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Abstract
Motivation: Alternative splicing, as an essential regulatory mechanism in normal mammalian cells, is
frequently disturbed in cancer. Switches in the expression of alternative isoforms can alter protein
interaction networks of associated genes giving rise to cancer progression and metastases. We have
recently analyzed the pathogenic impact of switching events in 1209 cancer samples covering 24
different cancer types. Here, we are presenting CanIsoNet (Cancer Isoform specific interaction
Network), a database to view, browse and search these isoform switching events. CanIsoNet is the first
webserver that incorporates isoform expression data with STRING interaction networks and COSMIC
annotations to predict the pathogenic impact of isoform switching events in various cancer types.
Results: Data in CanIsoNet can be browsed by cancer types or searched by genes or isoforms in
annotation rich data tables. Various annotations for 11,041 isoforms and 31,748 unique isoform
switching events are provided across 24 cancer types, including proximity information to COSMIC
cancer census genes, network density data for each cancer-specific isoform, PFAM domain IDs of
disrupted interactions, domain structure visualization of transcripts and expression data of switched
isoforms for each sample.
Availability: CanIsoNet is freely available at https://caniso.net under a Creative Common License.
The source codes can be found at https://github.com/KarakulakTulay/CanIsoNet_Web
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1 Introduction
Alternative splicing is an essential mechanism to regulate the generation of various mature mRNA
transcripts from a single gene1. Dysregulation of this mechanism can lead to the overexpression of
alternative isoforms and downregulation of the canonical isoform causing an isoform switching event
in cancer (Vitting-Seerup and Sandelin, 2017; Kahraman et al., 2020) . Depending on the length and
composition of the alternative isoform, the switch event can lead to the loss or gain of protein-protein
interaction domains of the affected gene. They result in protein interaction network disruption which
can have severe functional impact (Climente-González et al., 2017). The IsoformSwitchAnalyzeR
software has been implemented to probe isoform switch events in RNA-seq data and report the
functional loss or gain of protein domains (Vitting-Seerup and Sandelin, 2019). More recently the
DIGGER database was introduced as a tool to study the interaction network of protein isoforms and
protein domains at an isoform and exon level (Louadi et al., 2021) . However, there is no current
database or webserver that provides cancer-specific isoform switching data for diverse cancer types.
Here, we describe the CANcer-specific ISOform interaction NETwork (CanIsoNet) database that
merges cancer specific isoform data with STRING (Szklarczyk et al., 2015) protein interaction
networks to visualize and identify the functional impact of isoform switching events across 24 cancer
types.
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Figure 1. Example case from CanIsoNet: A. Top 10 cMDTs, which are most frequently observed in
Breast-Adenocarcinoma samples. B. Interaction network of the isoform BRCA1-201. Red sphere
shows the protein of interest, spheres in turquoise highlight Cosmic cancer census genes. Black line
represents the lost interaction from a cMDT, while gray lines represent the remaining interactions.

2 Implementation
CanIsoNet is built upon a MySQL database with a Python Flask back-end and JavaScript/AJAX
extensions to the front-end. The Python Plotly library is used for plotting. All plots are zoomable and
downloadable. The STRING network is constructed using the STRING API and graphically adjusted
to visualize interaction disruptions and COSMIC cancer census genes using JavaScript. Domain
structures of transcripts were generated by the wiggleplotr R package (Kaur Alasoo, 2020).
Anatograms were produced by the gganatogram Rshiny app (Maag, 2018). Data in CanIsoNet can be
searched or browsed via cancer types or subsequently by gene or isoform names. To construct
CanIsoNet, we integrated the STRING database (version 10), with the domain-domain interaction
database 3did (version 2018_04), the cancer mutation database COSMIC (release v94, 28th May 2021),
the genome database Ensembl (version 75) and the protein domain family database Pfam (version 32).
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Expression data of normal samples (GTEx version 4) and cancer samples were provided by the
PCAWG project (see (Kahraman et al., 2020) for more details).

3 Results
CanIsoNet stores splicing information on a total of 7144 genes, 11,041 isoforms and 31,748 unique
isoform switching events across 24 cancer types from 1209 cancer samples. For each cancer type, we
list all detected cancer-specific Most Dominant Transcripts (cMDT) and highlight the top 10 most
frequent ones (Figure 1.A). Among the top frequent cMDTs could be transcripts that are expressed in
all samples of a cancer type, pointing out potential biomarker candidate, such as KIF4A-001, TPX2001 in Breast Adenocarcinoma (Figure 1A).
Websites dedicated for cMDT, show an isoform-specific interaction network where disruptions are
featured in a STRING interaction network (Figure 1.B). Furthermore, different statistics are provided
such as the number of disrupted STRING interactions, the relative network density score of a gene, the
type of domain-domain interactions that are lost due to isoform switch events or a list of COSMIC
cancer census gene interactors. The integration of the COSMIC database is a unique feature of
CanIsoNet, which allows users to assess the pathogenicity of a cMDT. Furthermore, for each PCAWG
sample, the relative expression values of each cMDT and the median expression value of the MDTs in
the matched normal tissue are shown on a sample specific page.
Lastly, tables of all cancer-type-specific cMDTs and all isoform-specific interactions can be browsed
and downloaded via dedicated drop-down menus or the download page.
CanIsoNet is the first isoform-specific interaction network webserver for cancer-specific isoforms
covering a total of 24 cancer types. With its user-friendly interface as well as rich annotations,
CanIsoNet supports the discovery of functional and pathogenic isoform switch events.

4 Case Study
The proto-oncogene SRC protein is a non-receptor tyrosine and it is a hub protein interacting with
proteins having role in many functions in the cell, including cell growth, cell migration, angiogenesis
and survival. Its dysregulation has been reported in many cancer types (Wheeler et al., 2009). In
CanIsoNet, we observe that a transcript of SRC, SRC-202, has been found as cMDT in Hepatocellular
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carcinoma. The network density of SRC, indicating the density of STRING interactions in the local
neighborhood, is 93%. This transcript losses ~20% of protein interaction (33 out of 167 interaction
having domain-domain information). The reason is that the SH3 (between sequence 90-137) domain
in SRC-202, enabling binding to other proteins, is lost in the transcript. The loss of this domain cause
disruption in interaction with many cancer census genes such as MAPK1, ITK, RAF1 and STAT3. All
these information can be found in the CanIsoNet.
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