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Canonical JAK-STAT pathway

~

Tyrosine phosphorylation of

Receptar

7Plasma
membraneg

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

Nucleus

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

interleukines

Bacterial molecules
LPS
LTA
dsRNA

Levy & Darnell (2002)

General triggers of
JAK-STAT pathway

Cytokines Growth factors Peptides

' ' '

Growth  factors
EGF
PDGF

B o
Serine kinase

Src and Abl kinases STATpY(~700) > STATpY(~700)pS(~725)
1,2.3,45A5B6 1,3,4 54,58

G-coupled receptors
Angll

STAT1,3-6 STAT?: STATZ2 STAT1.3.45
STATT: STAT3



=

STAT1

STAT2

STAT3

STAT4

STATSA

STATSB

STAT6

STAT Family: Structure
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STAT Cellular functions Major diseases

1 * Cell growth and apoptosis * Atherosclerosis
* T,,1 cell-specific cytokine production * Infection D
* Antimicrobial defence * Immune disorders
uAM 2 » Mediation of IFNa/IFNB signalling » Cancer
* Infection — -

* [mmune disorders

- 3 » Cell proliferation and survival » Cancer
S TATS I n * Inflammation

* [mmune response

H e alth * Embryonic development

» Cell motility
& N * T,1 cell differentiation * Experimental autoimmune
* Inflammatory responses encephalomyelitis (multiple sclerosis)
. » Cell proliferation * Systemic lupus erythematosus
D I S e aS e 5A * Cell proliferation and survival » Cancer

* |L-2Ra expression in T lymphocytes * Chronic myelogenous
* Mammary gland development leukaemia
* Lactogenic signalling

5B * Cell proliferation and survival » Cancer
* |L-2Ra expression in T lymphocytes » Chronic myelogenous leukaemia
* Sexual dimorphism of body growth rate
* NK cell cytolytic activity

6 * Inflammatory and allergic immune response * Asthma
* B cell and T cell proliferation * Allergy

* 1,2 cell differentiation

Nature Reviews | Drug Discovery



% Viral Infection: Influenza
UaM —




)

E)

Magnitud

Anti-viral Response & IFNs
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Virus
@ Viral nucleic acid I I: N

(@) Virus enters o . .
I N Production & action

proteins

@/ ®\ block viral
%producﬁon.

IFN

Inhibition viral replication

Inhibition cell growth

Activation immune system

o> Anti-viral State

T oohs S Adaptive immune response
Infected by virus; Binds interferon
makes interferon; from cell 1; interferon
is killed by virus induces changes that

.

Copynght © 2004 Pearson Education, Inc,, publishing as Benjamin Cumnmings



Bacterial Bacterial . Gram negative . Bacterial | Bactenal
triacylated = peptidoglycan, ' bacterial LPS; , flagellin ' diacylated
lipopeptides | lipoprotein, . Fungal mannans; ' . lipopeptides and
lipotechoic acid, | Parasitic phospholipids; ' ; lipotechoic acid
and porins; | Viral enwelope proteins; '
Viral hemagghutinin ' Host heat shock proleins ,
TLR1:TLR2 | TLR2 | TLR4 ' TLRS | TLR2TLR6

'
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Recruitment of
m*prom
of protein kinases MIIPAMP:]
. Viral DS
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wanscription factors  “@>-f—fsemune . e | mseee
Y,
¥
Expression of

Inflammatory cytokines (TNF, IL-1, IL-12)
Chemokines (IL-8, MCP-1, RANTES)

Endothelial adhesion molecules (E-selectin) Endosomal

Costimulatory molecules (CD80, CD86) membrane

= Antiviral cytokines (IFNw/J})
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Canonical
|FIN-
signaling
(1990)

NUCLEUS

Michalska et al. Front in Immunol. 2018



Canonical
|FIN-
signaling
(2020)

Michalska et al. 2018, Frontiers in Immunology



IFN-signaling In Time:
PSTAT1, pSTATZ, IRF9 & IRF1

UM

IFN-I IFN-II
Huh7.5 NT2 UN ©O5h 1h 2h 4h 8h 24h 36h 48h 72h Huh7.5 NT2 UN 05h 1h 2h 4h 8h 24h 36h 48h 72h
pSTAT1 — — e — PSTAT1 S G G—
pSTAT2 —_——— — PITATZ
pSTAT3 r——— pSTAT3 TRy e I e mite ool s
tSTAT1 S ) et s ey VS Y YO 0 e Jm—) tSTAT1 — e — ey W
ISTAT2 —————— N — — w— tSTAT2 T S s v — —"— — — —
{STAT3 — — —— — — — — — — tSTAT3 T — — — — I — — —
IRF1 L —— IRF1 S e e
IRF9 T — m— S— — ” IRF9 — — — |

a-tubulin a-tubulin —— e 0 —— T TR —— S—— —

Yamauchi et al., Scientific Rep 2016 Michalska et al. 2019
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IFN-I Signaling
ISG expression ~ binding-site composition
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RNAseq on Huh-7.5 -/+ IFN-I



% IFN-II Signaling:
ISG expression ~ binding-site composition
UM

Group: 3 (29 genes ) Group: 2 ( 139 genes) Group: 1 ( 134 genes)
23

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



ISRE-GAS composite sites

> 50 genes

GENE ISRE Linker GAS

GBPEYI SN & TTT-CTA-TTT-CC 106nt TTTC-TAG-CAAA
TC-TTT-CGC-TTT-C overlap

PARP14 PTT— COT—TTT— ¢ ot TTTC-CTG-GAAA
IFITM1 AG-TTT-CTA-TTT-CC 16nt TTTC-TCA-GAA
IFI27 AG-TTT-CGG-TTT-CC overlap TTTC-CTG-GAAA
BATF2 AG-TTT-CAG-TTT-CT overlap TTTC-TCC-TAAA
PARP9, DTX3L AG-TTT-CAG-TTT-C int ~TTC-CCT-GGA
DDX60 AG-TTT-CGG-TTT-CC 60nt TTTC-GTG-GAAA
PLSCR1 TTT-CCT-TTT-CC 17nt TTTC-CT--CAA
BST2 TTT-TCAGTTT-CA 1nt TTTC-CCA-GAAA
AIM2 AC-TTT-CGC--TT- 149nt TTTC-TGG-GAAA
GMPR AG-TTT-CA--TTT-CC overlap ~TTC-CCT-GAAA
IFI35 AC-TTT-CA--TTT-CC overlap TTTC-CCT-GAAA
APOL6 AC-TTT-CAG-TTT-CC 18nt TTTC-CTG-GAA
UBE2L6 AC-TTT-CAT-TTT-CT 19nt —TAC-TAG—CAAA
HLA-E CT-TTT-AGG-TTT-C 15nt TTGC-TGG-GAAA
ADAR AA-TTT-CGC-TTT-C overlap TTTC-CTCGGAAA
PSMBS C-TTT-CGC-TTT-CA 48nt TTTC-TCG-GAAA
KLHDC7B T-TTT-CCA-TTT-A 24nt TTTC-TCA-TAAA
c1s AC-TT--GAC-TTT-CC 2nt TTTC-CCA-GAAA
TMEMS50A TTT-CTG-TTT-CC 13nt TTTC-CTG-GAA
NAPA ~TTT-CCT-TTT-CC overlap TTTG-TGG-GAAA
WARS C-TTT-TGTCTTT-C 48nt ~TTC-TCA-GAAA
ZC3HAV1 C-TTT-TAG-TTT-CT 95nt —-TTC-CCG—-CAAA
TRIM69 TTT-CTC-TTT-CT 14nt TTTC-CGA-GAAA
IRF2 AA-TTT-CAT-TTT-C 3nt TTTC-TCG-GAAA
NEURL3 AG-TTT-CGC-TTT-CC overlap —TTC-TAG-GAAA

Highly induced by IFN-I and IFN-II

Michalska et al. Frontiers in Immunol 2018
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How to analyze chromatin
Interactions?




ChiPseq Work Flow

UM

DNA + bound protein Fragment DNA Immunoprecipitate
< genomic DNA R / antibody
cross-link #
and shear
Sequence Prepare
Release DNA
Map sequence — sequencing
tags to genome library %
& identify L L & %
peaks

H3K4me3 t I || | I I I ' lII
CHROMOSOMAL DNA ChiP-Seq - e il o
i ChiP-chip L‘A‘“hlm‘Llum

H3K27me3
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Adzpted from slidz 3=t oy: Stuzrt M. Brown, Ph.D.,
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IFN-I signaling: pSTAT1, pSTAT2,
IRF9 & IRF1 DNA-binding

IRF1 ICAM1  SOCS3 SOD2 DTX3L APOL6 PARP14 SP110 ISG15 IFITS MX1 RSAD2

Gt
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IFN-II signaling: pSTAT1, STAT2,
IRF9 & IRF1 DNA-binding
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DNA Binding Modes

% Novel STAT1, STAT2, IRF9 & IRF1
UM

Michalska et al. 2019
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ISGF3, GAF
and IRF1

ISSi rl? gEIeCi)és N { { oo ;

Composite sites ——’T-ﬂr_r——‘ ~ —

Increased Complexity
Alternative solutions

Michalska et al. 2018, Frontiers in Immunology



T high affinity
AIFN | i E Jlow affinity

—
IFN-signaling: |¢ | |
-Increased complexity | |

_Overlap | time of sﬁmulanop .

G GASISREN T AR

. A IFN-I | |
Time-dependent | |
-Complex formation | .
-DNA-binding & 2 |
-1ISG expression ; . - |
o m 7 4 ."‘," i |

Biological Function? ™ me of stimulatio p =

Vichalska et al. 2019 - GA 'J/mjﬂm\[GAS/ISRE ﬁ#fmdf Y Y




Atherosclerosis

Atherosclerotic
plague

'eriitermittent
claudication

Ty = [ Mvocardial inf : Renal Z
:i;:m?‘ and cerebral Myocardial infarction o ia

Renal artery

Internal cartoid Coronary artery Femoral artery

artery -

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



Atherosclerosis — vascular inflammation

UM

cholesterol  deadcell  dendriticcell  €Ndothelial oo ol macrophage  SMooth ey monocyte  Tcell
% cells (ECs) muscel cell cell
o £
230 =

—23H=@0O

media =

necrotic® °
._core 8

elastic
lamina

Fa

intima 1

chemokines

Ay 4 > s A > DAMPs/
i G /nmuneceu N T _ 7 N
(OX.LDL adhes‘on @ adhesion %&b S s - = & cyto anes S' (Ox«LDL
LEyHoE) FOmdNes - 3o v (-1, 1FNy) TN {ps/Hsp)

== ——— — —

Atherosclerotic plaque

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



ﬁ %@ta analysis pipeline applied in the PhD Thesis

#Genome-wide in

Cell source Il treatmen i i ore .
m) Cell treatment =Main experiment . lico data analysis

Western blot '
Co-IP ,

with GM-CSF

. 10 a a
h | |
: : ; Differential gene
" E E E expression analysis
| | RNA-seq |
: | (transcriptome data) |.
Aorta ! ! l
enzymatic 4 +RT-PCR
digestion | - : : .
9 ! h ! 1| Data visualisation, GO,
i i i Promoter analysis
! ! ChiP-se !
dB.?fne-mt{:lrtr.OW i i (genomic dc;ta) i
! _ter:el\;‘ g‘s'?:” i | i + ChIP-PCR ;
it v : | for :
i i| STAT1, p65, histone |
A & g i marks i| Transcription factor
one-marrow = : | binding data analysis
differentiation h # g Y

IFNa
IFNy
LPS
IFNa+LPS
IFNy+LPS




Cell type specific gene expression is mediated via
collaboration of LDTF and SDTF

UAM Closed chromatin
L. &
"\\. f’?’\\m‘ly’f\\’ “'4

M® differentiation Lineage Determining

. e LDTF
W
v ANNAD
M PU-bc GAS M
=~ « et
IFNy stimulation
o < SDTF
o S >’ ; . .
%T(‘\v/.(w\wv\w\‘\y/:: Spe;ﬁc - Signal Determining
J b GAS
* * A

4 H3K27me3 *  H3K4me1 s H3K27ac

Source: A Piaszyk-Borychowska
Nature reviews Molecular cell biology. 6(3):144-154, 2015.



IFNy activates VSMC and MQ-specific
UM gene expression

Yy 4 VSMC MO

IFNy FC IFNy FC
|FNY No  Gene name No Gene name
VSMC MaD MaD VSMC
p— 1 Gm6654 270.6 -1,1 1 Clvsl 3338 1,1
'3.‘——_;,\266 VSMC 2 Ch”. 4!‘31!5 |,4 2 lihxz I";":'..S ] "ﬂ
N\ 752 3 Mpegl 34,3 1.4 3 Sledall 64,7 -1,1
/__,_--“:-\ | bc 4 H2-Ebl 16,9 2.0 4 Kdr 59,3 -1.5
7 219 -.‘ V437 5 Neurl3 15.8 -1.5 5 Prrg4 40.8 1.5
' = 6 Batf3 15.4 1.1 6 Tnfaip813 35,3 1,2
982 . 34 ' ‘
\ ' 7 Tmtel 1.8 -1,1 7 Kalrn 339 -1,2
- BMDM 8 Ikzf4 1.7 1.1 8 Vean 31,2 14
1630 9 Mi3 9.3 1.1 9 Akap? 25,8 1,5
B 10 Trim5 9.2 1.9 10 Gm20459 24,1 1,5
11 Lmo2 8,2 -1.5 1 Spshl 224 1.9
12 Plala 7.3 1.7 12 Bel2alb 21,6 -1,1
13 Cerl 7,2 -1,9 13 Myell 19.3 1.0
14 Mreg 6,7 1.8 14 Gm20547 19,2 1.8
15 Csf2rb2 6,0 1.9 5 Hbegf 19,2 2,0
16 Nuak2 5.7 1.9 16 Csfl 19,1 -1,1
17 H2-Q2 5.3 2,0 17 Slc2a6 18,8 1,0
18 Gm9574 5.2 2,0 18 Bel2ale 18,3 1,1
19 H2-M3 3,1 L7 19 Raplgap2 18,2 1.4
20 H2-Q7 4.9 1,8 20 Stk39 18,2 1,0

Piaszyk-Borychowska et al., 2019 in preparation



STAT1-PU.1 binding + epigenetic changes

Cacng8 | Crebs AB124611 Ikzf1 ’ Aoah

% % @ IFNy activated MQ-specific transcription:
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M®-specific IFNy-induced gene expression
Involves collaboration between STAT1 and PU.1

Untreated MO®
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IFNy activated VSMC-specific transcription:
STAT1 binding + epigenetic changes
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M®-specific IFNy-induced gene expression
Involves collaboration between STAT1 and LDTF

@ Untreated VSMC

p300/CBP

i @ IFNy-induced VSMC-specific GE

In VSMC
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Q (:L ] [vsmc-
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ldentification of putative VSMC-LDTF

Raw value in control [RPKM]

TF name M® VSMC Target gene hits Z-score  Fisher score

Gata6 3,2 3933,6 382 3,9 36,6

Teadl 4,0 24552 b 224 83,0

Zebl 43,1 1747.,8 845 2,8 84,0

f—; Glis2 13,6 1681,3 234 9,0 424
& Nr2f2 1.2 1323,9 410 83 37.8
czn Sox12 5,0 1203,9 340 23 34,9
Foxa2 1,4 1166,6 465 -0,5 473

Sox9 2,0 1051,9 726 14,0 70,1

Hoxa5 5,7 910,0 855 25,5 71,4

Promoter analysis of 892 VSMC-specific genes and the
top-50 of the IFNy dependent VSMC-specific up-
regulated genes
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