














Detection was by ultraviolet absorption using a Waters 486 detector, with the Amax being set to 261 nm. Standard curves of peak area or

height from 25 t01000 ng/mL were highly linear (12> 0.99).

Kinase Profiling. All assays are carried out in 97 well plate format as service at DiscoverX using their 97 target KinomeScan Profiling
Service. For the 97 KinomeScan profiling assay, competition binding assays were carried as described previously (Karaman et al., 2008).
Briefly, kinases were generated either as full length fusions to T7 phage6 or expressed in HEK-293 cells and subsequently tagged with
DNA for PCR detection. For the binding assays, biotinylated affinity resins were coupled to streptavidin-coated magnetic beads, blocked
with excess biotin and washed with blocking buffer (SeaBlock, Pierce) to remove unbound ligand and to reduce nonspecific binding.
Binding reactions were initiated by combining kinase, liganded affinity beads and test compounds in binding buffer. Test compounds
were prepared as 100 x stocks in DMSO and rapidly diluted into the aqueous environment. DMSO was added to control assays lacking
a test compound. The assay plates containing kinase/ligand and small molecule inhibitor were incubated at 25 °C with shaking for 1 h,
washed extensively to remove unbound protein and eluted. The kinase concentration in the eluates was measured by quantitative PCR.

Each kinase was tested individually against each compound. Kds were determined using eleven serial threefold dilutions.

Kinase Activity Assay for c-Abl. C-Abl kinase assay (Fig. 4D) was carried out by the MRC Protein Phosphorylation and Ubiquitylation
Unit at http://www.ppu.mrc.ac.uk/. ABL (5-20mU diluted in 50 mM Tris pH 7.5, 0.1 mM EGTA, 1 mg/ml BSA) is assayed against
substrate peptide (EAIYAAPFAKKK) in a final volume of 25.5 pl containing SOmM Tris pH 7.5, 0.1 mM EGTA, lmM DTT, 300uM
substrate peptide, 10 mM magnesium acetate and 0.005 mM [33P-y-ATP] (50-1000 cpm/pmole) and incubated for 30 min at room
temperature. Assays are stopped by addition of 5pl of 0.5 M (3%) orthophosphoric acid and then harvested onto P81 Unifilter plates
with a wash buffer of 50 mM orthophosphoric acid. The dried Unifilter plates are then sealed on the addition of MicroScint O and are

counted in Packard Topcount NXT scintillation counters.

MTT Growth Assay. Cell proliferation assay was performed to evaluate cell viability after drug treatment. Cells were counted using
hemocytometer and seeded in a 96-well plate at 1-2 X 10* cells/well and incubated for 24 hours. Different concentrations of RIPK2
inhibitor was added to the cells and incubated for 48h. MTT [3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide] was then
added and incubated for 4h. Absorbance was measured at 560 nm using vVICToR™ Multilabel Plate Reader from PerkinElmer. For

L428, cells were stained with Trypan Blue to determine cell viability after 1 — 6 days incubation with the drugs.

Immunoblot and Immunoprecipitation Analysis. Cells were collected and lysed using RIPA lysis buffer. Samples are denatured in

SDS sample buffer and ran on 7.5% gel and blotted onto PVDF membrane. Blotted membranes are blocked with 10% milk for 30min



and then incubated with primary antibodies overnight at 4°C. Membranes are then washed TBS-T (Tris-buffered saline containing 0.1%

Tween 20) and incubated with appropriate secondary antibody (anti-rabbit or anti-mouse IgG) for one hour.

Cell cycle analysis. MCF-7 or HCT116 cells were grown in 6-well plates and treated with the indicated compounds. Post-treatment,
cells were trypsinised and resuspended in complete growth medium followed by centrifugation (230xg) and a 1XPBS wash. Cell pellets
were gently resuspended in ice-cold 70% ethanol and a single cell suspension was made by gentle vortexing followed by overnight
storage at -20°C. Next day, ethanol fixed cells were centrifuged (500xg) and washed twice with 1XPBS at 4°C. Propidium iodide
staining of the cells was performed by incubating cell pellets in DNA staining solution (0.1% TritonX-100, 100 pg/ml DNAse free
RNAseA, 20 pg/ml propidium iodide in 1XPBS) at 37°C for 30min followed by filtration through a nylon mesh (50 uM exclusion limit)

to remove cell clumps. Flow cytometric analysis of was performed on a BD Accuri cell analyser).

RIPK1 activity. HT-29, L.929 and HaCaT cells were seeded in a 96-well plate and then treated with the indicated amounts of RIPK2
inhibitors. After 24 hours, the media was removed and replaced with fresh media containing 20 uM z-VAD-fmk (Z), 100 nM Smac
Mimetic-164 (S) and 10 ng/mL TNFa (T) in the presence or absence of 100 nM Ripk]1 inhibitor or 1 uM necrosulfanamide (NSA) or
the indicated amounts of RIPK?2 inhibitors for 24 hours (HaCaT and HT-29) or 8 h (L929). After the indicated time, the cells were
double stained with hoechst and propidium iodide for 30 minutes at 37 degrees and then cell death was measured using the Celigo cell

cytometer.

Ferroptosis Analysis. A549 and U87 cells plated in 12 well dishes were pretreated with the inhibitors for one hour before the cells were
treated with Erastin (a compound known to induce ferroptosis). After 48 hours, cells were harvested, re-suspended in PBS and stained
with 0.04% trypan blue for 5-10 minutes at room temperature. Cell death was quantified by flow cytometry using the FACSCalibur flow
cytometer and CellQuest software. Ferrostatin-1 (Fer-1) and Deferoxamine (DFO) were used as positive controls for the inhibition of

ferroptosis.

Assay of SIRT1 activity. The BIOMOL (Enzo Life Sciences) assay was performed as previously described (Hubbard et al., 2013). 2ug
of recombinant SIRT1 was used for each reaction, and the B-NAD and FdL-p53 peptide concentrations used were 200 uM and 20 pM,
respectively. 0.5 uL of vehicle or test compound was added to each 50 pL reaction. Fluorescence values corresponding to SIRT1 activity
were calculated by subtracting parallel reactions in the absence of B-NAD from those in the presence of B-NAD (Fcorrected = Finap — F-

nap). Fold activation was calculated by dividing fluorescence values in the presence of drug by those in the presence of DMSO only.



Supplementary Information, Tables and Figures
Supplemental Table 1. Related to Table 1. Pharmacophore (Pharm) and similarity (Sim) compound ranking, PCFP similarity, chemical
structure and SMILES of molecules retrieved from the pharmacophore and similarity-based virtual screenings. The compounds were

also filtered for PAINS and aggregators (http://zinc15.docking.org/patterns/homey/).

Supplemental Table 2. Related to Figure 3. Kinome inhibition in the presence of 100 nM RIPK2 Inhibitor lor 2. Kinase activity assays
of 97 kinases were carried using peptides or defined substrate as carried out by a “Kinome Scan” analysis by the DiscoverX

(https://www.discoverx.com/services/drug-discovery-development-services/kinase-profiling/kinomescan/).

Supplemental Figure 1 (A) The '"H-NMRchemical shift assignment of RIPK1 inhibitor 1: 10.32 (s, 1 H), 10.09 (s, 1 H), 8.13 (t,J=2
Hz, 1H), 8.02 (m, 3H), 7.88 (dt, /=8 Hz, 2 Hz, 1H) 7.80 (dd, J = 8 Hz, 2Hz, 1H), 7.60-7.64 (m, 1H) 7.52-7.57 (m, 2H) 7.44-7.48 (m,
2H) 7.42 (dt, J =8 Hz, 2 Hz, 1H) 7.26 (d, J= 2 Hz, 1H) 6.94 (d, /=2 Hz, 1H) 3.78 (s, 3H) 2.32 (s, 3H) ppm. (B) Analysis of through-
space connectivities suggested that RIPK?2 inhibitor 1 has two major rotomeric forms in ds-DMSO. The second rotomer is slightly more

favored, perhaps due to the formation of an intramolecular hydrogen bond.

Supplemental Figure 2. (A) The 'TH-NMR chemical shift assignment of RIPK1 inhibitor 2: 9.6 (s, 1 H), 8.31 (s, 1 H), 8.00 (dd, J =9
Hz, 2Hz, 1H), 7.86-7.93 (m, 3H), 7.45-7.52 (m, 2H), 7.37 (d, J= 9 Hz, 2H), 7.09 (d, /=9 Hz, 2H), 6.9 (s, 1H), 4.32 (br, 1H), 4.10 (br,
J=12 Hz, 5 Hz, 2H) 3.8 (s, 3H), 3.02-3.14 (br, 2H), 2.85-2.92 (br, 2H), 2.78 (sep, J = 7Hz, 1H), 1.9-1.97 (br, 1H), 1.80-1.63 (br, 2H),
1.44-1.54 (br, 2H), 1.40-1.29 (br, 2H), 1.20-1.26 (br, 1H), 1.15 (d, J = 7 Hz, 6H) ppm. Top, enlarged aromatic region; Bottom, full 1D.
Note that 'H signals attached to C17-C25 are broadened by conformational exchange, indicating conformational transitions within the
fused piperidine ring structure. (B) Two-dimensional 'H-'H ROESY spectrum of [(2R,4S,5R)-5-[1-methyl-3-(naphthalen-2-yl)-1H-
pyrazol-5-yl]-1-azabicyclo[2.2.2]octan-2-ylJmethyl N-[4-(propan-2-yl)phenyl]carbamate showing through-bond and through-space
connections between hydrogen atoms. Boxes (blue) indicate cross peak signals due to 3-bond and 4-bond J-coupling. Signals due to 4-

bond J-coupling are less intense. Orange boxes denote through-space ROE connectivities.

Supplemental Figure 3. Related to Figure 2. Mass spectrometry confirmation of mass for RIPK2 Inhibitor 2. (A) Direct-infusion
measurements were carried out on an LTQ Orbitrap XL (Thermo Scientific) mass spectrometer using the lon Max ESI source. Mass

confirmation was obtained as indicated. (B) NF«xB gene reporter assay of inhibition of NF«B activity with RIPK2 inhibitor 1

(concentration as indicated and several stimuli presented). P values for TNFa treatment was < 0.4; IL-1 was < 0.0007 and IFN-y was



< 0.07 (for inhibitor 1 treated vs non-treated). (C) RIPK2 inhibitor 1 effect on the activation of hypoxia response element (HRE)

activation following 1% H,O» addition overnight. P value for 1% H,O, (treated with inhibitor 1 vs no drug) was < 0.02 (n = 3).

Supplemental Figure 4. Related to Figure 5. Effect of RIPK2 inhibitors on NF«kB, cell growth and cell cycle control. (A) EMSA was
carried out using the NFkB binding site on the IL-6 promoter. HCT116 cells were pretreated with the indicated RIPK?2 inhibitors for 2
days, followed by stimulation with MDP and nuclear/cytoplasmic extraction. Four pg of nuclear extract was incubated with the 1L-6
probe in an NFkB DNA binding assay. (B) RIPK2 Inhibitor 1 can modulate the growth of several breast cancer cells. MTT assay was
carried out with the 100 nM of RIPK2 inhibitors in the indicated breast cancer cell lines with HCT1143 and MDA-MB31 as triple
negative breast cancer cells and JMT-1 is a Her2 overexpressing cell line. For all experiments, n = 4 - 10. P value -/+ RIPK2 inhibitor
1 for IMT-1 was 0.0001, for HCT1143 was 0.0007 and for MDA-MB231 was 0.05. (C) Growth inhibition MTT curves for HCT116
(A) and BT-549 (B, breast cancer cells) were examined in the presence of RIPK2 inhibitor 1 at the concentrations indicated and

approximate ICso concentrations determined an indicated on top right portion of the graph.

Supplemental Figure 5. RIPK2 inhibitor 1 does not affect the cell cycle fraction distribution at 100 nM. HCT-116 colon (A) or MCF-
7 breast (B) cancer cells were treated with Vehicle or the indicated inhibitors (5 uM) for 36 hours. After an overnight ethanol fixation,
cells were PI stained. 15000 cells were analyzed on BD Accuri flow cytometer. Different cell cycle phases were quantitated for 3
independent experiments and plotted as percentage of mean = SD (far right A and B). No major difference was observed between

treatments. The data for 5 uM of the drug is presented but similar results were observed at 100 nM RIPK2 inhibitor 1 drug treated cells.

Supplemental Figure 6. Related to Figure 3, 4 and 5. RIPK?2 inhibitors do not inhibit RIP1 or RIP3 Function. (A) Ferroptosis was
measured in A549 lung cancer cells following treatment with Erastin. After 48 hours, cells were harvested, re-suspended in PBS and
stained with 0.04% trypan blue for 5-10 minutes at room temperature. Cell death was quantified by flow cytometry using the
FACSCalibur flow cytometer and CellQuest software. P value for Erastin vs. DMSO was < 0.0001; No significant differences were
observed for Erastin vs. Erastin + inhibitor (1 or 2) (N=6). Similar results were obtained in the U87 cells. (B) RIPKI activity was
measured in HT-29 cells by activation of cell death using 20 uM z-VAD-fmk (Z), 100 nM Smac Mimetic-164 (S) and 10 ng/mL
TNFa (T) combination in the presence or absence of 100 nM Ripk]1 inhibitor or 1 uM necrosulfanamide (NSA) or the indicated amounts
of RIPK2 inhibitors for 24 hours. After the indicated time, the cells were double stained with hoechst and propidium iodide for 30
minutes at 37 °C and then cell death was measured using the Celigo cell cytometer. The effect of the RIPK2 inhibitors on RIPK2-

directed cell death in L.929 and HaCaT cells showed similar results. P value for ZST vs DMSO was < 0.0001. No significant differences



were observed for ZST vs. ZST + inhibitor (1 or 2). (C) Characterization of Sirtuin activity using the BIOMOL (Enzo Life Sciences)
assay to monitor NAD activity. (D) Preliminary pharmacokenetics in mouse sera revealed a half-life of 1.89 hour and possible rapid
metabolism of RIPK2 inhibitor 1 following 15 pg/g intraperitoneal injection. Upper panel, Chromatograms from untreated mouse serum
(bottom trace) and from a mouse serum sample containing 500 ng/mL of inhibitor 1 (upper trace). The inhibitor eluted at 3.7 min. Lower

panel, mean + SD serum concentration vs. time measures of Inhibitor 1 in sera from mice.

Supplemental Figure 7. Related to Table 2 and Figure 6. Mice were exposed to 7 days of 3% DSS to induce inflammation injury and
7 days with water to promote recovery. RIPK2 inhibitors were intraperitoneal (IP) injected on day 5, 7 and 9. Serum was harvested 11
days after last IP injection and blood chemistry was carried out at the Prairie Diagnostics for numerous factors. The ones shown have

some significant changes. For alkaline phosphatase, Two-way Anova reveals P value <0.0001 for all measured marker.



Salla et al., Supplemental Table 1
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Salla et al., Supplemental Table 1 (continued)
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Salla et al., Supplemental Table 1 (continued)

Sim PCFP PCID Chemical structure and SMILES PAINS or

Rank similarity Aggregators
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Salla et al, Supplemental Table 2

Kinase Species

Entrez Gene Symbol

RIPK2 Inhibitor 1

RIPK2 Inhibitor 2

% Activity Remaining

% Activity Remaining

ABL1(E255K)-phosphorylated
ABL1(T315I)-phosphorylated
ABL1-nonphosphorylated
ABL1-phosphorylated
ACVR1B

ADCK3

AKT1

AKT2

ALK

AURKA

AURKB

AXL

BMPR2

BRAF

BRAF(V600E)

BTK

CDK11

CDK2

CDK3

CDK7

CDK9

CHEK1

CSF1R

CSNK1D

CSNK1G2

DCAMKL1

ABL1
ABL1
ABL1
ABL1
ACVR1B
CABC1
AKT1
AKT2
ALK
AURKA
AURKB
AXL
BMPR2
BRAF
BRAF
BTK
CDK19
CDK2
CDK3
CDK7
CDK9
CHEK1
CSF1R
CSNK1D
CSNK1G2
DCLK1

73
96
95
91
97
100
98
86
90
93
78
100
87
100
100
99
100
100
97
100
99
93
100
100
82
78

93
90
89
94
99
100
97
88
100
93
97
97
100
96
99
94
93
96
100
100
100
88
89
92
73
100




Salla et al, Supplemental Table 2 (Continued)

Kinase Species

Entrez Gene Symbol

RIPK2 Inhibitor 1

RIPK2 Inhibitor 2

% Activity Remaining

% Activity Remaining

DYRK1B

EGFR
EGFR(L858R)
EPHA2

ERBB2

ERBB4

ERK1

FAK

FGFR2

FGFR3

FLT3

GSK3B

IGF1R

IKK-alpha
IKK-beta

INSR
JAK2(JH1ldomain-catalytic)
JAK3(JH1domain-catalytic)
JNK1

JNK2

JNK3

KIT

KIT(D816V)
KIT(V559D,T670I)
LKB1

MAP3K4
MAPKAPK2
MARK3

DYRK1B
EGFR
EGFR
EPHA2
ERBB2
ERBB4
MAPK3
PTK2
FGFR2
FGFR3
FLT3
GSK3B
IGF1R
CHUK
IKBKB
INSR
JAK2
JAK3
MAPKS8
MAPK9
MAPK10
KIT

KIT

KIT
STK11
MAP3K4
MAPKAPK2
MARK3

95
93
100
100
72
100
97
100
93
100
89
89
97
100
100
100
93
100
89
91
83
82
100
100
89
93
99
100

94
95
81
94
95
100
91
94
72
85
100
73
89
100
100
93
100
100
73
93
81
100
94
98
95
94
87
100




Salla et al, Supplemental Table 2 (Continued)

Kinase Species

Entrez Gene Symbol

RIPK2 Inhibitor 1

RIPK2 Inhibitor 2

% Activity Remaining

% Activity Remaining

MEK1
MEK2
MET
MKNK1
MKNK2
MLK1
p38-alpha
p38-beta
PAK1
PAK2
PAKA4
PCTK1
PDGFRA
PDGFRB
PDPK1
PIK3C2B
PIK3CA
PIK3CG
PIM1
PIM2
PIM3
PKAC-alpha
PLK1
PLK3
PLK4
PRKCE
RAF1

MAP2K1
MAP2K2
MET
MKNK1
MKNK2
MAP3K9
MAPK14
MAPK11
PAK1
PAK2
PAK4
CDK16
PDGFRA
PDGFRB
PDPK1
PIK3C2B
PIK3CA
PIK3CG
PIM1
PIM2
PIM3
PRKACA
PLK1
PLK3
PLK4
PRKCE
RAF1

89
83
100
86
100
81
100
100
98
94
99
87
86
89
100
95
100
100
100
98
%94
95
100
82
96
100
95

98
89
69
100
%4
82
100
97
95
100
100
90
88
100
98
100
100
100
94
99
100
99
100
94
100
100
100




Salla et al, Supplemental Table 2 (Continued)

Kinase Species

Entrez Gene Symbol

RIPK2 Inhibitor 1

RIPK2 Inhibitor 2

% Activity Remaining

% Activity Remaining

RET

RIOK2

ROCK2
RSK2(Kin.Dom.1-N-terminal)
SNARK

SRC

SRPK3

TGFBR1

TIE2

TRKA

TSSK1B
TYK2(JH1domain-catalytic)
ULK2

VEGFR2

YANK3

ZAP70

RET
RIOK2
ROCK2
RPS6KA3
NUAK2
SRC
SRPK3
TGFBR1
TEK
NTRK1
TSSK1B
TYK2
ULK2
KDR
STK32C
ZAP70

100
90
96
99

100
98
86

100
97
86
95
94
84
96
94

100

93
93
100
100
62
100
78
96
96
90
100
100
100
83
84
85




RIPK2 Inhibitor 1 - Chemical Structure and Chemical Shift Assignment
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RIPK2 Inhibitor 2 - Chemical Structure and Chemical Shift Assignment
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A Mass Spectrometry Confirmation of RIPK2 Inhibitor 2 Formula Weight
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Effect of RIPK2 Inhibitor 1 and 2 on HCT116 Colon Cancer Cells
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% Cell Death

RIPK2 Inhibitors Do Not Inhibit RIPK1-directed
Ferroptosis-driven Cell Death in A549 Lung Cancer Cells
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RIPK2 Inhibitors Do Not Inhibit RIPK1-directed
Cell Death in HT-29 Colon Cancer Cells
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RIPK2 inhibitors are well tolerated in vivo
(selected Markers of Tissue Damage shown below)
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