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Chuo University’s Professor Y-h. Taguchi places focus on drug
repositioning using multiple gene expression profiles

In my previous manuscripts ('), | introduced our studies of in silico drug repositioning using
gene expression profiles. Nevertheless, in these studies, we could use the single gene
expression profile to perform in silico drug repositioning. In this manuscript, the last one in
this series, | introduce our recent study “) in which we could use multiple gene expression
giofiles. Please see my previous article for more details about the in silico drug repositioning.

In the studies (-3 introduced previously, | used tensor decomposition (TD) based
unsupervised feature extraction (FE) ¢7), which was a mathematical/computational method
for data processing and was recently implemented in Bioconductor packages. )

Bioconductor is a major R package repository specific to bioinformatics, a joint computer-

oriented research field between biology and informatics. R is one of the popular computer
programming languages used for data sciences. The packages @) allow anyone unfamiliar
with TD to perform TD without difficulties.

TD-based unsupervised FE

In the study ) that | introduce in this article, we make use of TD-based unsupervised FE ©7)

to integrate multiple gene expression profiles related to Alzheimer’s disease (AD), but
without sample matching. To integrate multiple gene expression profiles, we usually need the
shared labelling between samples, e.g., healthy control vs patients. If multiple profiles share
the class label, profiles are classified into classes with each label.

For example, there are three gene expression profiles, each classified as two classes, A and
B; each class can be composed of profiles retrieved from each of the three profiles. Suppose
that A1, A2 and A3 are the sets of profiles that belong to class A in the 1st, 2nd and 3rd data
sets and B1, B2, and B3 are the sets of profiles that belong to class B in the 1st, 2nd and 3rd
data sets. The classes A and B can be composed of the joint sets (A1, A2, A3) and (B1, B2,
B3), respectively.

Even so, if this is not the case, we are unsure how to integrate multiple profiles without
shared class labels. Suppose the 1st data set is composed of two sets of profiles, A1 and
B1, that belong to the classes A and B, respectively; the 2nd data set is composed of two
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sets of profiles, C2 and D2, that belong to the classes C and D, respectively, and the 3rd
data sets are composed of E3 and F3 that belong to the classes E and F, respectively. Can
we imagine how we can integrate three profiles into one? The answer is, obviously, no.

In the study (), I introduce in this article, we prepared three gene expression profiles without
shared labels. The first one comprises three classes: cell lines with mutations, those with
gene mutation corrected, and normal cell lines. The second one is composed of cell lines
with two kinds of gene mutation and is classified into four classes depending on whether
individual genes are mutated or not. The third one is composed of AD and normal cell lines.
There are obviously no ways to integrate these three profiles directly.

Despite the difficulties mentioned above in integrating multiple profiles that lack common
class labels, since TD-based unsupervised FE allows us to integrate these three profiles and
provides us common gene expression profiles, the projections of each profile onto which
commonly exhibits coincidence with individual class labels, we can make use of this gene
expression profile as disease profiles as in the case of the study introduced previously. &)
We could integrate it with gene expression profiles of cell lines treated with various drugs.

The reason why TD-based unsupervised FE could integrate gene expression profiles without
shared labels is that individual gene expression profiles were projected to the subspace that
shares the number of dimensions with other profiles before the application of TD-based
unsupervised FE by the mathematical technique called singular value decomposition (SVD).

Since SVD allows individual profiles to have the same number of dimensions attributed to
samples, three profiles were successfully integrated by TD. Although the name of SVD was
not frequently mentioned, the mathematics behind SVD does not go beyond the fundamental
linear algebra taught in the first grade of the university.

The gene expression profiles integrated with gene expression profiles that the integration of
three gene expression profiles with TD-based unsupervised FE could provide are those
generated by drug treatments; we have already shown that TD-based unsupervised FE
could correctly identify the relationship between gene expression and drug treatment. -9

Drug treatments are considered

As many as 80 drug treatments are considered, among which TD-based unsupervised FE
identify several promising candidates, including ruxolitinib, baricitinib, and vorinostat. The
role of the JAK/STAT signaling pathway in the pathogenesis of Alzheimer’s disease was
identified (10), and ruxolitinib targets the JAK/STAT signaling pathway. Alzheimer’s Drug
Discovery Foundation approved baricitinib (') and vorinostat ("2 as promising candidates for
AD. Thus, TD-based unsupervised FE could use multiple gene expression profiles for drug
repositioning.
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In the series of manuscripts (-3, including this one, | introduced the studies in which TD-
based unsupervised FE was successfully used repeatedly. | hope that TD-based
unsupervised FE can be used for the broader range of drug repositioning in the future.
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In scilico drug_repositioning_targeting SARS-CoV-2
Development of effective drugs toward COVID-19 is urgently required, and so research
is being implemented with in scilico drug repositioning.
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