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Atherosclerosis

Fig. Atherosclerosis complications. Dr Philip Barlow Mills FCP (SA).
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Atherosclerosis

Treatment

Atherosclerosis

Prevention is generally by eating a healthy diet, exercising, 

not smoking, and maintaining a normal weight.[4]

Treatment of established disease may include medications 

to lower cholesterol such as statins, blood pressure 

medication, or medications that decrease clotting, such as 

aspirin.[5]

A number of procedures may also be carried out such as 

percutaneous coronary intervention, coronary artery stent, 

coronary artery bypass graft, or carotid endarterectomy.[5]

https://en.wikipedia.org/wiki/Healthy_diet
https://en.wikipedia.org/wiki/Body_mass_index
https://en.wikipedia.org/wiki/Atherosclerosis#cite_note-NIH2016Pre-4
https://en.wikipedia.org/wiki/Cholesterol
https://en.wikipedia.org/wiki/Statin
https://en.wikipedia.org/wiki/Blood_pressure_medication
https://en.wikipedia.org/wiki/Aspirin
https://en.wikipedia.org/wiki/Atherosclerosis#cite_note-NIH2016Tx-5
https://en.wikipedia.org/wiki/Percutaneous_coronary_intervention
https://en.wikipedia.org/wiki/Coronary_artery_bypass_graft
https://en.wikipedia.org/wiki/Coronary_artery_bypass_graft
https://en.wikipedia.org/wiki/Carotid_endarterectomy
https://en.wikipedia.org/wiki/Atherosclerosis#cite_note-NIH2016Tx-5


Atherosclerosis – Biomarkers

Inflammation

Sakthi Kumar et al., 2021 Drug Delivery



Atherosclerosis – vascular inflammation

Fig. Atherosclerotic plaque. Chmielewski, Piaszyk-Borychowska et al., Int Rev Immunol, 2016.



Signal integration in inflammation
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RNA-seq experiment outline
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Piaszyk-Borychowska et al., submitted



RNA-seq Work Flow



IGV view SMC Cxcl9 (*.wig files)IGV view SMC NOS2 (*.wig files)

IFNγ and TLR Signal integration

in SMCs: RNAseq

Piaszyk-Borychowska et al., submitted



Common

Commonly Up-regulated genes 

in response to IFNγ and LPS 

Piaszyk-Borychowska et al., submitted



Commonly Up-regulated genes 

in response to IFNγ and LPS: GO

Piaszyk-Borychowska et al., submitted



Promoter region: -950 +50 bp

Commonly Up-regulated genes in response 

to IFNγ and LPS: promoter analysis

STAT1 & p65

mediated

Signal integration?

p65
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Piaszyk-Borychowska et al., submitted



STAT1+p65 ChIP-seq 

experiment outline

Fig. Nagy Lab modified Mandrup’s ChIP protocol. Figure adapted from Nature Methods - 4: 613 – 614. 2007.
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Commonly IFNg/LPS Up-regulated 

genes: STAT1 & p65 binding

VSMCs

Piaszyk-Borychowska et al., 2019 Frontiers in Immunology
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STAT1 & p65

mediated

Signal integration?



Commonly IFNg/LPS upregulated

genes: STAT1 + p65 binding 

Piaszyk-Borychowska et al., submitted

Different “Binding Modes”



STAT1-dependent epigenetic changes 

& nearby NFκB binding 

Piaszyk-Borychowska et al., 2019 Frontiers in Immunology



Signal integration in inflammation
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Szeląg et al., Oncotarget, 2016
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Atherosclerosis – vascular inflammation

Fig. Atherosclerotic plaque. Chmielewski, Piaszyk-Borychowska et al., Int Rev Immunol, 2016.



Cell type specific gene expression is mediated via 

collaboration of LDTF and SDTF

Source: A Piaszyk-Borychowska own interpretation based on: Cell type specific gene expression. Heinz et al.

Nature reviews Molecular cell biology. 6(3):144-154, 2015.
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Characterization of cell-type specific gene 

expression in VSMC and MQ in response to IFNγ
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Piaszyk-Borychowska et al., 2019 in preparation

IFNg activated VSMC-specific transcription: 

STAT1 binding + epigenetic changes



Piaszyk-Borychowska et al., 2019 in preparation

IFNg activated MQ-specific transcription: 

STAT1-PU.1 binding + epigenetic changes





STAT1, NF-kB & IRFs 

in vascular disease

IRF

Chmielewski, Piaszyk-Borychowska et al., IRI, 2015



pSTAT1, CXCL9 and -10 in human carotid plaque SMCs

Chmielewski et al., PlosOne 2014



Atherosclerotic plaque transcriptomes:

Data Mining

Carotid

Coronary Carotid n=124

Coronary n=80

Controls n=80

Chmielewski et al., PlosOne 2014Sikorski et al., Int J Mol Sci 2014



Carotid and coronary plaques 
share a gene signature



Inflammatory genes upregulated in 
plaques can be regulated by STAT1

Genomatix



Prepared with Circos



IFNg/LPS STAT1-target genes:

Biomarkers in CAD?

Chmielewski et al., PlosOne 2014Sikorski et al., Int J Mol Sci 2014

We identified a STAT1-dependent gene 

signature that reflects a pro-atherogenic 

state in human atherosclerosis. 



STAT1, NF-kB & IRFs 

in vascular disease

IRF

Chmielewski, Piaszyk-Borychowska et al., IRI, 2015



Inhibition of STATs & IRFs 

in Vascular Disease



Sikorski et al., CGFR 2011

STAT Structure & Dimerization

Interacting 

SH2-domain
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Phosphorylated

tyrosine

Structural information: STAT1-STAT3

Chen et al., 1998, Cell, 93:827
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Becker et al., 1998, Nature, 394:145

Small compound

inhibitor



Known STAT3 Inhibitors

Qi Chen et al. Theranostics, 2019



Pipeline approach to Identify & 

Validate potent STAT inhibitors

Szeląg et al., Oncotarget, 2016



Multi-STAT inhibitors bind 

in silico STAT-SH2 models

C01L_03

STATTIC

STX-0119

Plens-Gałąska et al. 2018 

Frontiers in Immunology

STAT1 STAT2 STAT3



Genome-wide effect of multi-

STAT inhibitors

159 genes 

commonly 

inhibited by 

C01L_F03, 

STATTIC, 

STX-0119

I F N g / L P S C 0 1 L _ F 0 3 S TA TTI C S TX -0 1 1 9

0 4 8 12

GO term Biological Process Fold Enrichment

GO:0043207 response to external biotic stimulus 28.14

GO:0009607 response to biotic stimulus 27.38

GO:0006952 defense response 29.61

GO:0019221 cytokine-mediated signaling pathway 29.62

GO:0002376 immune system process 28.66

GO:0001817 regulation of cytokine production 10.67

GO:0007166 cell surface receptor signaling pathway 13.89

GO:0006954 inflammatory response 8.28

GO:0042127 regulation of cell proliferation 7.97

GO:0042981 regulation of apoptotic process 4.23

GO:0030334 regulation of cell migration 4.70

GO:0030155 regulation of cell adhesion 9.09

Vascular inflammation

Plens-Gałąska et al. 2018 Frontiers in Immunology



Multi-STAT inhibitors block inflammation 
induced EC-migration

Plens-Gałąska et al. 2018 Frontiers in Immunology



Multi-STAT inhibitors block inflammation 
induced leukocyte-EC adhesion

STATTIC (1 uM)

Plens-Gałąska et al. 2018 Frontiers in Immunology



Multi-STAT inhibitors restore inflammation 

induced impaired arterial contractility 

STATTIC (1 nM)

Mesenteric arteries

Plens-Gałąska et al. 2018 Frontiers in Immunology



STAT-target gene expression in HFD 

treated ApoEKO mice 

ApoEKO + 10 weeks HFD



Xin Zhang et al. J Lipid Res, 2017

Oncostatin M - STAT3

in Atherosclerosis



Xin Zhang et al. J Lipid Res, 2017



Pipeline approach to identify 

potent STAT & IRF inhibitors



STATs & IRFs in

Diagnostics & Therapeutics

Antonczyk et al., submitted
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