiments and correlate these to experimental setup and oligonucleotide design. 
Ultimately this should provides us with useful information that enables the optimization of 
experimental conditions and oligochemistry and facilitates the design of efficient and safe
RNA drugs.

Here we present initial analysis that focuses on detecting non-sequence-specific effects
across multiple studies and oligos in mouse liver samples as well as across a panel of
human cell lines. Specifically, we have looked for genes which, regardless of the oligo
used, consistently display significant expression changes, here chosen as P < 0.05 by 
t-test.

We acknowledge funding from The Danish Council for Strategic Research.

Summary and conclusion
Based on a comprehensive set of LNA-modified phosphorothioate antisense oligonucleo-
tide gene expression profiles we have attempted to identify non-specific treatment effects.

In human cell lines we did not detect any non-specific effects.

In mouse liver samples, we observed that for any single study where several oligos
were profiled, we could identify genes which responded in the same manner irrespective
of the oligo (Pearson correlation r > 0.6 when comparing oligos pairwise). The number of 
genes thus identified in any single study varied between 20 and 150.

Next, we extended this analysis to investigate if it is the same general set of genes that
is always identified or a study-specific set of genes. We identified 26 genes that respond-
ed significantly for at least 6 out of 8 oligos for which profiles were available. In addition,
each of these 26 genes responded in the same direction irrespective of the oligo (fraction
of agreement >= 0.84).

These 26 genes might represent a non-specific effect of oligo treatment. All of the genes 
in this set displayed expression changes below two-fold (on average around 40%). None
of the studies included in our reference set had any adverse effects reported based on 
behavioral patterns during dosing period, organ necroscopy, and liver ALT/AST measure-
ments. The moderate expression changes may be a reflection of this. Our results are 
consistent with LNA-modified phosphorothioate antisense oligonucleotides as a safe and 
effective therapeutic modality.

What is next?
We intend to first verify the observed expression changes with qRT-PCR. 

Next, we will establish the reproducibilty of the effect in new liver samples from mice treated with oligos not included in the reference set of profiles. 

If these validations confirm that the identified genes indeed represent a non-specific oligo effect, we will attempt to correlate enrichment
of the gene set across a larger set of liver samples from mice with diverse study outcomes.
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