α-ketoglutarate/succinate ratio imbalance impairs thymine DNA glycosylase function and base excision repair process increasing susceptibility to pancreatic cancer
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Supplementary information.
MATERIALS AND METHODS
Animals and treatments. FVB PDX-1-Cre; LSL-KrasG12D (KC) mice (1) were generated in the Animal Facility of the Regina Elena National Cancer Institute (Rome, Italy). Experiments and treatment were performed according with EU Directive 2010/63/EU for animal experiments (protocol permit number: 362/2021-PR). In brief, 4 weeks old male KC mice were fed with a low fat rodent chow (LFD- 10 kJ% fat, 20 kJ% protein, 70 kJ% carbohydrates – D12450J Ssniff—Germany; n = 40) or a High-fat diet (HFD- 60 kJ% fat, 20 kJ% protein, 20 kJ% carbohydrates – D12492 Ssniff-Germany; n = 40) to recapitulate metabolic alterations. All groups received drink and food ad libitum. Pancreata were collected after 1.5 month (T1) and 5 months (T2) of dietary regimen start. 
Mouse monitoring and blood analyses. Body weight and food intake were recorded weekly. Fasting glycaemia was measured at start and every 4 weeks by using a standard glucometer (GlucoGmeter, Menarini Diagnostics) after tail vein puncture. The oral glucose tolerance test (OGTT) was performed after a fasting period of 6 h by administering glucose (2 g/kg) by oral gavage. Blood samples were obtained before glucose administration and at 15, 30, 60 and 120 minutes afterwards by tail vein puncture. Glucose concentration was measured by a glucometer as stated above.
Histology. Mouse pancreas formalin-fixed paraffin-embedded (FFPE) tissues were collected. 4-μm-thick sections were deparaffinized and analysed for hematoxil/eosin (H&E) according to standard procedures. A pathologist, blinded to mouse group information, determined pancreatic cancer grade observing H&E-stained slides. The number and the grade of each slide were annotated. 
Untargeted and targeted metabolomics. Pancreas tissues were lyophilized overnight, then weighed, carefully homogenized and treated with MeOH/H2O (80:20 v/v) in a 5.5 mg: 0.500 mL tissue: solvent ratio, cell pellets were extracted with the same procedure. The samples were treated in ultrasonic bath for 20 minutes then vortexed for 20 minutes at 900 rpm at 16°C, and finally centrifuged for 10 minutes at 14680 rpm at 4°C. The supernatants were dried under vacuum for 2 h at 35°C (Savant SPD140DDA SpeedVac Concentrator connected to a RVT5105 Refrigerated Vapout Trap, Thermo Scientific, U.K.) and then were reconstituted in 0.120 mL of H2O/MeOH (50:50 v/v).
Untargeted UHPLC-HRMS/MS analysis of tissue was performed on a Thermo Ultimate RS 3000 coupled online to a Q-Exactive hybrid quadrupole Orbitrap mass spectrometer (Thermo Fisher Scientific, Bremen, Germany) equipped with a heated electrospray ionization probe (HESI II). The separation was performed in HILIC mode, with an SeQuant® ZIC® HILIC (100 × 2.1 mm; 3.5 μm) protected (Supelco® Sigma-Aldrich). The column temperature was set at 35°C and the flow rate was 0.4 mL/min. The mobile phase was (A): 10 mM CH3COONH4 in H2O/ACN (50:50 v/v) and (B): 10 mM CH3COONH4 in H2O/ACN (5:95 v/v). Targeted UHPLC-HRMS analysis were performed on a Thermo Vanquish Flex UHPLC system coupled online to a hybrid quadrupole Orbitrap Exploris 120 mass spectrometers (Thermo Fisher Scientific, Bremen, Germany) equipped with a heated electrospray ionization probe (HESI II). The chromatographic separations were performed with an Acquity UPLC HSS T3™ column (150×2.1 mm; 1.8 µm, 100 Å) protected with a VanGuard HSS T3™ precolumn (5.0×2.1 mm; 1.8 µm, 100 Å) (Waters, Milford, MA, USA). The ESI was operated in positive and negative mode. Full MS (80-1000 m/z) and data-dependent MS/MS were performed at a resolution of 35,000 and 15,000 FWHM respectively, normalized collision energy (NCE) values of 10, 20, and 30 were used. Samples were analyzed in a random order to prevent any possible bias due to variation in mass spectrometer sensitivity. Quality Control (QC) was randomly inserted in the batch to monitor system stability over time. Succinate, fumarate and 2-Oxoglutaric acid were selected as external standards for the quantitation. Stock solutions (10 mM) were prepared in MeOH. The calibration curve was obtained in MeOH/ H2O in the concentration range of 1 – 1000 µM (R2=0.997). For sensitivity evaluation, limits of detection (LODs) and quantification (LOQs) were calculated by the ratio between the standard deviation (SD) and analytical curve slope multiplied by 3 and 10, respectively. Repeatability was established by triplicate injections of QC sample with the same chromatographic conditions and analyst on the same day, and within two consecutive days, and results were expressed as relative standard deviation % (RSD %) for concentration and retention time. FreeStyle (Thermo Fisher Scientific) was used to visualize RAW data, which were then imported to Compound Discoverer v.3.3 (Thermo Fisher Scientific) to normalize, align, detect, and identify compounds. Features were extracted in the retention time window of the HILIC and RP chromatography runs, respectively, in the m/z = 70–800 mass range. Data were aligned according to an adaptive curve alignment model. Compounds were detected using the following parameter settings: mass tolerance was set to 5 ppm, while retention time tolerance was set to 0.2 min; minimum peak intensity was set to 100,000 AU and the signal to noise threshold for compound detection was set to 5. The peak rating filter was set to 3. To perform blank subtraction, we maintained max sample/max blank ratio > 5. For statistical comparison between the two setups, signal intensity was normalized by using the algorithm “Constant Sum.” To predict elemental compositions of the compounds, the relative intensity tolerance was set to 30% for isotope pattern matching. For the mzCloud database search, both the precursor and fragment mass tolerance were set to 5 ppm. The databases used for matching compounds in ChemSpider for structural search were BioCyc, the Human Metabolome Database, and KEGG, and the mass tolerance in ChemSpider Search was set to 5 ppm. The mass tolerance for matching compounds in Metabolika pathways was set to 5 ppm. Compounds were assigned by comparing annotations using the following nodes in order of priority: (1) mzCloud; (2) Predicted Compositions; (3) MassList search; (4) ChemSpider Search; (5) Metabolika search. Principal component analysis was performed by MetaboAnalyst 6.0 (https://www.metaboanalyst.ca/); samples were log transformed and autoscaled prior to statistical analysis. MS/MS spectra were manually reviewed and metabolite annotations were performed in accordance with Metabolomics Standard Initiative guidelines.
Total RNA extraction, sequencing and bioinformatics analysis. RNA was isolated from mice pancreas (4 LFD and 4 HFD for each experimental time point) using miRNeasy Mini Kit (Qiagen) combined with DNase digestion (DNase I, Qiagen) to eliminate genomic DNA. RNA integrity was evaluated with Qubit RNA IQ assay kit (Invitrogen) and BioAnalyzer (Agilent). Sequencing was performed on rRNA-depleted total RNA on an Illumina HiSeq 2000 platform. RNA-seq libraries preparation and sequencing will be performed using the QuantSeq 3' mRNA-Seq Library Prep Kit FWD for Illumina using total RNA, according to manufacturer’s instructions. The resulting raw reads were assessed for quality by FastQC and pre-processed with FASTQ Toolkit v.2.2.5 for adapter trimming and low quality (Q<30). Gene-level normalization and differential expression analysis were performed with R package DESeq2 v.1.40.2. Gene ontology and KEGG pathways analysis on genes regulated by HFD at T1 and T2 (± 1 log2 fold change, fdr < 0.05) was performed using DAVID (https://david.ncifcrf.gov/).
qRT-PCR. RNA was isolated from about 10 mg of mouse pancreatic tissue using miRNeasy Mini Kit (Qiagen) according to manufacturer's instruction. RNA concentration and quality were measured with NanoDrop100 (Thermo Fisher Scientific). cDNA synthesis for quantitative real time PCR (qRT-PCR) was obtained with LunaScript RT SuperMix Kit (NEB) according to the manufacturer protocol. Samples were prepared with 1x SYBR Green Master Mix (Meridian) and specific primers of interest. All reactions were performed in 96-well format in the StepOne Plus Real-Time PCR System (Applied Biosystems). Each RNA sample was tested in duplicate and the housekeeping p0 was used to normalize Ct values. mRNA expression levels were calculated by comparative Ct method using the Applied Biosystem software (Applied Biosystem, CA, USA) and were shown as fold induction of transcripts of interest. List of primers for qRT-PCR analysis are provided in Supplementary Table 1.
Cell cultures, treatment and transfection. HPDE K-RasG12V cells were grown in RPMI 1640 medium (Euroclone) containing 10% fetal bovine serum (FBS), 1% L-glutamine and 1% Penicillin/Streptomycin (Euroclone) at 37° in humidified incubator with 5% CO2. When indicated, HPDE cells were exposed to high concentration of Glucose (hG 30mM, Sigma) and Oleic Acid (OA 50μM, Sigma) for 48h or treated with a cell-permeable form of α-ketoglutarate (αKG 25μM, Cayman) or succinate (SA 50μM) for 24h or a competitive inhibitor of DNA ligases L189 for 24h (Cayman). Human pancreatic stellate cells (PSCs) were cultured in Stellate Cell Medium (SteCM, ScienCell Research Laboratories) supplemented with 2% FBS (ScienCell Research Laboratories), 1% Stellate Cell Growth Supplement (SteCGS, ScienCell Research Laboratories) and 1% Penicillin/Streptomycin solution (P/S, ScienCell Research Laboratories) at 37ºC in a 5% CO2 environment. To improve adhesion, a poly-L- lysine coating was used. In 2D-coculture experiment, PSCs and HPDE cells were seeded in 1:1 ratio and grown in SteCM medium in the presence of hG and OA for 24h. HEK293T cells were grown in DMEM (Euroclone) supplemented with 10% FBS, 1% L-glutamine and 1% Penicillin/Streptomycin (Sigma). HEK293T and HPDE cells were transfected according to Lipofectamine3000 standard procedure (Invitrogen). TDG gain and loss of function experiments were performed as previously described (2).
Immunoprecipitation. Co-immunoprecipitations were performed using 500 μg extracts after lysis of samples in 50 mM Tris-HCl (pH 7.4), 250 mM NaCl, 1% Triton X-100, 1% Empigene-BB supplemented with 1 mM PMSF and protease inhibitor mix using 4 μg of anti-TDG (Genetex) or anti-TET1 (Genetex). The Ademtech Bioadembeads paramagnetic beads system was used to immunoprecipitate the specific proteins according to the manufacturer's instructions. 
Western blot analysis. Western blotting was performed by standard procedures. Cells were lysed in Ripa or Laemmli buffer and sonicated. About 30μg proteins were separated by electrophoresis on 4–12% SDS polyacrylamide gels and transferred onto nitrocellulose membranes which were probed with the following antibodies: anti-TET-1 (Genetex); anti-TDG (Genetex); anti-ERK (ABclonal); anti-pERK (ABclonal); anti-Vinculin (Sigma); anti-Myc-Tag (Cell Signaling); anti-LIG1 (ABclonal); anti-LIG3 (ABclonal); α-Tubulin (Cell Signaling). Development was performed by ChemiDoc MP Imaging System (Bio-Rad). Antibody list provided in Supplementary Table 2.
Dot blot. Genomic DNA, from pancreata mice tissue or HPDE cells exposed or not to hG (30mM, Sigma) and OA (50μM, Sigma) for 48h or to SA (50μM Sigma) for 24h, was extracted with Monarch Genomic DNA purification kit (Monarch Spin gDNA Extraction kit, New England Biolabs) according to manufacturer´s instructions. 100 ng of genomic DNA were denatured with 0,4 N NaOH and incubated for 30 min at 80°C. Then, DNA were immobilized on nitrocellulose membrane, blocked with 5% milk for 1 h and probed with the following antibodies: 5-methylcytosine (Active Motif); 5- hydroxymethylcytosine (Active Motif); 5-formylcytosine (Active Motif). Development was performed by ChemiDoc MP Imaging System (Bio-Rad). Antibody list provided in Supplementary Table 2.
Immunofluorescence and IHC. HPDE cells were fixed in 4% paraformaldehyde solution for 10 min at room temperature, washed three times for 5 min with PBS, and blocked for 1h in PBS containing 10% BSA. Cells were incubated overnight at 4 °C with the indicated primary antibodies. After washing, cells were incubated for 1h at room temperature with a fluorescent secondary antibody (Alexa Fluor 488- or 546-conjugated, Life Technologies) and DAPI (Life Technologies). The immunofluorescence analysis on mouse tissues was performed according to the following protocol. First, 4-μm-thick mouse pancreas FFPE sections were deparaffinized and rehydrated. Antigen-retrieval was performed in the microwave in citrate buffer solution pH 6.0 (ScyTech) for 15 min. After blocking, sections were incubated overnight at 4°C with following primary antibodies: anti-E-cadherin (Invitrogen); anti-αSMA (Invitrogen); anti-5-formylcytosine (Active Motif). After washing, cells were incubated for 1h at room temperature with a fluorescent secondary antibody (Alexa Fluor 488- or 546-conjugated, Life Technologies) and nuclei were counterstained with DRAQ5 (BioStatus).
MD simulation. The computational approach follows the procedure already used previously (2, 3). Briefly, the X-ray crystallographic structure of TDG in complex with DNA (PDB-ID: Z47) was used as receptor in MD simulations, upon removal of the DNA chains (4). The protein was parametrized with the ff14SB force field, while the SA ion with the General Amber Force Field (GAFF) (5, 6). SA partial charges were computed at the am1-bcc level of theory. TDG and SA were included in a rectilinear box of TIP3P-type water molecules buffering 10 Å from the molecular system, at a non-binding distance >40.0 Å. The total charge was neutralized by the addition of Cl- ions. A 2 fs time-step was used in all MD simulations. The solvent was first energy minimized for 500 steps using the Steepest Descent algorithm (SD) and a further 2500 steps using the Conjugate Gradient algorithm (CG), while keeping the solute as fixed. The solvated solute was then energy minimized for 1000 steps SD and subsequent 9000 steps CG before heating to 300 K at constant volume for 1 ns using the Langevin thermostat. Box density was equilibrated at constant pressure for 1 ns using the Berendsen barostat, then, a preliminary run of 50 ns was carried out at constant pressure, before the final production of trajectories lasting 500 ns. No restraints were used in MD simulations. Three independent MD replicas were run starting from different initial coordinates. MD simulations were run with Ambe18 (7), analysis of MD trajectories was carried out with cpptraj (8).
In vitro Surface Plasmon Resonance experiments. Surface Plasmon Resonance (SPR) experiments were carried out using a Sartorius Octet SF3 apparatus, to assess the thermodynamic parameters of the interaction between mouse His-tagged TDG (ligand) and the analytes αKG and SA, exploiting an already used approach (9). Experiments were carried out on an Octet HisCap Sensor Chip, which consists of pre-immobilized nitrilotriacetic acid (NTA) within a nondextran polysaccharide 3D surface, which can be used for affinity capture coupling. The NTA group was activated by nickel ions (Ni2+) to selectively bind the His-tagged TDG ligand (Epigex). The TDG was dialyzed vs. sterile HEPES 20 mM, pH 7.4, NaCl 150 mM, 0.005% surfactant Tween20 buffer (HSP buffer) and then immobilized onto the chip. The amount of immobilized TDG was detected by mass concentration-dependent changes in the refractive index on the sensorchip surface and corresponded to about 1000 resonance units (RU). Analytes (αKG and SA) were dissolved in sterile HSP buffer, at final analyte concentration of 16 mM. Further dilutions and all experiments were carried out at 25 °C in degassed HSP buffer. After ligand immobilization, analytes were injected at different concentrations, i.e., 4 μM, 16 μM, 64 μM, 0.25 mM, 1 mM, 4 mM, and 16 mM. During the experiments, an increase in RU relative to baseline indicated complex formation between the immobilized TDG ligand and the analytes. The plateau region represents the steady-state phase of the interaction. The decrease in RU after 150 s indicates analyte dissociation from the immobilized TDG ligand following HSP buffer injection. As a negative control, sensor chips were treated as described above in the absence of immobilized TDG. Steady-state plateau signal (Req) values and full fittings with 1 and 2 sites were calculated from overall kinetic evaluation of the sensorgrams using the Octet SPR Analysis software.
Cellular Thermal Shift Assay (CETSA). CETSA was performed as previously described (2). Briefly, cellular extract was freshly lysed in RIPA buffer (10 mM Tris HCl pH 7.4, 150 mM NaCl, 1% Igepal, 1% sodium deoxycholate (DOC), 0.1% Sodium Dodecyl Sulfate (SDS), 0,1% glycerol, protease and phosphatase inhibitors cocktail, and 2mM 1,4-dithiothreitol (DTT)). Homogenization was performed by 3 cycles of freeze-thawing and cellular extracts were centrifuged at 20000 x g for 20 min at 4°C to separate the soluble fraction from debris. Cellular lysates were divided into two aliquots, with one aliquot being treated with 1 mM SA (Sigma) and the other one exposed to water as solvent (control), and were incubated for 30 min at RT. Subsequently, the lysates were divided into smaller aliquots and heated at the reported temperature for 3 min followed by 3 min cooling at RT. The soluble fraction was separated from debris centrifuging at 20000 x g for 20 min at 4°C. All supernatants were analyzed by western blotting and probed with the specific primary antibody.
Enzymatic Activity assay. TDG activity was assessed with specific ELISA activity assays following the manufacturer´s instructions (Thymine DNA Glycosylase (TDG) Activity/Inhibition Assay Kit - Epigentek) on HPDE cells exposed to hG and OA for 48h or using the active full length recombinant mouse N-terminal His tagged TDG protein (Epigex). αKG disodium salt (Sigma) and SA (Sigma) was used for recombinant TDG protein treatments during assay.
AP sites quantification. Genomic DNA, from HPDE cells exposed or not to hG (30mM, Sigma) and OA (50μM, Sigma) for 48h or to SA (50μM Sigma) for 24h, was extracted with Monarch Genomic DNA purification kit (Monarch Spin gDNA Extraction kit, New England Biolabs) according to manufacturer´s instructions. 500 ng of DNA were incubated with 10mM aldehyde reactive probe (ARP, Cayman) at 37° for 1h. After precipitation and quantification, 100 ng of ARP labelled DNA were denatured with 0.4 N NaOH and incubated for 30 min at 80°C. Then, DNA was immobilized on nitrocellulose membrane and probed with Alexa Fluor 790 streptavidin conjugate (Life Technologies) for 1h at room temperature. Development was performed by ChemiDoc MP Imaging System (Bio-Rad).
Proximity Ligation Assay. PLA between ARP-biotin and TDG was performed exploiting an approach already used (10). Briefly HPDE cells were grown on slides, exposed to hG (30mM, Sigma) and OA (50μM, Sigma) for 48h and incubated with 1mM aldehyde reactive probe (ARP, Cayman) for the last 3h of treatment before fixation in 4% paraformaldehyde solution for 10 min at room temperature. Cells were then permeabilized with 0.5% Triton-X 100 for 5 minutes before blocking in 3% BSA in PBST for 1 hour. Slides were incubated with primary antibodies (mouse α-biotin and rabbit α-TDG) for 2h before processing the samples for PLA following the manufacturer instructions of the SIGMA Duolink Kit (Sigma Aldrich). After PLA reactions, cells were incubated with an Alexafluor 647 Conjugated anti rabbit antibody for 30 min at room temperature to visualize TDG. After extensive washing, nuclei were stained with DAPI (0.2ug/ml) for 2 min at room temperature and mounted with AquaPolymount (PolySciences).  Slides  were acquired with  a 40X/1.3Na objective on a Zeiss AxioImager M2 controlled by Micromanager (11). At least 200 random nuclei per experiment (n=2) and condition were acquired on the microscope. The images were analyzed for the number of PLA foci per nucleus by a custom CellProfiler 4.0.7 pipeline (12). A Mann-Whitney test between samples was carried out to establish statistical significance.
LIG1 and LIG3 promoters 5mC quantification. The level of 5mC in genomic DNA extracted from HPDE cells exposed to SA for 72h or to hG (30mM, Sigma) and OA (50μM, Sigma) ± αKG for 72h was estimated with the EpiJET 5-mC Analysis Kit (ThermoFisher Scientific). Briefly, 500 ng of DNA was glucosylated by T4 phage β-glucosyltransferase (T4 BGT) and then digested with Epi MspI and Epi HpaII enzymes. The percentage of cytosine modifications within LIG1 and LIG3 promoters was determined by qRT-PCR with primer pair flanking CCGG site of interest. List of primers provided in Supplementary Table 3.
Statistical analyses. Statistical analyses were performed using GraphPad Prism software version 8. Data are shown as mean ± SEM. Statistical significance was determined using 2-way ANOVA or non parametric student’s t-test as reported in the corresponding figure legend. A p-value < 0.05 was considered statistically significant and significant differences between experimental samples are represented by asterisks (* = p < 0.05; ** = p < 0.01; *** = p < 0.001). 
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Fig. S1 Metabolic and biochemical characterization of PDAC transgenic mouse model: LSL-KrasG12D; PDX-1-Cre (KC mice). A. Animal body weight B. Blood cholesterol levels and C. Fasting glycemia measurements in LFD (white circles) and HFD (grey circles) KC mice at T1 from dietary regimen start; D. Oral glucose tolerance test (OGTT) in LFD (black squares) and HFD (grey circels) KC mice; A-D. n = 10 mice per group; E-F. Histological score of analysed KC mice at T1 (upper panels) and T2 (lower panels). A pathologist evaluated the presence and the grade of lesions in blind assigning a score for each one (n=7 mice per group, for each experimental point); G. Heatmap of 50 most differentially regulated genes in pancreata derived from LFD- or HFD- fed KC mice by total RNA sequencing. Red and blue colors denote over- and underrepresented genes, respectively. H. Gene ontology (GO) analysis of differentially regulated transcripts in HFD vs LFD KC mice at T1 identified by total RNA sequencing analysis (n=4 for each group). Red bar graph: overrepresented gene families (upper panel); blue bar graph: underrepresented ones (lower panel). I. Left, Representative WB analysis of proliferation markers pERK in LFD and HFD KC mouse pancreata at T1 (upper panels) and T2 (lower panels). Loading control: Vinculin; Right, Densitometry of pERK levels in LFD (white bar) and HFD (grey bar) at T1 (upper panels) and T2 (lower panels). Data expressed as average ± SEM. Statistical significance was calculated using Kolmogorov–Smirnov test (A-C,  F, I) and two-way ANOVA (D) and is shown as *p<0.05; **p<0.01; ***p<0.001.
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Fig. S2 HFD induces significant changes in the pancreas metabolome. A. MS normalized intensity of Palmitic acid (PA) by untargeted metabolomics analysis in LFD (black circles) and HFD (black squares) KC mice at T1 and T2; B. MS normalized intensity of SAM by untargeted metabolomics analysis in LFD (black circles) and HFD (black squares) KC mouse pancreata at T1 and T2; C. Representative co-IP/WB analysis of the DNA demethylation complex TET1/TDG and quantification of TET1 and TDG levels in LFD (white bars) and HFD (grey bars) KC mouse pancreata upon TDG IP (right upper panel) or TET1 IP (right lower panel); D. Graphs show the αKG /SA ratio quantified by targeted metabolomics analysis in HPDE cells exposed to hG  and OA for 48h; Lines represent median values (A, B). Data expressed as average ± SEM (C, D). Statistical significance was calculated using 2-way ANOVA (A, B) and Kolmogorov–Smirnov test (C, D) and is shown as *p<0.05; **p<0.01.
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[bookmark: _Hlk215146946]Fig. S3 Analysis of SA-TDG interaction by surface plasmon resonance (SPR). A. Sensorgram showing the interaction of the ligand TDG, immobilized onto a HisCap Sensor Chip, with SA, bottom injected at different concentrations (4 μM, 16 μM, 64 μM and 0.25 mM, 1 mM, 4 mM, and 16 mM). In all experiments, the increase in RU relative to baseline indicates complex formation between the immobilized TDG ligand and the analytes. B. Sensorgram showing the interaction of the ligand TDG, immobilized onto a HisCap Sensor Chip, with αKG, bottom injected at different concentrations. In all experiments, the increase in RU relative to baseline indicates complex formation between the immobilized TDG ligand and the analytes. The plateau region represents the steady-state phase of the interaction. The decrease in RU after 150 s indicates analyte dissociation from the immobilized TDG after buffer injection. Overall kinetic evaluation of sensorgrams (black curves) were carried out as 1:1 ligand-analyte interactions; fittings are shown as thin red curves; SA KD = 2,94 ± 0,03 mM and αKG KD = 9,01 ± 0,04 mM.
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Fig. S4 In vio KC mouse model validation of dysmetabolic-induced DNA methylation machinery deregulation affecting BER process. A. Left, Dot blot analysis performed on genomic DNA extracted from LFD and HFD KC mouse pancreata and labelled with ARP to detect AP sites. Right, Dot blot densitometry of AP site levels in LFD (white bars) and HFD (grey bars) KC mouse pancreata; B. Left, Representative WB of TDG levels in HPDE cells after TDG CRISPR/Cas9 inactivation (LCv2_TDG compared to control vector LCv2_NTC); Loading control: Vinculin; Right, Densitometry of 3 independent experiments; C. qRT-PCR analysis of BER transcripts in HFD vs LFD KC mouse pancreata at T2 (n=5). Data expressed as fold increase of average Ct of LFD after subtraction of the housekeeping gene p0 signal; D. Left, Representative WB analysis of LIG1 and LIG3 in LFD and HFD KC mouse pancreata at T2. Loading control: Tubulin; Right, Densitometry of LIG1 and LIG3 levels in LFD (white bars) and HFD (grey bars) KC mouse pancreata; E. Left, Representative phase contrast microscopy images of HPDE cells (C) and HPDE treated with 5 μM, 15 μM, or 30 μM L189 for 24h. Scale bar, 100 μm; Right, cell number in HPDE (C) and HPDE treated with 5 μM, 15 μM, or 30 μM L189 for 24h. Data expressed as average ± SEM. Statistical significance was calculated using Kolmogorov–Smirnov test (A, B), Mann-Whitney test (C), two-way ANOVA (D) and one-way ANOVA (E) and is shown as *p<0.05; **p<0.01.


Supplementary table 1. Top 50 most regulated genes (FDR < 0.05) for the contrast of groups (HFD and LFD mice at T1) depicted in Figure S1G.
	ENSEMBL ID
	Symbol
	Average expression
	Log2 FoldChange
	p-value
	FDR

	ENSMUSG00000076609
	Igkc
	15196.61
	6.631076
	9.14E-28
	7.27E-24

	ENSMUSG00000076613
	Ighg2b
	2038.364
	9.729835
	2.09E-26
	8.3E-23

	ENSMUSG00000076612
	Ighg2c
	1374.01
	11.49412
	1.4E-19
	3.71E-16

	ENSMUSG00002075795
	
	2575.416
	-4.99454
	1.11E-16
	2.2E-13

	ENSMUSG00000039115
	Itga9
	135.4301
	6.547067
	9.54E-16
	1.52E-12

	ENSMUSG00000022528
	Hes1
	110.7151
	6.52239
	7.16E-13
	8.98E-10

	ENSMUSG00000034595
	Ppp1r18
	221.9368
	8.277153
	7.9E-13
	8.98E-10

	ENSMUSG00000033220
	Rac2
	593.9245
	10.27607
	1.1E-12
	1.09E-09

	ENSMUSG00000026480
	Ncf2
	169.8664
	8.468796
	3.82E-12
	3.38E-09

	ENSMUSG00000049339
	Retreg2
	171.313
	4.077939
	7.14E-12
	5.68E-09

	ENSMUSG00000030787
	Lyve1
	849.5915
	2.890552
	1.77E-11
	1.28E-08

	ENSMUSG00000026390
	Marco
	607.2875
	10.31915
	3.36E-11
	2.06E-08

	ENSMUSG00000050891
	Tatdn1
	71.32715
	5.604247
	3.23E-11
	2.06E-08

	ENSMUSG00000035042
	Ccl5
	494.8221
	9.007082
	5.18E-11
	2.94E-08

	ENSMUSG00000066258
	Trim12a
	170.302
	6.006137
	2.23E-10
	1.18E-07

	ENSMUSG00000038058
	Nod1
	107.8805
	7.810971
	7.58E-10
	3.76E-07

	ENSMUSG00000115681
	
	333.31
	9.441203
	8.63E-10
	4.03E-07

	ENSMUSG00000049744
	Arhgap15
	185.34
	8.593566
	9.16E-10
	4.05E-07

	ENSMUSG00000028907
	Utp11
	116.9801
	4.798163
	1.14E-09
	4.78E-07

	ENSMUSG00000032596
	Uba7
	193.3669
	8.65477
	1.27E-09
	4.88E-07

	ENSMUSG00000033054
	Npat
	152.5374
	6.997546
	1.29E-09
	4.88E-07

	ENSMUSG00000071005
	Ccl19
	371.0957
	9.596119
	1.41E-09
	5.1E-07

	ENSMUSG00000002985
	Apoe
	8778.465
	2.895261
	1.77E-09
	6.11E-07

	ENSMUSG00000034139
	Serpini2
	9608.37
	-2.31136
	2.02E-09
	6.69E-07

	ENSMUSG00000026616
	Cr2
	293.0395
	9.253532
	6.04E-09
	1.92E-06

	ENSMUSG00000023079
	Gtf2ird1
	107.203
	6.805912
	9.12E-09
	2.55E-06

	ENSMUSG00000036887
	C1qa
	4728.453
	3.273901
	9.08E-09
	2.55E-06

	ENSMUSG00000040957
	Cables1
	262.9933
	-3.29034
	9.26E-09
	2.55E-06

	ENSMUSG00000041736
	Tspo
	474.5608
	2.127864
	9.31E-09
	2.55E-06

	ENSMUSG00000029254
	Stap1
	110.0668
	6.838309
	1.72E-08
	4.4E-06

	ENSMUSG00000109693
	
	203.4879
	-3.43718
	1.68E-08
	4.4E-06

	ENSMUSG00000064302
	Clasp1
	62.52528
	7.019683
	2.56E-08
	6.37E-06

	ENSMUSG00000024222
	Fkbp5
	335.779
	7.646427
	2.66E-08
	6.41E-06

	ENSMUSG00000095079
	Igha
	12000.78
	8.175693
	2.78E-08
	6.49E-06

	ENSMUSG00000076617
	Ighm
	1536.906
	7.57653
	3.45E-08
	7.83E-06

	ENSMUSG00000028583
	Pdpn
	153.032
	3.839495
	4.49E-08
	9.9E-06

	ENSMUSG00000037095
	Lrg1
	5121.628
	6.997467
	4.62E-08
	9.93E-06

	ENSMUSG00000000340
	Dbt
	2685.234
	-2.46694
	5.57E-08
	1.16E-05

	ENSMUSG00000020650
	Bcap29
	50.09274
	6.697006
	5.67E-08
	1.16E-05

	ENSMUSG00000102211
	
	41.6158
	5.418609
	9.03E-08
	1.8E-05

	ENSMUSG00000047557
	Lxn
	271.2656
	-3.23716
	1.09E-07
	2.12E-05

	ENSMUSG00000005148
	Klf5
	424.3304
	7.297082
	1.14E-07
	2.12E-05

	ENSMUSG00000064090
	Vrk2
	112.1972
	5.516709
	1.15E-07
	2.12E-05

	ENSMUSG00000030428
	Ttyh1
	328.5513
	-3.24593
	1.38E-07
	2.49E-05

	ENSMUSG00000003438
	Timm50
	67.5964
	5.802633
	1.56E-07
	2.75E-05

	ENSMUSG00000040146
	Rgl3
	145.1709
	-4.18074
	1.61E-07
	2.78E-05

	ENSMUSG00000024907
	Gal
	607.2547
	-4.22316
	1.75E-07
	2.96E-05

	ENSMUSG00000071078
	Nr2c2ap
	41.48685
	4.193628
	1.88E-07
	3.12E-05

	ENSMUSG00000034021
	Pds5b
	127.3782
	6.244586
	1.98E-07
	3.21E-05

	ENSMUSG00000083079
	Amy2b
	4028.82
	-2.2912
	2.47E-07
	3.93E-05





Supplementary table 2. Top 36 metabolites (FDR < 0.05) for the contrast of groups (HFD and LFD KC mice at T1-T2) depicted in Figure 1A.
	Metabolite
	HMDB ID
	f.value
	p.value
	FDR

	N-Acetylarginine
	HMDB0004620
	48.541
	5.18E-12
	5.70E-10

	Creatine
	HMDB0000064
	33.170
	6.12E-10
	3.37E-08

	Creatinine
	HMDB0000562
	31.134
	1.30E-09
	4.77E-08

	L-Carnitine
	HMDB0000062
	24.449
	2.05E-08
	5.64E-07

	Linoleic acid
	HMDB0000673
	20.228
	1.55E-07
	3.40E-06

	b-Guanidinopropionate
	HMDB0013222
	12.878
	1.10E-05
	2.02E-04

	Hypotaurine
	HMDB0000965
	12.486
	1.43E-05
	2.25E-04

	Threonine
	HMDB0000167
	11.612
	2.61E-05
	3.59E-04

	S-Adenosyl-L-homocysteine
	HMDB0000939
	9.781
	9.90E-05
	1.14E-03

	Oleic acid
	HMDB0000207
	9.718
	1.04E-04
	1.14E-03

	Serine
	HMDB0000187
	9.492
	1.24E-04
	1.24E-03

	Stearic acid
	HMDB0000827
	9.326
	1.40E-04
	1.29E-03

	Lysine
	HMDB0000182
	7.594
	5.69E-04
	4.81E-03

	Guanine
	HMDB0000132
	7.251
	7.62E-04
	5.98E-03

	L-Arginine
	HMDB0000517
	7.172
	8.15E-04
	5.98E-03

	S-Adenosyl-L-methionine
	HMDB0001185
	6.931
	1.00E-03
	6.52E-03

	Asparagine
	HMDB0000168
	6.927
	1.01E-03
	6.52E-03

	N-alpha-Acetyl-L-Lysine
	HMDB0000446
	6.722
	1.21E-03
	7.37E-03

	Cystathionine
	HMDB0000099
	6.434
	1.56E-03
	9.02E-03

	Leucine
	HMDB0000687
	6.358
	1.67E-03
	9.17E-03

	Methionine
	HMDB0000696
	6.194
	1.93E-03
	1.01E-02

	Cytidine
	HMDB0000089
	6.000
	2.31E-03
	1.15E-02

	5'-S-Methylthioadenosine
	HMDB0001173
	5.906
	2.51E-03
	1.20E-02

	LPE 18:1
	HMDB0011476
	5.670
	3.12E-03
	1.43E-02

	gamma-Glutamylmethionine
	HMDB0034367
	5.587
	3.38E-03
	1.47E-02

	Cytosine
	HMDB0000630
	5.532
	3.56E-03
	1.47E-02

	Histidine
	HMDB0000177
	5.516
	3.61E-03
	1.47E-02

	gamma-Glutamylleucine
	HMDB0011171
	5.319
	4.35E-03
	1.71E-02

	Tyramine
	HMDB0000306
	4.806
	7.12E-03
	2.70E-02

	UDP-xylose
	HMDB0001018
	4.618
	8.55E-03
	3.14E-02

	Adenine
	HMDB0000034
	4.543
	9.21E-03
	3.27E-02

	Butyryl carnitine
	HMDB0002013
	4.446
	1.01E-02
	3.48E-02

	4-Aminobutyric acid
	HMDB0000112
	4.260
	1.22E-02
	3.97E-02

	9-Trans-Palmitelaidic acid
	HMDB0012328
	4.254
	1.23E-02
	3.97E-02

	5-Oxo-L-Proline
	HMDB0000267
	4.171
	1.33E-02
	4.19E-02

	5-Aminovaleric acid
	HMDB0003355
	3.980
	1.62E-02
	4.95E-02





Supplementary table 3. Primer list.
	Target gene
	Sequence (5’- 3’)

	m_ APEX1
	Fw: GGCAGCAAAGAAAACCGAGA
Rv: TCCTTCTTTGTCTGACGGAGC

	m_PARP1
	Fw: GAAGAGAAGACTGGGAATGCCT
Rv: TCGAAGATCATCCCCACGAG

	m_XRCC1
	Fw: GGCCAAACAGAGGGAACAAA
Rv: GGAAGAAGTGTTTGCCCTCG

	m_FEN1
	Fw: CTAATTGCTGATGTGGCCCC
Rv: CTTGACCCCACTGCGAATTC

	m_LIG1
	Fw: AAGGAAGGTAGCCCAGGTTC
Rv: CGCTTTGGGAATCCTGATGG

	m_LIG3
	Fw: GCGAGTCCTTCACAATGAGCA
Rv: CCCCTTCTTATGCACCTGGA

	m_p0
	Fw: GCGTCCTGGCATTGTCTGT
Rv: GAAGGCCTTGACCTTTTCAGTAAG





Supplementary table 4. Antibody list.
	Antibody
	Company
	Cat. number
	Host
	Clonality
	Application

	5mC
	Active motif
	61479
	Ms
	mAb
	DB

	5hmC   
	Active motif
	39769
	Rb
	pAb
	DB

	5fC
	Active motif
	61223
	Rb
	pAb
	DB, IF

	ERK
	Cell Signaling
	4695
	Rb
	mAb
	WB

	pERK
	Cell Signaling
	9101
	Rb
	pAb
	WB

	Vinculin
	Sigma-Aldrich
	S-V9131
	Ms
	mAb
	WB

	α-Tubulin
	Cell Signaling
	3873
	Ms
	mAb
	WB

	TET1
	GeneTex
	GTX124207
	Rb
	pAb
	WB, IP, IF

	TDG
	GeneTex
	GTX110473
	Rb
	pAb
	IP, IF, PLA

	TDG
	Invitrogen
	PA5-29140
	Rb
	pAb
	WB

	Biotin
	Jackson Immunoresearch
	200-002-211
	Ms
	mAb
	PLA

	Ecad
	eBioscience
	14-3249-82
	Rat
	mAb
	IF

	αSMA
	eBioscience
	14-9760-82
	Ms
	mAb
	IF

	Myc-Tag
	Cell Signaling
	2276
	Ms
	mAb
	WB

	LIG1
	ABclonal
	A1858
	Rb
	pAb
	WB

	LIG3
	ABclonal
	A1887
	Rb
	pAb
	WB





Supplementary table 5. Primer list for 5mC quantification of LIG1 and LIG3 promoters.
	Target gene
	Sequence (5’- 3’)

	hLIG1
	Fw GACTACGACTCCCAGTGTCCTC
Rv ACTTGCCTTGCGTTGGTCC

	hLIG3
	Fw GCCTTCCCCGACCTCATTACA  
Rv TGCCTGCCCTGTGATGTTTG    



13

image1.tiff
>
w
(¢]
O

= o LFD g 5 [0 % o LFD g -
c o HFD E o HFD g o HFD T
ey - g < *%
£ 30 9o 200 g =
=3 8 £ E 20
@ 3 s 8
H - s 3, 200
22 2 150 =) =
3 3 £ 5"

8 2 & 100
& o = 0 20 4 60

Time (minutes)

L L

= o LFD
c
LFD HFD = 5 @ D EoeNEEEEEE 2-score condition
s 2
=3 Normal tissue 2 1
B ADM /PaniN = 0
s
H -1
™ £ =
5
H
& 90 o LFD
3 Normal tissue L o, o WO
= ADM PaniN Hralbe
Em Well differentiated PDAC g
T2 s
5
2
E |
5
N
LFD HFD
3 o
G003071postverettion f s chmo 3
GO MTET4ositvereatonof £ nd R cascade LFD HFD g D02
Go00716-aar — =
o scnts Vinculin Elﬂd KDa W&
L e — ERK 44KDa 2=
e e, e [e= s ina 2
ot vk [ =k £
G001011ostveresticn f coth i ol it —— =
GO 001szE-mgogene’s —— g
60: pathway CJ
. w T P T = T 5 -
Pt £ o
LFD HFD 4 a W
60.0031638-2ymogen atiaton S— £ o
e e Vinculin[— =124 KDa &
GO capbl procss PERK[. _ ==|#4kDa > 21
G0:0038060-nitrc oxide-cGMP-mediated signaling pathway K
o 008s8-prto ERK[= =]#4KDa 5 ]|
o pancrti i secetion =
&
3

<
<

08 1 12 14 16 18 2

JogPlalus) i}




image2.tiff
= o

e =

Q&

=
= H

Q
& Lo
TET1[__pow w250 kDa
To6[__% ] 55kDa

IP: TET1
TET1 [ S| 250 kDa

v 55kDa
250 kDa
TDG (input)[= ==] 55 kDa

Band density (TET1)

Band density (TDG)

05

)
HFD

L
HD

-KGISA ratio

oc
3 hG+0A




image3.tiff
200

Time (s)

400

600

RU

14
12
10

[SEENIFNN-Y

m‘.——

0 200 400 600

Time (s)




image4.tiff
A

Streptavidin-790

9]

mRNA fold increase

= LD
B3 HFD

Methylene
blue

Dot density (AP sites)

g L L
E -

5 Lot [#= ==
= Tubulin [— —
=

& LIG3 [ e
= Tubulin [ =]

APEX1 PARP1  XRCC1 FEN1 LIG1 LIG3
L189 30uM

c L1895uM 1189 15uM

130 KD:
55 kDa

Vinculin E 124 kDa
06 55 kDa

110 kDa
55 kDa

Number of cells

1500000-

1000000-

500000-

Band density

Band density

U6t

LiG3

oc

£ L1893 5uM
B2 1189 15uM
- L189 30uM

3 LCv2 NTC
B3 LCv2 TDG

= Lo
= HFD




