
Targeting PARP-1 with metronomic therapy modulates MDSC suppressive function and enhances anti-PD-1-

immunotherapy in colon cancer 
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Supplementary Materials 

Supplementary Materials and Methods 

Animals and genotyping  

C57BL/6 or BALB/c WT mice and C57BL/6 APCMin/+ mice were purchased from Jackson Laboratories (Bar 

Harbor, ME).  PARP-1+− mice were maintained on a C57BL/6 background as described previously (9) and 

interbred to generate PARP-1−− mice or crossed with APCMin/+ mice to generate APCMin/+PARP-1+− mice. When 

mutant mice were used, WT littermates were included experiments.  Male APCMin/+PARP-1+− were crossed with 

PARP-1−− females to generate APCMin/+PARP-1−− mice. All mice were housed in a specific pathogen-free facility 

at LSUHSC (New Orleans, LA) in a 12-hour light: 12-hour dark photoperiod with unlimited access to sterilized 

chow and water. Maintenance, experimental protocols, and procedures were all approved by the LSUHSC 

Institutional Animal Care and Use Committee (IACUC). The different mouse strains were genotyped using DNA 

extracted from tail snips according to standard protocols with primer sets specific for PARP-1, APC, or APCMin 

(IDT, Coralville, Iowa) and recommended by Jackson Laboratories (Supplementary Table S1 and Supplementary 

Fig. S7).  

 

Cell isolation, culture, treatments, RNA extraction, cDNA synthesis and quantitative PCR  

Primary CEC were isolated essentially as described (34).  The mouse colon adenocarcinoma (MC-38 or CT-26), 

Jurkat T, RAW264.7, or 3LL lung carcinoma cell lines were purchased from Kerafast (Boston, MA) or ATCC 

(Manassas, VA). Mouse embryonic fibroblasts were derived from WT, PARP-1+−, or PARP-1−− mice using 

standard protocols.  CEC were serum-starved overnight in 0.5% FBS prior to treatment. Treatment with 2 g/ml 

LPS (Sigma-Aldrich, St Louis, MO) or 10 ng/ml TNF- (Roche Diagnostics Corp, Indianapolis, IN, USA) was 

conducted in starving medium. Jurkat cells were cultured in RPMI medium supplemented with 10% FBS and 1% 

penicillin/streptomycin, 29.2 mM Hepes, 2 mM L-glutamine, and 0.03 mM −mercaptoethanol. MC-38, CT-26 

cells and 3LL cells were grown in DMEM supplemented with 10% FBS and antibiotics.  At 85-90% confluency, 

attached cells were trypsinized and suspended in PBS to a final density of 1x106 cells/ml. For in vitro studies, 
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0.5-1x106 cells were seeded for 24 h prior to treatment.  Total RNA was extracted using a RNA extraction kit 

(Qiagen, Valencia, CA) according to the manufacturer’s instructions. RNA was used to generate cDNA using 

reverse transcriptase III (Invitrogen, Carlsbad, CA). PCR was done using previously validated primer sets (IDT) 

specific for mouse TNF-, IL-6, MCP-1, or -actin (Supplementary Table S1) (26, 35, 36). Quantitative 

determination of gene expression levels using a 2-step cycling protocol was conducted on a MyIQ Cycler (Bio-

Rad, Hercules, CA, USA). Relative expression levels were calculated using the 2[−Delta Delta C(T)] method. 

Quantities of all targets were normalized to the mouse β-actin gene. 

CD3+ T cells were isolated from spleens of naive WT mice using MagniSort Mouse T-cell Enrichment 

Kit (eBioscience, San Diego, USA) according to the manufacturer`s instructions. The Purity of the enriched T-

cells was tested by FACS analysis using antibody to mouse CD3 (BD, Franklin Lakes, NJ). Bone marrow-MDSCs 

were generated by incubating bone marrow cells with a cocktail of either 20 or 40 ng/ml of GM-CSF, G-CSF, 

and IL-6.  For tumor MDSCs, MC-38-engrafted tumors were harvested and digested with liberase (Roche) and 

DNase I (Sigma-Aldrich) solution for 45 minutes at 37°C. Myeloid cells were then isolated using EasySep Mouse 

CD11b Positive Selection Kit (Stem Cell, Vancouver, Canada); purity of MDSCs was assessed by FACS analysis 

with antibodies to mouse CD11b (eBioscience) and Gr-1 (BD, Franklin Lakes, NJ). To conduct the suppression 

assay, T cells, tumor- or bone marrow-derived MDSCs were co-cultured with T cells labeled with 

carboxyfluorescein diacetate succinimidyl ester (CFSE) (Life Technologies, Carlsbad, CA) at a ratio of 1:4. The 

co-culture was conducted in plates that were pre-coated, overnight, with 1 g/ml of CD3 (clone 145-2C11) and 

CD28 (clone; 37.51) (BD, Franklin lakes, USA). T cell proliferation was assessed 72 h later by FACS.     

To generate human MDSC, fresh unprocessed human bone marrow was purchase from Lonza .  Freshly 

BM precursors were isolated through gradient centrifugation using a standard ficoll gradient. The isolated cells 

were then cultured for 6 days in media containing a combination of human recombinant G-CSF, GM-CSF and 

IL-6 at 40ng/ml each (R&D Systems). A refill of promoting differentiation cytokine has been performed at day 

3. After 6 days of differentiation, a routine percentage evaluation of MDSC was measured using a flow cytometry 

analysis. Total myeloid cells as CD33+ cells were the 75.4% of the total. Then on the CD33+ cells gate a further 
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analysis was performed to evaluate the percentage of PMN-MDSC  (43.9%), Mo-MDSC (30.3%) and  e-MDSC 

(4.6%). Subsequently, the in vitro-derived MDSC were the co-cultured with CD3/CD28-stimulated CFSE-labeled 

T cells, isolated  from PBMC of an healthy donor, for 3 days at the ratio 1:2. At day 3 the T-cells proliferation 

was assessed by FACS. 

Tumor models, assessment of tumor burden and adoptive transfer 

For the colitis-induced tumorigenesis model, six to eight weeks old WT, PARP-1+− or PARP-1−−  mice 

received a single dose (10 mg/kg) of AOM, i.p., followed by 4 cycles of 1.25% DSS provided in drinking 

water. Each cycle consisted of a week of DSS water separated by 2 weeks of regular water. In some 

experiments, AOM/DSS-treated WT mice were administered, i.p., 5 or 25 mg/kg (Selleckchem, TX) of 

olaparib or vehicle twice a week starting at week 2 until the end of the protocol.  At week 22 after the start of 

the experimental protocol, mice were sacrificed by CO2 asphyxiation.  Colons, spleens, and blood were 

collected for analysis.  Colons were opened longitudinally and washed with PBS to assess the tumor burdens 

using a dissecting microscope.  For the APCMin-mediated model, APCMin/+, APCMin/+PARP-1+− or 

APCMin/+PARP-1−− male mice were sacrificed at 16 weeks of age. Some APCMin/+ mice received i.p injections 

of olaparib starting at week 6 for 10 weeks. Sacrificed mice were processed as described above except that the 

tumor burden was assessed along the whole intestinal track.  Tumors were counted and divided in groups lower 

than 2 mm, 2-4 mm, and tumors bigger than 4 mm in diameter.   

 For the syngeneic tumor models, six to eight weeks old WT, PARP-1+− or PARP-1−−  mice were 

subcutaneously inoculated with 2.5x105 MC-38 cells. In some experiments, MC-38 cells transfected with p193-

PGK-SB100X and pKT2PGK-BsdGFP_CLP-Luc plasmids (flanked by Sleeping Beauty transposons) and 

sorted by FACS.  Selected cells were then engrafted onto mice as described above. When tumors became 

palpable (~20mm3), WT mice were randomized and assigned to the different experimental groups. Some WT 

mice received i.p injections of olaparib in doses of 0.2, 5, or 25 mg/kg three times per week and others received 

i.p. anti-mouse PD-1 (CD279) antibodies (100 g/mouse) or isotype control (BioXCell, NH, USA) twice per 

week. Tumor volumes were measured with a digital caliper or assessed using GFP/Luc-Biophotonic Imaging 
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(Xenogen IVIS200, PerkinElmer, Boston, MA). Tumors were measured by the greatest longitudinal diameter 

(length) and the greatest transverse diameter (width) using a digital caliper. Tumor volumes were calculated 

using the following formula: tumor volume = (length × width2)/2.  For luciferase imaging, tumor-bearing mice 

received 150 mg/kg of D-luciferin potassium salt solution (PerkinElmer, Boston, MA) i.p. five minutes prior 

to anesthetic induction and imaging. Bioluminescence within a predetermined region of interest (ROI) on each 

mouse was quantified in photons/sec/cm2/sr. At the end of the protocol (day 20-24), mice were sacrificed and 

tumors were harvested for further processing and analysis.   For the adoptive transfer experiments, 3x106 BM-

MDSCs (Gr1+) derived from WT mice or vehicle were injected, intratumorally, into WT or PARP-1+− mice. 

The MDSCs were delivered at five injection sites at days 8 and 16 following engraftment of MC-38 cells.  

 

Tissue processing, immunohistochemistry, immunofluorescence and cytokines measurement 

Some tissues were fixed in buffered formalin (10%), paraffin-embedded, then sectioned. Serial sections were 

subjected to H&E staining, immunohistochemistry (IHC) or immunofluorescence, as described (37), with 

antibodies to PCNA (Novusbio, Littleton, CO), COX-2 (Santa Cruz Biotechnology, Santa Cruz, CA), ICAM-1 

(Santa Cruz Biotechnology), CD8 (Santa Cruz Biotechnology), or Gr1 (eBioscience, San Diego, USA) as 

previously described (38).  Some of the sections were subjected to immunofluorescence with antibodies to CD8 

or Gr1. Blood, collected by cardiac puncture, was run through a Microtainer Serum Separator tube (BD, Franklin 

Lake, NJ). The collected sera were immediately stored at −80°C for future use and analysis. Cytokine levels were 

assessed for TNF- (ELM-TNF-1), IL-6 (ELM-IL-6-1), and MCP-1 (ELM-MCP1) by ELISA (all from 

RayBiotech, Norcross, GA) according to the manufacturer’s instructions and recommendations.  

Cell fractionation, protein extraction and immunoblot analysis  

Tumor tissues or cells were harvested and homogenized in RIPA lysis buffer (Santa Cruz Biotechnology) 

containing a cocktail of protease and phosphatase inhibitors on ice.  Nuclear fractions were isolated as described 

(39) and the remaining chromatin pellets were washed then suspended in an isotonic buffer followed by 

sonication.  Protein extracts were subjected to immunoblot analysis essentially as described (10) with antibodies 
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against PARP-1 (1:1000, MA5-15031, Invitrogen),cleaved caspase-3 (1:1000, 9664, Cell Signaling), cleaved 

caspase-7 (1:1000, 9491, Cell Signaling), ARG1 (1:1000, 610708, BD), COX-2 (1:1000, 4842, Cell Signaling),   

H2AX (1:1000, H5912, Sigma-Aldrich), Anti-GRB2  (1:1000, 610112, BD), PD-L1 (1:1000, 66248, 

Proteintech), p21/Waf1 (1:1000, 2946, Cell Signaling), PAR (1:1000, 4335, Trevigen), GAPDH (G-9) (1:1000, 

sc-365062, Santa Cruz Biotechnology), phospho-IRF-3 (1:1000, 37829, Cell Signaling), IRF-3 (1:1000, 11904, 

Cell Signaling), Histone 3 (H3) (1:1000, D2B12, Cell Signaling), tubulin (1:1000, 3873, Cell Signaling), actin 

(C-2) (1:1000, sc-8432, Santa Cruz Biotechnology); the last four antibodies were used to detect control proteins. 

Protein expression signals developed by ECL (Pierce, ThermoFisher Scientific) were determined by a G:Box Gel 

Image Analysis System (Syngene, Cambridge, UK) equipped with the GeneSys image capture software.  

Flow cytometric characterization of tumor infiltrating immune cells using fluorescence-activated cell 

sorting (FACS) analysis 

Following digestion, tumor homogenates were filtered through a 70 m cell strainer to obtain a single cell 

suspension. Cell suspensions were then subjected to red blood cell lysis using ACK buffer for 5 minutes before 

resuspending in complete media. Cells were treated with anti-CD16/CD32 (BD; 2.4G2) for Fc blocking prior to 

staining with fluorescently-labeled mouse antibodies specific for CD45 (30-F11), CD3e (500A2) (both from 

eBioscience, San Diego, CA), Ly6C (AL-21), Ly6G (1A8), Gr1 (RB6-8C5), CD11b (M1/70), and CD8 (53-6.7) 

(all from  BD Biosciences, San Jose, CA). Single cells were gated by first using forward- and side-scatter doublet 

discrimination. Immune cells were discriminated from this doublet-excluded population using CD45. Myeloid 

cells were identified using a CD11b+ gate and MDSC subtypes identified by Gr1 selection and then plotted 

Ly6G/Ly6C. CD3+ T-cells were gated from CD45+ cells. CD4+and C8+ T- cells were identified from CD3+ gate.  

The detailed gating strategy is described in Supplementary Figure S8.   
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Table S1 for Materials and Methods:  PCR primer sequences  

 

 

 

 

 

Gene Sequence 

β-actin 

Forward: 5’-TAC AGC TTC ACC ACC ACA GC-3’ 

Reverse: 5’-TCT CCA GGG AGG AAG AGG AT-3’ 

ICAM-1 

Forward: 5’-GTG ATG CTC AGG TAT CCA TCC A-3’ 

Reverse: 5’-CAC AGT TCT CAA AGC ACA GCG-3’ 

iNOS 

Forward: 5’-TCT TCG AAA TCC CAC CTG AC-3’ 

Reverse: 5’-CCA TGA TGG TCA CAT TCT GC-3’ 

IL-6 

Forward: 5’-CTG GAA GAG ACT TCC ATC GAG-3’ 

Reverse: 5’-AGT GGT ATA GAC AGG TCT GTT GG-3’ 

TNF-α 

Forward: 5’-CAT CTT CTC AAA ATT CGA GTG ACA A-3’ 

Reverse: 5’-TGG GAG TAG ACA AGG TAC AAC CC-3’ 

VCAM-1 

Forward: 5’-TGC CGA GCT AAA TTA CAC ATT G-3’ 

Reverse: 5’-CCT TGT GGA GGG ATG TAC AGA -3’ 

PARP-1 

Forward: 5’-CAT GTT CGA TGG GAA AGT CCC-3’ 

Reverse 1: 5’-CCA GCG CAG CTC AGA GAA GCC A-3’ 

Reverse 2: 5’-AGG TGA GAT GAC AGG AGA TC-3’ 

APC 

WT: 5’-GCC ATC CCT TCA CGT TAG-3’ 

Common antisense: 5’-TTC CAC TTT GGC ATA AGG C-3’ 

APCMin: 5’-TTC TGA GAA AGA CAG AAG TTA-3’ 
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