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Atherosclerosis — vascular inflammation
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Fig. Atherosclerotic plague. Chmielewski, Piaszyk-Borychowska et al., Int Rev Immunol, 2016.



% STAT-dependent signal
Inteqgration in inflammation
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How to analyze the
transcriptome?




. RNA-seq experiment outline
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RNA-seq Work Flow
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IFNy and TLR Signal integration
In SMCs: RNAseq
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Commonly Up-regulated genes
In response to IFNy and LPS: top 20

uAM No | Gene symbol veme VDM be
IFNy LPS IFNyLPS| IFNy LPS IFNyLPS|[IFNy LPS IFNyLpS [Smm—
1 Cxcl9 82,2 4,0 23805 [2401,1 18,7 39159 [898,0 97,4 2682,0
2 [F830016BO8Rik [1272,1 6,4 23066 | 191,4 2,1 253,2 [ 88,1 13,6 132,7
3 Gm484l  [1087,3 9,0 1650,3 | 408,2 3,0 5693 [130,5 44,0 2151
4 Nos2 1,8 90,9 933,3 | 4642 60,9 57061 | 39,4 376,3 1809,3
5 BC023105 | 600,8 19,9 909,4 | 140,5 6,2 2047 |146,8 87,1 320,2
|nf|ammatory 6 Gbp4 3043 16,4 7958 |341,8 40 6489 |632 31,4 696
7 ligpl 687,7 9,2 7793 |521,6 12,9 6486 |590,7 194,7 607,2
Gene 8 Ubd 956 58 6551 | 659 1,1 1248 |2145 1,0 2587
Expression 9 Gbp10 3159 21,1 5882 |200,1 17,7 3640 |33,4 336 486
. 10 Gbp9 3048 229 5861 | 256 1,2 316 | 89 133 103
_ 11 Gbp6 266,1 23,5 5553 |181,8 17,4 3325 |32,2 358 498
Amp||f|ed 12 | Serpina3f | 200,1 13,0 529,6 [1442,5 16,9 21266 |533,3 229,0 1133,6
13 Gbp11 302,3 13,6 4827 |149,6 6,7 2439 | 40,3 242 441
14 | Gm12250* |[502,9 3,6 4778 | 31,4 170 403 |[13,8 249 214
15 Gbp8 215,5 12,9 4052 | 478 1,5 578 [139 31 6,2
16 Ciita* 7044 20 3765 | 94 -26 36 |54 13 2,5
17 Cxcl10 49,8 4,6 3649 |211,7 179,5 829,0 | 19,5 580,2 237,5
18 Gbhp1 2950 17,5 364,8 | 3758 16,0 4283 | 63,8 21,9 56,2
19 Gjad 823 16 3299 | 901 1,0 1453 | 148 69 459
20 - 300,1 69 3272 | 749 45 744 |595 453 80,5 _
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Commonly Up-regulated genes in response
[/IAM to IFNy and LPS: promoter analysis
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STAT1 ChlP-seq experiment

- outline
WT C57BL6
[ 0 CrOSSIinking - =
0006 DSG and
0 6 Formaldehyde
Aorta enzymatic digestion Isolation of
genomic 'l' Sonication to
DNA ig produce sheared
“Pignd, chromatin
> WA :-:- W Ll Mon,.
<>. Treatment ._ STAT1 antibody - 1ug/ml
Vascular smooth (2 replicates):
muscle cells Immunoprecipitate
4h LPS and purify
J' Immunocomplexes
8h IFNy g, | Wty

Reverse cross-
linking,
DNA purification

4h LPS + 8h IFNy

ChlP-seq

Fig. Nagy Lab modified Mandrup’s ChIP protocol. Figure adapted from Nature Methods - 4: 613 — 614. 2007.



% Commonly IFNy/LPS Up-regulated
UM genes: STAT1 & p65 binding
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% Commonly IFNy/LPS upregulated
UM genes: STAT1 + p65 binding
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% STAT1-dependent epigenetic changes
M & nearby NFkB binding
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IFNy/LPS mediated
signal integration in CVD
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~ Y] Crosstalk results in increased monocyte
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Abolished response to norepinephrine in
UAM aortic rings stimulated with IFNy and LPS
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MSTATL CXCL9 and -10 in human carotid plaque SMCs
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Atherosclerotic plague transcriptomes:
LM Data Mining
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Carotid and coronary plaques
share a gene signature

GO term GOID p-value
cell chemotaxis GO:0060326  2.75E-08
locomotion GO:0040011  8.40E-08
leukocyte chemotaxis GO:0030595  1.32E-07
chemotaxis GO:0006935  1.45E-07
taxis GO:0042330 1.45E-07
leukocyte migration GO:0050900  1.80E-07
immune system process GO:0002376  2.63E-07
cell migration GO:0016477  4.33E-07
immune response GO:0006955  7.70E-07
cell motility GO:0048870  1.06E-06
cellular extravasation GO:0045123  6.57E-05
cellular response to lipoprotein particle stimulus GO:0071402  8.46E-05
cellular response to lipopolysaccharide GO:0071222  1.67E-04
cellular response to interferon-gamma GO:0071346  5.61E-03
response to interferon-gamma GO:0034341  8.41E-03




% Inflammatory genes upregulated in
plagues can be regulated by STAT1
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% IFNYy/LPS STAT1-target genes:
. . 5
UM Biomarkers in CAD"

We identified a STAT1-dependent gene
signature that reflects a pro-atherogenic

state In human atherosclerosis.

CXCLY —
CXCL1O0

ATF3
FAM26F
UPP1

CCL8

— CXCLY
CCRL2

UBD

SECTM?

IFI6

UPP?

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



% STATI1, NF-kB & IRFs
[./IAM INn vascular disease
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Inhibition of STATs & IRFs
INn Vascular Disease
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STAT Structure & Dimerization
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%@ Structural information: STAT1-STAT3
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New homology models for all STATSs:
UM STAT-SH2 small molecule interactions

STAT2 STAT3 STAT1 STAT4 STAT5A STAT5B STAT6
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Szelgg et al., PlosOne, 2015



% STAT Inhibition approach
UM

Multi-million Comparative virtual Validation
compound libraries screening procedure & Selection

Szelgg et al., Oncotarget, 2016



% Novel STAT Inhibitors: Virtual Screening

HSTAT1-SH2 model
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UM

Multl STAT inhibitors bind in silico
SH2 models of STAT]1, 2 and 3
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Plens-Gatgska et al. 2018 Frontiers in Immunology



Multi STAT inhibitors Inhibit
UM phosphorylation of STAT1, 2 and 3

COl1L 03 STATTIC
- ~  BOpM 50pM 25pM 25uM 10uM 10uM S5uM SpM COTL_FO) - T0pM 10pM  SpM  SpM 2.5sM 25M  STATTIC 8h
¢ = ¢ = ¢+ = & - + 4 - % = & = & = @ 200U/ml IFN
S - v PSTATH — — s pSTAT1
————— —— — ——— —— (\STATA T ——— W — — (STAT1
pa— —_— —_— s STATZ2 —_ — — _. pSTAT2
— —— v— — — v— e {STAT2 ——————— — — \STAT2
— - - e PSTAT3 —_— —— W=  pSTAT3

— —— — — — — — = e——— 5N} —— . — — — ———

— — — —— —— —— — {11111} ——— — — e ——

—  25uM 25uM 12.5uM12.5uM 6.25uM 625um  STX-0119
+ +

s + - + - - 24h
— — e PSTATY
e = e e e = ——
— —_ w=s @  pSTAT2

— . T

— e — — — — — 'STAT3

L e —— — — — LU U0

STX-0119

Plens-Gatgska et al. 2018 Frontiers in Immunology




Multi-STAT inhibitors block
UM Inflammation induced gene expression
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159 genes
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% Multi-STAT Inhibitors act In a
PSTAT-only” manner
UM _ STA-only mhanmet
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Inhibited genes
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Multi-STAT inhibitors block
UM Inflammation induced EC-migration
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Multi-STAT inhibitors block inflammation
iInduced leukocyte-EC adhesion
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% CONTRACTION (KCI 125mM)

Multi-STAT inhibitors restore inflammation
Induced impaired arterial contractility
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STAT-target gene expression in HFD
treated ApoEKO mice

Total cholesterol in ApoE-/- mice LDL cholesterol in ApoE-/- mice
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Pipeline approach to identify
potent STAT & IRF inhibitors
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% STATs & IRFs in
UM Diagnostics & Therapeutics
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