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Revolution in Biomedical Research
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Biological Big Data
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Biological Big Data
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To face this massive amount of data
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Challenges for the future




1) Accept the complexity

PRECISION MEDICINE:

Integrating multi-omics, clinical and real world data

“omic”’ Latin suffix "ome’’ = massor many. Genome

Transcriptome

Proteome
Metabolome
Microbiome

Epigenome

Exposome
Social graph

Biosensors
Imaging

Creation of topological maps
of health/disease




2) Integrate data from different sources

Processing Integration

Analysis Statistics
Visualization Interpretation

Data Management

Biological
Understanding
and
Biomarkers



3) Find a common language
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Expression analysis
(Breast cancer subtypes)

SWIM analysis Venn analysis Survival analysis Model fitting
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SWIM analysis

https://github.com/sportingCode/SWIMmeR.git
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https://github.com/sportingCode/SWIMmeR.git

Switch genes
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They show coherent patterns of
correlation suggesting they may be co-
regulated or functionally related

They form localized connected
subnetworks in the correlation
network

They are not local hub within their
own module

They are important connector nodes
able to convey information between
modules of the correlation network
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SWIM-based analysis of BC subtypes

Patients classification
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Common switch genes among BC subtypes

PAMS5O0 classification IHC classification

[ Her2-enriched | Luminal A

Luminal B like (HER2+) Luminal HER2 -

Gene name Gene description Location Type(s) Gene stable ID

AURKA aurora kinase A Nucleus kinase ENSG00000087586
CCNB1 cyclin B1 Cytoplasm kinase ENSG00000134057
CCNB2 cyclin B2 Cytoplasm other ENSG00000157456
cDC20 cell division cycle 20 Nucleus other ENSG00000117399
CDC45 cell division cycle 45 Nucleus other ENSG00000093009
CDK1 cyclin dependent kinase 1 Nucleus kinase ENSG00000170312
ESPLI extra spindle pole bodies like o o peptidase  ENSGO0000135476

1, separase

NEK2 NIMA related kinase 2 Cytoplasm kinase ENSG00000117650
PLK1 polo like kinase 1 Nucleus kinase ENSG00000166851
PTTGI PTTG1 regulator of sister Nucleus transcription ENSG00000164611

chromatid separation, securin regulator

RADS54L RAD54 like Nucleus enzyme ENSG00000085999




Aurora Kinase A (AURKA)

It is a kinase with a key role in cell division and cell-cycle progression

It is critical for proper formation of the mitotic spindle and chromosomal segregation
It is deregulated in many human cancers

It collaborates with numerous tumor suppressors (e.g., p53, BRCA1, BRCA2)

It is suggested as a priority pharmaceutical target for the treatment of cancers

Cytoplasm

. Suival .
Inflammation
Angiogenesis

Molecular cancer, 14(1), 1-13, (2015)



% of cell growth

% of cell growth

AURKA protein: experiments in BC cell lines
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AURKA protein: experiments in BC tissues

Breast specimens Number of samples

Control 4

Luminal A 6

Luminal B 5 Her2
Her2-enriched 8

Triple negative 4

Triple negative

International journal of molecular sciences, 21(18), 6690,(2020)



Basal-like specific switch genes

PAMS5O0 classification IHC classification

Her2-enriched Luminal A

Luminal B like (HER2+) Luminal HER2 -
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Prognostic value of the basal-like specific switch genes
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Overexpression of the basal-like prognostic biomarkers
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The t-test was used to compare
the means of the switch genes
between normal and tumour
condition

The statistical significance was
indicated by the star symbols:
*p-value < 0.05; **p-value <
0.01; ***p-value < 0.001; ****p-
value £0.0001



Overexpression of the basal-like prognostic biomarkers
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* The ANOVA test was used to
compare the means of selected
genes in patients grouped based
on breast cancer subtypes

The t-test was used for multiple
pairwise-comparisons

The black dashed line indicates
the median value used in the
Kaplan-Meier survival analysis



median expression
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Protein expression levels

Normal Cancer Normal Cancer

LRP8 DSCC1
staining: Not detect staining: Low staining: Low staining: Medium
Antibody: HPAO73031 ~— Antibody: HPA023780
Cancer Cancer
CTPS RCOR2
staining: Not detect staining: Medium staining: Not detect staining: High
Antibody: HPAO51322 ~ Antibody: HPA021638
GINS4 TUBA1C
staining: Not detect staining: High staining: Not detect staining: Medium

Antibody: HPA026580 Antibody: HPA063394



Gene regulatory network of the basal-like

Pscan predictions

prognostic biomarkers
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Genomic and epigenomic alterations of the basal-like
prognostic biomarkers
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Conclusions

DNA RNA Protein
TFs CNVs Methylation SWIM KM analysis (log rank p- | model fitting IHC staining
value) (index R?)
TRRUST/Pscan/PP1 TCGA TCGA TCGA TCGA | other datasets | subtype | stage HPA

CENPN NRFI1 amp in BL/del in LumA | hypoin BL | switch genes | 0.02 4.9E-6 0.99 0.96 not available*
LRP8 HIC1 amp in BL/del in LumA - switch genes | 0.01 2.4E-4 0.98 0.63" | more expressed in BC
DSCC1 HMBOX1 amp in BL - switch genes | 0.05 3.5E-8 0.95 0.78 | more expressed in BC
CTPS | MYC, TWISTI-2, NRFI | amp in BL/del in LumA | hypoin BL | switch genes | 0.01 8.2E-5 0.94 0.72 | more expressed in BC
RCOR2 - - - switch genes | 0.05 4.3E-3 0.93 0.47° | more expressed in BC
GINS4 - - - switch genes | 0.04 6.4E-3 0.90 0.68 | more expressed in BC
TUBALC TP53, NFKB1 del in BL - switch genes 0.01 1.3E-6 0.89 0.76 | more expressed in BC

PRAME NRFI1, SOX9, RARA amp in BL/del in LumA | hypoin BL switch genes 0.03 9.9E-6 0.83 0.76 not available®

SLC7A11 - - - switch genes | 0.04 0.03 0.80 0.46° not available*

CDCA7 MYC, E2F1 amp in BL - switch genes | 0.01 1.3E-4 0.73 0.32" not available

GSDMC - amp in BL hypoin BL | switch genes | 0.01 4.9E-4 0.64" 0.05" not available”

Abbreviations: TFs, Transcription Factors; CNVs, Copy Number Variations; KM, Kaplan-Meier; IHC, Immunohistochemistry; PPI, protein-protein interactions;
TCGA, The Cancer Genome Atlas; HPA, Human Protein Atlas; BC, Breast Cancer; BL, Basal-like; LumA, Luminal A; amp, amplified; del, deleted; hypo,
hypomethylated. Asterisk (") was used to highlight values not satisfying the chosen thresholds as well as not available data.






