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RIPK1 activation mediates disease progression in multiple sclerosis by driving
neuroinflammatory signaling in microglia and astrocytes
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INTRODUCTION

* Multiple sclerosis (MS) is a chronic neurodegenerative disease of the central nervous system (CNS) characterized by neuroinflammation, demyelination, and axonal degeneration.
* Microglia and astrocytes are altered to an activated, pro-inflammatory state during MS but current therapies target peripheral immunity rather than focusing on neuroinflammation
directly in the CNS.

* Receptor interacting protein kinase 1 (RIPK1) mediates inflammatory and cell death signaling downstream of death and Toll-like receptors, and aberrant RIPK1 activation has been
implicated in various inflammatory and neurodegenerative diseases.
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Figure 1: RIPK1 activity is elevated in post-mortem brain samples from humans with progressive MS astrocyte and microglia signaling
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Activated (S166 pRIPK1) and total RIPK1 levels were assessed by Western blot and MSD assay in the soluble (TBS/Triton) and insoluble (RIPA/urea) protein fractions
derived from MS white matter lesions and normal-appearing white matter (NAWM). RRMS, relapsing remitting multiple sclerosis; SPMS, secondary progressive multiple

sclerosis; PPMS, primary progressive multiple sclerosis

Figure 2: RIPK1 activation occurs in all murine CNS cells and can Figure 3: Astrocytes and microglia drive RIPK1-dependent Figure 4: RIPK1 activation in microglia and astrocytes
modulate inflammatory and/or cell death signaling neuroinflammatory changes in human iPSC tri-culture mediates deleterious non-cell autonomous signaling
g ASthCVtES Olig2 MBP Merge+DAPI
= Microglia Astrocytes Neurons OPCs e g 3 _ TSzZvsTSZ+RIPKII —
> 71 < Ea¥ T, © 10.04 o S—
S 401 150+ 30 59 a r_:u | 91 o 60 CCL4L2 Rank Biological Process Value
.l  TNF/Smac - > o . Ly o £ N 2 "° N oo 1| ymohocyte shemotaxi i _
i /ZVAD < 301 2 © © © Nf;:;oo/ns " F == -, DV 2 504 1 eXCLY regulation of lymphocyte e
— = ° S 100~ £ 20+ 5 o Y ' 3 ; © : : LINCO1411 2 _chemotaxis 3.93E-05 o
e (T/5/2) 3 @ @ T w3 .‘ . D5 3 ' S 25 oy N R HINE02305 3 |p°SItrl1ve;Tgm§tlor:'°f 1,04E-04
(a'd ; 20+ ;‘ ; ol° Q ). Miﬁrf%ia 7% ?% —> = \ S’ ood x____:_:d_ﬂ_,..- ------ MAP3K19 4 n{euti:ophil chenglotaxis 1:25E—04
< = % 504 % 10+ % = ' 10 5 0 5 10 SELE 5 leukocyte chemotaxis 1.66E-04
2 Z 10 o e = - log2(fold-change) THESHT
E RIPK1 o l"""] [
= inhibitor oleceo L1 aggo ~ oloops'Fdoope— olege—Floepo— 01— - Microglia
.E DMSO T/S/z TISIZIN DMSO T/S/z TI/S/ZIN DMSO T/S/Z T/S/ZIN DMSO T/S/z TI/S/ZIN —
— Nec-1s (N) e e i _
\; = o [WTSZ RPK candtion . TSZvs TSZ + RIPK1i
Q. H i E " [1sZ (pRIPK1 activation) s Neurehs g DMSO © 10.04 L N
= Microglia Astrocytes = & ® o ER T 3 96 col2 |crapi61l EGR1 | IERS =
:Ii; 10 Deyh T z 7 y & CCL20 | CHI3L2 | EGR3 | IL18R1
125 i 125+ SR R f TRz RPRL 2 504 L CCL3 | CXCL1 |ELOVL7 | IL1A
~ = . 17 cci ~ «1EN 19 =y S 254 ] ccLslt | cxcl2 | FosLt | 1B
Q 100 N . Q 100 Gl oo, £ % i R b= I ettt ,-;i --------- CCL7 | cXcl3 | Gos2 | 1L23A
— = — > =, e e = 00—, T e} ! :
Cc\ln Q 754 %ID - 754 As rock es : 3 -10 -5 0 5 10 CCL8 | CXCL8 IER2 IL6 1.5- 154
3 : S S 3 S RS Y log2(fold-change) 5 ~ ©s s
s > = > . 2 o) T o
5 £’ 50+ 5 24 £ 50+ - Rank Biological Process Value Bolded genes - confirmed RIPK1 w0 G 2 o |o
Q7 % Q % 1 myeloid leukocyte migration H regu!ation at protein Ieyel and/or 82 11 o ° E”g e I
S e ) S o5 - - 5 cell chemotaxis 7 94E15 published as elevated‘ in plasma + T 8 (o
> > UMAP_1 3 —— and/or CSF of MS patients > N ERS T
; granulocyte migration 1.11E-14 == 054 o 5% 05 °
0 o T 0 T T 0 T T T 0 T T 4 granulocyte chemotaxis 1.41E-14 © S +E
DMSO Nec-1s T/S/Z TI/SIZIN Unt.  T/SIZ TISIZIN DMSO Nec-1s T/S/Z TISIZIN Unt.  T/S/Z TISIZIN positive regulation of = o O
5 leukocyte migration 1.98E-14 = 0.0 . . . : == 0.0 . . . :
"~ unt. TNF TIN T/z T/zIN "~ unt. TNF TN Tz T/ZIN
MSD assay depicts pRIPK1 signal activation upon stimulation with TNF/Smac/zVAD (T/S/2), Single cell RNA-sequencing of a human iPSC-derived tri-culture demonstrates that RIPK1 activation with TNF/zVAD (T/Z) in murine mixed glial culture
normalized to DMSO control. RIPK1 activation in mouse microglia but not astrocytes RIPK1 activation drives inflammatory and immune-related gene activation in with OPCs reduces OPC maturation and myelination capacity. Direct
induces necroptosis in vitro. OPCs, oligodendrocyte progenitor cells. microglia and astrocytes. RIPK1i, RIPK1 inhibitor. cell-cell contact with both microglia and astrocytes is required for
these deleterious non-cell autonomous effects. MBP, myelin basic
protein; OPC, oligodendrocyte progenitor cell; T, TNF.
Figure 5: RIPK1 inhibition attenuates disease progression Figure 6: RIPK1 inhibition reduces expression of multiple
and neuroinflammation in EAE mouse model cytokines in CNS tissue of inflammatory mouse models
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Therapeutic RIPK1 inhibition with a CNS-penetrant tool compound ameliorated EAE disease severity and plasma neurofilament levels in a dose- Pro-inflammatory cytokines were assessed in the spinal cord of EAE mice with an MSD panel. RIPK1
dependent manner. Neuroinflammation as assessed by TSPO and total RIPK1 levels were reduced in the EAE spinal cords treated with RIPK1 inhibitor. inhibition reduced the elevation of multiple cytokines in a dose-dependent manner in the EAE
RNA sequencing of sorted spinal cord microglia and astrocytes demonstrated RIPK1 inhibition could restore homeostatic microglial markers and mouse model. pRIPK1 levels in the spleen and brain were reduced to baseline with RIPK1 inhibitor
attenuate alterations in mitochondrial dysfunction and oxidative phosphorylation genes. RIPK1 inhibition in astrocytes suppressed inflammatory treatment in the acute TNF/zVAD shock model. Brain cytokine levels were ameliorated with RIPK1
signaling, including Ccl2, and reversed the down-regulation of cholesterol biosynthesis genes observed in EAE vehicle-treated mice. EAE, experimental inhibition in the TNF/zVAD model.
autoimmune encephalomyelitis; RIPK1inh-1, RIPK1 inhibitor; TSPO, translocator protein; Veh, vehicle;.
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