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Atherosclerosis is a lipid-driven
immune disease
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IMMUNE CHECKPOINT REGULATORS
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Legein et al, Cell Mol Life Sci, 2013

Co-stimulation warrants proper immune reactions

® Signal 2 in T-cell/APC interactions: proliferation and

polarisation CD40L CD28
® Endothelial cell activation CD40 g;;

® p|atelet activation




CD40L-CD40 interactions drive
atherosclerosis
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Inhibition of CD40L or CD40 as
therapy for atherosclerosis??

Short term anti-CD40(L) antibody treatmenthas  ~ T U
been tested in phase /Il trials in MS, Crohn’s
disease, and (hematologic) malignancies

but..

Long-term blockage of CD40-CD40L will
result in iImmune-suppression...




CD40-CD40L as therapeutic target in
atherosclerosis: knowledge gaps

Which signaling pathways are involved?

Which cell types that express CD40(L) are involved in
atherosclerosis?

How does the co-stimulatory interactome work in
atherosclerosis?
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CD40-TRAF interactions: mouse model




CD40-TRAF6 signaling In
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CD40-TRAF interactions In
atherosclerosis

MHCII dependent CD40-TRAF6, but not CD40-TRAF2/3/5
signaling inhibits atherosclerosis

CD40-TRAF6 deficiency omits the Ly6C"9" monocyte population
and polarizes macrophages towards an alternatively activated anti-
inflammatory phenotype.

CD40-TRAF6 but not CD40-TRAF2/3/5
interactions drive macrophage activation



CD40-TRAF6: a novel therapeutic target??
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Chatzigeorgiou, Seijkens et al PNAS 2014; Zarzyka et al. J Chem Inf Mod 2015, van den Berg et al. Int J Obes 2015



Fold induction

Fold induction

TRAF-STOPs decrease CD40-induced

monocyte recruitment and macrophage
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TRAF-STOPs reduce established

atherosclerosis
ApoE-/- ApoE-/- ApoE-/-
6 wks 122 wks 30 wks
|

| | -

TRAF-STOP treatment

TRAF-STOP: delayed treatment
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TRAF-STOP rHDL-nanoparticles

= TRAF-STOP-rHDL
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W. Mulder, MSSM & E. Fisher, NYU, NYC



plaque volume (um?)

Does TRAF-STOP-HDL treatment reduce

atherosclerosis???
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Does TRAF-STOP-rHDL treatment reduce
established atherosclerosis???

FMT-CT: Protease activity
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Conclusions

Macrophage CD40-TRAFG6 interactions drive atherosclerosis

Small molecule mediated inhibition (nanoparticles) of CD40-
TRAF6 interactions is a promising therapeutic strategy for the
treatment of atherosclerosis

...but also obesity, EAE, sepsis, peritonitis

Promising future for TRAF-STOP



CELLS



(Plague) cell type CD40L CD40
T-cell ++ +
B-cell - ++
DC + ++
macrophage +- ++
platelet ++ +
VSMC + +
Endothelial cell + +

Bone marrow transplantation

cd40/



Monocytes/macrophages

CD40 goes innate....



CD40 and macrophages
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macrophages

FGK
(CDA40 activation)

foam cells

oxXLDL +FGK
(CDA40 activation)

oxLDL

Isolation and culture of
BMDMs
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Macrophage CD40 activates the inflammasome
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Dendritic cells
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CD40: dendritic cells

loxP loxP

—— CD11c LMP Constutively active CD40 signaling in DCs
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cholesterol (mmol/L)

Constitutive activation of DC CD40
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Deficiency of CD40 on DCs

Plaque area

cd11c-cd40™Apoe”

/

[ cd40Apoe”-

CD3*/um?2 (#)

2x10°7 -

1x10°7 1

cd40™

o

A / cd11c-cd140Apoe”

1
cd11c-cd40f

0-

o
o
g

w
(=]
<

100-

pSTAT1 of CD3*CD4* (MFI)
S
<

T

cd40" cd11c-cd40™

o
L

cd40Apoe” cd11c-cd140™Apoe”

-
o
1
*

pSTAT6 of CD3*CD4* (x10° MFI)

cd40’f cd11c-cd40™f cd40™ cd11c-cd40"f

Shift from Thl to Th2



CDA4OL: T cell




CD40L* T cells: of importance in CVD?

cd40!l”- IdIr’- chimeras
wt IdIr’- chimeras

No effect of hematopoietic CD40L on atherosclerosis 1?1?17

Smook, Atherosclerosis 2005, Bavendieck, 2005



CD40L mediates homing of HSPCs!!

Cell cycle analysis of Lin- cells
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CD40 on HSPCs CD40 on BM stroma
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Independent of CD40!!!
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T cell CD40L drives atherosclerosis

Plague area
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CD40L & CD40: platelets
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Platelets participate in inflammation by expression of cell
surface molecules and secretion of soluble mediators

GP VI
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Lievens, von Hundelshausen, Thomb. Hemost., 2011



Platelet CD40L mediates platelet aggregation via
PI13kB
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Platelet CD40L contributes to the progression of
established plaques
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Platelets participate in inflammation by expression of cell
surface molecules and secretion of soluble mediators
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CDA40-deficient platelets exhibit normal platelet activation
secrete less PF4/CXCL4, and impair PLA formation
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Platelet transfusion model

Donor Recipient

3x107 thrombin-activated platelets

i.v. every 5d,
for 12 wks.

Cd40/-Apoe

Gerdes et al., ATVB, 2016
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Platelet CD40 deficiency reduces endothelial
activation and neutrophil recruitment
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Aortic arch plague >
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CD40L
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INTERACTOME OF IMMUNE
CHECKPOINT INHIBITORS
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