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ABSTRACT: SWIM is a recently developed network-based tool that fulfils the criteria
of the new quickly emerging field of Network Medicine in finding disease-associated
genes, called switch genes. Here, a brief summary of the promising results obtained
by applying SWIM in different biological contexts is presented.
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1 Introduction

Recently, we developed a new promising methodology, called SWIM (SWItch
Miner), which integrates different network-based methods to analyse the corre-
lation network arising from large-scale gene expression data Paci et al., 2017.
Considering the topological properties of the nodes and assessing their func-
tional roles according to their ability to convey information within and between
modules in the network, SWIM identifies a small pool of genes (called switch
genes) that are associated with intriguing patterns of molecular co-abundance
and play a crucial role in the observed phenotype.

The phenotype-specific applications of SWIM are broad and include the
identification of switch genes in grapevine berry maturation Palumbo et al.,
2014, in human cancers Paci et al., 2017, including glioblastoma multiforme
(GBM) Fiscon et al., 2018 and in chronic obstructive pulmonary disease (COPD)
Paci et al., 2020. More recently, SWIM has been applied within the framework
of Network Medicine to study the interplay between switch genes and human
diseases in the human interactome (i.e., the cellular network of all physical
molecular interactions) Paci et al., 2021.

In the following, a detailed description of the more recent applications of
SWIM to complex diseases is provided.



2 Methods

SWIM is a freely downloadable network-based tool, developed both in MAT-
LAB Paci et al., 2017 and in R language Paci & Fiscon, 2022, which predicts
important (switch) genes that are strongly associated with drastic changes in
cell phenotype. SWIM encompasses several steps detailed in Paci et al., 2017.

3 Results and Discussions

3.1 Glioblastoma

Glioblastoma is the most aggressive and frequent brain tumour, with a median
survival time of 12–15 months from diagnosis Young et al., 2015. This tumour
is resistant to the standard therapies and its aggressiveness seems to be due to
the presence of cancer stem-like cells Gimple et al., 2019. Thus, targeting
cancer stem-like cells could pave the way for new therapeutic strategies.

A recent study identified 19 neurodevelopmental transcription factors (TFs)
that are selectively expressed in glioblastoma stem-like cells to maintain their
stem-like phenotype and prevent differentiation Suva et al., 2014. A subset of
only four of them (named 4-core TFs), SOX2, OLIG2, POU3F2, and SALL2,
has been shown to be sufficient to fully reprogram differentiated cells into
glioblastoma stem-like cells Suva et al., 2014.

In order to identify switch genes related to the stem-like phenotype, SWIM
was applied to GBM dataset of Suva et al., 2014 and then the further dataset of
Schulte et al., 2011 was used to validate the results Fiscon et al., 2018. Among
the common switch genes obtained by running SWIM on the these two GBM
datasets, there is FOSL1. It is up-regulated in differentiated glioblastoma cells
and this up-regulation highly correlates with the over-expression of genes in-
volved in cell-cell communications. It is down-regulated in stem-like cells
and this down-regulation highly correlates with the up-regulation of the 4-core
of TFs. To investigate a possible co-regulation of the 4-core of TFs, their
promoter regions were inspected to search for enriched motifs and they were
found to harbour a consensus binding site for FOSL1.

Altogether these findings suggest FOSL1 as possible therapeutic biomarker
of glioblastoma, which could promote the differentiation of cancer stem-like
cells by repressing the 4-core TFs. This hypothesis has been partially experi-
mentally validated in Pecce et al., 2021.



3.2 COPD

COPD is a heterogeneous and complex syndrome influenced by both genetic
and environmental determinants, and is one of the main causes of morbidity
and mortality worldwide.

By applying SWIM on COPD Paci et al., 2020, the correlation network
turned out to be formed by three well-characterised modules: i) one popu-
lated by switch genes, all up-regulated in COPD cases and involved in COPD-
related pathways, like B cell receptor signalling pathway; ii) one populated
by negative interactors of switch genes, down-regulated in COPD cases, in-
cluding well-known GWAS genes like AGER and CAVIN1; iii) one popu-
lated by well-recognised immune signature genes, all up-regulated in COPD
cases. Switch genes appear to form localised connected subnetworks display-
ing an intriguingly common pattern of up-regulation in COPD cases compared
with controls. A more sophisticated analysis revealed that they were not only
topologically related, but also functionally relevant to the observed phenotype
as witnessed by their enrichment in the regulation of inflammatory and im-
mune responses. Finally, SWIM was applied on another severe lung disease
with an inflammatory component, i.e., the acute respiratory distress syndrome
(ARDS), demonstrating that, even though different diseases can share similar
endophenotypes, the molecular network determinants responsible for them are
disease-specific.

3.3 Network Medicine

Network Medicine is a new emerging paradigm in medicine, where disease
proteins are assumed not to be randomly scattered, but agglomerate in specific
regions of the molecular interactome, suggesting the existence of specific dis-
ease network modules for each disease Barabási et al., 2011. To quantify the
interplay between switch genes and human diseases in the human interactome,
the results obtained by the pan-cancer Paci et al., 2017 and COPD Paci et al.,
2020 SWIM-based analysis were complemented with the application of SWIM
tool on two cardiac disorders (i.e., ischemic and non-ischemic cardiomyopa-
thy) and on Alzheimer’s disease (AD) Paci et al., 2021. Switch genes associ-
ated with specific disorders were found to be not randomly scattered but they
form localised connected subnetworks. These subnetworks overlap between
similar diseases (like cancers or cardiac disorders) and are situated in different
neighbourhoods for pathologically distinct phenotypes (like AD and COPD),
showing a direct relation between the pathobiological similarity of diseases
and their relative distance in the human interactome. Finally, the first SWIM-



informed Human Disease Network was built, where nodes correspond to dis-
tinct disorders and a link occurs between two diseases if they share a substan-
tial number of switch genes. Clustering of nodes belonging to the same disease
class means that similar pathophenotypes have a higher probability of sharing
switch genes than do pathophenotypes that belong to different disease classes.
These findings support the hypothesis that SWIM-based correlation network,
when integrated with an interactome-based network analysis, not only identi-
fies novel candidate disease genes, but also may offer useful tool by which to
elucidate the molecular underpinnings of human disease and reveal common-
alities between seemingly unrelated diseases.
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