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One Sentence Summary:
We develope@dn OGGL1 inhibitor which decreases lunflammationby a mechanism distinct from other

antrinflammatory drugs.

Abstract

The onset of inflammation is associated wehctive oxygen species and oxidative damage to
macromolecules such as80Gin DNA. The OGG1 glycosylaseinds 8-oxoGand since th©ggl "~
mice are resistant to acute and systemic inflammatrernypothesized that OGGL1 inhibition may
represent a novel strategy to prevent and treat inflammation. We pleddl6l5487, a selectivactive site
inhibitor of OGG1thathampersOGGL1 binding to and repair of 8-0xoG and is well toleratethizg.
TH5487 preventTNFa-induced OGG1BNA interactions aguaninerich pronoters of preinflammatory
genes. This, in turn, decreadd¥A occupanyg of NF«B and pro-inflammatorygene expression
resulting indecreased inflammatory celaruitment to mouse lungshus, we shovin vivo proof-of-

concept of tageting oxidative DNA repair to alleviate inflammatory conditions.



Main Text:

Upon exposure tpro-inflammatory agents, cells produekevated levelsf reactive oxygen

species (ROS)Wwhich induce oxidative DNA damage. Guanine is particularly vulnerable because
it has the lowest oxidation potential among canonical DNA bds@&3, fesulting primarily in
7,8-dihydro-8-oxoguanine (8-o0xoG) particularly at guanine-rich promoter re@op#s 8-
oxoguanine-DNA glycosylase 1 (OGG1) binds with high affinity to 8-0xoG in doutdedstd

DNA to initiate DNA base excision repaln addition to this roleDGG1has distinct signal
transductiorfunctions 6-7), interacts with &xo0G in gene regulatory regions, and facilitates
gene expressiof8, 7-12). These observations provide a potential explanation for the decreased
inflammatory responses bggl "~ mice (13-16), which are otherwise viable and largely healthy
(17). Thus, we hypothesized that small molecule OGGL1 inhibitors may be clinisattyl for the
alleviation of inflammatory processes while still being well tolerated.

To screen for OGGL1 inhibitors, we used a duplex oligonucleotide with the OGG1
substrate3-oxo-7,8-dihydra2-deoxyadenosine and an excess of AP endonuclease 1 (APE1),
which acts downstream of OGG1 and stimulates its ac{i{&y(Fig. 1A and 1B). We screened a
compound library containing 17,940 compounds (Table&1) identified a hit molecule with an
ICs0 of 8.6 M. During hit expansion, we developed TH5487 as a potent OGGL1 inhibitor with an
ICs0 Of 342 NM, whereas structurally similar analogues TH2840 and TH5411 were inaithive w
ICs0 values exceeding 100 uM (Fig. 1C, 1D, S1, S2 and S3). This compound series was selective
for OGG1 and did not affect the activity of other DNA glycosylases (Fig. 8&iATable S2),
various Nudix hydrolases/diphosphatases (Table S3), and did noalateldNA (Fig. S5B).
Previously, a hydrazidbased small molecule (O8) was reported to inhibit OGG1 with similar
potency as TH548719). O8 was found to inhibit catalytic imine formation in OG@&%), and

we observed an increase in the potency of O8 hjtiagnAPE1 from the reactionn contrast to
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TH5487 (Table S4). APEL1 readily released fluorescence from a natwstéd®But only partially
from an ARsite substrate prmcubated with O8 (Fig. S5C). Thus, TH5487 primarily intabit
the DNA glycosylasectivity of OGG1, whereas O8 appeared to interfere with downstream
B-lyase activity. To further validate OGG1 inhibition by TH5487, we performedrefgtoretic
mobility shift assays (EMS#. OGG1 bound to 8-oxoG:C-containing duplex oligonucleotide in
aconcentration-dependent manner (Fig. S4C). The amount of OBGYLeomplexes
decreased in a dosiependent manner upon addition of TH5487 (Fig. 1E), demonstrating that
TH5487 precludes OGGL1 from binding oxidized DNA in vitro

TH5487, but nothe inactive nalogs TH2840 and TH54lihcreased the melting
temperature for OGG1 in a concentratiependent mannéFig. 1F) Thus, TH548Mediated
protein destabilization did not account for the observed decrease in enzyme aatigestsg
that TH5487 binds OGGsimilarly to 8oxoG extruded from DNA. Supporting thisgatment
with TH5487 resulted in a lower deuteration for all peptides forming the actveasiity (Fig.
1G and Table S5). Thus, TH5487 is a potent and selective active site inhibitor that prevents
OGGL1 from recognizing its DNA substrate.

To identify the precise binding site for this class of inhibitors, we determifreg X
crystal structures of mouse OGGL1 in complex with the more soluble analog TH%$.78F54
and S6A-C Table $). TH5675 bound the active site (Fig S6D), albeit differently from the
natural substrate (Fig S6E). Notaltlyeiodophenyl tail of TH5675 occupied the deeper
hydrophobic pocket flanked by Phe319, Cys253, and Met257 and took the place of the
8-oxoguanine &se. The centraliperidyl linker was stabilized by hydrogen bonds with the
catalytic Lys249 and the backbone of Gly42, the residue that distinguishes 8-oxodrtmanine
guanine. The benzimidazolone core interacted with a lipophilicsggpstabilized byle152 and

Leu323 in addition to a n-stacking interaction with His27@0). Notably, the Asp322 side chain
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was within hydrogen bond distance of the solvent accessible amine, which correspbeds t
bromine atom in TH5487 (Fig. S6F). These interaction® wes result of a localonformational
change where the active site closed around the ligand36{g, Movie S).

For OGGL1 inhibitors to be pharmacologically useful, they need to engage and inhibit
OGGL1 in cellsTH5487 increased the melting temperature of OGG1 in human cells (Fig. 2A),
demonstrating that TH5487 engagexdintended target in living cells and prottit from
thermal denaturation. Furthermore, TH5487 impaiegzhir of genomic -®xoG induced by
KBrOs. TH5487 caused a significaimicrease in genomic-8xoG after 2.5 h (Fig. 2B and 2C)
and at24 h, 50% * 8% of the 8-0xoG remained in the TH5%83@ted cellgFig. 2C), without
disruptingproliferaion (Fig S7A) Thus, genomic 8-oxoG and TH5487 wereliMolerated by
cells. Furthermorehe decrease in genomieo80G was a result of repair processes and not
cellular replication. To further validate target engagement, we assessedthataidynamics
of OGGLEGFP fusion proteingells were treatedith KBrOsz and released into medium
containing TH5487 or DMSO. Consistent with previous rep@ty OGGEGFP fusion proteins
were immobilized at genomic DNA lesions introduced by KBfMeatment with TH5487
increased the nuclear mobility of OG&3AFP 3 and 5h after KBrQ exposure (Fig. 2D-E, S7B-
C), suggeshg thatTH5487 prevented OGG1 bindingite genomic substrate in living cells.

OGG1 binds 8-oxo@t gene regulatory regions to mediate transcriptional activation in
response to inflammatory stimi8, 7-11). In the absence of functional OGG1, a decreased
inflammatory response is observé&l12-16, 22). Because TH5487 prevents OGG1 from
binding 8-0x0G in DNA, we examined if TH5487 could suppressmftammatory gene
expression. In line with previous observatiohi®) ( HEK293T cells lacking OGG1 displayed a
reduced induction d€XCL1 (chemokine (C-Xc motif) ligand 1)mRNA following tumor

necrosis factor (TNFa) stimulation (Fig. 2F, S7D and S7E). Treatment with 5 uM TH5487
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decrease@€XCL1 expression by > 50% in wild-type but not in OGG1-knockout cells (Fig. 2F).
Thus, the compound may be used to specifically inhibit OGG1-dependenfipromatory gene
expressionSince respiratory epithelium is a key orchestrator of pulmonary innate ienmun
responses2B), we stimulated a murine airway epithelial cell line (MLE 12) with TNFa (24),
which increased the expression of an array ofipilammatory cytokines, €, and C-X€
chemokines (Fig. 3A-C and S8). Importantly, TH5487 decreased expresghensame genes to
near pretreatment levels (Fig. 3C, 3E, S8, S9, S10, S11 and S12). Inhibition was dose-dependent
(Fig. 3D and S10) and observed also with the potent inflammatory agent lipopolyasechar
(LPS)(25) (Fig. 3F, S11 and S12). Crucially, TH& decreased TNFa- and LPSinduced gene
expression also in diploid human airway epithelial cells (hRSAECs; Fig. 3G-1,18%r# S12).
ROS generate a localized increase in OGG1 substrates in guiahipeomoter regions
(4, 6, 9, 10) including proinflammatory gene3, 4, 12). Emerging evidence suggests that OGG1
binding to gene regulatory regions exerts an epigenetic roledro8-causing OGGL1 to act as a
modulator of gene expressids) 4, 6-11). Guanine oxidation leads to sequential recruitnoén
OGG1 and downstream transcriptional effect8r8¢11), such as nuclear factor kapBaNF-
kB), which is the main driver of both TNFa- and LPSinduced pronflammatory gene expression
(26). Consistent with the observation that TH5487 prevents OGG1 from engaging ddbiNge
in vitro and in cells (Fig. 1E, 2D and 2E), we observed that TH5487 decreased the recruitment of
OGGL1 to regulatory regions of piaflammatory cytokines in TNFa-challenged cells (Fig. 3J).
Consequently, binding of NkB to the same regulatory regions was significantly decreased by
TH5487 in the chromatin of TNFexposed cells (Fig. 3K) and to its recognition sequence in
nuclear extracts from mouse and human cells by TH5487 (Fig. 3L and S13A-C). Insitrecpre
of OGG1, TH5487 decreased MB-occupancy on 8-0xoG-containing DNA, whereas TH5487

alone was unable to inhibit NEB (Fig. S13D-E). Thus, TH5487 decreases prnflammatory

6



gene expression by perturbing DNA occupaotiF«B and potentially other OGG1-dependent
transacting factorg3, 8-11). TH5487 had no effect on the release of ®-from its inhibitory
complex (Fig. S14A2), but inhibited inflammatory gene expression similar to BB4S541, an
IxB kinase inhibitor (27) (Fig. S15A). Thus, both TH5847 and BMS-345541 inhibit -
function: TH5487 by preventing N&B binding to promoters (Fig. 3K), and BMS-345541 by
inhibiting NF«B activation (Fig. S14A-C). This results in the same readout in the form of
diminished induction of prinflammatory genes. The previoustgveloped OGG1 inhibitor O8
(29) did not affect gene expression (Fig. S15A), possibly because, in contrast to Ti#5487,
allows OGGL1 binding to damaged DN29j (Fig. S15B-C.

In addition, TH5487 isnetabolically relatively stable and well tolerated in mice (Table
S7, S8, S9 and S10, Fig. S16A). To assess whether TH5487 could downregulate chemotactic (C-
C and C-X€) mediatorg28) in vivo, we challenged mouse lungs with TNFa and profiled the
gene expassion of pranflammatory mediators. TNFa robustly induced expression of pulmonary
pro-inflammatory genes, but a prophylactic injection of TH5487 decreased thessixpr levels
by twofold orgreater(Fig. 4A and 4B)Challengewith TNFa or LPS inducedthe robust
recruitment of neutrophils to the airways, which was decreased by up to 85% * B&6 by t
prophylactic intraperitoneal administration of TH5487 (Fig. 4C and S16B-G). We then
administered TH5487 at different time points before or after challengdWith and found that
TH5487 reduced the pulmonary neutrophil count even when administered up to 9 h after TNFa
challenge (Figure 4D and S17). Thus, TH5487 is efficacious in vivo, suggesting that the
compound could be used for the treatment of inflammatory conditamely, during the
revision stage of this manuscript, another potent and structurally distinct OGG loinvvidst

published 29). Even this compound has comparable aritkmmatory effects (Fig. ).



Thus, ve have developedmharmacologically useful OGG1 inhibitor that is a potent and
selective active site binder that prevents OGG1 from engaging damagechd@ iand in
cells, resulting in a decreased nflammatory gene expression by a mechanism that is distinct
from other established therapeutic agents (Fig)SThis is translated into a reduced neutrophil
infiltration in mouse lungs challenged with TNFa or LPS, demonstrating th&GG1 inhibition

may be a potentially useful strategy for the treatment of inflammation.
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Main text figure legends
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Fig. 1: Development and validation of OGG1 inhibitors (A)A fluorophore and a quencher on
opposite strands are separated upon O@@dtated excision of-BxoA and APEL1 incision at

the resulting apurinic site, causing a local melting of the DNA h@ixExcision of 8-0x0A:C,

but not undamaged substrates by OGGL1 in the presence of APEL. Data represent &2Ege
three technical replicates, representative of four independent experirigr@segmical

structures of the OGGL1 inhibitors described her@m.Inhibition curves: 0.8 nM OGG1 and 2

nM APE1 were incubated with 10 nM OGG1-substrate and different concentrations of the
indicated compounds. Data are presented as aveféger technical replicateBom at least two
independent experiments (n=2 for TH2840 and TH5411, n=33 for TH54A37)H5487

precludes binding of OGG1 to damaged DNA. 10 nM of an OGGlrstdsluplex

oligonucleotide was incubated with 100 nM OGG1 and the indicated concentrations of TH5487.
This prevented the formation of OGG1-DNA complexes in a dose-dependent manner. fEhe figu
is representative of three independent experim@ntPifferential scanning fluorimetry (DSF):
OGG1 was incubated with SYPRO Orange and a dilution series of OGGL1 inhibitors. TH5487,
but not inactive analogues TH2840 and TH5411, confers the thermal stabilization of OGG1. Data
are averageSD of three technical replicates and are representative of three independent
experiments.@) Differences in deuterium uptake superimposed on an OGG1 model upon
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TH5487 binding (PDB: 1EBM). Colored regions show peptides protected from deuterium
exchange. Thenolecular surface of TH5487 is shown as a seeamsparent surface albiNA is
displayed as a ribboH) X-ray crystal structure of mouse OGG1 (gray) in complex with ligand
(yellow). N- and Ctermini are labeled. Closgp view of ligand binding. Importa@mino acid
residues are marked; hydrogen bond interactions are shown with black dashé&ldasesnote
that the view in H is different from the one in G.
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Fig. 2 TH5487 engages OGGL1 in cells, inhibits DNA repair, and alters OGG1 chraatin
dynamics.(A) Cellular thermal shift assay: Jurkat A3 cells were treated with 10 uM TH5¥B7 a
OGG1 thermal stability was analyzed by immunoblotting. Addition of 10 uM TH5487 to
cultured cells increased the melting point of OGGL1 by 3°C (n=2 independemineapts)(B)
Induction of genomic &xoG by KBrQ: duplicate cultures of Jurkat A3 cells were treated for 1
h with 20 mM KBrQ, and the level of 8-0xoG in genomic DNA determined byNMIS/MS.

KBrOs induced a >10-fold increase in genomic 8-ox8®@ta are presented as average + SD of
four replicates from two independent experime(@3.Repair kinetics of genomic@xoG: Cells
treated with 20 mMKBrOs for 1 h were washed and released into medium containing 10 uM
TH5487 or 0.1% DMSO. Duplicate samples were taken at the indicated time points andcgenomi
content of 8-o0xoG determined as in C. TH5487 induced a notable delay in repair kinetics at 2.5-,
5- and 24k time points Data are presented as average = SD of four replicates from two
independent gperiments(D) Fluorescence recovery after photobleaching (FRAP): Jurkat A3
cells expressing OGGGFP were treated with 16 mM KBgQOwvashed, and released into
medium with 10 uM TH5487 or 0.1% DMSO. A nuclear region was bleached and recovery of
fluorescenceafter photobleaching was recorded. Representative dalse images of DMS©O

and TH5487reated cells(E) Quantification of FRAP experiments: 10 uM TH5487 increased
the nuclear mobility of OGGGFP at 3 h and 5 h after KBs@eatment. Quantificationd owo

(0 h) or three (3 h and 5 h) independent experiments are sfoM15487 inhibitsSTNFa-
inducedCXCL1 gene expression in wild-type, but not OGG1 knock out HEK293T €lés

were treated with 0.05% DMSO or 5 uM TH5487 for 1 h and TNFa (20 ng/ml) for 30 min.

CXCL1 mRNA levels were determined with qP(Pata are average + SD from three

independent experiment§p<0.05, “p<0.01, ™ p<0.001, using unpaired two-sided ttest.
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Fig. 3: Inhibition of pro -inflammatory gene expression and inflammation by TH5487 an active-
site binder of OGGL.(A to C) The effect of TH5487 on basal (A) and TiNFduced expression of
an array of pranflammatory cytokines, chemokines and receptors (B, C) in mansay epithelial
cells (MLE 12). [ata analysis were performed according to the manufacturer’s instructioggheir
web-based software package: http://sabiosciences.com/pcrarraydataangyf).gie dose-
dependent inhibition of TNFa-inducedTnf mRNA levels by TH5487 in MLE 1ZE andF), TH5487
inhibits the TNFa- and LPSinduced expression of pro-inflammatory genes in MLE(G).Dose
dependent inhibition by TH5487 of TNFa-induced expression @NF in human airway epithelial cells
(hSAECSs).(H andl) TH5487 inhibits TNFa- or LPSinduced expression of piaflammatory genes
in hSAECs. In A, B, C, E, F, H and I, parallel cultures of cells were treatbdsalitent or TH5487 (5
uM) for 1 h and TNFa (20 ng/ml for 30 min) or LPS (100 ng/ml for 1 h) was added. In D and G,
decreasing concentrations of TH5487 were added prior taTRIFng/ml for 30 min). Changes in
MRNA levels were determined by gHPICR.Data are presented as average + SD of at least three
independent experimeni{d) TH5487 decreases binding of OGG1 to promoters in chrong&jin.
TH5487 perturbs DNA occupancy of NdB in chromatin. In J and K, data are presented as average +
SD of four independent experiments. In J and K, MLE 12 cells were treated with swl\geniv
TH5487 for 1 h and exposed to TWR20 ng/ml) for 30 minChromatin was immunoprecipitated
using antibody to epitope-tagged OGG1, or RelARB-+old changes in OGG1 aiF-«xB binding
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to the indicated proximal promoter regions were determined by gRERH5487 perturbs binding
of NF-«B to 8-0x0G containing synthetic DNA in nuclear extracts from MLE 12 or hSAEC. cells
Images are representative of three independent experimeridsto L, "p<0.05, “p<0.01,

" p<0.001, using unpaired two-sided ttest.
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Fig. 4: TH5487 suppresses prinflammatory gene expression and lung inflammation in
mice (A,B). Groups of mice were treated intraperitoneally with TH5487 (30 mg/kg) or eehicl
and lungs were TNE-challenged intranasally (20 ng/ml). The bars represenession levels of
MRNAs pooled from lungs of six individual micBarget gene signals were normalized to
housekeeping genes and all data analysis were performed according to uFectuear’s
instructions using their webased software package:
http://sabiosciences.com/pcrarraydataanalysis.php.((G)LDose dependent inhibition of
TNFa-induced neutrophilic inflammation by TH5487. Mig#% Q; 50% ) were treated
intraperitoneally with increasing doses of TH5487 and challenged intranasally with TNFa.
Sixteen hours after challengajce were euthanized and lavaged. Neutrophil numbers in
bronchoalveolar lavage fluid were determined in a blinded fas(rH5487 interrupts TNFa-
induced ongoing inflammatory processes. Randomly selected groups of mice (50% )
were challenged intranasally with vehicle or 20 ng/lung TNFa, with TH5487 administered
intraperitoneally 1 h before or 3 h, 6 h or 9 h th&eeaSixteen hours post TNFa stimulation,
mice were euthanized and lavaged. The levels of neutrophil infiltnatoa assessed as
described for 4Qn C,D, ™ p<0.001, using unpaired two-sided ttest.
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Supplementary Material and Methods

Recombinant Proteins

The cDNA of human recombinant APE1 cloned into pET14b vectorMvidgrminal
Hise-tag (a gift from Dr. Jason Parsons) was introduced Esbberichia coli strain
BL21(DE3)pLysS. The transformed cells were grown in LB medium + 100lpg/m
ampicillin at 37°C overnight. LB medium was inoculated with the fresh overnighireul
and bacteria were grown at 37°C to g A= 0.8. Then, the temperature was decreased

to 30°C, APEL1 expression was induced by addition of IPTG to 0.5 mM and cultivation
was continued at 30°C for another 3 h. Cells were harvested by centrifugation and lyse
in BugBuster protein extraction reagent (Millipore) supplemented with compietease
inhibitor cocktail (Roche) and Benzonase nuclease (Novagen) for 20 mimat roo
temperature (RT). The suspension was centrifuged at 12630r20 min and the clear
supernatant was loaded on a Skepharose column (HisTrap HP, GE Healthcare)
equilibrated with 50 mM HEPES pH 7.5, 200 mM NaCl, 40 mM imidazole, 5% glycerol.
Bound proteins were eluted using a linear gradient of imidazole (40 mM-500 mM) and
analyzed by SDSPAGE. Fractions containing APE1 protein were combined, dialyzed
against 25 mM HEPES, pH 7.4, 25 mM NaCl, 5% glycerol, loaded onto an SP cation
exchange column (GE Helatare) and eluted with 25 mM — 800 mM NaCl gradient in

25 mM HEPES, pH 7.4, 25 mM NacCl, 5% glycerol. The purity of the final APE1
fractions was assessed by SIPAGE (Fig. S20) and verified by MALDFOF mass
spectrometry analysis. The fractions with purified APE1 were dialyzadsag® mM
Tris-HCI pH 7.8, 50 mM KCI, 20% glycerol and protein concentration was determined
by the Bradford method using Coomassie Plus Protein Assay Reagent and BSA as
protein standard (Thermo Scientific). Aliquots of purified APEL proteins weredsat
—80°C.

The pNIC28—-0GG1 construct expressing human recombinant OGG1 with N-
terminal Hig-tag was transformed into Rosetta2pLys$oli competent cells. The
transformed cells were grown in LB medium + 50 pg/ml kanamycin at 37 C overnight
Fresh overnight culture was inoculated into LB medium containing 50 pg/ml kaimamyc
0.8% glycerol, and 0.4% glucose and grown at 37°C togh A= 0.9 followed by a

reduction in temperature to 18°C. After 1 h cultivation at 18°C, protein &siprewas
induced by addition of 0.5 mM IPTG. Protein expression was continued for 18 h at 18°C.
Cells were lysed using BugBuster protein extraction reagent (Millipagte)complete
protease inhibitor cocktail (Roche), benzonase nuclease (Novagen) amddgdal of
lysozyme (SigmaAldrich). After rotation for 20 min at RT, the suspension was
centrifuged at 12000 g for 20 min. The clear supernatant of cell lysate was loaded onto
a Ni-Sepharose column (HisTrap HP, GE Healthcare) equilibrated with 25 mM
potassium phosphate, pH 7.6, 250 mM NaCl, 10 mM imidazole and 5% glycerol buffer.
The bound proteins were eluted with 50 mM-500 mM imidazole gradient in 25 mM
potassium phosphate, pH 7.6, 250 mM NaCl, 5% glycerol buffer. The protein fractions
were analyzed b$DSPAGE using Mini-Protean 4%-15% TGX gel (Bio-Rad). The
fractions with OGG1 protein were dialyzed against 25 mM potassium phosphate pH 7.4,
50 mM NaCl, and 10% glycerol at 4°C overnight. They were then loaded onto a cation-
exchange column (SP HP, GE Hheare) equilibrated with the same buffer and eluted
with 50 mM-800 mM NacCl gradient. The purity of OGG1 protein was checked by SDS—
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PAGE (Fig. S20) and protein concentration was determined by the Bradford méttnod w
Coomassie Plus Protein Assay Reagent and BSA as protein standard (Toiemtitcs.
The sample with purified OGGL1 protein was dialyzed against 25 mM potassium
phosphate pH 7.4, 250 mM NacCl, 40% glycerol, aliquoted and stor@d4t.

E.coli formamidopyrimidineDNA glycosylase (Fpg, M0240), singirand selective
monofunctional uracil-DNA glycosylase 1 (SMUG1, M0336), and methylpubDiNé-
glycosylase (MPG, M0313) were purchased from New England Biolabs. | TW@&EHel,

and TDG vere purified by the Protein Science Facility at the Karolinska Institsteg u

C- and Nterminal histidinetags, respectively. A synthetic gene fragment encoding
mouse OGG1 was cloned into the pNIC28-vector and mouse OGG1 was purified as
described for the human enzyme above. UNG2 was expressed from the pET28a vector
(30) and purified essentially as descri@d). Expression constructs of NUDT5,
NUDT12, NUDT14, and NUDT15 in pNIC28 were kind gifts from SGC Stockholm.
MTH1, SAMHD1, NUDT2, NUDT9 and NUDT18 werexpressed from pET28a(+)
(Novagen). Nudix proteins were expressed dsrWinally Histagged inE. coli

BL21(DE3) R3 pRARE2 at 18°C and were purified using HisTrap HP (GE Healthcare)
followed by gel filtration using HiLoad 16/60 Superdex 75 (GE Heal#)cas decribed
(32). NUDT2 was expressed at 18°C in BL21 DES3 (Life Technologies) and purified on
HisTrap HP followed by cation exchange chromatography purification usingd#®Q
column (GE Healthcare). dUTPase and dCTPase were expressed from pET2Ba(+) as
terminally Histagged in BL21 DE3 and BL21 DE3 pLysS (Life Technologies),
respectively, and purified using HisTrap HP followed by cation exchange
chromatography using HP monoQ (GE Healthcare). Purity of protein preparatas
analyzed using SDBAGE folowed by Coomassie staining. Purified proteins were
aliquoted and stored aB0°C.

High throughpuscreeningompatibleOGG1GlycosylaseActivity Assay

The OGG1 activity assay was performed in black @@4l-plates (Optiplate,
PerkinElmer) using final concentrations of 25 mM Tris-HCI pH 8.0, 15 mM NaCl, 2 mM
MgClz, 0.5 mM DTT, 0.0025% Tween-20, and 1:3000 dilution of dialyzed fish gelatin
(SigmaG7765), 800 pM OGG1 enzyme, 2 nM APE1 and 10 nM 8-0x0A:C substrate in a
final volume of 20 pl. The 8xo0dA:C substrate was a duplex oligonucleotide where 5'-
FAM-TCTG CCA8CA CTG CGT CGA CQ G-3" was annealed to a 25% surplus of 5'-
CAG GTC GAC GCA GTG CTG GCA GDab-3'. “8” signifies 8-0x0A and “FAM”
and “Dab” signify fluorescein and dabcyl (TriLink Biotech). Briefly, compounds
dissolved in DMSO were dispensed using an Echo 550 (Labcyiteyyéa by transfer of
enzyme and substrate solutions by a FlexDrop (PerkinElmer). The reactienstoygped
by dispensing an equal volume of 0.1% SDS and 1 mM EDTA and read in an Envision
plate reader using a 488n filter with a bandwidth of 14 nm for excitation and a 535-nm
filter with a bandwidth of 25 nm for emission.

CompoundL.ibraries

The screening for inhibitors of OGG1 was done at the Laboratories of Chemical
Biology Karolinska Institutet (LCBKI), part of Chemical Biology Congsart Sweden,
using a compound concentration of 10 uM in 3&4 microtiter plates (black
Optiplates, PerkinElmer). Compounds originating from Enamine were screenayg, alon
with an LCBKI inrhouse compound library (donated by Biovitrum AB). All assay plates
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contained test copounds in columns 1-22, whereas negative and positive controls in
column 23 and column 24 were used for normalization. In this layout, the negative
controls represent the uninhibited enzyme, corresponding to empty wells or wiells wit

the equivalent amount of DMSO as the compound containing wells, whereas the positive
controls represent the completely inhibited enzyme, corresponding to the lack af OGG

BaseExcisionRepairEnzymegBER) andDNA IntercalationSelectivityAssays

BER enzymes were assayed watBimilar strategy as OGG1, using identical DNA
sequences surrounding the substrate lesion and the same reaction buffer cahtaihing
APEL. Briefly, for UNG2, we used uracil with adenine in the opposite strand, 500 nM
substrate DNA, and 300 pM UNG2. For SMUG1 and TDG, we used 375 nM and 10 nM
substrate, respectively, containing uracil opposite guanine and 0.3 U SMUG1 enzyme
(M0336 from New England Biolabs) or 33 nM TDG. For Fpg and NEIL1 we used
thymidine glycol opposite adenine, 10 and 20 nM substrate DNA, respectively and 0.2 U
Fpg (New England Biolabs, M0240) or 10 nM NEIL1. For MPG we used a substrate
containing inosine opposite thymine at 10 nM concentration and 0.3 U MPG (New
England Biolabs, M0313). For APE1 we preated the UNG3ubstrate withe. coli
Uracil-DNA glycosylase (New England Biolabs M0280) to generate asifeRopposite
adenine, which was used at 10 nM concentration in the presence of 0.1 nM APEL. All
assays were in the linear range, and less than 40% of the total substratenhad bee
consumed at readout. DNA intercalation was measured by incubating 10 nM unlabeled,
undamaged oligonucleotides in OGG1 reaction buffer in the presence of 62.5 nM
Thiazole Orange (Sigma Aldrich 390062) as descri3ay (

NUDIX hydrolasedi- andtriphosphaiseselectivityassays

Enzymecatalysed hydrolysis reactions were coupled to inorganic pyrophosphatase
(PPase) or alkaline phosphatase from bovine intestinal mucosa (BIP), théeabinge
inorganic phosphate. The produced free phosphate was then dietsotgthe malachite
green assafB4). These conditions gave robust assays wifazors between 0.5 and 1,
and signal to background ratios above 3. Substrate concentration at Ya&& for the
respective substrate was chosen if possible. Inhibition using 100 uM compound was
tested in reaction buffer (100 mM Tissetate pH 8.0, 10 mM magnesium acetate, 40
mM NaCl, 1 mM DTT, and 0.005% Tween-20) using conditions described in Table S3.
Samplers were incubat&dth shaking at 22°C for 20 minuteshd reaction wathen
stopped byhe addition of the malachite green reag@4). SAMHDL activity was
measured following the established proto@&3) ( Absorbance was read at 630 nm using
a Hidex Sense plate reader after a period of incubation with the MG reagent of 15
minutes. The experiment was performed with data points in triplicateesoenage
inhibition was calculated relative to the signal of a DMSO treated control.

TargetEngagemenAssays
Differential scanning fluorimetry36) and cellular thermal shift ass&7) was
performed as described previously.




Binding Site Characterizabn by HDX MS

In-solution structural characterization of the OGG1/TH5487 complex was
performed by comparing the local hydrogen/deuterium exchange kinetiesene©GG1
alone and in the presence of the small molecule. The method involves the following
steps

Preparation of the OGGL/TH5487 complex. The OGG1/TH5487 interaction was
initiated by mixing 48 pL of 0.3 mg/mL of OGG1 in 50 mM Tris-HCI, 20 mM NacCl, pH
7.5 with 1.4 pl of 1 mM TH5487 in DMSQH molar ligand excess), followed by 30 min
incubating at roontemperature. The control experiment was prepared in the same
manner but using DMSO rather than TH5487. The HDX reaction was initiated by mixing
2 uL of protein complex (or control) with 18 ul of deuterated buffer consisting of 50 mM
Tris-HCI, 10 mM NaCl, pH 7.5 in BD. The deuteriuntiabeling reaction was quenched
by adding 30 ul of ice-cold 100 mM phosphate pH 2.3, 166 mM TCEP and 3.3 M urea.
Each reaction was performed in triplicate usings86, min, 10min, and 106min
deuteration labeling.

Local Deuterium Uptake Measurement by HDX LC MS. Samples were analyzed in a
semtautomated HDXMS system in which manually injected samples were
automatically digested, cleaned and separated at 2°C. Deuterated samples werk digest
using an in-house packed 2.1 x 30-mm immobilized pepsin column followed hyira 3-
desalting step using 0.05% TFA at 350 pl/min. Peptic peptides were then sepaizd b
mm |.D x 50-mm length HALO C18/1.8 um column using a 20 min/2084 acetonitrile
gradient in 0.3% formic acid at 100/min. An Orbitrap XL mass spectrometer (Thermo
Fisher Scientific) operated at 60,000 resolutiomvat400 was used for analysis. The
HDExaminer software (Sierra Analytics, USA) was used to process allMBXata.
Peptides exhibiting a statistically sificant decrease in HDX kinetics in presence of the
small molecule were identified as candidates for the binding site.

X-ray crystallography

Crystals of mOGGL1 (26hg/ml) were obtained from a sittirdyop vapor diffusion
setup against 0.12 Mtlylene glyols, 0.1 M Buffer System 3 pH 8.5, and 50% v/v
Precipitant Mix 4 (Morpheus screeBg], Molecular Dimensions, UK). Samples for co-
crystallization were prepared by greeubation of mOGG1 (18 mg/ml) withrAM—4
mM of the ligands. The mOGG1:TH5675 complex was obtained with 0.09 M Halogens,
0.1 M Buffer System 2 pH 7.5, 50 % v/v Precipitant Mix 3 (Morpheus scB$n (
Molecular Dimensions, UK)A 200-nl dropof sample was mixed withnequal amount
of reservoir and incubated at 16°Crystals grew within 1 wek and wereryo-cooledin
liquid nitrogen for data collection. Diffraction data were collected aiostdfi4, and 124
of Diamond Light Source (Oxon, UKJhe ®mplete dataset (between 2.06 and 2.5 A)
wascollected from single crystals at 100 K for each complex. Raw data images were
processed and scaled with xi&®), DIALS (40), and Aimlesg41) using the CCP4 suite
7.0 @2). Molecular replacement was performed with the coordinates of human OGGL1
(PDB code 1EBM), taletermine initial phases for structw@ution in PhasedB). The
working models were refined using Refmad5)(and manually adjusted with Codbj.
Validation was performed with MolProbityg). Crystallographic data statistics are
summarized in supplementary table S6. Figures were drawn with PyMOL (Schr¢dinger
LLC, New York).




Fluorescenceecoveryafter photobleaching

Jurkat A3 cells stably expressing Gigged wildtype OGG1 were centrifuged,
resuspended in PBS and seeded onto Pdlydine coated tdish (ibidi). After 10 min,

PBS wagemoved and fresh RPMI medium supplemented with 25 mM HEPES and 16
mM KBrOzadded to the celfer 1 h. A3 cells were subsequently released into medium
containing either 0.1% DMSO or 10 pM TH5487 for indicated time periods and

transferred to a Zeiss LSM780nfocal microscope equipped with a Wdnsmitting
PlanApochromat 40x/1.30 Oil DIC M27 objective. eGFP was excited with a 488 nm Ar
laser line. The microscope was equipped with a heated environmental chamber set to
37°C.

For FRAP analysis, half @fachnucleus was selected using the Regions tool of the
ZEN software (ZEN, Zeiss, Germany) and photobleached with the 488 fmseXrset to
maximum power at 100% transmission uding iterations at scan speed 8 (5 us). Before
and after bleaching, confocal image series were recorded at 100 ms timdgr{gva
prebleach and 200 postbleach frames) with a frame size of 256 pixels and a pixel
size of 110 nm, bidirectional scanning and a pinhole setting of 2.52 Airy units. Mean
fluorescence intensities tie bleached region were corrected for background and for
total nuclear loss of fluorescence over the time course. For the quantitativatievebf
photobleaching experiments, data of at least 19 nuclei from two or three independent
experiments were avaged and the mean curve and the standard error of the mean
calculated using Microsoft Excel software. Graphs were displayed usamipBRad
Prism.

Genomic 8-oxo@nalysis

Cells were treated with 20 mM KBgGor 1 h in complete medium and treated as
indicaied. Genomic DNA from % 1 cells was purified using the EZNA tissue DNA kit
(Omega Biotek, D3396). Prior to nucleoside analysis, RNA in the DNA isolates was
degraded by incubating samples with 8gii§Nase (Sigmaldrich) in 10 mM
ammonium bicarbonate (pH 7.0), 1 mM MgGind 0.1 mM deferoxamine mesylate
(DFO; Santa Cruz Biotechnologies) at 37°C for 30 min. DFO chelates ferric inich w
can catalyze DNA oxidation by the Fenton reactionitro during sample preparation
and result in artefactually tgoxidative lesion levels. DFO is therefore used to reduce
background 8-oxoG leveld{—49). Free nucleosides and nucleotides were then removed
from samples by centrifugation through BDa cutoff columns (Merck) and re-
dissolved in UHPLGgrade water.

After RNAse pretreatment, 15 pg DNA ashydrolyzed in 50 ul containing 0.8 U
nuclease Pfrom Penicillium citrinum (SigmaAldrich), 80 U Benzonase® nuclease
(SigmaAldrich), 0.2 U alkaline phosphatase frdncoli (SigmaAldrich), and 1.25
pmol N3'3C,-8-0x0G (Cambridge Isotopes) in 10 mM ammonium acetate (pH 5.5), 1
mM MgCl, 0.1 mM ZnC4, and 0.4 mM DFO at 37°r 1 h. The reactions were
stopped by chilling on ice, and proteins were precipitated by the addition of three
volumes icecold acetonitrile and egrifugation at 16,000 g for 30 min. The
supernatants were then lyophilized at —80°C to dryness. Finally, the samples-were re
dissolved in 30 pof water for LC/MS/MS analysis, of which 5 plwdiluted 5,000-fold




to measure unmodified nucleosides anqiP@asused to measure@®oG. All analyses
were performed with an Agilent 6495 triple quadrupole LC/MS/MS systemanit
Agilent EclipsePlusC18 RRHD column (2.1 x 150 mm, [Lr8-particle size). The mobile
phases were (A) UHPL-Grade water and (B) UHPL-Grade methanol, both containing
0.1 %UHPLC-grade formic acid. The unmodified nucleoside HPLC method used a flow
rate of 300 pl/min with an isocratic flow of 24% B for 2.3 min. Thex8G HPLC

method used a flow rate of 300 pl/min with 5% B to 2.5 min, ramp to 13% B at 3 min,
ramp to 17.16% B at 5.5 min, hold at 35 % B from 5.5 to 7 min, ramp to 5% at 8 min,
and equilibration with 59B from 7 to 11.5 min. The mass transitions used were 284.1 —
168;289.1 — 173; 252.1 — 136; 228.1 — 111.9; 268.1 — 152; and 243.1 — 127 m/z for
8-0x0G,®N3*C,-8-0x0G, dA, dC, dG, and dT, respectively.

Chemicalsand Antibodies

For OGG1 detection, we used a monoclonal radniitOGGlantibody (Ab) from
Abcam (ab124741, EPR4664)2)r arabbit polyclonal OGG1 antibody from Novus
(NB100-106) Loading controls wermonoclonal rabbit antGAPDH (CellSignaling
Technologies Cat #21184C10), or monoclonal msee antiactin from Abcam (ab6276,
AC-15). OGG1 inhibitor O8 was purchased from Sigma-Aldrich (Cat # SML1697),
mouseant-FLAG Ab M2 (MilliporeSigma Cat# F1804); chromatin
immunoprecipitation (ChlP)-quality rabbit amNiF-kB/RelA (Cat # s€372X), and
control rabbit IgG (Cat # sc-2025) were bought from Santa Cruz Biotech (Santa Cruz
CA); rabbit anti-phosph®F-xB/RelA(Ser276) (cat #3037); recombinant Td\{€at no.
H8916)MilliporeSigma; recombinant human (r)NéB/p50 (cat no. AG-40T-0021-
C002); human rNF-kB/p65 (cat no. AG-40T-0020-C002), Adipogen, San Diego, CA;
recombinant OGG1 GenWay (Cat # GWB-P1370E, San Diego, C&): 4-
aminoethyl)aminel,8-dimethylimidazo[1,2a]quinoxaline (BMS345541; cat no. CAS
445430-58-0calbiochem)MilliporeSigma.E. coli lypopolysacharide (LPS) (from strain
0111:B4) and LightShift chemiluminescent EMSA kit (Cat # 2024&e purchased
from ThermoFisher Scientific.

MammalianExpression

The human OGGL1 coding sequence excluding the stop codon was cloned from the
pNIC28-OGG1 construct into the Sall-Xhol restriction site of the pENTR1A noEECD
(w48-1) vector (addgen# 17398) which had been modified to contain EGFP in the
Xhol-Xbal site (a kind gift from Dr. P Herr). The K249Q mutation was eckal site
directed mutagenesis. Both constructs were transferred into the pLen®P&®GHOEST
(W529-2) (addgene # 19068), using the Gateway LR Clonase Il system (Invitrogen #
11791-020). The plasmids were packaged into lentiviral particles and transduced into
Jurkat A3 cells and selected using 1 pg/ml puromycin for 7 dénswild-type OGG1
was cloned into pPCMV-N-FLAG expression plasmid (MilliporeSigma) and the seque
identity of Nterminal FLAGtagged OGG1 was confirmed by direct sequenddy (
Trandection was performed using LipofectAMINE 2000 (Invitrogen) according to the
manufacturer’s instruction.




CRISPR/Cas%&nockout ofOGG1

OGG1 was knocked out essentially as descr{bé&yl Briefly, two OGG1 targeting
sequences'S5ATGCGGGCGATGTTGTTGTTG&' and 5
AACAACATCGCCCGCATCACTGG3 were cloned into pSpCas9(BB)-2A-Puro
plasmid. Following transfection into HEK293¢lls, cells were treated with 2 pg/ml of
puromycin for 96 h and re-seeded intoWéll plates at a density of 0.5 cells/well. Out of
768 wells, 70 clones were established, of which three displayed reduced OGG1
expression (Fig. S7D). Knockouterevalidated by Sanger sequencighe targeted
region, followed by analysis using Tracking of Indels by Decomposiliting)
(https://tide.nki.nly (52).

Cell cultureandmaintenance

The A3 and MLE 12 cell lines were acquired from the American Type Culture
Collection (ATCC). A3 (ATTC CRL-2570) was grown in RPMI medium supplemented
with 10% fetal bovine serum BS). An immortalized type 2 mouse lung epithelial cell
line (MLE 12; ATCC CRL2110) was grown in DMEM containing 2% fetal bovine
serum (FBS). FBS (HyClone Cat #: SH30084) was obtained from GE Healthaare Lif
SciencesAll media were supplemented with penicillin (100 units/ml; Gibco, Life
Technologies,Inc.) and streptomycin (100 g/ml; Gibco, Life Technologies, Tine
human telomerase and cycliiependent kinase #mortalized human normal small
epithelial cell line (hSAEC) were kindly provided by Dr. JD Minna (Hamon Ceater f
Therapeutic Oncology Research, Department of Internal Medicine Pharmacology
University of Texas Southwestern Medical Center, Dallas, TX, USA). Thesaltgilay
characteristics of normal airway epithelial cells including morphology, @gattcell
markers cytokeratins 7, 14, 17, and 19, the stem cell marker p63, p16(INK4a) and have
an intact p53 checkpoint pathwé&8). hNSAECs were culted in small airway epithelial
growth media (SAGNM, Cat # CC-3119), supplemented with Bulle(Gat # CG4124)
containing 52 pg/ml bovine pituitary extract, 0.5 ng/ml human recombinant epidermal
growth factor (EGF), 0.5g/ml epinephrine, ug/ml hydrocortisone, 10 ug/ml
transferrin, Sug/ml insulin, 0.1 ng/ml retinoic acid (RA), 6.5 ng/ml triiatdgronine, 50
ug/ml gentamicindmphotericinB (GA-1000), and 5@g/ml fatty acidfree bovine serum
albumin (BSA).Cells were regularly tested for mycoplasma contamination
(https://microbiology.utmb.edu/centers/td¢fsueculturecorefacility). Cell lines
identity was determined usir@hort Tandem Repeat (STR) analysis
(https://scmm.utmb.edu/cores/genoscore/sequencircas suggested likie ATCC
Standard Development Organization.

Absorption,Distribution, Metabolism,andExcretion(ADME) properties

The kinetic solubility, utilizing test compound from 10 mM DMSO stock solution,
was measured at a finebmpound concentration of 100 uM and 1% DMSge Test
compound was added to 100 mM potassium phosphate buffer and incubated at 37°C for
at least 20 hours in a heasdraker. After incubation, the samples were centrifuged at
3,000x% g at 37°C for 30 min to pellet insoluble material and an aliquot of the supernatant
was taken for analysis. After dilution of the sample, the concentration of dissolved
compound was quantified by LEAS/MS analysis.



https://tide.nki.nl/
https://microbiology.utmb.edu/centers/tccf-tissue-culture-core-facility
https://scmm.utmb.edu/cores/genomics-core/sequencing

Metabolic stability was determined in 0.5 mg/ml human (poabedhouse (pooled)
liver microsomes at a compound concentration of 1 uM in 100 mM phosphate buffer pH
7.4 in a total incubation volume of 500 ul. The reaction was initiated by addition of 1
mM NADPH. At various incubation times€., at 0, 5, 10, 20, 40 and 60 mia)sample
was withdrawn from the incubation and the reaction was terminated by additaza of i
cold acetonitrile. The amount of parent compound remaining was analyzed by LC—
MS/MS.

Plasma protein binding was determined by equilibrium dialysis of drug in @lasm
against an isotonic buffer. Pooled human plasma was provided by the Uppsala Academic
Hospital and was collected from two male and two female donors (non-smoking). 0.2 mi
of the plasma test solution (10 uM final compound concentration)rarsfé¢rred to the
membrane tube inr@pid equilibrium dialysis (RED) insertlsotonic phosphate buffer
(0.35 ml) pH 7.4 was added to the other side of the membrane. Twell9tase plate is
then sealed with an adhesive plastic film (Scotch Pad) to grevaporation. The sample
is incubated with rapid rotation (900 rpm) on a Kisker rotational incubator at 37°C for 4 h
to achieve equilibrium. After incubation, the contents of each plasma and buffer
compartment were removed and mixed with equal volumes of control buffer or plasma as
appropriate to maintain matrix similarity for analysis. The samples wanes#daded,
centrifuged and the supernatant is analyzed by mass spectromety$LaS). The
following LC-MS/MS system was used: Waters XEVO TQ trgleadrupole mass
spectrometer (electrospray ionization, ESI) coupled to a Waters AcdRit¢ (Waters
Corp.). For chromatographic separation a general gradient was used (1% maal& pha
to 90% over 2 min total run) on a C18 BEH 1.7 um columrbRmm (Water<orp.).

Mobile phase A consisted of 5% acetonitrile 0.1% formic acid and mobile phase B 100%
acetonitrile 0.1% formic acid. The flow rate was 0.5 ml/minl 6ffthe sample were

injected When analyzing plasma protein binding and solubility samples dasthourve
between InM-1000 nM is prepared.

Pharmacokinetichloodandserumparameters

Pharmacokinetic parameters were determined in compliance with EU 2010/63
directive and approved by the regional experimental animal ethical committee in
Stockholm (N484/12). The animals were housed under sterile conditions and were
provided with enrichment and free access to food and water. The environmental
conditions, temperature, humidity, cage size and light cycle were accavdatgptatory
animal guidelines angkgulations. Animals were acclimatized foweek before
initiation of study. Groups of Weekold female C57BI/6N mice (Charles River
laboratories) were administrated eitbee single dose orally (30 mg/kg) or intravenously
(20 mg/kg), according to body weight. Blood was collected in E@®Ated collection
tubes (Sarstedt, Helsingborg, Sweden) at different time pointeseanimals were used
for each time point. Plasma was separated from by centrifugatiodC&2g for 10 min.
Pharmacokinetic paranmes were calculated using PK Solutions™.0
Noncompartmental Pharmacokinetics Data Analysis Software.

To establish blood and serum parametgrsC57BI/6N (Charles River laboratories,
threemale andhreefemale) in vehicle and treatment group were adstened either
vehicle or 30 mg/kg TH5487 by intraperitoneal injection once a day for 5 consecutive
days.Twenty-four hours dfer thelast injection, blood was collected by orbital bleeding




to measue whole blood parametersei®m was subjected t@riousclinical chemistry
assays to detect any toxic effects to major orgalmad and serum profiles were
measured by Adlego Biomedical AB, Solnha, Sweden.

In vivo inflammationexperiments

In vivo inflammation experiments were performed according to the NlideSor
Care and Use of Experimental Animals and approved by the University TexasaMedi
Branch(UTMB) Animal Care and Use Committee (approval no. 0807044B). Eight-
weekold female and male BALB/c mice (The Jackson Laboratory, Bar Harbor, ME,
USA) housed in pathogeinee conditions in the animal research facility of the UTMB
(Galveston, Texasyere used for these studies. Randomly selected groups®it0%
4 and 50% were challengeihtranasally (i.n.) with TN& (20ng per nouse) or 20 ng
LPS, per lung in 60 ul of pH-balanced saline solution (pH: 7.4) under mild anesthesia
(54) one houafter intraperitoneal administration of TH5487 (30, 15, and 8 mg per kg, in
a200-ul volume without anesthesia) or vehicle only (5% DMSO, 10% Tween 80 in
saline). In contrls, mice were challengedonewith TNFa (20 ng), LPS (100 ng) or
saline (60 ul). Independent groups of mice were intraperitoneally injected W&487
(30 mg per kg) dissolved in 5% DMSd10% Tween 80 in saline. During a 48-h
observation periodherewere no signsf toxicity observed as determined by well
establishedlinical illness grading scale (0 = healthy; 1 = barely ruffled fur; 2 = ruffled
fur but active; 3 = ruffled fur and inactive; 4 = ruffled fur, inactive, and hunched; 5 =
dead).

Evaluaion of airwayinflammation

Evaluation of airway inflammation was performed essentially as des¢@Bed
Briefly, trachea werecannulated, and lusgverelavaged by two instillations of 0.6 ml
of ice-cold PBS Bronchoalveolar lavage fluidBALF) sample were centrifuged (800 x
g for 5 min at 4C), and the resulting supernatants were stored at —80°C for further
analysis. Total cell counts in the BALF were determined from an aliquot of the cel
suspension using a hemocytometer. Differential cell counts pesformed on
cytocentrifuge preparations (Shandon Cyto3giiCytocentrifuge, Thermo Scientific,
Waltham, MA). Cells were stained wiModified Wright-Giemsa using HEMATEK
2000 Slide Stainer (Protoctl) for differential cell countsDifferential cell counts were
performedn a blind fashion by two independent researchers countidg d€lls from
each animalRandomly selected fields were photographsidg an OLYMPUS
Microscope System BX53P microscope with a builtigital CCD color camera
DP73WDR.

RNA isolationandquantitativereattime PCR(qQRT-PCR)

RNA wasextracted using an RNeasy kit (Qiagen) per the manufacturer’'s
recommendations. BrieflfpNasettreated total RNAvasloaded onto an RNeasy
column and subjected to washes with RW1 and RPERSufRNA was eluted with the
RNasefree water included in the kit. The RNA concentration was determined
spectrophotometrically on an Epoch Take-3™ system (Biotek, Winooski, VT) using
Genb5 v2.01 software. The quality of the total RNA was confirmed via the 260/280 nm
ratio, which varied from 1.9 — 2.@ne microgram oRNA was reverséranscribed using
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a SugrScript® Il FirstStrand Synthesis System (Invitrogen, Life Technologies). gRT-
PCR reactions were performed in triplicate using SYBR Green PCR Master Mix
(BioRad) in an CFX 96 redlme PCR detection system (Bio Radhetranscript levels
were evaluated using the*Z*' method $5) using Microsoft Excel. The validated primers
were obtained fronmtegrated DNA Technologies (San Diego, CA USA) and the
sequences may be found in Supplementary Table S11.

Geneexpressiorprofiling

Parallel cultures of cells were treatedhWTH5487 (5 uM) or mock-treated (0.05%
DMSO) for 1h and then exposed TiNFa for 30 minutes (20 ng/ml). Total RNAas
isolated with RNeasy Mini Kit followed by DNase | treatment. RNA fribmee
independent cultures were pooled and cDNA were synthesized using Superscript® IlI
First Strand Synthesis System (Invitrogen). cDN&swixed with equal amounts of 2X
iTaq Universal SYBR Green Supermix (BioRad) and 20 pl of reaction mixture was added
to each well of the Mouse Inflammatory Cytokines & Receptors Re&/ (PAMM-
011ZA) to determine changes in mRNA levels. The gRT-PCR was performed using an
ABI PRISM® 7000 Sequence Detection System. The normalizatiorthisederage of
the followinghousekeeping gendsetaD-glucuronidaseGusb), beta2 microglobulin
(B2M), heatshock protein 90 Alpha (cytosolicrily class Amember 1 Klsp90abl),
glyceraldehyde3-phosphate ehydrogenas@sapdh), and atin cytoplasmic 1(Actb).
Target gene signals normalized to housekeeping genes as describedabdves(
normalizaton and all the data analysis were performed according to the manufacturer’'s
instructions using their webased software package:
http://sabiosciences.com/pcrarraydataanalysis.phe full lists of gene names are in the
legend of Supplementafjigure S8.

ElectrophoretidMobility Shift Assay(EMSA)

To evaluate OGG1 binding to damaged DNA, electrophoretic mobility shift assays
were performed by incubating 10 nM duplex oligo containing 8-oxoG with 100 nM
OGG1 enzyme in 25 mM TrisHCI pH 8.0, 15 mM NaCl, 2 mM Mgé&id 0.5 mM DTT,
supplemented with 5% glycerol and OrangeG as loading dye. The duplex oligo had the
sequence’5FAM-TGT ATC GAT ACCXTC AAC CTC GAG GAA TF3, where “X”
signifies 80xoG (GeneLink). The complementary sequence, in 25% excess, had the
sequence ®AAT TCC TCG AGG TTG ACG GTA TCG ATA CA3'. Samples were
incubated with OGG1, TH5487, and DNA for 15 minutes on ice, then separated\at 200
for 45 minutes in a 7.5% polyacrylamide gel (0.5BE, 5% glycerol).

To assess NiB binding to synthetic DNA, mock- and TNFa-exposed cells were
harvested anduclear extractdNEs)were prepared using CelLytN: NuCLEAR™
extraction kit (NXTRACT, MilliporeSigma) and EMSAs were performed as dbscki
(3). In brief, protein concentrations of NEs were assessed using the progsirkiagBio-
Rad). Probes (10 fmol) were mixed with NE (2 pg) in buffer containing 2 mM HEPES
(pH 7.5), 4 mM KCI, 1 mM dithiothreitol (DTT), 0.25 mM Mg£;10.01% Nonidet P-40,

50 ng/uL of poly(dI-dC), and 1 mg/ml BSA. EMSASs for recombinant NB-subunits
(RelA(p65R) and/or p50R) were first annealed in 10 mM Tris (pH 7.5), 5 mM NaCl, 1
mM DTT, 1 mM EDTA and Ing/ml BSA at 37C for 1 h. The mixture was incubated
with 8-0x0(G) (G*) and NF«¢B-binding site containing synthetic double-stranded

11


http://sabiosciences.com/pcrarraydataanalysis.php

oligonucleotides DNA (probé)harmacon Inc, GE Healthcare, Lafayette, CO, UBA)

15 min at 4°C (Supplementary Table S12). Unlabeled probe was used for competition
experiments. Samples were resolved on a 6% DNA retardation gel (Invitioge2p x
TBE buffer. Visualization of NkeB-DNA complexes was carried out with LightShift
chemiluminescent EMSA kit (Thermo Scientific).

To validatethe effect of TH5487 on binding of OGGL to the duplex DNA probe, 10
nM OGGL1 in10 mM Tris (pH 7.5), 5 mM NaCl, 1 mM DTT, and 1 mM EDTA were
incubated with TH5487 for 30 min and mixture was added to duplex DNA probes (10
fmol) lacking or containing 8-oxoG for 15 min at 4°C. Sequences of synthetic DNA are
identical to those used in NEB EMSA. EMSA and visualization of OGG1-DNA
complexes were carried out using LightShift chemiluminescent EMSA lkér(fio
Scientific). Band intensities were quantified using ImageJ v1J55( National Institutes
of Health, Bethesda, Maryland, USA).

ImmunoprecipitatiomndWesterrblotting

Cells (1x10 per time point) were exposed to TNR0 ng/ml) and lysed using
buffer from Cell Signaling Technology (Cat # 9803; 50 mM TrisHCI, pH 7.5, 150 mM
NaCl, 1 mM EDTA, 1 mM EGTA, 1% Nonidet P-40, 2.5 mM sodium pyrophosphate, 1
mM glycerophosphate, 1 mM Na3V{d mM NaF, and 20 pg/ml aprotin/leupeptin/
phenylmethanesulfonyl fluoride). Cell lysates were centrifuged at 14,8Ga 4°C for
30 minutes. The pre-cleared (on protein A agamysidiporeSigmg Cat # 16-125; for 1
h) supernatants were incubated with antibody against RelA for 12 h and then protein A
agarose slurry (50%) for 3 h with continuous rotation. The immunoprecipitates were then
wadhed with lysis buffer and resolved by sodium dodecyl sulfatlracryamide gel
electrophoresis (SB®AGE). Proteins wergansferredand nitrocellulose membranes
were blocked with 5% non-fat dry milk in TBST (20 mM Tris base, 500 mM Nat,
0.05% Tween-20, pH 7.5) and then incubated for 3 h with anti-phospho-RelA antibody
(1:1000 dilution) and subsequently with horseradish peroxicasgrgated secondary
antibody (1:4000 dilution; SouthernBiotech, Birmingham, AL, USA). The signals were
detected using theCL Plus chemiluminescent detection system (GE Life Sciences,
Bucking Hampshire, UK). After stripping membranes were probed with antibdeglA
(Santa Cruz (S8008). Even loading was confirmed using the GAPDH antibody (Cat #
14C10; Cell Signaling Teclmogy).

Chromatinimmunoprecipitatio{ChIP)

ChIP assays were performed as described by “€&dfaencing guidelines and
practices” of the ENCODE (http://encodeproject.org/ENCODE/) and modENECOD
consortia using slight modifications. Briefly, FI@=Gktransfected cells (10 (3) were
stimulated with TNFa (20 ng/ml) for 0 or 30 min and DNA/protein were cross-linked
with 1% paraformaldehyde and sheared (average 300 bp) with 30-second pulses using
ColeParmer’'s GEX 13Wltrasonic processor (Vernon Hills, IL, USA) set to 30% of
maximum power. DNA-protein complexes were immunoprecipitated using protein A-
G-agaroséMillipore, CorporationBillerica, MA, USA) with ChIP quality antibodies
(Abs) [NF«B-RelA, Cat # s€372X; 1gG, Cat # sc-2027; Santa Cruz Biotech (Santa
Cruz, CA); anti-FLAG Ab, Cat # F1804, SigmaMillipore (Cambridge, MA)], using a
ChIP-IT® Express Chromatin Immunoprecipitation Kits (ActiveMotif, Cat # 53008). The

12



precipitates were washed tht@aes, decrosslinked and subjected to gPCR, using the
primer sequences in Splpmentary Table S13. ChiRCR calculations were performed
as described previousl$@). In brief,the ChiP-ed DNA signal was divided by the IgG
ChlP-ed signal, representing the CHIINA signal as the fold increased relative to the
IgG signal. This method was based on the assumption that the ChIP of a specific Ab
contains both specific signal and background, whereas the ChlIP of IgG represents the
backgroundalone.

Synthetic Chemistry Experimental Section

Generalinformation.

All reagents and solvents were purchased from Sigma-Aldrich, Combi-Blocks,
Thermo Fischer Scientific, or VWR and were used without purification. Unlessvasier
stated, reactions were performed without care to exclude air or moisture.i¢alahin-
layer chromatography was performenl silica gel 60 F-254 plates (E. Merck) and
visualized under a UV lamp. Flash column chromatography was performed in aeBiotag
SP4 MPLC system using Merck silica gel8@40-63 pm mesh)H and**C NMR
spectra were recorded on a Bruker DROO MHz spettometer. Chemical shifts are
expressed in parts per million (ppm) and referenced to the residual solvent peak.
Analytical LGC-MS were performed on an Agilent MSD mass spectrometer connected to
an Agilent 1100 system with: Method ST1090A3: Column ACE 3 C&((3® mm);

H20 (+ 0.1% TFA) and MeCN were used as mobile phases at a flow ratelshihm

with a gradient from 10% — 90% in 3 min; or Method B0597X3: Column Xterra MSC18
(50 x 3.0 mm); HO (containing 10 mM NEHCO;s; pH = 10) and MeCN were used as
mobie phases at a flow rate of 1/min, with a gradient of% — 97% in 3 min. For LC—
MS, detection was made by UV (254 or 214 nm) and MS (ESI+). Preparative LC was
performed on a Gilson system using Waters C18 OBD 5 pm column{30nm) with
water buffer 50 mM NHHCOzs at pH 10) and acetonitrile as mobile phases using a flow
rate of 45 ml/min. All final compounds were assessed to be >95% pure b3 .C—
analysis.

Synthesis of TH54874-(4-Bromo-2-0xo0-3Hbenzimidazoll-yl)-N-(4-
iodophenyl)piperidine-Tarboxanide).
Stepl. Tert-butyl 4{3-bromo-2+itro-anilino)piperidine-learboxylate.

A mixture of tertbutyl 4-aminopiperidinel-carboxylate (3000 mg, 15.0 mmol), 1-
bromo-3fluoro-2-nitro-benzene (3000 mg, 13.6 mmol), and diisopropylethylamine (4.75
ml, 16.4 mmol) was stirred in a sealed vial at 120°C for 16 h. The mixture was
concentrated and purified by silica gel chromatography using a gratlie@id (0% —

100%) in hexane. Yield 4140 mg (80%). LCMS [M-isobutene*844.'H-NMR (400
MHz, CHLOROFORM(d) 6 ppm 7.14 (ddJ=8.5, 7.6 Hz, 1 H), 6.96 (dd=7.9, 1.3 Hz,
1H),6.76 —6.79 (m, 1 H), 4.02 (m, 2 H), 3.49 — 3.57 (m, 1 H), 2.99 (m, 2 H), 1.97 — 2.05
(m, 2 H), 1.42 — 1.49 (m, 11 HC-NMR (100 MHz, CHLOROFORM) & ppm 154.6,
142.2, 136.7,132.9, 121.8, 116.5, 112.7, 79.9, 49.9, 42.1, 31.7, 28.4.
Step2. Tert-butyl 4{2-aminc3-bromo-anilino)piperidine-tarboxylate.

A mixture of tertbutyl 4{3-bromo-2nitro-anilino)piperidine-1-carboxylate (1845
mg, 4.61 mmol) and NiGl(120 mg. 0.922 mmol) was suspended in acetonitrile (20 ml
and water (2.0 ml) and cooled to 4°C, then NaB%98 mg, 18.4 mmol) was added
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portion wise. The mixture was then diluted with DCM (30 ml) and decanted. The mixture
was poured into NaHC£§20 mL) and extracted with DCM (830 ml). The combined
organics were dried, filtered, and concentrated and then purified by silica gel
chromatography using a gradient of EtOA&0(O 40%) in hexane. Yield: 1400 mg

(82%). LGMS [M-isobutene+H} 314.'H-NMR (400 MHz, CHLOROFORNMH): &
(ppm) 7.00 — 7.06 (m, 1 H), 6.68 — 6.75 (m, 1 H), 6.62 — 6.68 (m, 1 H), 4.06 (br. s., 2 H),
3.35-3.47 (m, 1 H), 2.91 (m, 2 H), 1.96 — 2.11 (m, 2 H), and 1.47 (m, 11 H).
Step3. Tert-butyl 4{4-bromo-2-0x0-3H-benzimidazol-1-yl)piperidineekrboxylate

A mixture of tertbutyl 4{2-amino-3-bromo-anilino)piperidine-1-carboxylate (550
mg, 1.48 mmol), and diisopropylethylamine, was stirred in DCM at 4°C, then
trichloromethyl carbonochloridate (0.090 ml, 0.74 mmol) in DCM (1pwwals added
dropwise. The resulting mixture was stirred 10 min and was then concentrated and
purified by silica gel chromatography using a gradient of MeCGH{8%) in DCM.

Yield: 530 mg (90%). LCMS [M-isobutene+H} 340.*H-NMR (400 MHz,
CHLOROFORMGJ): 6 (ppm) 8.37 (br. s., 1 H), 7.20 (d#k8.1, 0.8 Hz, 1 H), 7.05 - 7.09
(m, 1 H), 6.93-6.99 (m, 1 H), 4.45 @512.5, 4.1 Hz, 1 H), 4.33 (m, 2 H), 2.86 (m, 2
H), 2.29 (m, 2 H), 1.79 — 1.88 (m, 2 H), 1.51 (s, 9%*3-NMR (100 MHz,
CHLOROFORMd): 6 (ppm) 154.7, 154.3, 129.7, 127.8, 124.0, 122.2, 108.2, 102.7,
80.0, 51.1, 43.4, 29.4nd28.5.

Step4. 7Bromo-3-(4-piperidyl)-1Hbenzimidazol2-one; 2,2, Arifluoroaceticacid.

In a 100-miflask tertbutyl 4{(4-bromo-2-oxo-3H-benzimidazol-1-yl)piperidine-1-
carboxylate (530 mg, 1.33 mmol) was stirred in DCM (40 ml) at 20°C, then TFA (3.0 ml
was slowly added. The mixture was stirred until the reaction was completdiagdo
LC-MS after which the solvents were removed byegaporation with 2-propanol. The
crude material was dried by means of a vacuum.d\erfurther purification was done.

Yield: 550 mg (quant.) LOMS [M+H]* 296.
Step5. 4{4-Bromo-2-o0x0-3H-benzimidazol-14)-N-(4-iodophenyl)piperidine-1-
carboxamiddTH5487).

A suspension of 7-bromo-@-piperidyl)-1H-benzimidazol-2-one 2,2,2-
trifluoroaceic acid (500 mg, 1.23 mmol) and diisopropylethylamine (0.25 mL, 1.44
mmol) was stirred in DCM (20 I Then 1-iodo-4-isocyanato-benzene (300 mg, 1.23
mmol) in DCM (5.0 m) was slowlyadded The mixture was stirred in a sealed vial at
50°C for 30 min and another 2 h at 20°C. The solid that precipitated was collected by
filtration and was washed sequentially with DCM, water, MeOH, and DCM. The solid
was then suspended in boiling MeOH and collected by filtration (this was edpmate).
Yield 412 mg (76%). LCMS [M+H]* 541.*H-NMR (400 MHz, DMSO#dg): 5 (ppm)
11.31 (s, 1 H),8.69 (s, 1 H), 7.53-7.59 (m, 2 H), 7.33-7.39 (m, 2 H), 725 (8,

Hz, 1 H), 7.16 (dJ=7.6 Hz, 1 H), 6.95 (t}=8.1 Hz, 1 H), 4.34 — 4.45 (m, 1 H), 4.28 (m,

2 H), 2.93 (m, 2 H), 2.26 (m, 2 H), 1.74 (m, 2 H). 13C-NMR (100 MHz, DMSO+l6):
(ppm) 154.4, 153.4, 140.7, 136.9, 130.3, 127.8, 123.2, 121.9, 121.7, 107.7, 101.0, 84.5,
50.5, 43.4, and 28.5.
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Synthesis of TH541{N-(4-iodophenyl)-4¢5-methylsulfonyt2-ox0-3H-benzimidazol-1-
yl)piperidine-1learboxamide)
Stepl. Tert-butyl 4{4-mehylsulfonyt2-nitro-anilino)piperidine-learboxylate.

A mixture of tertbutyl 4-aminopiperidinel-carboxylate (421 mg, 2.1 mmol), 1-
fluoro-4-methylsulfonyl2-nitro-benzene (438 mg, 2 mmol), and diisqpyiethylamine
(0.350 ml, 2.01 mmol) was stirred at 120°C for 16 h. The mixture was cooled,
concentrated and then purified by silica gel chromatography using argrati2CM
(0% — 100%) in hexane. Yield 537 mg (67%). @S [M-isobutene+H] 344.*H-NMR
(400 MHz, CHLOROFORMd) 6 ppm 8.79 (dJ=2.2 Hz, 1 H), 8.44 - 8.51 (m, 1 H), 7.90
(ddd,J=9.2, 2.2, 0.6 Hz, 1 H), 7.01 (9.2 Hz, 1 H), 4.01 — 4.11 (m, 3 H), 3.70 — 3.80
(m, 1 H), 3.06 (s, 5 H), 2.04 — 2.12 (m, 2 H), 1.55 — 1.66 (m, 2 H), 1.48 (sXCH).

NMR (100 MHz, CHLOROFORM) & ppm 154.5, 146.6, 133.6, 131.1, 128.3, 126.9,
114.7,80.1, 49.9, 44.7, 41.9, 31.5, and 28.4.

Step2. Tert-butyl 4{5-methylsulfonyt2-oxo-3H-benzimidazol-1-yl)piperidine-1-
carboxylate.

A mixture of tertbutyl 4{(4-methylsufonyl-2-nitro-anilino)piperidine-learboxylate
(537 mg, 1.34 mmol) and Pd/C (50 mg) was stirred in THF (15 ml) under an atmosphere
of Hz provided by a balloon. After complete reaction diisopropylethylamine (0.470 ml,
2.69 mmol) and bis(trichloromethyl) carbonate (140 mg, 0.471 mmol) in DCM (10 mL)
was added dropwise. The resulting mixture was stirred 10 min and was then coedentrat
and purified by silica gel chromatography using a gradient of Me@#8%) in DCM.

Yield 420 mg (79%). LCMS [M+H]* 396.*H-NMR (400 MHz, CHLOROFORM) &

ppm 9.87 (br.s., 1 H), 7.68 — 7.72 (m, 2 H), 7.27 — 7.30 (m, 1 H), 4.9%18#,5, 4.2

Hz, 1 H), 4.37 (m, 2 H), 3.08 (s, 3 H), 2.85-2.95 (m, 2 H), 2.33 (m, 2 H), 1.87 (m, 2 H),
and1.52 (s, 9 H).

Step3. 6Methylsulfonyt3-(4-piperidyl)-1H-benzimidazol-2-one.

In a 100-miflask tertbutyl 4{5-methylsulfonyt2-oxo-3H-benzimidazol-1-
yhpiperidine-1-carboxylate (420 mg, 1.06 mmol) was stirred in DCM (20 mL) at 20°C,
then TFA (2.00 mL) was slowly added. The mixture was stirred for 10 min aftehwhi
the solvents were removed by co-evaporation with 2-propanol. The crude madsrial w
dried by means of a vacuum oven. No further purification was done. Yield: 433 mg
(quant.) LG-MS [M+H]" 296.

Step4. N{4-iodophenyl)-4(5-methylsufonyl-2-0xo-3H-benzimidazol-1-yl)piperidine-1-
carboxamiddTH5411).

A suspension of 6-athylsulfonyt3-(4-piperidyl}1H-benzimidazol-2-one (41 mg,
0.10 mmol) and diisopropylethylamine (0.014 ml, 0.10 mmol) was stirred in DCM (2
ml). Then 1l-iodo-4socyarato-benzene (25 mg, 0.10 mmol) was added and the resulting
mixture was stirred at 8C for 3 h. The crude reaction mixture was then purified by
silica gel chromatography using a gradient of MeOH.@@6) in DCM. Yield 46 mg

(85%). LGMS [M+H]* 541.1H-NMR (400 MHz, DMSO€6) 5 ppm 11.38 (br. s., 1 H),

8.70 (s, 1 H), 7.54 — 7.60 (m, 3 H), 7.47 — 7.52 (m, 1 H), 7.44 (br. s, 1 H), 7.36 (br. d,
J=8.5 Hz, 2 H), 4.41 — 4.52 (m, 1 H), 4.25 — 4.34 (m, 2 H), 3.17 (s, 3 H), 2.88 — 3.00 (m,
2 H), 2.20 — 2.34 (m, 2 H), 1.72 — 1.81 (m, 2 ¥E-NMR (100 MHz, DMSOd6) § ppm
154.4, 153.9, 140.6, 136.9, 133.3, 132.8, 128.3, 121.7, 120.3, 108.5, 107.2, 84.6, 50.6,
44.2, 43.4, and 28.6.
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Synthesis of TH2840 #2-o0x0-2,3-dihydroiH-1,3-benzodiazol-14)-N-
phenylpiperidine-lcarboxamide).

A mixture of 3(4-piperidyl)-1H-benzimidazol-2-one (57 mg, 0.26 mmol) and
phenyl isocyanate (0.028 mL, 0.26 mmol) was stirred at 20°C for 15 mine@b&on
mixture was then filtered and the solid was washed with DCM. Yield: 80 mg (91%). LC

MS [M+H]* 337.2H-NMR (400 MHz, DMSO#g) 5 ppm 10.86 (s, 1 H), 8.59 (s, 1 H),

7.46 —7.51 (m, 2 H), 7.19 — 7.27 (m, 2 H), 6.96 — 7.01 (m, 3 H), 6.98Tt4, 1.1 Hz, 1

H), 4.39 (tt,J=12.4, 4.0 Hz, 1 H), 4.25 — 4.34 (m, 2 H), 2.89 — 2.98 (m, 2 H), 2.31 (br. dd,
J=12.5, 4.0 Hz, 1 H), 2.25 (br. dd12.5, 4.0 Hz, 1 H), 1.69 — 1.76 (m, 2 HC-NMR

(100 MHz, DMSO€g) 5 ppm 154.8, 153.7, 140.7, 129.3, 128.3, 128.3, 121.6, 120.6,

120.4, 119.6, 108.8, 108.4, 50.1, 43.5, and 28.7.

Synthesis of TH56784-(4-amno-2-0x0-3H-benzimidazol-14)-N-(4-
iodophenyl)piperidine-Tarboxamide)
Stepl. N,N-dibenzyl-3-fluoro-2nitro-aniline.

A mixture of 1,3-difluoro-2nitro-benzeng320 mg, 2.0 mmol), dibenzylamine (390
mg, 2.0 mmol), and diisopropylethylamine (0.35 mlQ &imol) was stirred in-2
propanol (1.0 ml) at 70°C for 4 days. The mixture was then poured into HCI (2 M) and
extracted with DCMx3. The combined organics were concentrated and pbyifglica
gel chromatography using a gradient of DCMe(6- 30%) in isohexane to afford N,N-

dibenzyl-3fluoro-2-nitro-aniline. Yield 600 mg (89%). LAWS [M+H]* 337.1H-NMR
(400 MHz, CHLOROFORNM) 6 ppm 7.22 — 7.36 (m, 11 H), 6.83 — 6.90 (m, 2ty
4.20 (s, 4 H).

Step2. tert-butyl 4{3-(dibenzylamino)-itro-anilino]piperidine-1earboxylate.

A mixture of N,N-dibenzyl-FHuoro-2-nitro-aniline (600 mg, 1.78 mmol), tert-butyl
4-aminopiperidine-1-carboxylate (600 mg, 3.0 mmol), and diisopropylethylamine (0.54
ml, 3.1 mmol)was stirred in Zoropanol (6.0 mL) at 120°C for 3 dayhe mixture was
then poured into HCI (2 M) and extracted with DCMx3. The combined organics were
concentrated and purified by silica gel chromatography using a gratlidetQH (0%—

8%) in DCM to afford terbutyl 4{3-(dibenzylamino)-2aitro-anilino]piperidine-1-
carboxylate. Yield 640 mg (69%). L&AS [M+H]* 517.*H-NMR (400 MHz, DMSO-

d6) 6 ppm 7.18 — 7.32 (m, 10 H), 7.13J%8.2 Hz, 1 H), 6.61 (d]=8.2 Hz, 1 H), 6.55
(d,J=7.3 Hz, 1 H), 5.51 (dI=7.9 Hz, 1 H), 4.04 (s, 4 H), 3.82 —3.93 (m, 2 H), 3.42 —
3.53(m, 1H),2.82(br.s.,2H),1.75-1.84 (m, 2 H), 1.39 (s, 9 H), and 1.27 — 1.36 (m, 2
H).

Step3 and4. tert-butyl 4{4-(dibenzylamino)-2x0-3H-benzimidazol-1-yl]piperidine-1-
carboxylate.

To a mixture of terbutyl 4{3-(dibenzylamino)-2aitro-anilino]piperidine-1-
carboxylate (640 mg, 1.2 mmol) and Ni€32 mg, 0.25 mmol) in acetonitrile (9 ml) and
water (1 nh) was added NaBH187 mg, 4.9 mmol) slowly. After complete addition, the
mixture was stirred for 30 min after which DCM (10)mias added. The mixture was
thendecanted into NaHC{ and was then extracted with DCVM3. The combined
organics were dried (MgS{pand filtered. To the filtrate was then added
diisopropylethylamine (0.43 ml, 2.5 mmol) and trichloromethyl carbonochloridate (0.074
ml, 0.62 mmol). The resulting mixture was stirred 30 min and was then concentrated and
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purified by silica gel chromatography using a gradient of MeOH (0% — IO%Z{M to
afford tertbutyl 4{4-(dibenzylamino)-2-oxo-3H-benzimidazol-1-yl]piperidine-1-
carbaylate. Yield 670mg (86%)H-NMR (400 MHz, CHLOROFORM) § ppm 7.24 —
7.39 (overlapping m, 10 H), 6.93 (s, 1 H), 6.80 - 6.86 (m, 1 H), 6.71 - 6.76 (m, 1 H),
417 - 4.46 (m, 7 H), 2.74 - 2.90 (m, 2 H), 2.16 — 2.33 (m, 2 H), 1.70 — 1.82 (m, 2 H),
and 1.50 (s, 9 H).

Stepb. tert-butyl 4{4-aminc2-0x0-3H-benzimidazol-1-yl)piperidine-darboxylate.

A mixture of tertbutyl 4{4-(dibenzylamino)-2-oxo-3H-benzimidazol-1-
yl]piperidine-1-carboxylate (110 mg, 0.21 mmol), Pd/C (20 mg) and cyclohexeng (1 ml
in dioxane(3 ml) was stirred under nitrogen atmosphere at 120°C for 16 h. The mixture
was then concentrated and purified by silica gel chromatography usindjent et
MeOH (@6 —10%) in DCM which afforded tetthutyl 4{4-aminc2-oxo-3H-
benzimidazol-1yl)piperidine-1-carboxylate. Yield 57 mg (83%). L&S [M-

isobutene+Hf 277.*H-NMR (400 MHz, CHLOROFORM) & ppm 11.10 (br. s, 1 H),
6.94 — 7.00 (m, 1 H), 6.82 -6.93 (m, 2 H), 4.18 — 4.47 (m, 3 H), 2.74 - 2.95 (m, 2 H),
2.12-2.36 (m, 2 H), 1.74 - 1.83 (m, 2 Eind 1.52 (s, 9 H).

Step6. 7-aminc3-(4-piperidyl}1H-benzimidazol-2-one.

A mixture of tertbutyl 4{(4-amino2-o0xo0-3H-benzimidazol-1-yl)piperidine-1-
carboxylate (50 mg, 0.15 mmol) and TFA (1.0 ml) was stirred in DCM (1.0 ml) at 20°C
for 1 h. The solvent was then removed by co-evaporation with 2-propanol and the crude
residue was purified by preparative LC which affordeahvino 3-(4-piperidyl)}-1H-
benzimidazol-2-one. Yield 14 mg (40%). LKAS [M+H]* 233.*H-NMR (400 MHz,
DMSO-d6) 6 ppm 10.24 (br. s., 1 H), 6.7 J=7.9 Hz, 1 H), 6.55 (d]=7.9 Hz, 1 H),

6.30 (ddJ=7.9, 0.6 Hz, 1 H), 4.86 — 4.93 (m, 2 H), 4.15J#12.3, 4.3 Hz, 1 H), 2.98 —
3.08 (m, 2 H), 2.49 — 2.58 (overlapping m, 2 H), 2.09 — 2.21 (m, 2 H), and 1.50 — 1.58
(m, 2 H).

Step7. 4{4-aminc2-0x0-3H-benzimidazol-i4)-N-(4-iodophenyl)piperidine-1-
carboxamiddTH5675).

In a reaction tube, @mino3-(4-piperidyl)-1Hbenzimidazoei2-one (12 mg, 0.052
mmol) was suspended in DCM (3.0 ml), then 1-iodsatyanateébenzene (13 mg, 0.052
mmol) was addednd the resulting mixture was stirred at 20°C for 16 h. The precipitate
that formed was collected by filtration and was washed with DCM and wateurtierf
purification wasperformed Yield 16.7 mg (65%). LOMS [M+H]* 478.1H-NMR (400
MHz, DMSO-d6) 8 ppm 10.27 (s, 1 H), 8.69 (s, 1 H), 7.54 — 7.59 (m, 2 H), 7.32 — 7.38
(m, 2 H), 6.72 (tJ=8.0 Hz, 1 H), 6.46 (d]=8.0 Hz, 1 H), 6.30 (dd=8.0, 0.8 Hz, 1 H),
491 (s,2H),4.22-4.37 (m,3H), 2.86-2.97 (m, 2H), 2.18 - 2.31 (m, 2 H), and 1.65 —
1.73 (m, 2 H)2*C-NMR (100 MHz, DMSOdg) & ppm 154.5, 153.3, 140.7, 136.9, 131.8,
129.7,121.7,121.3, 114.5, 106.9, 97.8, 84.6, 50.0, 43.6, and 28.7.

Synthesis of SU2681E(N-(1-(cyclopropanecarbonyl),2,3,4tetrahydroquinolin/-
yl)sulfamoyl}[1,1'-bipheny]-3-carboxamide)
SU268 was prepared by the method of Tahara e23l. (
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Statisticalanalysis

The data are expressed as the mean+SD. Results were analyzed for significant
differences using unpaired, twaHed Student’s-tests using Microsoft Excel pcedures.
Differences were considered significant at p<0.Q&(0:05, **p<0.01, ***p<0.001,
**** n< 0.0001). IGo and EGp werecalculated using Microsoft Excel program (2014)
and XLfit software(IDBS, United Kingdom).
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Supplementary Fig. S1: (A)*H NMR of TH5487.(B) 3C NMR of TH5487. Chemical
shifts ¢) are shown in parts per million
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Supplementary Fig. S5:Selectivity of OGG1 inhibitors on DNA repair enzymnes and
DNA intercalation. (A) Selectivity of TH5487 on DNA repair enzymé&se indicated

base excision repair enzymes were incubated with a dilution series of THI187 a
suitablefluorescence reporter substrates. Fluorescence was recorded wheulistgte
conversion was less than 30%. Shown are average of duplicate reactions, rdjy@senta
of independent experiments (n=33 for hsOGG1, n=3 for UNG2, APE1, and NEIL1, n=2
for Fpg, SMUG1, APE1, and MPG, and n=1 for TDG and mmOG(®B))DNA

intercalation asay. 10 nM DNA oligo was incubated with 150 nM thiazole orange and
the indicated concentrations of OGGL inhibitors or propidium iodide as positive control.
DNA intercalation causea loss of fluorescence due to thiazole orange being out-
competed from bindg DNA. The known intercalator propidium idodide (PI) was used
as positive control. Data are average + SD of three technical replicates, rejresent

two independent experimen{€) O8 inhibits signal generation from Adfte substrates

in the absereof OGG1. 0 nM AP-site substrate priacubated or not with 10 uM O8
wasdigested with 1 nM APE1 enzyme and fluorescence were recorded as a function of
time. Preincubation with 10 uM O8 resulted in a plateau in fluorescence values,

indicating that the O8ompound may react with the aldehyastaining APsite

substrate. The ABHie substrate was prepared from an identical substrate as that used in
the OGGL1 assay, except thabBA was replaced with uracil, which was subsequently
converted into an AB#e usingE. coli uracitDNA glycosylase. Data are average + SD

of three technical replicates and are representative of two independent expefients
Electrophoretic mobility shift assay. 10 nM of a duplex oligonucleotide contaaing

oxoG or a canonical guanine opposite cytosine was incubated with increasing
concentrations of OGG1 and separated on a polyacrylamide gel. Binding of OGG1 to
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damaged DNA results in a slower migrating band. 100 nM OG&slged in
subsequent experiments.
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Supplementary fig. S6 Co-crystals of murine OGGL1 in complex with the OGG1
inhibitor TH5675. (A) Chemical structure of TH5675, an OGGL inhibitor with agIC

value of 1.3 puM(B) Inhibition curve for TH5675. Data are presented as average of two

technical replicates, repregative of two independent experimeniS) OGG1 melting
curve in the presence of the indicated OGG1 inhibitors. 100 uM of the indicated
compounds were incubated with 4 uM OGGL1 in the presence of SYPRO Orange.
Thermal protein denaturation causes an increafigaorescence, that is shifted by ~7°C
by TH5487 and TH5675 compared to DMS8x@.001, using unpaired two-sidetkst).
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Data are presented as average + SD of 12 technical replicates, representatve of
independent experimen{®) Closeup view of ligand TH5675 (orange) binding to mOGG1.
Important residues in the binding site are marked, hydrogen bond interacti@tmam in black
dashed line. Unbiased simulated annealing omit map for the ligaad (&) Comparison
between the binding of ligand TH5675 (orange) and 8-oxoG-containing DNA (black). The
structure of mMOGG1:TH5675 was superposed with human OGG1 (PDB 1EBM) bound to a
substrate oligonucleotide (cartoon depiction). The guanine base of TH56 Thescaulifferent
position to what was observed in the substrate-bound structure (of PDB 1EBM). (
Superposition of native mOGG1 structure (blue) with the TH5675 complay) (&inding of the
inhibitor causes a local conformational change where the surroundingt ptases around the
ligand (Movie S1). In particularesidues H270, F319 and L323 are seen to change pogaipn. (
Comparison of native mouse (blue) and human (gold, PDB 1KO9) OGGL1 crystal ssuctue
two homologues share 90% sequence identity and have identical tertialyrstruc
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Supplementary Fig. S7: (A)Cell numbers following exposure to KBs@nd recovery in
the presence of DMSO or TH5487. Duplicate cultures of cells were exposed to 20 mM
KBrOsfor 1 h, released into 0.1% DMSO (blue bars) or 10 uM TH5487 (red bars) and
one of the duplicates counted at the time of harvest for LC-MS/MS (Fig. 2Charfe
represent the average of two independent experim@)tQuantification of the hallife

of recovery (&) at the indicated time point&) Quantification of the mobile frdion

(Mf) at the indicated time pointéD) Validation of CRISPR-Cas9 OGG1 knockout in
HEK?293T cells by immunoblot. Three out of 70 clones displayed lower OGGL1 levels
using antibodies raised against OGI@GiIm Abcam (left panal) or Novus (right panéls

NS indicates non-specific bandk) Sanger sequencing of the targe®@G1 exon.
Genomic DNA from clone B1 was PCG&nplified and Sangesequenced. Deconvolution
using TIDE 62) revealed a-bp insertion and a 7-bp deletion. Clone B1 was used for
subsequengxperiments.
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Supplementary Fig. S8: TH5487mediated inhibition of TNFa-induced expression of
pro-inflammatory mediators. MLE 12 cells were treated with TH5487 (5 uM) for 1 h

and TNFe-exposed (20 ng per ml) 30 min. In controls, cells were treated with solvent
(0.05% DMSO) for the same time period. RNAs were isolated aneégdam three
independent experimenfs=3) followed by qRT-PCR using the Mous&lammation
Cytokines and R¥profiler PCR ArraysRPAMM-011ZA, SA Biosciences/Qiagerlhe
normalization and statistical analysis were performed by using theibasd software
packagehttp://sabiosciences.com/pcrarraydataanalysis.gRpression levels of selected
genes were confirmed as show Supplementary Fig. S11, upper panels). Left panel:
Effect of TH5487 on basal gene expression (TH5487 vs. solvent). Middle panel: TNF
induced expression of cytokines, C-C, C-X-C motif chemokines and their receptors
(TNFa vs. solvent). Right panel: Inhibition of TNFnduced gene expression by TH5487
(TH5487+TNFa vs. solvent). Data is deposited to NCBI, and is accessible through GEO
series accession NBSE106785Abbreviations: PAMM-011ZA (MOUSE
INFLAMMATION ARRAY): Aimpl, Aminoacyl tRNA synthetase compléxteracting
multifunctional protein 1Bmp2, Bone morphogenetic protein @¢ll, Chemokine (G2
motif) ligand 1;Ccl11, Chemokine (C-C maotif) ligand 1Ccl12, Chemokine (G=

motif) ligand 12;Ccl17, Chemokine (G motif) ligand 17Ccl19, Chemokine (G2

motif) ligand 19;Ccl2, Chemokine (G= motif) ligand 2;Ccl20, Chemokine (G= motif)
ligand 20;Ccl22, Chemokine (G motif) ligand 22, Ccl24, Chemokine (Gz motif)

ligand 24;Ccl3, Chemokine (G= motif) ligand 3;Ccl4, Chemokine (G= motif) ligand

4; Ccl5, Chemokine (G= maoitif) ligand 5;,Ccl6, Chemokine (G= motif) ligand 6;Ccl7,
Chemokine (G2 motif) ligand 7;Ccl8, Chemokine (G motif) ligand 8;Ccl9,

Chemokine (G2 maotif) ligand 9;Ccr1, Chemokine (Gz motif) receptor 1Ccr 10,
Chemokine (G2 motif) receptor 10Ccr2, Chemokine (G motif) receptor 2Ccr3,
Chemokine (G2 motif) receptor 3Ccr4, Chemokine (G motif) receptor 4¢Ccr5,
Chemokine (G2 motif) receptor 5Ccr6, Chemokine (G= motif) receptor 6Ccr8,
Chemokine (G2 motif) receptor 8Cd40lg, CD40 ligandCsf1, Colony stimulating

factor 1 (macrophagef;sf2, Colony stimulating factor 2 (granulocyte-macrophage);
Csf3, Colony stimulating factor 3 (granulocyt€x3cll, Chemokine (CX3-C motif)

ligand 1;Cxcl1, Chemokine (C-X€ motif) ligand 1;Cxcl10, Chemokine (C-XS motif)
ligand 10;Cxcl11, Chemokine (C-X-C motif) ligand 1Txcl12, Chemokine (C-X€

motif) ligand 12;Cxcl13, Chemokine (C-Xc motif) ligand 13Cxcl15, Chemokine (C-
X-C motif) ligand 15Cxcl5, Chemokine (C-X2 motif) ligand 5;Cxcl9, Chemokine (C-
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X-C motif) ligand 9,Cxcr2, Chemokine (C-X2 motif) receptor 2Cxcr3, Chemokine
(C-X-C motif) receptor 3Cxcr5, Chemokine (C-X2 motif) receptor 5Fad, Fas ligand
(TNF superfamily, member 6ltng, Interferon gammadj10ra, Interleukin 10 receptor
alpha;l110rb, Interleukin 10 receptor, betd1l, Interleukin 113113, Interleukin 13;115,
Interleukin 15116, Interleukin 16j117a, Interleukin 17A;l117b, Interleukin 17Bj117f,
Interleukin 17F]11a, Interleukin 1 alphall1b, Interleukin 1 betall1rl, Interleukin 1
receptor, type ItI1rn, Interleukin 1 receptor antagonid1, Interleukin 211127,
Interleukin 27;l12rb, Interleukin 2 receptor, beta chalt2rg, Interleukin 2 receptor,
gamma chaintl3, Interleukin 3;1133, Interleukin 33]14, Interleukin 415, Interleukin 5;
[15ra, Interleukin 5 receptor, alphH6ra, Interleukin 6 receptor, alphH6st, Interleukin

6 signal transducelt?7, Interleukin 7;Lta, Lymphotoxin A;Ltb, Lymphotoxin B;Mif,
Macrophage ngration inhibitory factorNampt, Nicotinamide
phosphoribosyltransferas®sm, Oncostatin MPf4, Platelet factor 45pl, Secreted
phosphoprotein IFnf, Tumor necrosis factomnfrsf11lb, Tumor necrosis factor receptor
superfamily, member 11b (osteopigeein); Tnfsf10, Tumor necrosis factor (ligand)
superfamily, member 10nfsf11, Tumor necrosis factor (ligand) superfamily, member
11; Tnfsf13, Tumor necrosis factor (ligand) superfamily, memberThesf13b, Tumor
necrosis factor (ligand) superfamily, member IBifsf4, Tumor necrosis factor (ligand)
superfamily, member 4fegfa, Vascular endothelial growth factor A¢tb, Actin, beta;
B2m, Beta2 microglobulin;Gapdh, Glyceraldehyde-phosphate dehydrogena&eisb,
Glucuronidase, bet&sp90abl, Heat slck protein 90 alpha (cytosolic), class B member
1; MGDC, Mouse Genomic DNA Contamination.
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Supplementary Fig. S9: Dose and time dependent effects of TH5487 on expres of
inflammatory mediators and OGGL1. (A) Dosedependent inhibition by TH5487 on
expression offnf andCxcl2 in responséo TNFa Parallelcultures of MLE 12 cells were
exposed to the indicated doses TiNBr 30 min. mRNA levels of nf andCxcl2 were
measured by gRPCR.(B) Kinetics of Tnf and Cxcl2 expression after Td\dxposure.

MLE 12 cells were exposed to 20 ng/ml Téfer the indicated times. mRNA levels
were measured with gRPCR.(C-F) Effect of a single TH5487 dose on gene expression
as a function of time in mouse (MLE 12) and human (hSAEC) ¢&isllel cultures of
cells werepre-treated with TH5487 (5 uM) for O h, 1 h, 3 h or 6 h and TNFa (20 ng/ml)

was added for 30 min. Mou3af andCxcl2 and humaimNF andCXCL1 mRNA levels
were assessed with gFACR. TH5487 is ~15% less efficient after 6 h pre-incubation.
“p<0.01, ™ p<0.001 using unpaired two-sided ttest, where samples are compared to
the O h time point added TNHG) TH5487 does not alter the expression of OGGL1 in
mouse and human cells. MLE 12 (left panel) and hSAEC (right panel) were tnathted

5 uM TH5487 for 0 h, 1 h, 3 h and 6 h. mRNA encoding OGG1 proteinweasured

by gRT-PCR (n = 3)(H) TH5487 treatment does not change OGGL1 protein expression
levels. hNSAEC were treated with 5 uM TH5847 for the indicated times and OGG1
protein levels were assessed by inmoiolot analysis. An autoradiogramepresentativef
three independent experimergshown. NS signifies nospecific. Band intensities were
guantified using Image J (version 5.0) software and fold changes in densites wer
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calculated using M&xcel. In AG, bars represent average values = SD and are derived
from at least three independent experimehts mouse amor necrosis factoxcl2,
mouse chemokine (C-X-Motif) ligand 2 (macrophage inflammatgpyotein 2alpha).
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Supplementary Fig. S10: Ck-type and dosedependent inhibition of pro-
inflammatory gene expression by TH5487A andB), MLE 12 cells were pretreated
with the indicated doses of TH5487 for 1 h and &NEO ng per ml) was added for 30

min. (C andD), hSAECs were pretreated with the indicated doses of TH5487 for 1 h and

Cxcl2 mRNA

wrkk kdk dEh ok

10 5 25125
TH5487 (uM)

CXCL1 mRNA

sk Rk kkE kk kR

0 2010 5 251.25
TH5487 (M)

TNFa (20 ng per ml) was added for 30 min. A to D, Changes in mRNA levels were
determined by gRRCR. A to D: left panels show changedald, right panels are

depicting percentage of inhibition as function of TH5487 dose. The data correspond to

the average of three independent experiments, and the error bars h@&ate = 3).

"p<0.01,

*k%k

p<0.001 using unpaired, two-sided ttest,and the data were compared to

the sample addebNFa at O h. AbbreviationsTnf: mouse tumor necrosis fact@iF:
human tumor necrosis factdxcl2: mouse chemokine (C-X-C Motif) ligand 2
(macrophage inflammatory proteira®pha);CXCL1: human chemokingC-X-C Motif)
ligand 1 (macrophage inflammatory protetalpha).
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Supplementary Fig. S11: TH5487 decreases THFand LPS-induced expression of
Tnf, C-X-C and C-C chemokines, as well as interleukin in mouse celBarallel
cultures of mouse (MLEZ2) airway epithelial cells were treated with solvent (0.05%
DMSO in PBS) or TH5487 (5 uM) for 1 h and then cells were TNFa (upper panels) or
LPSexposed (lower panels) for 30 min or 1 h, respectiv@hanges in mRNA levels
were determined by gRPCR.The data correspond to the average of at least three
independent experiments and the error bars indicate standard deGatnas. were
selected based on their key roles in an immediate cellular innate immune eespons
“p<0.01, ™ p<0.001 using unpaired, two-sided ttest where TH548%reated samples
were compared to samples with LBSTNFa. AbbreviationsTnf: Tumor necrosis
factor; Cxcl2: Chemokine (C-X-C Motif) ligand 2 (Macrophage inflammatory protein 2-
alpha);Ccl20: C-C motif chemokine ligand 20 (Macrophage inflammatory protein 3
alpha);Ccl2: C-C motif chemokine ligand 2 (Monocyte chemotactic and activating
factor); Cxcl10: C-X-C motif chemokine ligand 10 (10 kDa interferon gamma-induced
protein) 116: Interleukin 6 (Interferon, beta 2).
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Supplementary Fig. S12: TH5487 decreases THFand LPS-induced expression of
TNF, C-X-C and C-C chemokines, as well as interleukin in human cell®arallel
cultures of human (hSAECSs) airway epithelial cells were treated witbran]0.05%
DMSO in PBS) or TH5487 (5 uM) for 1 h and then TNFo (upper @nels) or LPS (lower
panels)exposed for 30 min or 1 h, respectively. ChangesRiN# levels were

determined by gR'RCR.The data correspond to the average of at least three
independent experiments and the error bars indicate standard deGatnas. were
selected based on their key roles in an immediate cellular innate immune eespons
“p<0.01, ™ p<0.001 using unpaired two-sided ttest where TH548%reated samples
were compared to samples with LBSTNFa. AbbreviationsTNF: Tumor necrosis

factor; CXCL1: Chemokine (C-X-C Motif) ligand 1 (Macrophage inflammatory protein 1
alpha);CCL20: C-C motif chemokine ligand 20 (Macrophage inflammatory protein 3
alpha);CCL2, C-C motif chemokine ligand 2 (Monocyte chemotactic and activating
factor); CXCL10: C-X-C motif chemokine ligand 10 (10 kDa interferon gamma-induced
protein) IL6: Interleukn 6 (Interferon, beta 2).
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Supplementary Fig. S13TH5487 decreasedlF-kB DNA occupancy to 8-0xo0G
containing synthetic DNA in crude nuclear extracts (NE). (A)TH5487 decreases
binding of NF-kB to 8-0x0G —containing oligo MLE 12 and hSAECs were TNFa (20
ng/ml) exposed for 30 min andiciear extracts were isolated using IGg&ic ™
NuCLEAR™ extraction kit (MilliporeSigma)Two micrograms of NE was incubated
with the indicated concentrations TH5487 for 60 min and added to DNA probes
containing 8-oxoG (10 fmol) for 15 min at@’Samples were separated on a 6% non
denaturing gl at £C. The DNA probes were visualized using LightShift
chemiluminescent EMSA kit (Thermo Scientific). The DNA sequence of the probe is
based on the humarnNF promoter {224 to —193) and contains 8-0xoG in sense strand
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8-bp upstream of an N&B binding site(Supplementary Table S12B andC), Binding

of NF-xB to 8-oxoG—containing oligo based on the mousexcl2 promoter. MLE 12
cells and hSAECs were exposed to TNFa (20 ng/ml) for 30 minNE from both cell lines
were prepared as in panel a. Tmecrogramsof nuclear extracts from MLE 138§ or
hSAEC C) wasincubated with the indicated doses TH5487 for 60 min and added to
probe (10 fmol) and EMSA was carried out as in panel A. The DNA sequence is based on
the sequence of the mouSkcl2 promoter {65 to —34 bp) and contains 8-0xoG in anti-
sense strand 9 bp dovetream from an N&B binding site. Oligo sequences are shown
in Supplementary Table S12. NS, ngpecific.(D) OGG1 increases NFkB binding to
8-oxo0G-containing DNA, whereas TH5487 perturbg. OGG1, the indicated
concentrations of TH5487, and homo- or heterodimeriaRFvere added to 10 fmol of

a 80x0G- and NF«¢B binding motif-containing double stranded DNA probe for 10 min.
and separated on a ndenaturating polyacrylamide gel. In larfegl, equimolar

amounts of recombinant p50 (55 fmol) and RelA(p65) (55 fmol) were annealed in
binding buffer (10 mM Tris (pH 7.5), 5 mM NaCl, 1 mM DTT and 1 mM EDTA) at
37°C for 60 min. OGG1 (10 nM) was incubated with the indicated doses TH5487 for 30
min. In lane 5, NF«B binding was competed out using 100-fold excess DNA without 8-
0x0G. In lane 6, OGGL1 increased NF-kB DNA occupancy. In lane %BNBNA
occupancy in absence of OGGL1. For more information,3e¢) In the absence of
OGG1, TH5487 does not intbit NF -kB binding to 8-0xoG-containing DNA

Equimolar amounts of recombinant p50 (55 fmol) and RelA(p65) (55 fmol) were
annealed as in legend to D. A mixture of homo (p50—p50) and heterodimeric (p50—p65)
NF-xB was incubated with various concentrations of TH5487 for 60 min and added to 8-
0x0G- and NFeB binding motif-containing double stranded DNA probes (10 fmol) for
10 min at 4C. In lane 6, NF¢B binding was competed out by an 100-fold excess
unlabeled probe. In D to E, samples were resolved on a 6%eraturing DNA
retardation gel in Tris/Borate/EDTA (TBE) buffer &G4 NF«xB-DNA complexes were
visualized using LightShift Chemiluminescent EMSA kit (Thermo Scientific}xBF
binding was competed out using 100-fold excess of unlabeled double stranded DN
probe. Probe sequence is derived ffixf promoter (Supplementary Table S12). NS,
non-specific. For more information, s&®.(Band intensities for the p50+p65 and
p50+p50 bands were quantified using Image J (ylséfware anghercentagehanges

in dersities were calculated using MS Excel.
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Supplementary Fig. S14: TH5487 does not inhibit NkeB activation. (A) Direct
assessment of NfxB activation by determining changes in RelA phosphorylation at
serine 276 in TH5487 treated cellMLE 12 cells were treated with TH5487 (5 uM) or
BSM345541 (5 uM) for 1h and TNk (20 ng/ml) was added for the indicated times.

Whole cell extracts were isolated and 20 pg protein per lane were fractionated by 4%—

20% SDS-PAGE. Phosphorylated RelA (serine residue at 276)vésrjletected by
immunoblot analysis using afphospho RelA antibody. Loading controls were total

RelA (antiRelA Ab; middle panel) and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH, lower panel). In controls, inhibition of | kappa B-alpha by BSM345541(27)
prevented the release and phosphorylation of RBAAssessment of NFkB activation

via RelA phosphorylation by immunoprecipitation after TH5487 treatment of cels.

MLE 12 cells were treated as in A. At indicated times, cell extracts were made and
clarified by centrifugation. Then, 500 pg protein equivalent of supernatants were

incubated with rabbit RelA antibody. Protein A agarose was subsequently added with
continuous rotation. The immunoprecipitates were then washed and equal amounts were
resolved by 4%—-20% SDBAGE. Proteins transferred to nitrocellulose meanks were
subjected to immunoblot analysis using a rabbit antibody to phospho-RelA (Fig. B uppe
panel). After stripping, membranes were probed with antibody to RelA (mouse, Fig. B
middle panel). Even loading was confirmed by testing membranes with GAPDiddgnt
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(rabbit; Fig. B lower panel). In controls, inhibition of | kappa B-alpha by BSM345541
(27) prevented phosphorylation of Rel&), Full-size gels are shown after probing
membranes with phosphor-RelA antibody (rabbit). BMS345541: N-(1,8-
Dimethylimidazo[1,2-a]quinoxalin-44)-1,2-ethanediamine hydrochloride
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Supplementary Fig. S15: (A) Inhibition of Tnf and Cxcl2 expression by TH5487,

IKK inhibitor BMS345541, and the O8 compound.Parallel cultures of MLE 12 cells

were pretreated with TH54875(uM), BSM345541 (27) (5 uM) or O8 (19) (5 uM) for 1

h. Cells were moclexposed to solvent or TMK20 ng/ml) for 30 min. Levels ainf and

Cxcl2 mRNA were determined by gRFCR. Data are average + SD, representative of
independent experiments (TH5487 n =5, BMS345541 n= 6; O8 n = 5 independent
experiments). The error bars indicate standard deviationp<®®01 using unpaired,
two-sided t-test, and data were normalized and compared to the solvent control sample.
BMS345541: N-(1,8imethylimidazo[1,2a]quinoxalin-4yl)-1,2-ethanediamine
hydrochloride; O8: 3,4-Dichloro-benzol[b]thiophene-2-carboxylic acid hydrazide.

(B) TH5487 inhibits binding of OGGL1 to 8-oxoG-containing DNA10 nM OGG1

were incubated with the indicated doses TH5487 for 30 min at 37°C and added to double-
stranded DNA probe (10 fmol) with and without 8-oxoG for 10 min at 40C. Samples
were separated by a noenaturating polyacrylamide electrophoresis. Lane 1, probe
only; lane 2, OGG1 and probe without 8-0x0G; lane 3, 8-oxoG-containing probe alone;
lane 4, OGGL1 and 8-o0xoG-containing probe, lane 5-9 TH5487 prevents OGG1 binding
to 8-oxoG-containing probe; lane 10, 8-oxoG-containing probe alone (replica of lane 3);
lane 11, replica of lane 4. NS, nepecific.
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(C) 08 does not inhibit binding ofOGG1 to 80xoG-containing DNA 10 nM OGG1

was incubated with the indicated doses of O8 for 30 min at 37°C then added to 8-0xoG-
containing double stranded DNA probe for 10 min at 4°C. Lane 1: probe alone; lane 2:
OGG1 and &xo0G-containing probe; lanes 3-9: O8 does not inhibit the interaction
between OGG1 and an 8-oxoG-containing probe. NS:spexific. InB andC, the 8-
oxoG-containing probe was synthesized based on the sequence of the human TNF
promoter (—2240 —193 bp, Supplementary Table S12).
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Supplementary Fig. S16: Inhibition of TNFo and LPS-induced lung inflammation

by TH5487. (A) Long term TH5487 administration does not affect mouse body weight.
Mice were administered 280 mg/kg TH5487 orally once every day on weekdays. At

the start of the treatment the dose was 20 mg/kg TH5487, which was subsequently raised
to 40 mg/kg after the first week (n=@per treatment group). Average values + SD are
shown. No overt behavioral changes or signs of toxicity were observed, and the
experiment was not stopped due to toxicity in any of the gr@gBp&/isual depiction of

cells inbronchoalveolar lavage fluids. Challenge with TNFa (20 ng per lung) induces

infiltration of neutrophils, whereas the samples from TH5#8@ted animals are

dominated by macrophagén to sixteen randomly selected fieldview per cytospon

slide werephotographed using WHN10x/22 eyepiece and a 20x objective (field of view

is 1.1 mm, and camera correction is 0.63) on an OLYMPUS Microscope System BX53P.
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(C to D), Inhibition of TNFa-induced lung inflammation by TH5487. TH5487 (30, 15,
and 8 mg per kg) or equivalent volume of vehicle (saline containing 5% DMSO and 10%
Tween 80) was administeréal groups of mice (n=5-7) via intraperitoneal route (i.p.) 3 h
and 1 h before lungs were challenged with TNFa (20 ng per lung) or vehicle (saline).

Sixteen hours &ér challengethemice were euthanized and lavaged and the number of
cells in bronchoalveolar lavage fluids (BALF) was determined after Modifieght/r
Giemsastainingin a blinded fashion. At least 1,000 cells were counted per mouse. n =9
(vehicle), n =12 (TNFa and 30 mg/kg), n =10 (TNFa and 15 mg/kg), n=9 (TNFa and 8
mg/kg), n =9 (TH5487 alone, 30 mg/kg), n = 12 (TNFa and vehicle). Panel C indicates

the neutrophil count in the respective samples. Data are average = SD, from two
independent experimen{&) Inhibition of LPSinduced airway inflammation by

TH5487. TH5487 (30 mg/kg) or vehicle (saline containing 5% DMSO and 10% Tween
80) was administered to groups of m{ne= 6,50% & and 50%%) via intraperitoneal

route (i.p.) 3 h and 1 h before challenge of lungs with LPS (20 ng per lung) or vehicle
(saline). Sixteen hours after challenge,rtiiee were euthanized, lavaged and the number
cells in bronchoalveolar lavage fluids determined. Differenglllcounts were

performed afteModified Wright-Gemsastaining, as in the legend to S16B{Data are
average * SD, representative of six experimental animals from one experimanta)
Visual depiction of cell composition of BALF derived from mouse lungs. Mice were
TH54874reated and challenged withPS as in legend to Een to sixteenandomly

selected field®f view per cytospin slide were photographed using a WHN10x/22
eyepiece and 20x objective (field of view is 1.1 mm, and camera correction is 0.63) on an
OLYMPUS Microscope System BX53FG) Representative histology of LRiiduced

lung inflammation After bronchoalveolar lavage, the lungs were fixed with 4%
paraformaldehyde, embedded in paraffin, sectioned to 5 um and stained with hematoxylin

and eosir(Research Histopathology Core, UTMBerivascular and peribronchial
inflammation were evaluated laypathologist in a blinded fashion. The viewdns
representative of four sections per lung (n=6) and were photographecnsing
OLYMPUS Microscope System BX53P an in the legend to F.
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Supplementary Fig. S17: TH5487 interrupts ongoing TNFa-induced lung

inflammation

(A) Recruitment kinetics of neutrophil into lungs after TtiNdhallenge. Parallel groups
of mice (n =6) were intranasally challenged with TNEO ng per lung). Mice were
euthanized at the indicated times after challenge, lavagedhamditber of cells in
bronchoalveolar lavage fluids (BALF) was determineiffebential cell counts were
performed afteModified Wright-Giemsastainingon coded slides by two independent
investigators in blinded fashion. Data are average = SD from six individuallarpera
condition fom one experimental runB(@ndC) TH5487 interrupts ongoing
inflammatory processes induced by Td&NRandomly selected groups of mice (n = 6,
50%d and 50%) were challenged via nasal route withid@ehicle or TNF. (20 ng
per lung) ind0 ul of vehicle. TH5487 (30 mg/kg) in saline containing 5% DMSO and
10% Tween 80 was administered i.p. 1 h beforglg 6 h or 9 h after TNFa challenge.
Sixteen hours after TNFa challenge, groups of mice were euthanized, and lavaged. The

number of cells in BALF was determined as in legend to A. All values indicategavera
SD, from six individual animals per condition from one experimental run. *** sigryfies
< 0.001, using unpaired two-sidetest
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Supplementary Fig. S18: Effect of SU268 on OGG1 activity, OGG1 thermal stakii
and pro-inflammatory gene expression. (A)nhibition curve for SU268. Under these
conditions, the compound inhibits OGG1 with an IC50-value of 340 nM. The line
represerdthe average of two technical replicates (n£&).OGG1 melting curve in the
presence of the indicated OGG1 inhibitors. 100 uM of the indicated compounds were
incubated with 4 uM OGGL1 in the presence of SYPRO Orange. Thermal protein
denaturation causes an increase in fluorescence, that is shifted by ~7°G48/7 Tathd
SU268 compared to DMS(®<0.001, using unpaired, two-sidetest) Data are
presented as average + D12 technicateplicates, representative tafo independent
experiments(C) SU268 inhibits pranflammatory gene expression. MLE 12 cells were
pre-incubated with DMSO or 5 uM SU268 for 1 h and stimulated with 2&INENFa

for 30 minutes. Expression levels@¢l2, 116 andTnf were quantified with gRRCR.

Data are displayed as average = SD of three technical replicates and are represéntati
two independent experiments. * signifigs0.05, and ***p<0.001, using unpaired, two-
sided ttest.
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Supplementary Fig. S19: Model of TH548 mediated inhibition of pro-

inflammatory gene expressionThe onset and ongoing inflammation is associated with
generation of reactive oxygen species, causing damage to DNA in partiqanate

rich promoters. OGG1 binding to oxidized guanines at promoter regions facilitate
recruitment of downstream transcription factors that drivemftammatory gene
expression, and a cellular inflammatory respohrséhe presence of TH5480GG1 can

no longer interact with DNA substrates in promoters, sarftammatory gene
expression is inhibited, and the cellular inflammatory response is prevented.
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Supplementary Fig. S20: Purity of recombinant human OGG1 and APE1 enzymes.
(A) Purified OGG1 was stained with Coomassie brilliant blue after separation by SDS
PAGE.(B) Purified APE1 was stained with Coomassie brilliant blue after separation by
SDSPAGE.
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Supplementary Tables
Supplementary Table S1:.Smallmolecule screening data.

Category Parameter Description
Assay Type of assay Fluorescence Intensity
Target Human recombinant OGG1 (015527)
Measure increase in fluorescence following
cleavage of a duplex oligonucleotide containing
fluorophore, quencher and an OGGL1 substrate. An
Primary measurement excessive amount of APEL is present to cleave the
backbone of the strdrcontaining the substrate
base, leading to a dissociation of the fluorophore
from the quencher and an increase in signal.
Kev reagents OGG1 and APEL1 recombinant emags, duplex
yreag oligonucleotide with modified base.
Assay protocol Please refer to the materials and methods sectio
Additional comments
Library Library size 17,940 compounds
A diversity set originating from Enamine as well g
a donation from Biovitrum AB. All compounds are
Library composition stored as 10 mM DMSO solutions in Labcy&13
LDV plates until dispensed directly to the assay
plates.
Source Chemical Biology Consortium Sweden
Additional comments
Screen Format 384well plates.

Concentation(s) tested

10 uM compound/0.1% DMSO

Plate controls

Positive control was a sdlan where OGG1
enzyme was excluded (n = 16 per plate), negativi
control was 0.1% DMSO (n = 16 per plate)

Reagent/compound dispensing system

Labcyte Echo 550 for compods, PerkinElmer
FlexDrop for enzymes and substrate

Detection instrument and software

PerkinElmer Envision

Assay validation/QC

Average Zscore 0.56, negative/positive control
ratio 3.4.

Correction factors

Normalization

All data were normalized based on the controls iy
columns 23 and 24 to yield inhibition values. The|
data were also corrected for unequal enzyme
dispensing by the Flexdrop depending on well
position. This was done by calculating a correctid
factor based on the median position of each well
over the 52 screening plates.

Additional comments

Enzyme inhibition >25% prompted hit
confirmation inseveral steps. First, primary hits

PostHTS L were tested at three concentrations. Those resul
: Hit criteria . . PR
analysis in a concentratiolependent inhibition were then
tested in full concentratioresponse curves at 11
concentrations in duplicate.
Hit rate 1.2x10*

Additional assay(s)

Counterscreen for APE1 inhibition and DNA
intercalation.

Confirmation of hit purity and structure

LC-MS

Additional comments
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Supplementary Table S2:Selectivity of TH5487 on base excision repair enzymes. A
dilution series of TH5487 was incubated with the indicated enzymes and substrates, and
the IC50value was determined.

Enzyme Uniprot ID Substrate ICs0 (LM) Inhibition at 100 uM (%)
Human OGG1 015527 10 nM 80x0A.C 0.342 97
Mouse OGG1 008760 10 nM 8o0xoA:C 0.687 97
Fpg P(6523 10 nM Tg:A >100 -15
UNG2 P13051 500 nM U:A >100 9
SMUG1 Q53HV7 375 nM U:G >100 16.5
TDG Q13569 10 nM U:G >100 14.0
APE1 P27695 20 nM APsite:C >100 18.3
MPG P29372 10 nM I:T >100 2.7
SMUG1 Q53HV7 375 nM U.G >100 16.5
NEIL1 Q96FI4 20 nM Tg:A >100 -2
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Supplementary Table S3:Inhibitory activity of TH5487 with NUDIX hydrolases and
diphosphatases. Activities of the indicated enzymes were measured aéal0oghM
dose of TH5487.

Enzyme Uniprot % Enzyme Coupled enzyme Substrate

ID Inhibition concentration

at 100 puM

dCTPase Q9H773 35 nM PPase 0.2)/ml dCTP; 35 uM
dUTPase P33316 1nM PPase 0.2)/ml dUTP; 12.5 uM
ITPase Q9BY32 42 0.2nM PPase 0.2)/ml ITP; 25 uM
MTH1 P36639 26.5 4.75 nM PPase 0.2J/ml dGTP; 100 uM
NUDT12 Q9BQG2 3 20 nM BIP 10U/ml NADH; 50 uM
NUDT14 095848 -4 2nM BIP 10U/ml ADPR; 50 uM
NUDT15 QINV35 13 8 nM PPase 0.2/ml dGTP; 100 uM
NUDT18 Q6ZVK8 24 200 nM PPase 0.2J/ml 8-0x0dGTP; 50 pM
NUDT2 P50583 -8 8 nM BIP 10U/ml AP4A; 16 pM
NUDT5 Q9UKK9 2nM BIP 10U/ml ADPR; 50uM
NUDT9 Q9BWI1 20 nM BIP 10U/ml ADPR; 50 uM
SAMHD1 | Q9Y3Z3 6.4 350 nM PPase 12.5 U/ml dGTP; 25 uM
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Supplementary Table S4:Effect of OGGL1 inhibitors under different assay conditions.

8-0x0A:C substrate (10 nM) was incubated with the indicated enzymes and a dilution
series of TH5487 or O8.

ICs0(NM) ICs0(NM)
Substrate Enzymes TH5487 OGG1 inhibitor 08
80x0AC | 1nM OGGL; 2 nM APEL 332 5030
8-0X0A:C 20 M 0GG1 495 1290
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Supplementary Table S5Peptides presenting lower deuteration kinetics upon TH5487
binding (p<0.005). The peptide start and end sequences are derived from the nuclear
isoform of human OGG1 (Uniprot O15527-1).

Start End Peptide sequence Color in Fig. 1G
34 44 RLDLVLPSGQS Black
34 45 RLDLVLPSGQSF Black
36 45 DLVLPSGQSF Black
36 59 DLVLPSGQSFRWREQSPAHWSGVL Black
107 120 AQLYHHWGSVDSHF Orange
110 120 YHHWGSVDSHF Orange
121 129 QEVAQKFQG Yellow
121 132 QEVAQKFQGVRL Yellow
133 141 LRQDPIECL Yellow
143 158 SFICSSNNNIARITGM (Dark) Cyan
145 158 ICSSNNNIARITGM (Dark) Cyan
159 170 VERLCQAFGPRL (Dark) Cyan
241 252 CILPGVGTKVAD Light blue
241 253 CILPGVGTKVADC Light blue
257 271 MALDKPQAVPVDVHM Dark blue
257 278 MALDKPQAVPVDVHMWHIAQRD Dark blue
258 271 ALDKPQAVPVDVHM Dark blue
259 271 LDKPQAVPVDVHM Dark blue
272 278 WHIAQRD Purple
279 302 YSWHPTTSQAKGPSPQTNKELGNF Pink
303 313 FRSLWGPYAGW Brown
303 314 FRSLWGPYAGWA Brown
303 315 FRSLWGPYAGWAQ Brown
303 318 FRSLWGPYAGWAQAVL Brown

52




Supplementary table S6X-ray crystallographgata collection and refinement statisti
2Values in parentheses are for highestolution shell? Values for each molecule of the asymmetric unit

mOGG1 MOGG1:TH5675

Data collection
PDB code 6G3X 6G3Y
Beamline DLS-104 DLS-124
Space group P212:2: P212121
Cell
dimensions! [
a, b, c(A) 80.8, 81.2, 167.5 80.8, 81.4, 169.2
a, B,y (°) 90, 90, 90 90, 90, 90
Resolution (A) 2.06-83.8 (2.06-2.09) 2.51-84.6 (2.51-2.56
No. total / 863,263 / 270,221/
unique reflections | 68,950 38,585
Rmerge 0.089 (0.88) 0.116 (0.85)
Rpim 0.026 (0.30) 0.047 (0.34
CCu 0.999 (0.33) 0.976 (0.14
| /sl 16.9 (2.0} 9.3 (1.8}
Completeness (%) 99.9 (95.7) 99.6 (89.8)
Redundancy 12.5 (9.6} 7.0 (7.1%
Wilson B factor 34.4 54.4
Refinement
No. reflections 61,280 36,660
used
Ruwork / Riree (%) 22.4]27.4 23.6/28.2
B-factors

Protein (all 40/46/49 60/77/90
atoms}

Ligand® N/A 60.5/66.1/84.9

Water 44 54
R.m.s. deviations

Bond lengths | 0.006 0.007
(A)

Bond angles®’] | 1.06 1.16
Ramachandran statistics

Favored (%) 96.4 96.7

Outliers (%) 0.11 0.21
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Supplementary Table S7:Absorption, Distribution, Metabolism, aritkcretion

(ADME) properties for TH5487. MLM: mouse liver microsome; HLM: human liver
microsome; PPB: plasma protein binding: fu, firaetion.

Parameter Value
Kinetic solubility (umoll) 3
MLM CL int (uI/min/mg) 29.7
HLM CLint (ul/min/mg) 6.1
PPB (Human), fu (%) 0.06
CaCo2 permeability B (cm/s) 4 x10°
CaCo2 permeability B\ (cm/s) 8.3x 10
Efflux ratio 0.2

54



Supplementary Table S8 Pharmacokineti¢PK) properties for TH5487 after

intravenous (1V) and oral (PO) treatment with 10 and 30 mg/kg doses, respectively. IV
and PO pharmacokinetics were performed independently but using the same mouse stra
and gender. Plasma samples were collected at eight time points during 24 h after
treatment. Cmax: maximal plasma concentration; Tmax: time for maximal plasma
concentration; AUC: area under curve; A; range: time points used for calculation of t%;

t%: haltlife in plasma; Vd: volume of distribution; Vss: volume of distribution at steady
state; CL: clearance; F%: bioavailability (or fraction absorbed).

Parameter \Y] PO
Dose (mg/kg) 10 30
Crmax (ULM) 97.4* 68.4
Tmax(h) 0.08 4
AUC o-24 (LM*h) 546 1012
AUC o.int (UM*h) 562 1015
Az range (h) 6-24 12-48
t¥4z (h) 4.79 5.36
Vg (I/kg) 0.18 -
Vss(1) 0.16 -
CL (I/h/kg) 0.03 -
F% - 60

*First sampling time point.
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Supplementary Table S9Hematological prameters following intraperitoneal administration of
TH5487.Mice were admini®red daily intraperitoneal injections of vehicle or 30 mg/kg TH5487
for 5 days. Data are shown as average + SD. No significant differgncds({1) between
treatments for either sex were observed. RBC: red blood cells; HCT: loeen®MCV: mean

cell volume; RDW: red blood cell distribution width; HGB: haemoglobin; MCH: medn ce
haemoglobin; MCHC: mean cell haemoglobin concentration; PTL: platelet¢; MBan platelet

volume; WBC: white blood cells; LYM: lymphocytes; GRANL: granulocyte)IND:

monocytes
Parameter Unit Vehicle TH5487 30 mg/kg
Male (n =3) Female(n =3) | Male (n =3) Female(n =3)
RBC 102 9.1+0.3 9.0+£0.2 8.2+0.3 8.7+0.1
HCT % 40.7+1.0 409+1.1 38+1.3 40.1+ 0.6
MCV Fl 448+ 06 454+0.1 46.3+1.1 458+0.1
RDW % 22.2+0.2 22.4+0.7 22.1+0.1 224+ 07
HGB g/d 145+ 0.5 14.5+0.3 13.1+04 13.9+0.3
MCH pg 16.0+£0.04 16.1+0.2 16.0£0.1 15.8+£0.1
MCHCH g/dl 35.8+0.4 35.5+0.4 37.7£0.7 34.63+0.3
PTL 10° 329+ 10 319.6+218 287+ 38 291+12
MPV Fl 4.96+0.04 5.06+0.1 5.1+0.04 5.0+£0.1
WBC 10°/1 2.6+0.7 4.6+0.8 3.2+08 35+1.0
LYM % 79.7x41 80.6+x2.2 75427 75.5+2.6
GRANL % 17.5+3.8 16.2+2.0 21.5+25 21.4+2.4
MONO % 27+04 3.2+0.3 3.1+03 31+0.2
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Supplementary Table S10Serum parameters following intraperitoneal administration
of TH5487.Mice were treated with daily intraperitoneal injections of vehicle or 30 mg/kg
TH5487 for 5 days. Data are shown as average + SD. Significant differenqes (**

0.01) are indicated.

Parameter Unit Vehicle TH5487 30 mg/kg
Male (n=3) | Female =3) | Male (n=3) Female f = 3)
Alkaline Phosphatase ul/l 109+ 7 126.6+ 7.7 96+ 11 97.3+9.8
Alanine aminotransferasq Ul 17.3£5.0 19.6+ 3.3 21.3x4.1 18.3£3.1
Amylase ul/l 764+ 33 793.3+12.8 673.6£32.9 769.6+ 31.3
Total Bilirubin pmol/l | 5.7+05 5.6+05 6.3+1.2 611
Blood urea nitrogen mmol/l | 7.3+0.6 7.23+£0.04 5.7+0.1 8.5+05
Calcium mmol/l | 2.47+0.02 | 2.3+0.1 2.45+0.04 26+01
Phosphorus mmol/l | 2.0£0.2 2.1+0.1 2.0+0.1 2.0£03
Creatinine pumol/l | 21.0+ 4.2 27+10 22.7+4.1 23+5
Glucose mmol/l | 10.6+1.2 10.3+1.5 8.5+16 8.2+0.8
Sodium mmol/l | 145+ 2 145+0.8 143.3+05 1453+ 1.2
Potassium mmoll | 5.7+0.2 57+£0.2 58+0.1 57+x0.1
Total Protein g/l 49.3+1.0 49.3+05 45+ 1** 48.6+1.7
Albumin g/l 39.7£ 05 42.3+1.0 36.6+ 0.5** 41.3+1.2
Globulin g/l 9.7+ 05 7.0+£0.8 8.3£0.9 7.7+1.0
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Supplementary Table S11gRTPCR primes used in this study.

Gene Catalog no Sequence
Name
Gapdh Mm.PT.39a.1 F: 5-AAT GGT GAA GGT CGG TGT &&

R: 5-GTG GAG TCATAC TGG AAC ATG TAGZ
Tnf Mm.PT.58.1257586] F: 5-AGA CCC TCA CAC TCA GAT CA%

R:5-TCT TTG AGATCCATG CCG TT&
Cxcl2 Mm.PT.58.10456839 F: 5-CAG AAG TCA TAG CCA CTC TCA AG3

R: 5-CTT TCC AGG TCAGTT AGC CTT¥
116 Mm.PT.58.1000556€¢ F: 5-AGC CAG AGT CCT TCA GAG A3

R: 5-TCC TTA GCC ACT CCT TCT G®
Cxcl10 Mm.PT.58.43575827% F: 5-ATT TTC TGC CTC ATC CTG CT3'

R: 5-TGATTT CAA GCT TCC CTATGG &3
Ccl2 Mm.PT.58.42151697 F: 5-CAT CCA CGT GTT GGC TCA3

R: 5-AAC TAC AGC TTC TTT GGG ACAZ
Ccl20 Mm.PT.58.1390630¢ F: 5-CCA GCA CTG AGT ACATCA ACF3

R: 5-GTA TGT ACG AGA GGC AAC AGT &3
GAPDH Hs.PT.39a.2221483¢ F: 5-ACA TCG CTC AGA CAC CAT G3

R:5 -TGT AGT TGA GGT CAA TGA AGG G3'
TNF Hs.PT.58.45380900| F: 5-TGC ACT TTG GAG TGATCG &

R: 5-TCAGCT TGA GGG TTT GCT A3
CXCL1 Hs.PT.58.39039397| F: 5-TCTCTCTTTCCTCTTCTGTTCCTA3

R: 5-CATCCCCCATAGTTAAGAAAATCATC-3
IL6 Hs.PT.58.40226675| F: 5 -GCA GAT GAG TAC AAA AGT CCT GAZ

R:5 -TTC TGT GCC TGC AGC TT&Z'
CXCL10 Hs.PT.58.3790956.9 F: 5-GAC ATATTC TGA GCC TAC AGC A3

R: 5-CAG TTC TAG AGA GAG GTACTC CH¥
CCL20 Hs.PT.58.19600309| F: 5-CCA TGT GCT GTA CCA AGA GT3

R: 5-TTA GGA TGA AGA ATA CGG TCT GTGZ
CCL2 Hs.PT.58.45467977| F: 5-AGC AGC CAC CTT CAT TCE3

R: 5-GCC TCT GCACTGAGATCT T&®
OGG1 Hs.PT.58.24618622| F: 5- CAT ATG AGG AGG CCC ACA AG3

R

: 5- CAG AAG ATA AGA GGA CGC AGA AGYZ
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Supplementary Table S12:Probes used for NkB electrophoretic mobility shift assays.
G* signifies the inclusion of 8-0x0G. The NF-kB binding motif is underlined.

Probe

Sequence

Probe containing-8xoG and
NF-kB binding motif (derived
from TNF promoter)

Sense: 5-TGGGG*AGTGTGAGGGGTATCC GATGCTTG3'!

Anti-sense: 5-ACCCCTCACACTCCCATAGGCTACGAAGDiotin-3’

Undamaged probe containing
NF-kB binding motif

Sense: 5'-TGGGGAGTGTGAGGGGTATCC GATGCTTG3

Anti-sense: 5'- ACCCCTCACACTCCCATAGGCTACGAAGbiotin-3'

Cold probe containing-8xoG
and NFkB binding motif

Sense: 5'-TGGGG*AGTGTGAGGGGTATCC GATGCTTG3’

Anti-sense: 5'-ACCCCTCACACTCCCATAGGCTACGAAG3’

Probe containing-8xoG and
NF-kB binding motif (derived
from Cxcl2 promoter)

Sense: '5-TTCCCTGGTCCCGGGCTTTTCC AGACATCG-3
Anti-sense: 5'-biotinrCGATGTCTGGAAAAGCCCGGGGACCA*GGAA-3’

Undamaged probe containing
NF-kB binding motif

Sense: '5-TTCCCTGGTCCCGGGCTTTTCC AGACATCG-3”
Anti-sense: 5'-biotin-CGATGTCTGGAAAAGCCCGGGGACCAGGGAAZ

Cold probe containing-®xo0G
and NFkB binding motif

Sense: '5-TTCCCTGGTCCCGGGCTTTTCC AGACATCG-3’
Anti-sense: 5'-CGATGTCTGGAAAAGCCCGGGGACCA*GGAA-3’
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Supplementary Table S13Primers used for ChigPCR

Gene name | Base pairs Location Sequence
Tnf —252--55 Promoter F: 5-GCCCCAGATTGCCACAGAAT 3
R: 5-GCTCTCATTCAACCCTCGGA3
Cxcl2 —242—-+62 | Promoter/exon | F: 5-AGCGCAGACATCACTTCCTT3
R: 5-TGAAGTGTGGCTGGAGTCTG3
116 —106-+65 | Promoter/exon | F: 5-CCCCACCCTCCAACAAAGATT 3

R: 5-CAGAGAGGAACTTCATAGCGGT-3
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Caption for Movie S1 Ligandinduced conformational change in OGG1.
Conformational change upon ligand binding. Extrapolation (morph) between the native
mouse OGG1 structure and its complex with TH5675, which illustrates the
conformational changef the catalytic pocket upon ligand binding. Movie produced with
Chimera(s8).
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