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Canonical JAK-STAT pathway  

Levy & Darnell (2002) 
Nature Reviews Molecular Cell Biology 3, 651-662 
 

JAK - Janus Kinase 
STAT - Signal Transducer and                                                                                                                                                                                                                                                                                                                       
sssssssActivator of Transcription  



General triggers of  

JAK-STAT pathway 

Levy & Darnell (2002) 
Nature Reviews Molecular Cell Biology 3, 651-662 
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STAT Family: Structure  



STAT-DNA Binding 
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&  

Disease 
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Canonical 

IFN-

signaling 

(1990) 

Michalska et al. Front in Immunol. 2018 



Michalska et al. 2018, Frontiers in Immunology  

Canonical 

IFN-

signaling 

(2020) 



IFN-signaling In Time:  

pSTAT1, pSTAT2, IRF9 & IRF1 

IFN-I IFN-II 

Michalska et al. 2019 Yamauchi et al., Scientific Rep 2016 

? ? 



Michalska et al. 2019 

IFN-I Signaling:  

ISG expression ~ binding-site composition 

76 172 62 153 

RNAseq on Huh-7.5 -/+ IFN-I 



IFN-II Signaling:  

ISG expression ~ binding-site composition 

Michalska et al. 2019 RNAseq on Huh-7.5 -/+ IFN-II 



Michalska et al. Frontiers in Immunol 2018 

ISRE-GAS composite sites: > 50 genes 

Highly induced by IFN-I and IFN-II 



Michalska et al. 2019 



How to analyze chromatin 

interactions?  



ChIPseq Work Flow 



IFN-I signaling: pSTAT1, pSTAT2, 

IRF9 & IRF1 DNA-binding 

Michalska et al. 2019 



IFN-II signaling: pSTAT1, STAT2, 

IRF9 & IRF1 DNA-binding 

Michalska et al. 2019 



Novel STAT1, STAT2, IRF9 & IRF1  

DNA Binding Modes 

Michalska et al. 2019 



Michalska et al. 2018, Frontiers in Immunology  

ISGF3, GAF 

and IRF1 

 

ISRE-GAS 

Single or 

Composite sites 

Increased Complexity 

Alternative solutions 



IFN-signaling:  
 

-Increased complexity 

-Overlap 

 

Time-dependent 

-Complex formation 

-DNA-binding &  

-ISG expression 

 

 

Biological Function? 

Michalska et al. 2019 



       Atherosclerosis 

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

Internal cartoid  

artery 

Coronary artery 

 

Renal artery 

Femoral artery 

Atherosclerotic 

plaque 



Atherosclerosis – vascular inflammation 

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

IFNa 

Atherosclerotic plaque 



Data analysis pipeline applied in the PhD Thesis 

Cell source Cell treatment Main experiments 
Genome-wide in 

silico data analysis 

WT 

C57BL
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Bone-marrow 

differentiation 

with M-CSF 
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RNA-seq 

(transcriptome data) 
+ RT-PCR 

 

ChIP-seq 
(genomic data) 

+ ChIP-PCR 
for 

STAT1, p65, histone 
marks 

 
Differential gene 

expression analysis 

 

 
Transcription factor 

binding data analysis 

 

 
Data visualisation, GO, 

Promoter analysis 

 

Western blot 
Co-IP 



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. 

LDTF 

SDTF 

Lineage Determining 

Signal Determining 



Piaszyk-Borychowska et al., 2019 in preparation  

IFNg activates VSMC and MQ-specific  

gene expression 



Piaszyk-Borychowska et al., 2019 in preparation  

IFNg activated MQ-specific transcription:  

STAT1-PU.1 binding + epigenetic changes 



MΦ-specific IFNγ-induced gene expression  

involves collaboration between STAT1 and PU.1 



Piaszyk-Borychowska et al., 2019 in preparation  

IFNg activated VSMC-specific transcription:  

STAT1 binding + epigenetic changes 



MΦ-specific IFNγ-induced gene expression  

involves collaboration between STAT1 and LDTF 



Identification of putative VSMC-LDTF  

Promoter analysis of 892 VSMC-specific genes and the 

top-50 of the IFNγ dependent VSMC-specific up-

regulated genes 



Piaszyk-Borychowska et al., 2019 in preparation  



STATs in  

Diagnostics & Therapeutics 

Antonczyk et al., 2019 Frontiers in Immunology, Adapted  

Cell-type dependent 
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Cell-type dependent 
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