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 31	

ABSTRACT 32	

Mice deficient for ADP-ribosyltransferase diphteriatoxin-like 1 (ARTD1) are protected against 33	
microbially induced inflammation. To address the contribution of ARTD1 to inflammation 34	

specifically in myeloid cells, we generated an Artd1ΔMyel mouse strain with conditional ARTD1 35	
deficiency in myeloid lineages and examined the strain in three disease models. We found that 36	

ARTD1, but not its enzymatic activity, enhanced the transcriptional activation of distinct LPS-37	

induced genes that included IL-12, TNF-a and IL-6 in primary bone-marrow derived macrophages 38	

and LPS-induced IL-12/IFN-γ signaling in Artd1ΔMyel mice. The loss of Artd1 in myeloid cells also 39	

reduced the TH1 response to Helicobacter pylori and impaired immune control of the bacteria. 40	
Furthermore, Artd1ΔMyel mice failed to control tumor growth in a subcutaneous MC-38 model of colon 41	

cancer, which could be attributed to reduced TH1 and CD8 responses. Together, these data provide 42	
strong evidence for a cell-intrinsic role of ARTD1 in myeloid cells that is independent of its enzymatic 43	

activity and promotes type I immunity by promoting IL-12/18 expression.  44	
 45	
  46	
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INTRODUCTION 47	

Inflammation is orchestrated by various cell types that integrate diverse stimuli for the generation of a 48	

specific immune response to kill invading pathogens and/or regenerate damaged tissue (1). Pathogen 49	
recognition receptors (PRRs) initiate innate immune responses and are expressed on macrophages and 50	

dendritic cells, but also epithelial and endothelial cells and fibroblasts (2). PRRs recognize conserved 51	
pathogen associated molecular patterns (PAMPs) such as bacterial and fungal cell wall components (i.e. 52	

lipopolysaccharides, LPS) or danger associated molecular patterns (DAMPs) (1). The recognition of 53	

PAMPS and DAMPs, often by the same receptors, activates intracellular signaling pathways, which result 54	

in the expression of pro-inflammatory cytokines such as IL-12, IL-23, IL-6 and IL-1b (3). IL-12 produced 55	

by antigen-presenting cells (APCs) in response to microbial infection activates NK, CD4 and CD8 T cells 56	

and promotes TH1 differentiation and interferon -g (IFN-g) production (1). 57	

 Septic shock is the most common cause of death in intensive care units and is usually the result of 58	
a systemic Gram-negative bacterial infection resulting in hypotension and failure of vital organs, in 59	
particular the liver, kidney and heart (4). The bacterial membrane component lipopolysaccharide (LPS), 60	

when injected into animals, causes a shock-like state that can lead to death. Mechanistically, LPS activates 61	

the NF-kB/Rel family of transcription factors, which trans-activate critical genes involved in the 62	

pathogenesis of septic shock mediated by excessive TH1/TH17 immune responses (5). LPS binding to TLR4 63	
induces the activation of several primary response genes such as Ifnb1 and Ccl5 (6). We and others have 64	

reported that ADP-ribosyltransferase diphteriatoxin-like 1 (ARTD1) promotes the NF-kB-dependent 65	

expression of pro-inflammatory cytokines such as IL-1β, IL-6, TNF-α and CXCL-2, and of adhesion 66	

molecules such as ICAM, VCAM or E-Selectin in LPS- or TNF-a-stimulated macrophages and fibroblasts 67	

(7-9). ARTD1 belongs to the family of intracellular diphtheria toxin-like ADP-ribosyltransferases that 68	
covalently attach ADP-ribose (ADPr) to amino acid residues of target proteins using nicotinamide adenine 69	

dinucleotide (NAD+) as substrate. This process is called protein ADP-ribosylation and represents an ancient 70	
posttranslational modification (PTM) found in a wide range of species (10). Protein ADP-ribosylation can 71	
either affect the enzymatic activity of the modified protein or the interaction with nucleic acids and with 72	

other proteins (11). ARTD1 is best known for its role during the DNA damage response (DDR), particularly 73	

the base excision repair (BER) and double strand break (DSB) repair pathways (12). The concept that the 74	
inhibition of the DNA-repair machinery could sensitize tumor cells to conventional DNA-damage-based 75	

therapies such as chemo- or radiotherapy has led to the development of small-molecule ADP-ribosylation 76	

inhibitors (i.e. PARP inhibitors; PARPi) (13). Today, FDA-approved PARPi’s are clinically used to treat 77	
breast and ovarian cancer patients. In addition, these compounds have also been reported to dampen various 78	

types of inflammation, potentially contributing to their anti-tumor activity (13). Beneficial effects of 79	
PARPi’s have been reported in numerous inflammatory disease models confirming that ADP-ribosylation 80	

broadly regulates inflammatory processes (14). ARTD1 function during transcriptional gene regulation in 81	
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various cells types is further supported by the fact that ARTD1 knock-out mice are resistant to a high dose 82	

of LPS in an endotoxic shock model (15), suggesting a dominant role of ARTD1 during inflammatory 83	

signaling. However, it is not clear which cell type(s) are contributing to this phenotype.  84	
 We have shown previously that the PARPi PJ34 prevents and cures Helicobacter pylori (H. pylori)-85	

associated, T cell–driven immunopathology that precedes gastric cancer development. H. pylori causes a 86	
persistent mucosa-associated but non-invasive infection that is characterized by either regulatory T cell 87	

(Treg)- or TH1/TH17 immune responses (16). H. pylori-infected mice exhibit a striking effector T cell 88	

infiltrate that limits the bacterial burden without clearing H. pylori completely (17, 18). Rather, the large 89	

quantities of IFN-g produced by H. pylori-specific TH1 cells are believed to directly cause pre-malignant 90	

lesions, i.e. epithelial hyperplasia and intestinal metaplasia that precede the development of gastric cancer 91	
(17). PJ34 exerts its anti-inflammatory effects by impairing T cell priming and TH1 polarization in the gut-92	

draining mesenteric lymph nodes (19). Our data indicated that PJ34 directly suppresses T cell effector 93	
functions by blocking the IFN-γ production of mesenteric lymph node T cells. However, it was not clear 94	
whether ARTD1 or another ARTD family member contributed to these observations and to which extent 95	
ARTD1 regulates a specific cell type that contributed to the TH1 polarization. ARTD1`s nuclear localization 96	

in LPS-stimulated macrophages hinted at its possible role in mediating certain nuclear effects elicited by 97	

LPS, a possibility also suggested by previous reports describing a transcriptional co-regulator activity of 98	
ARTD1 (20-22).  99	
 Tumors are commonly infiltrated by heterogeneous populations of myeloid cells that are of 100	
monocytic and granulocytic origin, and have considerable phenotypic plasticity with both positive and 101	

negative effects on tumor growth and metastasis (23, 24). The balance between anti-tumor and pro-tumor 102	
functions can depend on the polarization state, the interaction with the tumor microenvironment and/or the 103	
tumor type (25). Subcutaneously growing, syngeneic MC-38 mouse colon adenocarcinoma cells have been 104	

used extensively to study the role of macrophages in anti-tumor immunity (26). We have reported recently 105	
that MC-38 cells express functional hypoxic (HIF-1α) and inflammatory (p65/RelA) signaling pathways 106	
(27). In contrast to myeloid cells, HIF-1α levels remained unaffected in MC-38 cells treated with LPS, and 107	

hypoxia failed to induce NF-κB. The corresponding regulation of canonical HIF and NF-κB target genes 108	

confirmed these results (27). To which extent ARTD1 in the stroma contributes to the observed effects 109	

remains to be uncovered in this model. 110	
 To address the role of ARTD1 in myeloid cells during inflammatory and anti-cancer immune 111	

responses, we generated a mouse strain with a Cre-mediated deletion of Artd1 specifically in myeloid cells 112	
(Artd1∆Myel). We observed that ARTD1 expression in murine macrophages regulates a specific set of genes 113	

in a manner that is independent of its enzymatic activity, and that Artd1 deficiency reduces LPS-induced 114	

IL-12/IFN-g signaling in an acute in vivo model of sterile sepsis. Moreover, in the above mentioned bacterial 115	
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infection model using H. pylori as infectious agent, Artd1∆Myel mice exhibited reduced IFN-γ expression in 116	

gastric CD4+ T cells and failed to control the bacteria. Finally, MC-38 tumor growth was strongly increased 117	

in Artd1∆Myel mice relative to their wild type littermates due to reduced activation of CD4+ and CD8+ T cells. 118	
Taken together, we provide evidence that ARTD1 in macrophages controls TH1 responses through 119	

regulation of the IL-12/IFN-g axis and this activity does not require the ADP-ribosylating function of the 120	

protein. 121	

 122	

Material and Methods 123	
Animals and Animal Experiments 124	

The conditional targeting of the Artd1 allele in ESCs as well as the generation of the Artd1flox/flox mice was 125	
performed by Polygene as described (28). Briefly, the vector from EUCOMM (targeting project 45261) was 126	

electroporated in C57BL/6 ES cells and analyzed by PCR (Artd1 localization 3` fwd: 127	
CACTGAACTGTCTCCTTAGCCAACTCTGC, rev: GGAACTTCGGAATAGGAACTTCGGTTCC; 128	

Artd1 localization 5` fwd: CTAGGATTCTGTGTCTTGACCATGCACTTG, rev: 129	
CGTATAGCATACATTATACGAAGTTATGTCGAG). Correctly integrated ES cell clones were injected 130	
into blastocysts resulting in chimeric mice. Subsequent mating of the chimeric mice with the Flp-deleter 131	

mice resulted in the Flp-mediated deletion of the gene trap cassette and leaving only the loxP flanked exon 132	

4 of Artd1 (Genotyping primer fwd: GCTTCTACTACCTCCCAAGAAAGAGCG, rev: 133	
GGCTTTAGTGTGGCAACTTATCCC). To generate whole-body Artd1 knock-out mice (Artd1del/del) the 134	

generated Artdflox/flox mouse strain was crossed to the CMV-Cre deleter strain (provided by R. Santoro) 135	
(Genotyping primer Deleted Artd1 fwd: GCTTCTACTACCTCCCAAGAAAGAGCG, rev: 136	
CCTCTGCTGCGTGACTAAGGC). Myeloid specific Artd1 knock-out mice (Artd1∆Myel) were generated 137	

by crossing Artd1foxl/flox mice to LyzM-Cre (The Jackson Laboratory, strain 004781) mice. For all 138	
experiments 6-12-week-old, age and sex matched mice were used. The sex ratio male:female among the 139	
animals used in the experiments was 1.01. LPS (Escherichia coli O111:B4, Sigma-Aldrich) was injected 140	

i.p. at a concentration of 4 mg per kg bodyweight.  141	

 Helicobacter pylori infections were performed as described (29). Briefly, mice were infected orally 142	
on 2 consecutive days with 108 colony-forming units (CFUs) of H. pylori PMSS1 and analyzed at 1 months 143	

p.i.. The subcutaneous MC-38 tumor model was performed as described earlier (30). Briefly, colon 144	

adenocarcinoma cells (MC-38, 0.5x106 cells in 100 µl phosphate buffered saline) were injected 145	
subcutaneously (s.c.) into both flanks and tumor progression was determined by caliper measurements every 146	

second day. After two weeks, mice were sacrificed, tumors were weighed and the volume was calculated 147	

using the formula (a2 × b)/2, where a constitutes the shorter and b the longer dimension of the tumor. 148	
 All animals were housed under pathogen free conditions at the University of Zurich. All animal 149	

experiments were carried out in accordance with the Swiss and EU ethical guidelines and have been 150	
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approved by the local animal experimentation committee of the Canton Zurich under licenses 207/2015, 151	

266/2014 and ZH140/2017. 152	

 153	
Cell culture and reagents 154	

Murine bone marrow derived macrophages (BMDM) were generated as previously described (31) and 155	
maintained in RPMI1640 supplemented with 10 % fetal calf serum, 5 % penicillin/streptomycin and 20 156	

ng/ml recombinant murine M-CSF (Preprotech). Thioglycolate (Sigma-Aldrich) elicited murine peritoneal 157	

macrophages were isolated as described(32). Cell culture grade LPS (Escherichia coli O111:B4) was 158	
purchased from Sigma-Aldrich and recombinant murine interferon gamma from Preprotech. The PARP 159	

inhibitors PJ34 and Olaparib were purchased from Selleckchem. MC-38 cells were cultured as described 160	

(30). 161	

 162	
Multiplex-bead array and ELISA 163	
Whole blood serum of mice and cell culture supernatant of BMDM was analyzed by ELISA (RnD-Systems) 164	

and by ProcartaPlex Immunoassay (ThermoFisher) according to the protocol and measured on a Bio-Plex 165	
instrument (Bio-Rad). 166	
 167	

Flow cytometry 168	
Flow cytometrical analyses of spleens, tumors and stomach tissue were performed as described earlier (29). 169	
Briefly, tissues were cut into pieces and digested with 15 mM HEPES, 500 U/ml of type IV collagenase 170	

(Sigma-Aldrich) and 0.05 mg ml−1 DNase I in RPMI-1640 medium with 10% fetal bovine serum and 100 171	
U ml−1penicillin/streptomycin shaking at 37°C for 30-60 min. Subsequently, the samples were pushed 172	
through a cell strainer (70µm) using a syringe plunger and red blood cell lysis was performed with a 173	
hypotonic buffer (ACK buffer, Gibco). Intracellular cytokine staining was performed as described earlier 174	

(29, 33). Briefly, cells were incubated in RPMI-1640 medium with 10% fetal bovine serum, 100 U 175	

ml−1penicillin/streptomycin and Brefeldin A (BD) shaking at 37°C for 4 hrs. In addition, gastric and tumor 176	
suspensions were re-stimulated with PMA (50 ng/mL), ionomycin (500 ng/mL) or a MC-38-specific tumor 177	

peptide. Single cell suspensions were stained with the respective antibodies and analyzed on LSR Fortessa 178	

and FACSymphony (BD Bioscience). Cell sorting was performed analogously but analyzed by FACSAria 179	
III 5 L. 180	

 181	
RNA sequencing and bioinformatic analysis 182	

For the library preparation, the quality of the isolated RNA was determined with a Qubit® (1.0) Fluorometer 183	
(Life Technologies) and a Bioanalyzer 2100 (Agilent). Only those samples with a 260 nm/280 nm ratio 184	

between 1.8–2.1 and a 28S/18S ratio within 1.5–2 were further processed. The TruSeq RNA Sample Prep 185	
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Kit v2 (Illumina) was used in the subsequent steps. Briefly, total RNA samples (100-1000 ng) were poly-A 186	

enriched and then reverse-transcribed into double-stranded cDNA. The cDNA samples were fragmented, 187	

end-repaired and polyadenylated before ligation of TruSeq adapters containing the index for multiplexing. 188	
Fragments containing TruSeq adapters on both ends were selectively enriched with PCR.  The quality and 189	

quantity of the enriched libraries were validated using Qubit® (1.0) Fluorometer and the Caliper GX 190	
LabChip® GX (Caliper Life Sciences). The product is a smear with an average fragment size of 191	

approximately 260 bp. Library DNA concentrations were normalized to 10 nM in Tris-Cl 10 mM, pH8.5 192	

with 0.1% Tween 20. 193	
 Cluster generation and sequencing were performed using the TruSeq PE Cluster Kit HS4000, or the 194	

TruSeq SR Cluster Kit HS4000 (Illumina) was used for cluster generation using 2 nM of pooled normalized 195	

libraries on the cBOT. Sequencing were performed on the Illumina HiSeq 4000 paired end at 2 x 150 bp or 196	
single end 125 bp using the TruSeq SBS Kit HS4000 (Illumina).  197	
 Reads were quality-checked with FastQC. Sequencing adapters were removed with Trimmomatic 198	
(34). Subsequently, reads of at least 20 base length, and with an overall average phred quality score greater 199	
than 10 were aligned to the reference genome and transcriptome of Mus Musculus (FASTA and GTF files, 200	

respectively, downloaded from GRCm38) with STAR v2.5.1(35) with default settings for single end reads.  201	
 Distribution of the reads across genomic isoform expression was quantified using the R package 202	
GenomicRanges (36) from Bioconductor Version 3.0. Differentially expressed genes were identified using 203	

the R package edgeR (37) from Bioconductor Version 3.0.  A gene is marked as differentially expressed 204	
(DE) if it possesses the following characteristics: (1) at least 10 counts in at least half of the samples in one 205	

group; (2) p <= 0.05; (3) fold change >= 1.5. 206	

 207	
RNA extraction and quantitative real time PCR (qPCR) analysis. 208	
RNA isolation and qPCR were performed as described(38). Briefly, RNA extraction was performed with 209	

the NucleoSpin RNA II kit (Macherey-Nagel). RNA was quantified with a NanoDrop and reverse 210	
transcribed using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems) according to 211	

the supplier’s protocol. qPCRs were performed with the SYBR green KAPA SYBR® FAST (Sigma-212	

Aldrich) and a Rotor-Gene Q 2plex HRM system (Qiagen). The following genes were quantified with the 213	
respective primer pairs: Il12b (fwd: GAAGTTCAACATCAAGAGCAGTAG, rev: 214	

AGGGAGAAGTAGGAATGGGG), Cxcl3 (fwd: ACCCAGACAGAAGTCATAGCC, rev: 215	

ACACATCCAGACACCGTTGG), Cd55 (fwd: CGGGCAAGGTCTCTTCTACC, rev: 216	
CAGTCTCCGCGTACAGTTGG), Il23a (fwd: ACCAGCGGGACATATGAATCT, rev: 217	

AGACCTTGGCGGATCCTTTG), Itgax (fwd: GCAGACACTGAGTGATGCCA, rev: 218	
TCGGAGGTCACCTAGTTGGG), Socs1 (fwd: CCGCCAGATGAGCCCAC, rev: 219	

GGTTGCGTGCTACCATCCTA), Il18 (fwd: ATGCTTTCTGGACTCCTGCC, rev: 220	
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ATTGTTCCTGGGCCAAGAGG), Il6 (fwd: CCAATTTCCAATGCTCTCCT, rev: 221	

ACCACAGTGAGGAATGTCCA), Tnfa (fwd: GTCGTAGCAAACCACCAAGTGG, rev: 222	

GAGATAGCAAATCGGCTGACGG), Ifng (fwd: CCTTCTTCAGCAACAGCAAGGCGA, rev: 223	
TGGACCTGTGGGTTGTTGACCTCA). The relative amounts of each mRNA were normalized to the 224	

Rps12 (fwd: GAAGCTGCCAAAGCCTTAGA, rev: AACTGCAACCAACCACCTTC).  225	
 226	

Westernblot 227	

Western blotting was performed as described (39). For western blot analysis, proteins were separated by 228	
SDS-PAGE, and bands were visualized using the Odyssey infrared imaging system (LI- COR). Antibodies 229	

used for western blotting were anti-PARP-1 (1:1000, Santa Cruz sc-7150) and anti-Tubulin (1:10,000, 230	

Sigma, #T6199). 231	
 232	
   233	
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RESULTS 234	

 235	

ARTD1 regulates IL-12/IL-18 gene expression in BMDMs in an enzymatically independent manner  236	
 Artd1-deficient mice are protected against microbially induced inflammation. However, the relative 237	

contribution of ARTD1 deficiency in specific cell types to the overall phenotype is currently not known. 238	
Studies with whole-body Artd1-deficient mice in which ARTD1 is absent throughout development and in 239	

all cell types have often yielded conflicting results, as ARTD1 is expressed in all examined tissues and cell 240	

types (40). To avoid these complications while examining the specific role of ARTD1 in inflammation, and 241	
to address to which extent ARTD1 in myeloid cells regulates inflammation, we developed a mouse line with 242	

a conditional (“floxed”) exon 4 of Artd1 (Artd1flox/flox) (Fig. S1A). To verify the capacity for complete 243	

inactivation of the recombined floxed Artd1 allele we first crossed Artd1flox/flox mice with transgenic CMV-244	
Cre deleter mice to generate a full body Artd1 knockout (Artd1flox/flox;CMV-cre), hereafter called Artd1del/del 245	
(Fig. S1A-C). The whole body ARTD1-deficient mouse developed normally and was fertile and thus 246	
reproduced observations made with the classical Parp1-/- mouse (41). Although western blotting showed 247	
complete loss of ARTD1 in the tested organs (Fig. S1D), ARTD1 loss did not affect organ weight or organ 248	

structure (Fig. S1E and data not shown).  249	
 As we aimed to investigate the role of ARTD1 in macrophages and other myeloid cells, we first 250	
cultured bone marrow-derived macrophages (BMDMs) from Artd1del/del mice and confirmed the genetic 251	

deletion of the Artd1 gene by qPCR (Fig. S1F). BMDMs from Artd1del/del mice and Artd1flox/flox littermate 252	

controls were differentiated for 6 days, treated for 4 hrs with LPS/IFN-g and subjected to RNA sequencing. 253	

LPS/IFN-g stimulation induced a robust pro-inflammatory gene signature of approx. 2500 genes, (Fig. 1A), 254	

which included many NF-kB target genes (e.g. Ifnb1, Ccl5 and Cxcl10), whereas the expression of many 255	

basally expressed genes was reduced (approx. 3000 genes; Fig. S1G). Of the LPS-induced genes, 701 genes 256	

were found to be strictly dependent on ARTD1 (i.e. induction was reduced in BMDMs from Artd1del/del 257	
mice), confirming that ARTD1 acts as a transcriptional co-activator of these genes (Fig. 1B, upper panel). 258	

Additionally, we observed that ARTD1 depletion also enhanced the expression of 449 genes (Fig. 1B, lower 259	

panel). Independent qPCR analyses of a defined set of genes belonging to either up- or down-regulated 260	
clusters after ARTD1 depletion confirmed the quantitative RNA-seq analysis (Fig. 1C). Furthermore, gene 261	

ontology (GO) analyses of the ARTD1 up-regulated genes revealed that ARTD1 activates genes regulating 262	

IL-12, IFN-g and TNF-α production and adaptive immune responses (Fig 1D).  263	

 To investigate whether ARTD1`s transcriptional regulation of LPS/IFN-g-induced target genes 264	

depends on its enzymatic activity, the stimulation of BMDMs was repeated in the presence of two ADP-265	

ribosylation inhibitors (i.e. PARPi) (Fig. S1H). Although RNA-sequencing revealed that treatment of 266	

BMDMs with PARPis affected the expression of 267 LPS/IFN-g-induced genes (Fig. S1H), the pro-267	
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inflammatory genes observed above where not affected. GO analysis of PARPi-sensitive genes revealed no 268	

significantly enriched pathways but pH reduction and cell adhesion pathways only in the first cluster (C1, 269	

n = 95 genes) (Fig. S1I). These data suggest that the enzymatic activity of most likely ARTD1 in 270	

macrophages does not contribute to LPS/IFN-g-induced innate immune responses under the examined 271	

conditions.  272	
 To confirm that the observed transcriptional changes translate into changes at the protein level, the 273	

expression levels of differentially regulated cytokines was confirmed by ELISA after treatment of BMDMs 274	

cultured from Artd1flox/flox  and Artd1del/del mice for 18 hrs with LPS/IFN-g (Fig. 1E). The levels of secreted 275	

IL-12p70, IL-18, IL-6 and TNF-a were all significantly reduced in BMDMs from ARTD1-deficient mice 276	

compared to wild-type mice. In addition, we analyzed whether the enzymatic activity of ARTD1 regulates 277	

pro-inflammatory cytokine expression at the protein level (Fig. S1J). ELISA quantification of BMDMs 278	

stimulated with LPS/IFN-g in the presence or absence of the PARPi’s PJ34 or Olaparib revealed no 279	

expression change for the abovementioned cytokines. These data implicate ARTD1 in the transcriptional 280	
control of innate cytokine genes, which is independent of its enzymatic activity, and likely to affect type I 281	
immune responses in inflammation and cancer models.   282	
 283	

Myeloid cell-specific deletion of ARTD1 reduces LPS-induced IL-12/IFN-g signaling in an in vivo 284	

model of sterile sepsis 285	
To explore the myeloid cell-intrinsic role of ARTD1 in vivo in models driven by strong TH1 286	

activation, we crossed the Artd1flox/flox mice with transgenic mice harboring a LyzM-Cre cassette that resulted 287	
in a conditional ARTD1 knockout in lysozyme-expressing myeloid cells (Artd1flox/flox;LyzM-cre), hereafter 288	

called Artd1∆Myel (Fig. S2A). Mice lacking ARTD1 specifically in this compartment developed normally 289	
and were fertile as their ARTD1-proficient littermates (data not shown). The correct targeting was 290	

confirmed by western blotting for ARTD1 in in vitro cultured BMDMs and ex vivo in peritoneal 291	
macrophages (Fig. S2B). 292	
 ARTD1-deficient mice are known to be extremely resistant to LPS-induced endotoxic shock (15). 293	

We first set out to study the innate immune response to sublethal LPS exposure; to this end, 6–12 week old 294	

Artd1flox/flox and Artd1∆Myel littermates were intraperitoneally (i.p.) injected with 4 mg/kg body weight of LPS. 295	
Both Artd1flox/flox and Artd1∆Myel mice showed the expected clinical symptoms such as fever and lethargy, but 296	

none of the animals died during the 4 h time course of the experiments (data not shown). ELISA-based 297	

quantification of serum IFN-g, IL-12p70, IL-18, TNF-a and IL-6 levels revealed the strong induction of 298	

these cytokines in Artd1flox/flox mice upon LPS exposure relative to PBS treatment (Fig. 2A). Interestingly, 299	

IFN-g levels in serum were significantly reduced in Artd1∆Myel mice, while the other tested cytokines were 300	

only modestly reduced (Fig. 2A). Analyses of anti-inflammatory or Th2 cytokines revealed that the serum 301	
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levels of IL-10 and IL-13 were unchanged while the levels of IL-4 were reduced (Fig. S2C), suggesting that 302	

the observed differences in pro-inflammatory cytokine levels were not due to an enhanced anti-303	

inflammatory or Th2-polarized response. Together these data confirmed the initiation of an innate immune 304	
response with the applied low LPS dose and support the in vitro data that ARTD1-deficient macrophages 305	

fail to express IFN-g-inducing IL-12p70 and IL-18.  306	

 307	

The reduced IFN-g levels in Artd1∆Myel mice are a consequence of the reduced production of IL-12 and 308	

IL-18 by macrophages 309	

Since IL-12 and IL-18 are known to strongly induce IFN-g gene expression (42), we analyzed the transcript 310	

levels of several pro-inflammatory cytokines in spleen tissue. We found transcript levels of Ifng, Il12b, Il18, 311	

Tnfa and Il6 to be strongly reduced in the spleen of Artd1∆Myel mice (Fig. 2B), indicating that ARTD1 in 312	

macrophages regulates this inflammatory program in vivo. To exclude that the macrophage-specific deletion 313	
of ARTD1 affects the cellular composition of the spleen and thus alters cytokine production, the spleens 314	
from Artd1flox/flox and Artd1∆Myel were analyzed macroscopically and their splenocytes mice were analyzed 315	

by flow cytometry using cell type-specific markers. While the spleen size was not overtly altered (data not 316	
shown), the total number of splenocytes was increased in untreated Artd1∆Myel compared to the Artd1flox/flox 317	
control mice (Fig. S2D). This was fully attributable to an increase number of B and CD4+ T cells, whereas 318	
the frequencies of all other examined cell types, including CD8+ T cells, NK cells, and most importantly 319	

macrophages, monocytes and neutrophils, were not altered  (Fig. S2E). These data indicate that the lack of 320	
ARTD1 in macrophages neither affected macrophage development nor drastically changed splenic immune 321	
cell composition. 322	

 IFN-g is mainly expressed by NK and to a lower extent by T cells during acute inflammation and 323	

the onset of an innate immune response (4). To identify the cell type responsible for the reduced IFN-g 324	

levels in the spleen (Fig. 2B), we performed intracellular cytokine staining (ICS) for IFN-g in NK, CD4+ 325	

and CD8+ T cells isolated from the spleens of LPS treated Artd1flox/flox and Artd1∆Myel mice (Fig. 2C,D). 326	

Although LPS treatment induced IFN-g expression in all three analyzed cell types, the frequency of IFN-g-327	

expressing NK cells was considerably higher than the frequencies of CD4+ and CD8+ T cells. Thus, NK 328	

cells appear to be the main source of the differential IFN-g expression in LPS-treated Artd1flox/flox and 329	

Artd1∆Myel mice (Fig. 2C,D). To exclude that NK cells from Artd1flox/flox and Artd1∆Myel mice were 330	

differentially responsive to IFN-g-inducing IL-12/18 signaling, we isolated and stimulated primary NK cells 331	

from both genotypes with IL-12p70 (10 ng/ml) for 18 hrs to quantify their IFN-g expression by ELISA (Fig. 332	

2E). Stimulation of NK cells from both mouse strains induced IFN-g expression in an IL-12p70-dependent 333	

manner and to the same extent. The combined results indicate that the reduced IFN-g levels produced by 334	

NK cells in Artd1∆Myel mice exposed to LPS are a consequence of the reduced production of IL-12 and IL-335	
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18 by macrophages and that ARTD1 is an important transcriptional activator of these genes. 336	

 337	

ARTD1 expression in macrophages is required for TH1-mediated immune control of bacterial 338	
infection  339	

Immunocompetent adult C57BL/6 mice infected with the human gastric pathogen H. pylori exhibit a 340	
striking T cell infiltration that is dominated by TH1- and TH17-polarized CD4+ T-cells and limits the bacterial 341	

burden (16). We therefore chose this model to assess the role of myeloid ARTD1 expression in anti-H. 342	

pylori TH1 responses and infection control. To this end, we first cultured BMDMs from Artd1flox/flox and 343	
Artd1del/del littermates with the human H. pylori patient isolate PMSS1 for 6 h. Subsequent qPCR analysis 344	

revealed that H. pylori robustly induces Il12b and Il1b gene expression in cultured BMDMs in an -at least 345	

in part- ARTD1-dependent manner (Fig 3A). To investigate the role of ARTD1 expression in myeloid cells 346	
for the development of H. pylori-specific TH1 and TH17 responses in vivo, we infected Artd1flox/flox and 347	
Artd1∆Myel mice with 108 CFUs of H. pylori PMSS1. Artd1∆Myel mice were colonized at significantly higher 348	
levels than their Artd1flox/flox counterparts at four weeks post infection (Fig. 3B), suggesting that ARTD1 in 349	
myeloid cells controls gastric colonization of H. pylori in vivo. H. pylori induced a strong infiltration of 350	

CD4+ T cells into the gastric mucosa that was similar in Artd1flox/flox and Artd1∆Myel mice (Fig. 3C and S3). 351	
Interestingly, H. pylori-specific TH1- but not TH17 responses were dependent on ARTD1 expression in 352	

myeloid cells as assessed by intracellular staining for the signature cytokines IFN-g and IL-17 (Fig. 3D,E). 353	

The combined results suggest that ARTD1 expression in myeloid cells is specifically required for IL-12-354	

driven TH1 polarization and infection control, but not for TH17 responses or CD4+ T-cell recruitment.  355	
 356	
Expression of ARTD1 in myeloid cells controls the T-cell-mediated immune control of  357	

MC-38 tumors	358	
Understanding the impact of myeloid cells on cancer development is essential in distinguishing and possibly 359	
manipulating positive and negative myeloid effectors. Polarization states of intratumoral myeloid 360	

populations contribute differentially to tumorigenesis (25). Tumor-associated macrophages (TAMs) 361	

infiltrate tumors and can serve as important initiators of TH1-mediated anti-tumor immunity in some 362	
settings, but have also been described to promote tumor growth in others (43). To investigate a possible 363	

myeloid-specific ARTD1 contribution to anti-tumor immunity, we injected 0.5x106 MC-38 colon 364	

adenocarcinoma cells subcutaneously into the flanks of Artd1flox/flox and Artd1∆Myel mice. Artd1∆Myel mice 365	
sustained a significantly increased tumor burden from day 6 onwards relative to their Artd1flox/flox littermates, 366	

which was evident until the study end point (Fig. 4A-C). Ly6C+ MHCII+ monocytes, identified according 367	

to the gating strategy shown in Fig. S3-4, infiltrated the tumors at a similar rate irrespective of ARTD1 368	
status, but expressed less Il12b and more Arg1 as judged by qRT-PCR of FACS-sorted cells if lacking 369	

ARTD1 (Fig. 4D,E). F4/80+ macrophage frequencies in the tumor microenvironment were decreased in 370	
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Artd1∆Myel mice (Fig. 4F), and fewer macrophages expressed TNF-a (Fig. 4F) and Il12b (Fig. 4G) as judged 371	

by intracellular staining and qRT-PCR of sorted cells, respectively. As observed for monocytes, Arg1 gene 372	
expression was enhanced in macrophages as a consequence of ARTD1 deficiency (Fig. 4G). The data 373	

suggests that ARTD1 potentially affects the differentiation of macrophages from inflammatory monocytes 374	

as well as their M1 polarization. Interestingly, the loss of ARTD1 in myeloid cells further resulted in 375	
strongly reduced intratumoral CD4+ and CD8+ T-cell activation, as judged by IFN-γ and TNF-α-specific 376	

staining, although the recruitment of both populations to the tumor microenvironment was unaffected (Fig. 377	

4H-K). The differences due to ARTD1 deficiency in CD8+ T-cell activation could be confirmed by re-378	
stimulation with MC-38 tumor-specific peptide (Fig. 4L,M) 379	

 The combined results implicate myeloid-intrinsic ARTD1 expression in the generation and/or 380	
maintenance of type I immunity in models of LPS challenge, bacterial infection, and tumor growth. 381	

 382	
  383	
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DISCUSSION 384	

Here, we investigated the role of ARTD1 in models of myeloid cell activation in response to innate immune 385	

stimulation, bacterial infection and MC-38 tumor growth. We show that ARTD1 expression in myeloid cells 386	
controls a transcriptional program that includes TH1-polarizing cytokines and type I immunity; this function 387	

of ARTD1 appears to be independent of its ADP-ribosylating activity, as inhibitors targeting the enzymatic 388	
function of ARTD1 do not recapitulate the effects of loss of the protein.   389	

 Various reports have shown that ARTD1 acts as a transcriptional co-factor for NF-kB and promotes 390	

gene expression by functional cooperation with the transcription machinery in response to pro-inflammatory 391	

stimuli (44). LPS- and TNF-a-induced NF-kB-dependent gene expression in macrophages and fibroblasts 392	

was enhanced by ARTD1 independently of its enzymatic activity, through the initiation of a mediator 393	

complex that also contains p300 and NF-kB. In the current study, treatment of BMDMs with ADP-394	

ribosylation inhibitors (e.g. Olaparib or PJ34) did not affect the expression of LPS/IFN-γ-induced gene 395	
expression, although some non-inflammation-related genes involved in pH reduction and cell adhesion were 396	
susceptible to both inhibitors. In contrast, another report suggested that LPS treatment of macrophages 397	

induced ARTD1’s enzymatic activity and nucleosome remodeling at promoters of pro-inflammatory genes, 398	

which directly destabilized histone-DNA interactions and facilitated NF-kB binding and gene expression 399	

(45). The discrepancies could be explained by methodological differences such as the cell type (RAW267.4 400	
macrophages and primary BMDM or fibroblasts), the source of LPS (S. enterica and E.coli) or the serum 401	
starvation overnight prior to LPS stimulation. 402	

 The LPS-induced expression of IL-12/18 in primary macrophages was strongly dependent on 403	
ARTD1 ex vivo as well as in vivo. The Il12b gene is a well-studied example of a gene that requires chromatin 404	
remodeling during inflammation-induced gene expression (46). Studies of the Il12b promoter identified 405	
binding sites for various transcription factors including NF-κB, C/EBP, AP-1 and NFATm (42). However 406	
their binding sites, -30 to -175 bp upstream of the transcription start site, are blocked by nucleosomes and 407	

require nucleosome remodeling prior to transcription (46). Indeed, the SWI-SNF complex that is responsible 408	

for nucleosome positioning is recruited to target genes in LPS-stimulated macrophages (47). Several models 409	

describe the targeting of chromatin remodeling machines to their site of action, i.e. acetylated histones that 410	

target and stabilize the SWI-SNF complex at target loci (48). Very recently, another report confirmed that 411	

small hairpin RNA–mediated knockdown of the endogenous ARTD1 expression resulted in reduced Il12b 412	
mRNA expression and Il12b promoter activity (49). BMDMs from ART D1–deficient mice also exhibited 413	

decreased IL-12p40 expression at both mRNA and protein levels. 414	

 IL-12 connects innate and adaptive immune responses either indirectly via NK cell activation or 415	
directly by activating CD4+ and CD8+ T cells (5). In this study, we observed a reduced NK cell activation 416	
after LPS administration in Artd1∆Myel compared to Artd1flox/flox mice. Our analyses of the splenic cell 417	

composition of Artd∆Myel relative to Artd1flox/flox mice revealed that, whereas B and CD4+ T cell counts were 418	
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increased, all other analyzed cell types including monocytes and macrophages were not altered, suggesting 419	

that the deletion of ARTD1 in myeloid cells did not decrease the numbers of other cell types and their 420	

functionality in this organ. ARTD1-deficient macrophages (or other myeloid cells) failed to activate NK 421	
cells via IL-12 expression, ultimately leading to decreased IFN-γ serum levels and thus protecting against 422	

the consequences of LPS administration. Several lines of evidence suggest that NK cells might be involved 423	
in key functions during sepsis (4). Similar to the observations made in ARTD1-deficient mice, antibody-424	

mediated NK cell depletion in vivo protected against LPS-induced shock and significantly decreased IFN-γ 425	

cytokine levels (15) During sepsis, NK cells promote and amplify the inflammatory response as a very early 426	
and main source of IFN-γ, and thus represent a promising target for novel approaches in sepsis therapy (4).  427	

 Reduced NK cell activation significantly reduces the kinetics of pathogen clearance during sepsis 428	

(4). Thus, by enhancing Il12b expression in myeloid cells, ARTD1 contributes to the generation of a potent 429	
immune response to pathogens. This was very obvious in the second disease model we investigated. 430	
Previous studies characterized the stomach under basal conditions to be a predominantly myeloid cell-431	
controlled organ with little or no lymphocyte immune surveillance (29). Myeloid cells centrally function as 432	
initiators of immune responses against pathogens. Our study revealed that ARTD1-deficiency does not 433	

affect gastric CD4+ T cell recruitment during H. pylori infection, but that the loss of ARTD1 results in 434	
reduced TH1 frequencies. Thus, ARTD1 drives pathogen control via IL-12 production and the initiation of 435	
potent immune responses. 436	

 Macrophages play important yet bimodal roles in orchestrating tumor-associated immune responses 437	
(43). On the one hand, they are involved in tumor killing and other effector functions, but they can also 438	

promote tumor growth by skewing and suppressing T cell responses. We made several observations relating 439	

to ARTD1 of macrophages in the MC38 tumor model. On the one hand, we find fewer macrophages in the 440	
tumor microenvironment of Artd1∆Myel mice, whereas monocyte frequencies are unchanged, which indicates 441	
that macrophage differentiation is impaired in the absence of ARTD1 expression. On the other hand, those 442	

macrophages that do infiltrate the tumors (or differentiate there from their monocyte precursors) express 443	

less TNF-a and less IL-12, but more Arginase 1, indicating that they have adopted an M2-polarized state. 444	

As a consequence of their lower intratumoral macrophage frequencies, combined with their dysregulated 445	
macrophage activation and polarization, Artd1∆Myel mice fail to generate appropriate TH1 polarized CD4 and 446	

cytotoxic CD8 T-cell responses and therefore cannot control the tumor burden as efficiently as wild type 447	

littermates.   448	
 Taken together we identified ARTD1 expression in myeloid cell types as a critical regulator of pro-449	

inflammatory IL-12/18 cytokine expression. In particular, ARTD1 controls the initiation of potent immune 450	

responses to LPS and the elimination of pathogens and tumors in vivo. 451	

	452	

  453	
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Figure legends: 600	

Figure 1: ARTD1 regulates IL-12 gene expression in BMDMs independent of its enzymatic activity. 601	
(A) RNA-sequencing of total RNA extracted from Artd1flox/flox (flox) and Artd1del/del (del) BMDMs either left 602	

untreated or treated with 10 ng/ml LPS and 2 ng/ml INF-γ for 4 h. The expression levels of all LPS/IFN-γ-603	
induced genes (approx. 2500 genes) (fold-change ≤ 2, P < 0.05) were clustered. (B) Up-regulated genes 604	

identified in A) were clustered to identify ARTD1 co-activating (701 genes) and co-repressing (449 genes) 605	

function. (C) Quantitative Real-time PCR analysis of selective ARTD1 co-activated and co repressed genes 606	
in Artd1flox/flox and Artd1del/del BMDMs identified in B. Data presented as mean + SD of three biological 607	

replicates. t-Test: *P < 0.05, **P < 0.01. (D) Gene enrichment analysis of ARTD1 co-activated and ARTD1 608	

co repressed genes (left and right panel, identified in B) in Artd1flox/flox and Artd1del/del BMDMs.  (E) ELISA 609	
of cell culture supernatants for the quantification of the indicated cytokines produced by Artd1flox/flox and 610	

Artd1del/del BMDMs respectively. Cells were stimulated with 10 ng/ml LPS and 2 ng/ml INF-γ for 18 h. Data 611	

presented as mean concentration + SD of three independent experiments. t-Test: *P < 0.05, **P < 0.01. 612	
 613	

Figure 2: Myeloid-specific depletion of ARTD1 reduces the LPS-induced IL-12/IFN-γ signaling in 614	
vivo 615	

(A) Artd1flox/flox and Artd1ΔMyel mice were intraperitoneally injected with PBS or 4 mg/kg LPS. After 4 h 616	
whole blood serum was collected and the selected cytokine levels were quantified by multiplex-bead array. 617	
Data shown as mean ± SEM of three independent experiments. t-Test: *P < 0.05. (B) Artd1flox/flox and 618	
Artd1ΔMyel mice were intraperitoneally injected with PBS or 4 mg/kg LPS. After 4 h, RNA of total spleen 619	

tissue was isolated and gene expression levels quantified by qPCR. Data shown as mean ± SEM of three 620	
independent experiments. t-Test: *P < 0.05, **P < 0.01. (C, D) Intracellular cytokine staining of splenocytes 621	
from Artd1flox/flox and Artd1ΔMyel mice intraperitoneally injected with either PBS or 4 mg/kg LPS. After 4 h, 622	

intracellular INF-g was detected by flow cytometry and the percentage of positively stained NK-, CD4+ T- 623	

and CD8+ T cells were quantified. Data shown as mean ± SEM of two independent experiments. t-Test: *P 624	
< 0.05. (E) ELISA for IFN-γ, secreted from MACS-sorted splenic NK cells that were isolated from of 625	

Artd1foxl/flox and Artd1ΔMyel mice. NK cells were stimulated with recombinant murine 10 ng/ml IL-12p70 for 626	

18 hrs and cell culture supernatant was analyzed. 627	
 628	

Figure 3: ARTD1 in myeloid cells controls Helicobacter clearance and anti-Helicobacter Th1 629	

responses  630	
(A) qRT-PCR analysis of Il12b and Il1b expression in Artd1flox/flox and Artd1del/del BMDMs. Cells were either 631	

left untreated or incubated with H. pylori (MOI 50) for 6 h. Data are presented as median ± SEM of three 632	
technical replicates; one representative experiment of two is shown. t-Test: *P < 0.05, **P < 0.01. (B-E) 633	

Mice of the indicated genotypes were orally infected with H. pylori. Gastric colonization as assessed by 634	
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plating and colony counting is shown in B; gastric CD4+ T cell infiltration and IFN-γ and IL-17 expression 635	

by CD4+ T-cells, as determined by ICS, is shown in C and D. Horizontal lines in B-D indicate medians. 636	

Representative FACS plots are presented in E. Data in B are pooled from two independent studies; data in 637	
C and D are from one representative study of two independently conducted ones.  638	

 639	
Figure 4:  ARTD1 controls macrophage infiltration and CD4+/CD8+ T cell activation in MC-38 tumors 640	

(A-C) Tumor volume and weight of MC-38 tumors, subcutaneously injected into the flanks of Artd1flox/flox 641	

and Artd1ΔMyel mice, as determined by caliper measurements at the indicated time points and at the study end 642	
point. Each symbol represents one mouse. Data are pooled from two independent experiments and presented 643	

as mean ± SEM (A). Horizontal lines in B and C indicate medians. t-Test: *P < 0.05, **P < 0.01. (D) 644	

Monocyte infiltration of of MC-38 tumors grown on the flanks of Artd1flox/flox and Artd1ΔMyel mice, as 645	
quantified by flow cytometry. (E) Il12b and Arg1 expression of FACS-sorted tumor infiltrating monocytes, 646	
as determined by qRT-PCR. Data in E are from one representative experiment of two; horizontal lines 647	
indicate medians. t-Test: *P < 0.05, **P < 0.01. (F) Total and TNF-α+ tumor-infiltrating macrophages as 648	
quantified by flow cytometry. (G) Il12b and Arg1 expression of FACS-sorted tumor-infiltrating 649	

macrophages, as determined by qRT-PCR. Data are from one representative experiment of two, horizontal 650	
lines indicate medians. t-Test: *P < 0.05, **P < 0.01. (H, I) Infiltration and IFN-γ and TNF-α expression 651	
of CD4+ T cells, as flow cytometrically determined after ex vivo re-stimulation with PMA/Ionomycin. Data 652	

are from one representative (left panel) or pooled from two independent experiments (right panels). 653	
Representative FACS plots are shown in I. t-Test: *P < 0.05, **P < 0.01. (J, K) Infiltration and IFN-γ and 654	

TNF-α expression of CD8+ T cells, as flow cytometrically determined after ex vivo re-stimulation with 655	

PMA/ionomycin. Data in J are from one representative experiment of two. t-Test: *P < 0.05, **P < 0.01. 656	
(L, M) Infiltration and IFN-γ and TNF-α expression of CD8+ T cells, as flow cytometrically determined 657	
after ex vivo re-stimulation with MC-38-specific peptide. Data are pooled from two experiments; horizontal 658	

lines indicate medians throughout. t-Test: *P < 0.05, **P < 0.01.  659	
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Supplementary Figure 1 660	

(A) Targeting strategy for the generation of the Cre-mediated whole body ARTD1-deficient mouse (adapted 661	

from Skarnes, Rosen et al. 2011(28)). Cre-mediated recombination deletes Exon 4 of the Artd1 gene. (B) 662	
Successful modification of the Artd1 locus. To verify the integration of the targeting vector specifically at 663	

the Artd1 locus on chromosome 1, a long-range PCR amplifying the 3`and 5`homolgy arm of the Artd1 664	
gene was performed on genomic DNA from the initial breeding pair. Embryonic stem cell DNA used for 665	

the blastocyst injection served as control. Size of the bands are indicated as base pairs (bp). (C) Genotyping 666	

of mice. PCR amplification of mouse genomic DNA isolated from Artd1flox/wt, Artd1wt/wt, and Artd1flox/flox 667	
mice. Size of the bands are indicated as base pairs (bp). (D) Western blot analysis of the indicated organs 668	

for ARTD1 and tubulin expression in 6 weeks old Artdwt/wt, Artd1del/del and Artd1wt/del mice. (E) Necropsy 669	

analysis of three Artd1flox/flox and two Artd1del/del male mice of 8 weeks. Body weights as well as indicated 670	
organ weights were determined. (F) Quantitative Real-time PCR analysis of Artd1 expression in Artd1flox/flox 671	
and Artd1del/del BMDMs used for RNA Sequencing.  (G) RNA-sequencing of total RNA extracted from 672	
Artd1flox/flox and Artd1del/del BMDMs either left untreated or treated with 10 ng/ml LPS and 2 ng/ml INF-γ for 673	
4 h. All LPS/IFN-γ-repressed genes (approx. 3000 genes) (fold-change ≤ 2, P < 0.05) were clustered. (H) 674	

RNA-sequencing of total RNA extracted from Artd1flox/flox either left untreated or treated 5 µM Olaparib for 675	
1 h prior the stimulation with 10 ng/ml LPS and 2 ng/ml INF-γ for 4 h. (fold-change ≤ 2, P < 0.05) were 676	
clustered. (I) ELISA of cell culture supernatant for the quantification of the indicated cytokines from 677	

Artd1flox/flox and Artd1del/del BMDMs. Cells were treated either with DMSO or 5 µM PARPi (PJ34/Olaparib) 678	
prior to stimulation with 10 ng/ml LPS and 2 ng/ml INF-γ for 18 h. Data presented as mean concentration 679	

+ SD of three independent experiments. (J) Gene enrichment analysis of cluster 1 (n = 95, identified in H) 680	

in Artd1flox/flox BMDMs.  681	
 682	
Supplementary Figure 2 683	

(A) Targeting strategy for the generation of myeloid specific ARTD1 knock-out mouse (adapted from 684	
Skarnes, Rosen et al. 2011(28)). Cre-mediated recombination deletes Exon 4 of the Artd1 gene. (B) Western 685	

blot analysis of BMDMs and thioglycolate elicited peritoneal macrophages from Artd1flox/flox and Artd1ΔMyel 686	

mice. ARTD1 levels were quantified in whole cell lysates. Tubulin was used as loading control. (C) 687	
Artd1flox/flox and Artd1ΔMyel mice were intraperitoneally injected with PBS or 4 mg/kg of LPS. After 4 h whole 688	

blood serum was collected and the levels of selected cytokines were quantified by multiplex-bead array. 689	

Data shown as mean ± SEM of three independent experiments. t-Test: *P < 0.05. (D,E) 690	
Immunophenotyping of the spleen from Artd1flox/flox and Artd1ΔMyel mice. Spleen single cell suspensions were 691	

stained with fluorescently labeled antibodies and cell counts were determined by flow cytometry. Data 692	
presented as mean ± SEM of a representative experiment. t-Test: *P < 0.05. 693	

 694	
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Supplementary Figure 3 695	

Gating strategy for intracellular cytokine staining of gastric leukocytes. 696	

 697	
Supplementary Figure 4 698	

Gating strategy for the quantification and sorting of myeloid cells from the tumor microenvironment. 699	
 700	


