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ABSTRACT

Understanding adhesion receptor signalling dysregulation in cancer settings is vital for the effective and safe
incorporation of adhesion-targeted therapeutics in the clinic. B1-integrin is a major extracellular matrix adhesion
receptor that has been shown to control important processes such as proliferation, cell cycle progression, apoptosis
and cell migration. $1-integrin signalling pathway is complex and can crosstalk with many tumorigenic pathways.
It is therefore not surprising that enhanced B1-integrin signalling has been reported to correlate with progression
and therapy resistance in many types of cancers. Therefore, a complete understanding of the pathways and genes
altered in all cancer types is essential to identify novel therapeutic options specific for certain cancer types. In this
study, a pan-cancer analysis was performed to identify alterations of B1-integrin and most dysregulated cancer-
related genes (106 genes, Kegg map05200) using 2565 patients whole genomes data (ICGC/TCGA, 2020).
OncoPrint, mutations, copy number alterations (CNA), mutual exclusivity and pathway enrichment were
conducted using cBioPortal. PathwayMapper, an interactive graphical editing tool allowing collaborative curation
was used to view altered genes and pathways with alteration frequencies. Pathway enrichment analyses related to
genetic alterations identified the Wnt signaling was the most frequently altered pathway. Mutual exclusivity
analyses showed that Bl-integrin-Wnt; B1-integrin-LRP5/LRP6 and Pl1-integrin-FZD pairs exhibited co-
occurrence, two sided fisher exact test indicates p < 0.001. This has shown a link between B1-integrin and Wnt/p-
catenin pathways. Genetic alterations of B1-integrin receptor, whether these mutations will cause an activation of
the Wnt/p-catenin pathway and their effects on overall survival and metastasis will be further examined.
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Introduction

Cell-cell adhesion and cell-extracellular matrix
interactions are critical for maintaining tissue
architecture and regulating cellular functions.
Integrins play a crucial role and serve as primary
mediators of these interactions. The integrins
comprise ofa family of 24 af pairs of
heterodimeric transmembrane adhesion receptors
with a total of 18 o subunits and 8 § subunits in
mammals (1). Integrin Bl is the most common
subunit and the dysregulation of integrin B1-
mediated signaling plays a major role in cancer
by regulating multiple cellular processes.
Integrins may directly regulate cellular maotility,
cancer cell proliferation, survival, and metastasis
via binding to extracellular matrix (ECM)
elements and  participating in ECM
reorganization (2, 3).

Integrins are capable of recognizing a wide
variety of extracellular ligands, including
transmembrane receptors on the surface of other
cells and ECM proteins involved in cell-cell
junctions. Both o and [ subunits mediate
adhesion and interact with extracellular matrix
components such as laminin, collagen,
fibronectin and vitronectin via their large
extracellular domains allowing them to sense
stimuli from ECM and respond them
accordingly. In addition, integrins also engage
with FAK, AKT, MAPK, and Src family kinases
to facilitate signaling via their transmembrane
and cytoplasmic domain enabling them to
regulate cell survival, migration and resistance to
conventional therapies (4). Integrin and integrin-
linked processes have been involved in almost
every step of cancer development progression
from tumor initiation and proliferation to
metastatic niche formation which includes
intravasation, circulating cancer cell survival and
extravasation (5, 6).

B1-integrin expression is considerably altered in
many types of cancer including breast, prostate,
pancreatic cancer (7). Genes related f1-integrin
pathways were found significantly dysregulated
in hepatocellular carcinoma (HCC) as well.
These altered genes has also been found to
associate with Ras/Raf/MAPK and mTOR
pathways which enhances proliferative signals
and facilitates metastasis (8). Knockdown of
integrin B1 inhibited invasion and also enhanced
radiosensitivity, via suppression of the
downstream focal adhesion kinase
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(FAK)/cortactin signaling pathway in laryngeal
cancer cells (9). Recent findings suggest that
integrins are master regulators of oncogenic
processes and also play a central role in
contributing to drug resistance (10). Ahmed et al.
have shown that inactivating B1-integrin leads to
selective apoptosis and cytostasis in breast cancer
cells, indicating its involvement in DNA repair
mechanisms through pathways regulating
survival signaling in response to DNA damage
(11). Pl-integrin could serve as potential
therapeutic targets. Dysregulated [B1-integrin
signaling plays an important and multifactorial
role in cancer. Its involvement in processes such
as proliferation, migration and therapy resistance
makes it as a valuable therapeutic target.
However, due to its complex, context-dependent
behavior of Bl-integrin linked pathways and
sometimes antagonistic roles in cancer cells,
therapeutic targeting of integrin B1 still presents
a challenge despite decades of research.
Therefore further elucidation of Pl1-integrin
signaling is required for the development of new
treatment strategies in order to improve patient
outcomes. As mentioned earlier, f1-integrin can
interact with a wide range of intracellular partners
and crosstalk with tumorigenic pathways and
complete understanding of the pathways and
genes altered in all cancer types is essential to
identify tumor-specific therapeutic approaches.
In this study, a pan-cancer analysis was
performed to identify alterations of B1-integrin
and their association with key dysregulated
cancer-related genes. We aimed to explore a
potential link at the genomic level across multiple
cancer types to provide insight into its clinical
relevance.

Materials and Methods

Whole-genome data from 2,565 patients were
obtained through TCGA and ICGC databases
(12). A curated set of 106 cancer-associated
genes was selected based on the KEGG
"Pathways in cancer" (map05200). Data were
analyzed via cBioPortal, employing tools such as
OncoPrint visualization, mutation profiling, copy
number alterations (CNASs), mutual exclusivity
analysis, and enrichment mapping. The cBio
Cancer Genomics Portal (http://cbioportal.org) is
an open-access resource for interactive
exploration of multidimensional cancer genomics
data sets (13, 14). The cBioPortal for Cancer
Genomics, established by the Memorial Sloan
Kettering Cancer Center, serves as an intuitive
platform designed to facilitate the integration and
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interpretation of complex datasets generated by
large-scale cancer genomics initiatives. It
facilitates the direct exploration and analysis of
genomic alterations within expansive cancer
datasets, thereby supporting data-driven
discoveries across the oncology community. A
pan-cancer analysis was performed to identify
alterations of B1-integrin and most dysregulated
cancer-related genes (106 genes, Kegg
map05200) using whole genome data. To explore
genomic alterations across the selected gene set,
OncoPrint plots were generated using the
cBioPortal platform. These visualizations
enabled the detection of alteration patterns—
particularly mutual exclusivity and co-
occurrence among key genes within the pathway
of interest. Co-occurrence and exclusivity
analyses were conducted using Fisher’s exact test
(p < 0.001 considered significant).

To visualize and annotate cancer-related

signaling pathways, we employed
PathwayMapper, a web-based collaborative
platform  specifically  designed for the

visualization and real-time editing of curated
cancer pathways (15). The PathwayMapper tool
is accessible at http://pathwaymapper.org and the

code is available on Github
(https://github.com/iVis-at-Bilkent/pathway-
mapper). PathwayMapper is based on the

Cytoscape.js (16) graph library, uses backbone.js
in the frontend, and node.js and the Google
Realtime API in the backend. This tool enables
the integration of genomic alteration data
retrieved from cBioPortal, and supports both
individual and multi-user curation environments

with concurrent editing capabilities and conflict
resolution. Pre-curated pathways were overlaid
with mutation and copy number alteration data
using a bidirectional color scheme: positive
values, indicating activating alterations, were
represented with a white-to-red gradient, while
negative values, corresponding to inactivating
events, were shown in a white-to-blue gradient.
Exported pathway maps, generated in scalable
vector graphics (SVG) format, included
alteration frequencies for potential use in
publication-quality ~ figures. This approach
allowed intuitive identification of frequently
altered nodes and facilitated the contextual
interpretation of pathway-level perturbations.

Results

Mutual exclusivity and co-occurrence analyses
revealed a significant pattern of co-occurrence
between Pl-integrin (ITGB1) and multiple
members of the Wnt signaling family, suggesting
a potential functional relationship. The two-sided
Fisher’s exact test demonstrated statistically
significant co-occurrence between P1-integrin
and several Wnt pathway genes, with p values <
0.001. Among the top-correlated genes, WNT9A
showed the highest positive association with 1-
integrin alterations (Spearman’s p = 0.181, p =
892 x 107, g = 4.94 x 10°%), followed by
WNT2B (p = 0.174, p = 3.47 x 10-*) and WNT2
(p = 0.139, p = 1.08 x 107°). These genes are
known to be involved in canonical and non-
canonical Wnt/B-catenin signaling, reinforcing
the notion of integrin-Wnt crosstalk in cancer
(Tablel).

Table 1. Correlation of Bl-integrin (ITGB1) alterations with Wnt pathway gene alterations in pan-

cancer analysis.
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==== cBioPortal Data Sets
e
Correlated Gene Cytoband
WNTOA 1g42.13
WNT2E 1p13.2
WNT2 7g31.2
WNT5A-AS 3p14.3
WNT7E 22q13.31
WNT3A 1g42.13
WNT5A 3p14.3
WNTOB 17g21.32
VWNTS3 17921.31-g21.32
VN T4 1p36.12
WNTSE 12p13.33
VWNT11 11913.5
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nes (ICGC/TOCGA, Nature 2020)
2565 patients) - ITGB1, CASP3 & 105 other genas #

Spearman's p-Value qg-Value
Correlation -
0.181 8.92e-9 4.94e-8
0.174 3.47e-8 1.79e-T
0.139 1.080e-5 3.907e-5
0.126 7.288e-5 2.309e-4
0.125 T.626e-5 2.409e-4
0.125 B8.377e-5 2.62Te-4

0.121 1.267e-4 3.851e-4
0.0977 2.085e-3 5.050e-3
0.0951 2.729e-3 6.453e-3
0.0927 3.497e-3 8.0T4e-3
0.0846 T.7T25e-3 0.0165
0.0303 0.340 0.436
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Mutual exclusivity analysis revealed statistically
significant co-occurrence patterns between [1-
integrin (ITGB1) and key upstream components
of the Wnt/B-catenin signaling pathway,
including LRP5, LRP6, and multiple Frizzled

(FZD) receptors. Specifically, [p1-integrin—
LRP3, Bl-integrin—LRP6, and B1-integrin—-FZD
gene pairs showed strong co-alteration signals,
with p-values less than 0.001 based on the two-
sided Fisher’s exact test, indicating non-random
co-occurrence across cancer types (Table 2).

Table 2. Co-occurrence between B1-integrin and Wnt pathway co-receptors (LRP5, LRP6, FZD)

identified by

mutual
==== cBioPortal Data Sets Web APl Tutorials/Webinars

analysis.
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Pan-cancer analysis of whole genomes (ICGC/TCGA, Nature 2020)
Rl <o o o N e e o S e o TS oAk & 105 other genes &

Correlated Gene Cytoband
FZD1 7q21.13
FZD6 8q22.3
FZD7 2g33.1
FZD4 11g14.2
FZDs8 10p11.21
FZD5 2g33.3
FZD10 12924.33
FZD9 7911.23
Correlated Gene Cytoband
CTNNB1 3p22.1
Correlated Gene Cytoband
LRP5 11g13.2

Correlated Gene Cytoband
LRP6 12p13.2

These findings suggest a potential functional
interaction or coordinated dysregulation between
B1-integrin and Wnt co-receptors, reinforcing the
hypothesis that integrin-mediated adhesion
signaling may converge on or modulate canonical
Whnt pathway activity. The observed co-alteration
supports the proposed crosstalk between [(1-
integrin and Wnt/B-catenin signaling in the
context of tumor progression.

Pathway enrichment analysis of genomic
alterations across the pan-cancer dataset
identified the Wnt signaling pathway as one of
the most frequently altered biological networks.
To visualize these alterations in a structured and
pathway-centric context, we used
PathwayMapper, an interactive web-based tool
designed for collaborative pathway curation. The
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Spearman’'s p-Value q-Value
Correlation -
0.337 9.81e-28 3.45e-26

0.249 2.02e-15 2.35e-14

0.209 2.85e-11 2.14e-10

0.196 4.42e-10 2.89e-9

0.193 9.73e-10 6.07e-9

0.189 1.86e-9 1.12e-8
0.0465 0.144 0.214
0.0144 0.652 0.729
Spearman's p-Value q-Value
Correlation -
0.340 2.74e-28 1.01e-26
Spearman's p-Value q-Value
Correlation -
0.210 2.37e-11 1.79e-10
Spearman's p-Value q-Value
Correlation -
0.334 2.60e-27 8.81e-26

platform enabled the mapping of mutation and
copy number alteration frequencies onto a
curated Wnt signaling pathway diagram. As
illustrated in Figure 1, numerous components of
the Wnt/B-catenin pathway exhibited notable
alteration frequencies. Key structural genes such
as APC (8.5%), CTNNBL1 (6.4%), and AXIN2
(7.1%) were among the most frequently altered.
Upstream receptor elements, including LRP5
(4.8%), LRP6 (5.7%), and Frizzled (FZD)-
associated components, also showed appreciable
alteration levels. These results highlight both
core and peripheral dysregulation within the Wnt
signaling  axis,  suggesting  widespread
perturbation of this pathway across various
cancer types.
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Figure 1. Alteration frequencies of genes involved in the Wnt/B-catenin signaling pathway, visualized
using PathwayMapper. Red intensity reflects the percentage of cases with genomic alterations for each

gene across 2,565 samples.

Furthermore, OncoPrint plots supported the
presence of co-alteration patterns rather than
mutual exclusivity among these gene pairs.
Collectively, these findings suggest that Pl1-
integrin may contribute to oncogenic processes in
part through its association with Wnt pathway
activation,  potentially  promoting  tumor
progression.

Discussion

The Whnt signaling pathway was found to be the
most notable alteration observed across the
cohort.  Co-occurrence  analysis  showed
significant associations between B1-integrin and
Wnt pathway members, including LRP5, LRP6
and FZD receptors. Alterations of B1-integrin
were co-detected with alterations of Wnt pathway
genes which indicates a potential functional
crosstalk. It was found that Bl1-integrin—-Wnt
interaction was consistent across various cancer
types. These findings suggest that B1-integrin
have a potential role in regulating Wnt signalling
activity.

The Wnt protein family consists of 19 secreted
glycoproteins which activates various signalling
mechanisms and plays an important role in cell
proliferation, cell adhesion, differentiation and
migration (17). The Wnt signalling pathway
include canonical and noncanonical pathways.
The canonical Wnt signaling pathway is activated
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by the binding of Frizzled and LRP5/6 receptors.
This interaction prevents the degradation of [3-
catenin so fB-catenin accumulates in the cell. The
accumulated f-catenin is then transported to the
nucleus, initiating transcription of target genes.
Non-canonical Wnt pathway is independent of 3
catenin and generally regulate processes such as
cellular polarity, motility, and calcium signaling.
While the canonical Wnt pathway primarily
regulates cell proliferation, the noncanonical Wnt
pathway is involved in regulating cell polarity
and migration (18).

Previous studies have shown that integrin
activation can amplify Wnt signals. Du et al.
found that integrin upon activation on a stiff
extracellular matrix, phosphorylates downstream
molecules and this results in GSK3[-
phosphorylation. Consequently, degradation of
B-catenin is inhibited, catenin accumulates and
stabilized catenin enters the nucleus to initiate [3-
catenin/Wntl feedback via binding wntl-
promoter (17). Another study showed that
integrin activation leads to cisplatinresistance in
melanoma cells via integrin-driven PI3K/AKT
signalling and activation of canonical Wnt
pathway by phosphorylation and deactivation of
Gsk3-B (19). Additionally, another study showed
that loss of Pl-integrin downregulates Wnt
signaling, which can be rescued by reactivating
downstream effectors like Racl (20). Taken



together, these findings supports B1-integrin—
induced Wnt pathway activation.

We discussed in previous sections that integrins
can directly regulate the proliferation and cell
migration of cancer cells by binding to ECM
elements. Monoclonal antibodies have been
developed to prevent the transmission of integrin-
related mechanical and biochemical signals from
the cancer microenvironment. As a result strong
preclinical results have been obtained. While
preclinical experiments demonstrate the potent
antitumor effects of integrin-targeted therapies,
including monoclonal antibodies and synthetic
molecules, unfortunately, the same effect has not
been observed in patients in clinical trials, and
they have largely failed to halt tumor progression
(21-23). The disappointing results regarding
patient survival, disease stabilization, and
metastasis formation may be due to the
complexity of integrin mechanisms, the
development of anoikis resistance, and their
ability to compensate for each other. Therefore,
more comprehensive investigation of integrin
and related mechanisms is necessary to improve
the efficacy of integrin-targeted therapies.

Conclusion

This study highlights a significant genomic
correlation between Pl-integrin and Wnt/B-
catenin pathways across multiple cancers.
Although these findings support a functional
interaction between Wnt/B-catenin and Pl1-
integrin, this relationship needs to be further
confirmed with functional studies.
Understanding this relationship may uncover
new therapeutic targets, especially in tumors
showing resistance to conventional treatments.

The Ethics Committee

Ethical approval was not required for this study
as it did not involve human or animal subjects.

Conflict of Interest

The author declares that there is no conflict of
interest.

Authorship Contributions

Conceptualization: SE, SO

Collection of data and analysis: SE, SO, OBE
Writing, review and editing: SE, SO, OBE

All authors have read and agreed to the published
version of the manuscript.

46

Financial Disclosure

The author declares that no financial support was
received for the conduct of this research or
preparation of this manuscript.

Acknowledgements

9. International Congress of Molecular Medicine
(18-20 Aralik 2023)

References

1. Mezu-Ndubuisi, O. J., & Maheshwari, A. (2021).
The role of integrins in inflammation and
angiogenesis. Pediatric research, 89(7), 1619-
1626.

2. Sun, L., Guo, S., Xie, Y., & Yao, Y. (2023). The
characteristics and the multiple functions of
integrin Bl in human cancers. Journal of
translational medicine, 21(1), 787.

3. Li, Y., Peng,S., Xu,lJ., Liu,W., & Luo, Q. (2025).
Integrin signaling in tumor biology: mechanisms
of intercellular crosstalk and emerging targeted
therapies. PeerJ, 13, €19328.

4. Pang, X., He, X., Qiu, Z., Zhang, H., Xie, R., Liu,
Z., .. & Cui, Y. (2023). Targeting integrin
pathways: mechanisms and advances in
therapy. Signal Transduction and Targeted
Therapy, 8(1), 1.

5. Hamidi, H., & Ivaska, J. (2018). Every step of the
way: integrins in cancer progression and
metastasis. Nature Reviews Cancer, 18(9), 533-
548.

6. Cooper, J. and Giancotti, F. (2019). Integrin
signaling in cancer: mechanotransduction,
stemness, epithelial plasticity, and therapeutic
resistance. cancer Cell, 35(3), 347-367.

7. Pan, B., Guo, J., Liao, Q., & Zhao, Y. (2018). B1
and B3 integrins in breast, prostate and pancreatic
cancer: A novel implication. Oncology
letters, 15(4), 5412-5416.

8. Bhat, M., Pasini, E., Pastrello, C., Rahmati, S.,
Angeli, M., Kotlyar, M., ... & JuriSica, 1. (2021).
Integrative analysis of layers of data in
hepatocellular ~ carcinoma reveals pathway
dependencies. World Journal of Hepatology,
13(1), 94-108.

9. Li, L., Dong, X., Peng, F., & Shen, L. (2018).

Integrin Bl regulates the invasion and

radioresistance of laryngeal cancer cells by

targeting CD147. Cancer cell international, 18,

1-11.

Kariya, Y., & Nishita, M. (2025). Integrins in

Cancer Drug Resistance: Molecular Mechanisms

and Clinical Implications. International Journal

of Molecular Sciences, 26(7), 3143.

Ahmed, K. M., Pandita, R. K., Singh, D. K., Hunt,

C. R, & Pandita, T. K. (2018). Bl-integrin

impacts rad51 stability and dna double-strand

break repair by homologous recombination.

Molecular and Cellular Biology, 38(9).

10.

11.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Underwood, T. (2020). Pan-cancer analysis of
whole genomes. Nature, 578(7793), 82-93.
Cerami, E., Gao, J., Dogrusoz, U., Gross, B. E.,
Sumer, S. O., Aksoy, B. A., ... & Schultz, N.
(2012). The cBio cancer genomics portal: an open
platform for exploring multidimensional cancer
genomics data. Cancer discovery, 2(5), 401-404.
Gao, J., Aksoy, B. A., Dogrusoz, U., Dresdner,
G., Gross, B., Sumer, S. O., ... & Schultz, N.
(2013). Integrative analysis of complex cancer
genomics and clinical profiles using the
cBioPortal. Science signaling, 6(269), pl1-pl1.
Bahceci, 1., Dogrusoz, U., La, K. C., Babur, O.,
Gao, J., & Schultz, N. (2017). PathwayMapper: a
collaborative visual web editor for cancer
pathways and genomic
data. Bioinformatics, 33(14), 2238-2240.

Franz, M., Lopes, C. T., Huck, G., Dong, Y.,
Sumer, O., & Bader, G. D. (2016). Cytoscape. js:
a graph theory library for visualisation and
analysis. Bioinformatics, 32(2), 309-311.

Du, J., Zu, Y., Li,J.,, Dy, S., Xu, Y., Zhang, L., ...
& Yang, C. (2016). Extracellular matrix stiffness
dictates Wnt expression through integrin
pathway. Scientific reports, 6(1), 20395.

Liu, J., Xiao, Q., Xiao, J., Niu, C., Li, Y., Zhang,
X., ... &Yin, G. (2022). Wnt/B-catenin signalling:
function, biological mechanisms, and therapeutic
opportunities. Signal transduction and targeted
therapy, 7(1), 3.

Piva, M. B. R., Jakubzig, B., & Bendas,
G. Integrin Activation Contributes to Lower
Cisplatin Sensitivity in MV3 Melanoma Cells by
Inducing the Wnt Signalling Pathway. Cancers
(Basel) 2017; 9.

Olabi, S., Ucar, A, Brennan, K., & Streuli, C. H.
(2018). Integrin-Rac signalling for mammary
epithelial stem cell self-renewal. Breast Cancer
Research, 20(1), 128.

Hersey P, Sosman, J, O'Day S et al. (2010). A
randomized phase 2 study of etaracizumab, a
monoclonal antibody against integrin
avp3,£dacarbazine in patients with stage IV
metastatic melanoma. Cancer: Interdisciplinary
International Journal of the American Cancer
Society, 116(6), 1526-1534.

Besse B, Tsao LC, Chao DT et al. (2013). Phase
Ib safety and pharmacokinetic study of
volociximab, an anti-a5p1 integrin antibody, in
combination with carboplatin and paclitaxel in
advanced non-small-cell lung cancer. Annals of
oncology, 24(1), 90-96.

Stupp R, Hegi ME, CENTRIC Study Team et al.
(2014). Cilengitide combined with standard
treatment for patients with newly diagnosed
glioblastoma with methylated MGMT promoter
(CENTRIC EORTC 26071-22072 study): a
multicentre, randomised, open-label, phase 3
trial. The lancet oncology, 15(10), 1100-1108.

47



