
Thus, the aim of the present study, was to investigate the 
potential of PA-MSHA to induce adverse outcomes in cancer 

patients by in silico gene data-mining.
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Conclusion
• 64 genes were identified as PA-MSHA-interacting genes 
• PA-MSHA might cause immune-related side effects due 

to the immune-stimulatory mechanisms: response to 
molecule of bacterial origin, Toll-like receptor signaling 
pathway or downregulation of PI3K-Akt signaling 

• Further in vitro and in vivo investigation is needed

Toxic potential of Pseudomonas aeruginosa mannose-
sensitive hemagglutinin: in silico investigation of adverse 

outcomes in cancer patients
Dragica Bozic, Katarina Živančević, Katarina Baralić, Dragana Javorac, Đurđica Marić, Aleksandra Buha-Đorđević, Marijana Ćurčić, Zorica 

Bulat, Danijela Đukić-Ćosić

• Pseudomonas aeruginosa mannose-sensitive 
hemagglutinin (PA-MSHA) is a biologic drug that has 
immunomodulating function 

• Cytotoxic, anti-proliferative substance
• Its harmful and possibly toxic effects remain unknown

Introduction

The Pubmed.gov: http://ctd.mdibl.org - was searched manually for
publications containing: Pseudomonas aeruginosa mannose sensitive
hemagglutinin pili, or Pseudomonas aeruginosa MSHA, or PA-MSHA

Gene mania prediction server: https://genemania.org – identification of
genes related to a set of input genes based on genetic interactions,
pathways, co-expression, co-localization and protein domain similarity

ToppGene ToppFun: https://toppgene.cchmc.org/enrichment.jsp - gene list
enrichment analysis

CTD Set Analyser tool: http://ctdbase.org/tools/analyzer.go?q – gene set-
based enriched diseases (corrected p<0.01)

Methods

• Literature screening revealed 64 genes influenced by PA-MSHA: 16 
downregulated and 48 upregulated

• GeneMania network analysis of repressed genes predicted 20 related 
genes, as well as 391 tight links between them. Majority of interactions 
(38,93%) were physical protein-protein interactions, while predicted 
relations where the second most common (18.71%) (Figure 1A), while 
among upregulated genes 28.97% of were co-expressed, while 19.87% 
were in physical interactions (Figure 1B)

• The ToppGeneToppFun function listed top 10 biological processes 
(p<0.01) downregulated genes: response to hormone, regulation of G1/S 
transition of mitotic cell cycle, and protein phosphorylation, pathways in 
cancer, p53 signaling pathway, PI3K-Akt signaling; while cellular response 
to molecule of bacterial origin, biotic stimulus or lipopolysaccharides, 
Toll-like receptor signaling pathway with Toll Like Receptor 4 (TLR4) 
Cascade, and Toll-like receptor signaling related to MyD88 were enriched 
for the set of upregulated genes.

• CTD tool retrieved 236 diseases that were associated with PA-MSHA
repressed genes, such as: digestive system diseases (28 annotated
genes), skin and connective tissue diseases (23 annotated genes)
endocrine system diseases (19 annotated genes), and immune system
diseases (19 annotated genes). Moreover, infections, immune system,
skin and connective tissue, and respiratory tract diseases might have a
central role in PA-MSHA induced adverse outcomes.

Results

Figure 1. A) Tight network of 16 PA-MSHA downregulated genes and 20 related genes B) Tight network of 48 PA-MSHA upregulated genes and 20 related genes (obtained from 
GeneMania predictive server)
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