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SUPPLEMENTARY FIGURES: 

 
Supplementary Figure 1. Immunohistochemistry analysis of microbe-driven recruitment 

of immune cells into tumors. A. Hematoxylin and eosin staining of tumor sections 24 h post 

S. aureus injection into LLC tumors (right panels) and control tumors (left panels). Recruitment 

of CD45+ leukocytes (B), Ly6G+ neutrophils (C), CD3+ (D) and CD8+ T cells (E) was 



assessed by immunohistochemistry on tumor sections 24 h post S. aureus (S.a) injection into 

LLC tumors. Scale bars represent 100 µm and 20 µm for insets in (A). Mean + SEM of at least 

3 different tumors is shown. Data analyzed with non-parametric Mann-Whitney test ** P ≤ 

0.01. 

  



 

 
Supplementary Figure 2. Gating strategy for flow cytometric analysis of leukocyte 

infiltration into tumors. A. Representative dot plots from flow cytometric analyses showing 

gating strategy for neutrophils, eosinophils, monocytes, macrophages, and DCs in LLC tumors. 



FACS gating strategy was SSC-A/FSC-A (leukocytes), FSC-H/FSC-A (single cells), 

CD45/Zombie UV (Live CD45+ cells), Siglec-F/ F4/80 (Siglec-F+ F4/80+ eosinophils), 

CD11b/ F4/80, then CD11b/Ly6G in CD11b+ F4/80- for CD11b+ Ly6G+ neutrophils. In non-

CD11b+ F4/80- cells, MHC II/CD64, then for CD64+ cells, Ly6C/CD64 (Ly6Chigh 

monocytes, Ly6Cintermediate/low macrophages). For CD64- cells, MHC II/CD11c for 

migratory and resident DCs, then CD11b/XCR1 in migratory cells for cDC1s and cDC2s. B. 

Representative dot plots from flow cytometric analyses showing gating strategy for T cells in 

LLC tumors. FACS gating strategy was SSC-A/FSC-A (leukocytes), FSC-H/FSC-A (single 

cells), CD45/Zombie UV (Live CD45+ cells), B220/CD3 (B & T cells), CD8/ CD4 (CD8 and 

CD4 T cells). 

  



 
 

Supplementary Figure 3. Characterization of microbe-driven recruitment of immune 

cells into tumors. Recruitment of myeloid immune cells (A), migDCs (B), cDC1s (C), cDC2s 



(D), F4/80+ macrophages (E), MHCIIhigh macrophages (F), B220+ B cells (G), CD3+ T cells 

(H) and their subsets (I), proportion of CD3+CD4-CD8- that express B220+ (J) in LLC tumors 

24 h after S. aureus (S.a) injection.  K. Number of neutrophils per tumor volume (per mm3). 

SiglecF+F4/80+ eosinophils in tumors (L) and percentage of circulating SiglecF+F4/80+ 

eosinophils in blood (M) and the number of Ly6G+CD11b+SiglecF+F4/80+ cells per tumor 

(N) 24h after S. aureus injection into LLC tumors. MFI of GR-1+ myeloid immune cells 

(CD45+CD11b+F4/80-) (O) and the proportion of CXCR4 and Ly6G subsets out of total 

Ly6G+ CD11b+cells  (P) 24 h after S. aureus injection into LLC tumors. Mean + SEM 

analyzed with non-parametric Mann-Whitney test (A-C, E-K), parametric T-test (D, K-N), 

non-parametric Kruskal-Wallis test (O). ** P ≤ 0.01*** P ≤ 0.001 **** P ≤ 0.0001 

  



 
 

Supplementary Figure 4. Recruitment of adoptively transferred neutrophils in response 

to microbial therapy. Bone marrow cells from BigRed/CatchupIVM-red mice were adoptively 

transferred into tumor bearing C57BL/6 mice 10 days after tumor inoculation, and S. aureus 

bioparticles were administered immediately after transfer. Neutrophils (red) and LLC tumor 

cells (green) were visualized in steady state or 24 h after S. aureus bioparticle treatment using 

intravital two-photon microscopy. Scale bar represents 30µm. Quantitation of recruitment of 

adoptively transferred neutrophils (right panel).  B. Lysozyme M tdTomato bone marrow cells 

were transferred into C57BL/6 mice on day 10 of LLC tumor growth. 24 h later, lysozyme M 

kikume green bone marrow cells were transferred into the same C57BL/6 mice that had 

previously received Lysozyme M tdTomato bone marrow cells. Following the second transfer, 

neutrophil motility was visualized using intravital two-photon microscopy at 2 h and 24 h. 

There was no significant difference in mean track speed between the two groups of neutrophils, 

whether imaged 2h following the 2nd transfer (left panel), or 24 h after the 2nd transfer (right 

panel). 

  



 
 

 

Supplementary Figure 5. NETs generation by tumor neutrophils in response to microbial 

treatment. A. Histone H3 and NE expression in unmanipulated LLC tumors, and in LLC 

tumors 24h following S. aureus (S.a) treatment. Scale bar in upper panels represents 200µm. 

Scale bar in lower panels represent 100µm. Quantitation of histone H3 and NE expression 

(right panel). Neutrophil number (B) and the proportion of iNOS (C), MMP9 (D) and MPO 



(E) expressing neutrophils were quantitated by flow cytometry. No significant differences 

between S. aureus+ vehicle and S. aureus + GSK484 groups.  F. LLC-GFP tumor cells (green), 

neutrophils (red) and Second Harmonic Generation (SHG)/Collagen (blue) were visualized in 

frozen sections using two-photon microscopy. Scale bar represents 300um. Quantitation of area 

occupied by tumor cells in each treatment group (right panel). Mean + SEM of at least 2 

different tumors is shown. There was no significant difference between S. aureus +/- GSK484. 

  



 

 

 
Supplementary Figure 6. Microbial treatment alters tumor growth in different tumor 

models. Tumor volume was measured in mice bearing B16F10 3C (A), AT3 (B) or KPC (C) 

tumors and treated every second day. D. Tumor volume in S. aureus- or vehicle-treated LLC 

tumors in C57BL/6 mice treated every 2nd or every 4th day. Data shown as mean + SEM of at 

least 3 tumors and representative of 2 independent experiments. Data analyzed using Mann-

Whitney test (A, D) or t-test (B)  * P  ≤0.05 ** P ≤ 0.01 *** P ≤ 0.001 **** P ≤ 0.0001. 

  



 
 

Supplementary Figure 7. BCG-driven recruitment of intratumoral neutrophils. BCG 

injection into tumors leads to an influx of neutrophils into LLC tumors. A. Representative flow 

cytometry plots 24 hours post BCG treatment. B. Neutrophil number in LLC tumors. Each 

circle represents a single tumor. Data is from one experiment and analyzed using non-

parametric Mann-Whitney test. * P <0.05. 

  



 

 
Supplementary Figure 8. Neutrophil depletion with anti-Ly6G antibody. A. Circulating 

neutrophils were analyzed in C57BL/6 mice with LLC tumors. Neutrophils were depleted with 

anti-Ly6G (clone 1A8) 1 day prior and 1 day following S. aureus bioparticle treatment. Blood 

was collected 24 h later. B. Neutrophils were depleted as in (A) and then mice received 

alternating anti-Ly6G treatment and S. aureus treatment for next 72 h. Mice were sacrificed 24 

h later and tumor neutrophils were analyzed using flow cytometry. Neutrophils were 

quantitated using CD11b and unlabeled anti-Ly6G antibody as well as a secondary antibody to 

detect anti-Ly6G in the staining mix and remaining antibody from depletion treatments. Means 

+ SEM are shown. Each dot represents a single mouse (A) or tumor (B). Data was analyzed 

using one-way ANOVA ** P ≤ 0.01 

  



 
 

Supplementary Figure 9. C1q expression in LLC tumors following microbial treatment. 

C1q expression was assessed by immunohistochemistry on tumor sections 24 h post S. aureus 

injection into LLC tumors. Mean + SEM is shown, each circle represents a single tumor. Data 

analyzed with non-parametric Mann-Whitney test ** P ≤ 0.01 

  



 
 



Supplementary Figure 10. Single cell analysis of TME immune populations. A. Schematic 

representation of experimental workflow for single cell transcriptional analysis of tumor 

immune cell response to microbial therapy. FACS sorted single-cell suspensions from AT-3 

tumors 24h after S. aureus bioparticle treatment (n=5 mice), vehicle control (n=5 mice) and 

unmanipulated (n=5 mice) tumors were pooled to obtain a ratio of 75% neutrophils to 25% 

non-neutrophil CD45+ immune cells and sequenced using BD Rhapsody Single-cell analysis 

system. B. Representative flow cytometry plots illustrating cell sorting strategy. C. UMAP 

embedding of neutrophil populations after batch correction with colors indicating neutrophil 

state based on uncorrected data. D. Rain cloud plots of per-cell summary statistics across 

neutrophil states Neu1-5. Shown are library size (total unique molecular identifiers (UMIs) per 

cell) (top), number of genes detected (middle), percent of UMIs in top 50 most highly expressed 

genes (bottom). E. Rain cloud plots of per-cell maturation score across neutrophil states Neu1-

5 colored as per D.  

  



SUPPLEMENTARY TABLE LEGENDS: 

 
Supplementary Table 1. Characterization of neutrophil populations in single cell 

analysis. Marker genes for neutrophil populations Neu1-5 (log fold change > 1) and gene 

ontology (GO) biological process (BP) terms enriched among marker genes for Neu1-5 (FDR 

< 0.05, 1-sided Fisher’s exact test). Columns for marker spreadsheets are as follows: cluster - 

Cell population for which marker pertain, gene - Gene Symbol, Ensembl - Ensembl gene ID, 

p_val - Uncorrected p-value, avg_logFC - Log fold change in expression in cells from the 

cluster compared to cells outside of the cluster, pct.1 - the percentage of cells within cluster 

in which the gene is detected, pct.2 - the percentage of cells outside the cluster in which the 

gene is detected, p_val_adj - FDR adjusted p-value. Columns for GOBP spreadsheets are as 

follows: ID - GO term ID, Description - GO term description, Hits - Number of marker genes 

associated with GO term, Sampled - Number of marker genes associated with any GO term, 

Total_Hits - Number of genes expressed in the dataset associated with GO term, Background 

- Number of genes expressed in the dataset associated with any GO term, pvalue - 

Uncorrected p-value, p.adjust - FDR corrected p-value, geneID - List of marker genes 

associated with GO term, FE - Fold enrichment of marker genes associated with GO term as 

per Hits/(Sampled*Total_Hits/Background). 

 

  



SUPPLEMENTARY VIDEO LEGENDS: 

 

Video 1. Neutrophil migration before and after microbial bioparticle treatment.  Ly6G 

neutrophil (red) migration in intact unmanipulated LLC tumors (part 1) and tumors that were 

treated with S. aureus bioparticles 4 and 24 hours earlier (part 2 and 3 respectively). Tracks 

indicate neutrophil paths. Yellow tracks indicate neutrophils with restricted motility (track 

displacement length less than 13 µm), green tracks indicate more motile neutrophils (track 

displacement length greater than 47 µm). Collagen/Second harmonic generation (SHG, blue). 

Projection of a time-lapse series imaged in LLC tumors in the ear flap of BigRed/CatchupIVM-

red mice. Part 1 dimensions: 213 µm x 213 µm x 45 µm x 20 minutes. Images were taken 30 

seconds apart; Part 2 dimensions: 166 µm x 166 µm x 93 µm x 30 minutes. Images were taken 

30 seconds apart; Part 3 dimensions: 191 µm x 191 µm x 24 µm x 48 minutes. Images were 

taken 60 seconds apart. Elapsed time is shown as days:hours:min:seconds.  

Video 2. Neutrophil interactions with LLC cells in unmanipulated and treated tumors.  

Part 1: Intact elongated LLC (green) cells in unmanipulated tumors with scattered Ly6G 

neutrophils (red). Part 2: LLC cells progressively lose their elongated appearance to become 

rounded and then be broken down by Ly6G neutrophils. Projection of a time-lapse series 

imaged in eGFP-LLC tumors in the ear flap of BigRed/CatchupIVM-red mice. Part 1 dimensions: 

249 µm x 249 µm x 105 µm x 20 minutes. Images were taken 30 seconds apart; Part 2 

dimensions: 249 µm x 249 µm x 105 µm x 49 minutes. Images were taken every 60 seconds. 

Elapsed time is shown as days:hours:min:seconds.  

Video 3. Neutrophils engage in multiple interactions with LLC tumor cells following 

microbial bioparticle treatment.  Two-photon microscopy was used to visualize Ly6G 

neutrophil (red) interacting with LLC cells (green) 24 hours after microbial bioparticle 

treatment. Magenta tracks indicate neutrophil paths. Projection of a time-lapse series imaged 

in eGFP-LLC tumors in the ear flap of BigRed/CatchupIVM-red mice.  Dimensions: 166 µm x 

166 µm x 63 µm x 20 minutes. Images were taken 30 seconds apart. Elapsed time is shown as 

days:hours:min:seconds.  

Video 4. Neutrophil interactions with LLC cells lead to tumor cell blebbing.  Two-photon 

microscopy was used to visualize Ly6G neutrophil (red) interactions with LLC cells (green) 

24 hours following microbial bioparticle treatment. Projection of a time-lapse series imaged in 

eGFP-LLC tumors in the ear flap of BigRed/CatchupIVM-red mice.  Example 1 dimensions: 125 

µm x 125 µm x 93 µm x 60 minutes. Example 2 dimensions: 125 µm x 125 µm x 78 µm x 60 



minutes. Images were taken every 60 seconds. Elapsed time is shown as 

days:hours:min:seconds. 

 
 
 
 
EXTENDED MATERIALS AND METHODS 
 

Microbial bioparticles and microbes 

S. aureus bioparticles (Wood strain without protein A) (Thermo Fisher Scientific Cat# S2859) 

were resuspended in PBS with 2 mM sodium azide and 4–20×106 bioparticles were injected 

directly into tumors. Mycobacterium bovis Bacillus Calmette Guerin were prepared as 

described previously (1).  

Neutrophil tumor cell killing assay 

Twenty-four hours prior to start of assay 1.25 x 103 LLC-GFP cells were seeded in 24 well 

plates. Neutrophils were purified from bone marrow of C57BL/6 mice using the EasySep 

Mouse Neutrophil Enrichment Kit (Stemcell Technologies Cat# 19762) according to 

manufacturer’s protocol. A ratio of 1 LLC-GFP to 3.4 purified neutrophils and/or 20 × 106 S. 

aureus bioparticles were added to each well and incubated for 24 hours in plain DMEM. 

Samples were prepared for flow cytometry and Sytox Blue (Thermo Fisher Scientific Cat# 

S34857) added prior to acquisition.  

Flow cytometry and antibodies 

Single cell suspensions were made from tumors and lymph nodes by mechanical disruption 

and passed through 100 µM strainers. For blood samples red cells were lysed as previously.  

Samples analyzed for myeloid (DC, macrophage and monocytes) and lymphoid infiltrates were 

digested as previously (2). Staining for flow cytometry was performed in 96 well plates. Cells 

were blocked with CD16/CD32 clone 93 (Thermo Fisher Scientific Cat# 14-0161-86, RRID: 

AB_467135) for 15 min and stained with surface antibodies on ice in FACS buffer (1× PBS + 

0.2% BSA and 0.1% NaN3 + 2 mM EDTA) for 30 min in the dark.   

Cells for intracellular cytoplasmic staining were fixed with IC Fixation Buffer (Thermofisher 

Cat# 88-8824-00) for 30 min following surface staining. Samples were washed twice in 

Permeabilization Buffer (Thermofisher Cat# 88-8824-00) and stained in the same buffer with 

intracellular antibodies for 30 min at room temperature. Cells were washed twice in 



Permeabilization Buffer and resuspended in FACS buffer prior to flow cytometric acquisition. 

All samples were acquired on LSRII flow cytometer (BD Bioscience RRID:SCR_002159) or 

FACSymphony A5 flow cytometer (BD Biosciences RRID:SCR_022538). Data was analyzed 

using FlowJo (FlowJo, RRID:SCR_008520). 

Table 1. Antibodies used 

Antibody Source  Identifier 
C1q biotin clone JL-1 Thermo Fisher Scientific Thermo Fisher Scientific Cat# 

MA1-40312, RRID:AB_2067274 
CD3ε Biotin clone 
145-2C11 

BD Biosciences BD Biosciences Cat# 553060, 
RRID:AB_394593 

CD3ε BV711 clone 
145-2C11 

BD Biosciences BD Biosciences Cat# 563123, 
RRID:AB_2687954 

CD3ε BUV395 clone 
145-2C11 

BD Biosciences BD Biosciences Cat# 563565, 
RRID:AB_2738278 

CD3 clone SP7 Novus Biologicals Novus Biologicals Cat# NB600-
1441, RRID: AB_789102 

CD4 BV480 clone 
RM4-5 

BD Biosciences BD Biosciences Cat# 565634, 
RRID:AB_2739312 

CD4 BV786 clone 
GK1.5 

BD Biosciences BD Biosciences Cat# 563331, 
RRID:AB_2738140 

CD4 PECy7 clone 
RM4-5 

BD Biosciences BD Biosciences Cat# 561099, 
RRID:AB_2034007 

CD8α APCef780 
clone 53-6.7 

Thermo Fisher Scientific Thermo Fisher Scientific Cat# 47-
0081-82, RRID:AB_1272185 

CD8α clone D4W2Z 
 

Cell Signaling 
Technology 

Cell Signaling Technology, Cat# 
98941S, RRID:AB_2756376 

CD107a BV711 clone 
1D4B 

BD Biosciences BD Biosciences Cat# 564348, 
RRID:AB_2738761 

CD11b APCef780 
clone M1/70 

Thermo Fisher Scientific Thermo Fisher Scientific Cat# 47-
0112-80, RRID:AB_1603195 

CD11b APCCy7 
clone M1/70 

BD Biosciences BD Biosciences Cat# 557657, 
RRID:AB_396772 

CD11c BV421 clone 
HL3 

BD Biosciences BD Biosciences Cat# 562782, 
RRID:AB_2737789 

CD11c eFluor450 
clone N418 

Thermo Fisher Scientific Thermo Fisher Scientific Cat# 48-
0114-82, RRID:AB_1548654 

CD16/CD32 Purified 
clone 93 

Thermo Fisher Scientific Thermo Fisher Scientific Cat# 14-
0161-85, RRID:AB_467134 

CD206 BV711 clone 
C068C2 

BioLegend BioLegend Cat# 141727, 
RRID:AB_2565822 

CD366 (TIM3) APC 
clone RMT3-23 

Miltenyi Biotec Miltenyi Biotec Cat# 130-102-
366, RRID:AB_2654180 

CD44 BUV737 clone 
IM7 

BD Biosciences BD Biosciences Cat# 564392, 
RRID:AB_2738785 



CD45 BV510 clone 
30-F11 

BD Biosciences BD Biosciences Cat# 563891, 
RRID:AB_2734134 

CD45 PE Cy7 clone 
30-F11 

BioLegend BioLegend Cat# 103114, 
RRID:AB_312979 

CD45 clone I3/2.3 Abcam Abcam Cat# ab25386, 
RRID:AB_470499 

CD45.2 FITC clone 
104 

BD Biosciences BD Biosciences Cat# 553772, 
RRID:AB_395041 

CD45.2 BUV395 
clone 104 

BD Biosciences BD Biosciences Cat# 564616, 
RRID:AB_2738867 

CD45R/B220 FITC 
clone RA3-6B2 

BD Biosciences BD Biosciences Cat# 553088, 
RRID:AB_394618 

CD62L BV510 clone 
MEL-14 

BD Biosciences BD Biosciences Cat# 563117, 
RRID:AB_2738013 

CD62L PerCP Cy5.5 
clone MEL-14 

Thermo Fisher Scientific Thermo Fisher Scientific Cat# 45-
0621-82, RRID:AB_996667 

CD64 AF647 clone 
X54-5/7.1 

BioLegend BioLegend Cat# 139321, 
RRID:AB_2566560 

CD64 BV786 clone 
X54-5/7.1 

BD Biosciences BD Biosciences Cat# 741024, 
RRID:AB_2740644 

CD69 BV421 clone 
H1.2F3 

BD Biosciences BD Biosciences Cat# 562920, 
RRID:AB_2687478 

CXCR2 APC clone 
242216 

R and D Systems R and D Systems Cat# 
FAB2164A, RRID:AB_357124 

CXCR4 Biotin clone 
2B11 

BD Biosciences BD Biosciences Cat# 551958 

F4/80 PE-CF594 
clone T45-2342 

BD Biosciences BD Biosciences Cat# 565613, 
RRID:AB_2734770 

GR-1 PerCPCy5.5 
clone RB6-8C5 

BD Biosciences BD Biosciences Cat# 552093, 
RRID:AB_394334 

Granzyme B AF647 
clone GB11 

BioLegend BioLegend Cat# 515405, 
RRID:AB_2294995 

Histone H3 citrulline 
(R2 + R8 + R17) 
polyclonal 

Abcam Abcam Cat# ab5103, 
RRID:AB_304752 

IFN-g PECy7 clone 
XMG1.2 

BD Biosciences BD Biosciences Cat# 561040, 
RRID:AB_2034014 

Rabbit Anti-Rat IgG 
Antibody, mouse 
adsorbed (H+L), 
Biotinylated 

Vector Laboratories Vector Laboratories Cat# BA-
4001, RRID:AB_10015300 

iNOS PE clone 
CXNFT 

Thermo Fisher Scientific Thermo Fisher Scientific Cat# 12-
5920-82, RRID:AB_2572642 

Ly6C-PE Cy7 clone 
AL-21 

BD Biosciences BD Biosciences Cat# 560593, 
RRID:AB_1727557 

Ly6G FITC clone 1A8 BD Biosciences BD Biosciences Cat# 561105, 
RRID:AB_10562567 



Ly6G PE clone 1A8 BD Biosciences BD Biosciences Cat# 551461, 
RRID:AB_394208 

Ly6G-PECy7 clone 
1A8 

BD Biosciences BD Biosciences Cat# 560601, 
RRID:AB_1727562 

Ly6G clone 1A8 Bio X Cell Bio X Cell Cat# BE0075-1, 
RRID:AB_1107721 

Ly6G biotin clone 
1A8 

BioLegend BioLegend Cat# 127603, 
RRID:AB_1186105 

MHC II BV711 clone 
M5/114.15.2 

BD Biosciences BD Biosciences Cat# 563414, 
RRID:AB_2738191 

MHC II PE clone 
M5/114.15.2 

BD Biosciences BD Biosciences Cat# 557000, 
RRID:AB_396546 

MMP9 APC clone 51-
82 

StressMarq Biosciences StressMarq Biosciences Cat# 
SMC-396D-APC, 
RRID:AB_2700899 

MPO FITC clone 2D4 Abcam Abcam Cat# ab90812, 
RRID:AB_2050025 

Neutrophil elastase 
FITC polyclonal 

Biorbyt Biorbyt Cat# orb3644 
 

NK1.1 BB700 BD Biosciences BD Biosciences Cat# 566502, 
RRID:AB_2744491 

gdTCR-BV711 clone 
GL3 

BD Biosciences BD Biosciences Cat# 563994, 
RRID:AB_2738531 

CTLA-4 (CD152) 
clone (9H10) 
 

Bio X  Cell (Bio X Cell Cat# BE0131, 
RRID:AB_10950184) 

PD-1 (CD279) PE 
clone J43 

BD Biosciences BD Biosciences Cat# 551892, 
RRID:AB_394284 

Perforin PE clone 
eBioOMAK-D 

Thermo Fisher Scientific Thermo Fisher Scientific Cat# 12-
9392-80, RRID:AB_466242 

Rat IgG2a isotype 
control clone 2A3 
 

Bio X Cell Bio X Cell Cat# BE0089, 
RRID:AB_1107769 

Rabbit Anti-Rat IgG 
Antibody, mouse 
adsorbed (H+L), 
Biotinylated 

Vector Laboratories (Vector Laboratories Cat# BA-
4001, RRID:AB_10015300) 

polyclonalSyrian 
hamster IgG 

Bio X Cell (Bio X Cell Cat# BE0087, 
RRID:AB_1107782) 

Siglec-F BB515 clone 
E50-2440 

BD Biosciences BD Biosciences Cat# 564514, 
RRID:AB_2738833 

XCR1 biotin clone 
ZET 

BioLegend BioLegend Cat# 148212, 
RRID:AB_2564367 

Streptavidin BUV395 BD Biosciences BD Biosciences Cat# 564176, 
RRID:AB_2869553 

Streptavidin BUV737 BD Biosciences BD Biosciences Cat# 612775, 
RRID:AB_2870104 

Streptavidin BV786 BD Biosciences BD Biosciences Cat# 563858, 
RRID:AB_2869529 



VEGF clone SP07-01 Thermo Fisher Scientific Thermo Fisher Scientific Cat# 
MA5-32038, RRID:AB_2809332 

Goat anti-rabbit IgG 
AF488 

Thermo Fisher Scientific Thermo Fisher Scientific Cat# A-
11034, RRID:AB_2576217 

Goat anti-rat IgG 
DyLight 644 

BioLegend BioLegend Cat# 405411, 
RRID:AB_1575141 

 

Two-photon intravital microscopy 

To visualize tumor neutrophils, LLC cells were inoculated into the ear pinnae of 

BigRed/CatchupIVMred mice. Tumors were imaged ~10-14 days later. For some tumors, 20×106 

S. aureus bioparticles were injected into tumors, which were imaged using two-photon 

microscopy 4 – 24 h later. LLC-eGFP cells were used to visualize interactions between 

neutrophils and tumor cells.  

Intravital two-photon microscopy was based on a previously described method (3). Two-

photon imaging was performed using an upright Zeiss 7MP two-photon microscope (Carl 

Zeiss) with a W Plan-Apochromat 20´/1.0 DIC (UV) Vis-IR water immersion objective. Four 

external non-descanned detectors were used to detect blue (SP 485), green (BP 500-550), red 

(BP 565-610) and far red (BP 640-710). High repetition rate femtosecond pulsed excitation 

was provided by a Chameleon Vision II Ti:Sa laser (Coherent Scientific) with 690-1064nm 

tuning range. We acquired 3µm z-steps at 512´512 pixels and resolution 0.83µm/pixel at a 

frame rate of 10 fps and dwell time of 1.27 µs/pixel using bidirectional scanning. Anesthesia 

was induced with 100mg/kg ketamine/5mg/kg xylazine and maintained with 1-2% isoflurane 

supplemented with 100% oxygen at a flow rate of 500ml/min via a nose cone. Anesthetized 

mice were kept warm using a customized heated SmartStage (Biotherm). The ear was 

immobilized on a base of thermal conductive T-putty (Thermagon Inc.) using Vetbond tissue 

adhesive (3M).  

Image processing and data analysis 

Raw image files were processed using Imaris (Imaris, RRID:SCR_007370) software. A 

Gaussian filter was applied to reduce background noise. Tracking was performed using Imaris 

spot detection function to locate the centroid of cells.  Motility parameters such as cell 

displacement (or track length calculated as the total length of displacements within the track) 

and track speed (calculated by dividing track length by time) were obtained using Imaris 

Statistics function. All modelling and statistical analysis was performed in GraphPad Prism 

(GraphPad Prism, RRID:SCR_002798).  



To quantitate LLC-eGFP cells, Imaris spot detection function was used to identify eGFP cells 

in the green channel for image areas of 250×250 µm in untreated and bioparticle treated tumors. 

The number of LLC cells remaining in each area was then calculated and recorded. 

Whole tumor section microscopy 

Tumors were harvested from BigRed/CatchupIVM-red mice and fixed for 45-90 min in the dark 

at room temperature in fixing buffer (1×PBS, 4% Formalin and 10% Sucrose).  Subsequently, 

tumors were sequentially incubated with 10%, 20% and 30% Sucrose in PBS for 8 h in the 

dark at 4°C, embedded in O.C.T. compound (Sakura Finetek) and frozen at -80 °C. One 

hundred µm-thick cryosections of LLC tumor were cut and imaged using two-photon 

microscopy. Acquired images were processed and analyzed using Imaris software.  

Immunohistochemistry 

Tumors were placed into 10% neutral-buffered formalin, processed and embedded into paraffin 

wax. Immunohistochemistry (IHC) was performed on the Leica Bond RX platform by the 

Garvan Institute of Medical Research Histopathology Facility. Four micrometer-thick sections 

were collected onto positively-charged glass slides and baked for 2 h at 60C. Following routine 

deparaffinization, antigen retrieval, washing and blocking, primary antibodies were diluted and 

applied to the slides. The dilutions used were: 1:150 for anti-CD45 I3/2.3 (Abcam Cat# 

ab25386, RRID:AB_470499), 1:150 for anti-CD8α clone D4W2Z (Cell Signaling Technology 

Cat# 98941S, RRID:AB_2756376), 1:4000 for anti-Ly6G clone 1A8 (Bio X Cell Cat# 

BE0075-1, RRID:AB_1107721), 1:50 for anti-C1q clone JL-1 (Thermo Fisher Scientific Cat# 

MA1-40312, RRID:AB_2067274), 1:1000 for anti-histone H3 (citrulline R2 + R8 + R17) 

polyclonal (Abcam Cat# ab5103, RRID:AB_304752) and 1:200 for anti-neutrophil elastase 

FITC polyclonal (Biorbyt Cat# orb3644). Following incubation, primary antibodies were 

aspirated and slides were washed. Rabbit primary antibodies were detected using Bond 

Polymer Refine Detection kit (Leica Cat#DS9800). Rat primary antibodies were detected using 

Bond Polymer Refine Detection kit (Leica Cat#DS9800) with biotinylated rabbit anti-rat IgG 

secondary antibody (Vector Laboratories Cat# BA-4001, RRID:AB_10015300) ). Sections 

were then counterstained with hematoxylin and cover-slipped. Conventional hematoxylin and 

eosin (H&E) staining was performed for the visualization of general tissue morphology. Slides 

were imaged at 40x using the Nanozoomer S210 digital slide scanner (Hamamatsu) and 

analysed using QuPath (RRID:SCR_018257) (71).Slides were imaged at 40x using the 



Nanozoomer S210 digital slide scanner (Hamamatsu) and analyzed using QuPath  

(RRID:SCR_018257) (4). 

scRNAseq analysis of tumor neutrophils 

AT-3 tumor cells were injected into ear pinnae of 8 weeks old C57BL/6 female and male mice 

(0.3x106 cells in 5μl PBS). Ten days after tumor cell inoculation, mice were divided into 3 

groups of 5 mice per group and either left untreated or were treated with 20×106 S. aureus 

bioparticles or saline vehicle intratumorally, and sacrificed 24 h later. Tumors were dissected, 

placed in 2 ml PBS+ 2%BSA and gently disaggregated through a 100 μm cell strainer using a 

1ml syringe plunger. Cells were collected, centrifuged and resuspended in 5ml PBS+ 2%BSA. 

Single-cell suspensions were stained for 30 min at 4 °C with Zombie UV™ Fixable Viability 

Kit (Biolegend Cat#423107), washed and resuspended in 50ul PBS+1%FBS with fluorophore-

conjugated antibodies (Ly6G FITC clone 1A8 (BD Biosciences Cat# 561105, 

RRID:AB_10562567), CD45 PeCy7 clone 30-F11 (BioLegend Cat# 103114, 

RRID:AB_312979) (BioLegend Cat# 139321, RRID:AB_312979), CD11b APCCy7 clone 

M1/70 (BD Biosciences Cat# 557657, RRID:AB_396772),), stained again for 30 min at 4 °C, 

filtered through 100 μm cell strainers, and sorted using a BD FACSymphony cell sorter (BD 

Biosciences). After FACS sorting of CD45+Zombie-Ly6G+CD11b+  (neutrophils) and CD45+ 

Zombie-LyG6- CD11b+ or CD11b-  (non-neutrophils) into PBS containing 2% BSA, the 

samples were pooled together to a ratio of 75% neutrophils and 25% non-neutrophils. Single-

cell sequencing was conducted at the UTS Single Cell Technology Facility using the BD 

Rhapsody instrument. The cell preparation time before loading onto the BD Rhapsody was 

<3 h. Cell viability and counting were evaluated with the BD Rhapsody™ Scanner following 

a standard protocol provided by the manufacturer (BD Biosciences), and samples with 

viabilities >75% were used for sequencing. Libraries were constructed using the BD Rhapsody 

WTA Amp Kit (BD Biosciences, cat# 633801). Once prepared, indexed complementary DNA 

(cDNA) libraries were sequenced with NovaSeq 6000 S1(Illumina RRID:SCR_016387) 100 

cycle flowcell with 1% Illumina PhiX Control v3 spike-in by Ramaciotti Centre for Genomics 

(UNSW Sydney, Australia).  

scRNA-seq data processing 

The BD Rhapsody WTA Analysis Pipeline was used to align the sequencing reads (fastq) to 

the GRCm38 mouse genome (M19 transcriptome) and quantify gene expression in each cell. 

A gene expression matrix was generated for each sample quantifying the number of unique 

molecular identifiers (UMIs) for each gene per cell. This gene expression matrix was load into 



python (v3.7) and preprocessed using scanpy (v1.9.1, RRID:SCR_018139 (5)). Doublets in 

each sample were identified and removed using scrublet (v0.2.3, RRID:SCR_018098 (6)). Per 

cell quality control (QC) statistics, including library size measured as the total UMIs, number 

of genes, the percent of reads in the top 50 genes and percent of reads aligned to genes on the 

mitochondrial genome (mitochondrial content) were computed using the 

scanpy.pp.calculate_qc_metrics function. Cells were filtered based on library size to those with 

2,000 - 40,000 UMI and mitochondrial content <15%. Genes were filtered to those detected in 

more than eight cells. After this QC 16850 cells remained, comprised of 3895, 5226 and 7729 

cells from the resting, control and stimulated conditions respectively. Data were normalized to 

10000 reads per cell and log transformed for downstream analysis. Counts were smoothed for 

visualization in heatmaps and UMAP plots using MAGIC (v2.0.3, RRID:SCR_022371(7)). 

MAGIC smoothed counts were not used for any statistical analysis. 

Single cell graph construction, community detection and marker identification 

Genes with highly variable expression (HVGs) were determined within each condition, and the 

union of HVGs from each condition (6594 genes) was used to model the biological variation 

across the experiment. The dimensionality of data was reduced to the top 100 principle 

components and these were used to construct a nearest neighbor graph of cells with the 

scanpy.pp.neighbors function (n_neighbours=15). A batch corrected graph was also generated 

from principle components adjusted to correct for sample condition using Harmony 

(harmonypy v0.0.4, RRID:SCR_022798 (8)). This analysis was performed to determine 

whether batch effect between conditions was driving the separation of neutrophil states. As the 

batch corrected embedding did not show substantial change in the integration between 

conditions, the original nearest neighbor graph of cells was used for all downstream analysis. 

Highly connected communities of cells in this graph were detected using the Leiden algorithm 

(resolution=1, (9)), identifying 18 clusters of cells with a median of 717 cells (Min:41, 

Max:2481). Data were exported from Python and downstream analysis performed in R (v4.0.2, 

R Core Team (2022). R: A language and environment for statistical computing. R Foundation 

for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.) and visualized 

using ggplot2 (v3.3.5, H. Wickham. ggplot2: Elegant Graphics for Data Analysis. Springer-

Verlag New York, 2016.). Markers for each cluster were identified using the FindMarkers 

function from the Seurat R-package (v3.2.2, RRID:SCR_016341 (10)). 

 Cell type assignment and gene-set enrichment 



Cell-types were assigned based in the enrichment of established cell-type markers among 

cluster markers (LFC > 0.25). Markers of cell types associated with 'Connective tissue', 

'Smooth muscle', 'Immune system', 'Vasculature', 'Blood' or 'Epithelium' in the PanglaoDB  

database (v27/03/2020, (11)) were tested for enrichment with a 1-sided Fisher’s exact test using 

the clusterProfiler R-package (v3.16.1, (12)). P-values were false discovery rate (FDR) 

adjusted prior to determining significance. Seven cell-types were identified among the 18 

clusters, with multiple clusters per cell type, including five distinct Neutrophil clusters (denoted 

Neu1-5). Gene ontology biological processes (GOBP) over represented among markers (LFC 

> 1) for each Neutrophil cluster were determined by 1-sided Fisher’s exact test using 

clusterProfiler and FDR adjusted p-values (13). Redundant GOBP terms were removed based 

on the Wang measure of semantic similarity (>0.9 similarity score) (14) using the rrvgo R-

package (v1.0.2, Sayols S (2020). rrvgo: a Bioconductor package to reduce and visualize Gene 

Ontology terms.). Neutrophil Maturation was scored using a previously defined geneset from 

((15)) using the AddModuleScore function from the Seurat R-package (v3.2.2, (10)).  
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