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SUMMARY: 
Here we show therapeutic potential of anti-angiogenic tumor-associated neutrophils after their transfer into tumor-bearing mice. This protocol can be used to manipulate neutrophil activity ex vivo and to subsequently to evaluate their functionality in in vivo systemin developing tumors. It is an appropriate model for studying potential neutrophil-based immunotherapies.

ABSTRACT: 
The contribution of neutrophils to the regulation of tumorigenesis is recently getting growing attention. These cells are heterogeneous, and depending on the tumor milieu can possess pro- or anti-tumor capacity. One of the important cytokines regulating neutrophil functions in tumor context are type I IFNsinterferons. In presence of IFNsinterferons neutrophils gain anti-tumor properties, including cytotoxicity or stimulation of the immune system. On the opposite, the absence of IFNinterferon signaling results in prominent pro-tumor activity, characterized with strong stimulation of tumor angiogenesis. Recently, we could demonstrate that pro-angiogenic properties of neutrophils depend on the activation of Nicotinamide Phosphoribosyltransferasenicotinamide phosphoribosyltransferase (NAMPT) signaling pathway in these cells. Inhibition of this pathway in TANs tumor-associated neutrophils leads to their potent anti-angiogenic phenotype. Here, we demonstrate the potential of our neutrophils transfernewly established model toallowing in vivo studyevaluation of tumorigenic functionality of these cells.potential of manipulated tumor-associated neutrophils (TANs). Shortly, pro-angiogenic TANs are tumor-associated neutrophils can be isolated from tumor-bearing IFNinterferon-deficient mice and repolarized into anti-angiogenic cells using phenotype by blocking of NAMPT inhibitor FK866. Theirsignaling. The angiogenic activity is confirmedof these cells can be subsequently evaluated using aortic ring assay. Such antiAnti-angiogenic TANs are subsequently can be transferred into tumor-bearing WTwild type recipients and in the following 14 days tumor growth isshould be monitored for 14 days. At day 14 mice are sacrificed, tumors removed, cut and their vascularization assessed. Overall, the results indicated that transfer of modified neutrophils into tumor bearing mice could be useful for evaluating their in vivo functionality in tumor contextour protocol provides a novel tool to in vivo evaluate angiogenic capacity of primary cells, such as tumor-associated neutrophils, without a need to use artificial neutrophil cellline models.
INTRODUCTION: 
Type I Interferons (IFNs) are essential for play an important role in the stimulation of host responses to neoplasias. Lack, as the lack of type I IFN signaling results in significantly elevated tumor angiogenesis and growth 1. The molecularOne of the mechanisms of these effects include activation of involved in this process is the regulation of tumorigenic activity of tumor-associated neutrophils, which is controlled by colony-stimulating factor 3 receptor (CSF3R) downstream cascade in the absence of type I signaling 2. G-CSFColony-stimulating factor 3 (CSF3) is a potent regulator of tumor growth and), or granulocyte colony-stimulating factor, was shown to activate signaling pathway involving nicotinamide phosphoribosyltransferase (NAMPT) 3,4. NAMPT is a rate-limiting enzyme for NADnicotinamide adenine dinucleotide synthesis, which enhances glycolysis and regulates DNA repair, gene expression, and stress response promoting cancer cells survival and proliferation 5. NAMPT is overexpressed in multiple cancer types, including colorectal, ovarian, breast, gastric, prostate cancer and gliomas 6.
 NAMPT is essential not only for tumor cells, but also for a wide variety of other cell types that are present in tumors, such as myeloid cells. NAMPT regulates – it drives their differentiation of hematopoietic precursors into myeloid-lineage cells 4, inhibits apoptosis of cells and was also shown to stimulate expression of multiple cytokines, or matrix-degrading enzymes and chemokines in macrophages 7. Pharmacological inhibition of NAMPT results in suppression of tumor growth, but severe side effects of the systemic introduction of the drugs - gastrointestinal toxicitiy and thrombocytopenia - limit the usage of such a treatment 11-13.
Tumor-associated neutrophils (TANs) represent important modulators of tumor growth. TANs functions are strongly dependent on the type I IFN availability, as these cytokines prime anti-tumor activity of neutrophils. To the contrary, the absence of IFNs supports tumorigenic activation of these cells, especially their pro-angiogenic properties. In agreement with this, mice deficient in IFNs develop significantly larger and better vascularized tumors, which are strongly infiltrated with pro-tumoral/pro-angiogenic neutrophils 1,2,8-10. Importantly, such pro-angiogenic TANs show elevated activity of NAMPT, suggesting its essential role in pro-tumor polarization of neutrophils. 
Therefore, we suggest here the protocol of the selective inhibition of NAMPT in TANs as an efficient approach to suppress their pro-angiogenic capacity and as a result to limit tumor growth. 
Depletion of neutrophils using Ly6G antibody or inhibition of their migration (CXCR2 antibody) results in decreased tumor angiogenesis, growth, and metastasis 1,8. Nevertheless, generated monoclonal antibodies are immunogenic, and their administration is associated with a range of life-threatening side effects 11. Treatment with small molecules, such as NAMPT inhibitor FK866, that modulate neutrophil tumoriogenicity, could help to avoid such complications. Unfortunately, pharmacological systemic inhibition of NAMPT, next to its therapeutic effect on tumor growth, leads to severe side effects including gastrointestinal toxicity and thrombocytopenia. Therefore, the systemic application of NAMPT inhibitors is not feasible 12-14.
For this reason, we suggest here the protocol where NAMPT activity is blocked directly in isolated TANs. Such anti-tumor neutrophils are then adoptively transferred into tumor-bearing host. This protocol will allow to avoid systemic toxic side-effects of the compounds, while its effect on the target cells will be sustained. 

PROTOCOL: 

Note: All the procedureprocedures including animal subjects have been approved by the regulatory authorities: LANUV (Landesamt für Natur, Umwelt und Verbraucherschutz NRW) Germanyand Regierungspräsidium Tübingen, Germany. All manipulations should be performed in sterile conditions (under laminar flow hood) using sterile reagents and instruments (syringes, scissors, forceps, disposable scalpels, Petri dishes).

The overall scheme of the protocol is shown in the Figure 1.

11. Preparation of B16F10 melanoma cell line.
1.1. Prepare mycoplasma-negative cells grown to 90% confluent monolayer (approximately 10 x 106 cells/T75 flask) in complete Iscove’s Modified Dulbecco’s Medium (IMDMc: IMDM + 10% Fetal Bovine Serum (FBS) + 1% penicillin-streptomycin)
1.2. Remove the medium, rinse the cells with Phosphate Buffered Saline (PBS) and apply 6 ml of a cell detachment solution containing proteolytic and collagenolytic enzymes (see “Table of materials”), incubate at +37 °C for 2 min
1.3. Knock the flask gently to mobilize remaining adherent cells from the bottom, collect suspension of cells in 15 mL tubes and centrifugate at 300g for 7 min, +20 oC. 
1.5. Remove the supernatant, resuspend the pellet well in 1 mL PBS, add 14 mL PBS and centrifugate (300g, 7 min, +20 oC).
1.6.  Remove the supernatant and resuspend the pellet in 1 mL PBS.
1.7. Count cells, resuspend them to the concentration of 3 x 106/mL PBS (for the step 2) or 6 x 106/mL PBS (for the step 6) for injection. Keep cells on ice for maximum 30 min.

2. Allogenic tumor model in mice.

Female 2.1. Take 10 female Ifnar1-/- mice 8-12 weeks old kept under Specific-Pathogen-Free (SPF) conditions. 
Catch the mouse, shaveNote: Female mice are more preferable in a subcutaneous model of tumor growth, since males are more aggressive and thus prone to infractions of the tumor site, which influences tumor growth.
2.2. Shave the skin of the mouse on the flank on both sides with electrical shaver, disinfect the skin with tissue wet with 70% ethanol.
Prepare2.3. Collect the prepared B16F10 melanoma cells 3x106 / mlin concentration 3 x 106/mL PBS (see the step 1) in 1 mL syringe and 0,4 x 19 mm needle, inject 100 l L of suspension on the flank of mouse with insulin syringe (0,4 x  needle).subcutaneously.
Note: mix the cells well before the injection. every injection. Use the needles not less than 0,4 mm in diameter not to disturb tumor cells.
Control tumor growth2.4. Place up to 5 mice in one cage, control tumor size (length, width and depth) with caliper for 14 days,
2.5. At day 14 sacrifice the mice atin the day 14,CO2 chamber
2.6 Disinfect the skin with 70% ethanol and remove tumors, keep in  with scissors and forceps in a sterile Petri dish. Keep tumors in 50 mL tube in complete Dulbecco's Modified Eagle Medium (DMEMc: DMEM complete+ 10% FBS + 1% penicillin-streptomycin) on ice.

2Note: According to the animal regulations, tumor size should not exceed 15 mm in diameter, mice with bigger or necrotic/open tumors should be sacrificed beforehand.

3. TAN isolation.
3.1. Place tumors into sterile 6-well plates, 5 tumors per well. Cut tumors into 2-3 mm pieces with sterile scissors, digest with 1 mL dispase/collagenaseA/ collagenase D/ DNase  I solution (0.2mg/2 mg/ 0.2mg/ 100mg2 mg/ 100 mg in 1 ml),mL DMEMc) per 1 tumor, incubate 45 min at + 37 °C, 5% CO2 in humid incubator, mix with the 10 mL syringe without needle every 15 min 3 times.
1. Mesh3.2. To remove undigested fibers, mesh cells through 100  µm filters into 15 mlmL tubes.
 (one well – one filter – one tube). Add PBS to 15 mL, centrifugate tubes at 460 g460g, +4 °C for 5  min, remove the supernatant.
3.3. Lyse erythrocytes with ACKa lysis buffer (NH4Cl 150 mM, KHCO310KHCO3 10 mM, Na2EDTAEDTA 0.1 mM, room temperaturepH 7.3, +20 oC) by adding 1 mlmL into each tube, mix well, block combine the solution from all tubes into one, stop the reaction after 2 minutes with 9 ml 11 mL of ice-cold DMEM complete(+4 oC ) DMEMc.
3.4. Centrifugate at 460g, + 4 °C for 5 min, remove the supernatant, resuspend the pellet with 5 ml15 mL cold PBS, centrifugate at 460 g460g, +4 °C for 5 min, remove the supernatant.
3.5. Resuspend the pellet in 1000 l1 mL PBS +. Add 3 l FCFc-block antibodies (CD16/CD32, stock 0.5 mg/mL), incubate on ice for 15 min.
3.6. Add DAPI (5 mg/ml Stock) 1:100 andantibodies: Ly6G-PE 1:200 (5 l),(stock 0.2 mg/mL ) 10 L and CD11b-APC (stock 0.2 mg/mL) 10 L′. Add 6-Diamidin-2-phenylindol viability dye (DAPI, stock 5 mg/mL) 20 L and incubate on ice in darkness for 30 min.
Note: Another combination of viability dyes and fluorescent conjugates of antibodies can be used.
3.7. Add PBS up to 15 mL, centrifugate at 460 g460g, +4 °C for 5 min, remove the supernatant.
3.8. Resuspend the pellet in DMEM completeDMEMc to the concentration approximately 10 x 106/mL, keep on ice, sort into cold DMEM complete.
3.9. Sort singleCD11b+ Ly6Ghi alive (DAPI-negative) Ly6G-positive neutrophils according to the with a fluorescence-activated cell sorter (gating strategy (see Figure 2).
Note: The tube with cell suspension and the tube with DMEMc for sorted cells should be kept at +4 oC, the optimal sorting settings are at 70 m nozzle, threshold rate maximal 22.000 events/second and flow rate 1-3.
3.10. Check the purity of the sorted neutrophils using cytometer, recommended purity is not less than > 95%.
3.11. Centrifugate the sorted neutrophils at 460g, +4 °C for 5  min, remove the supernatant, resuspend the sorted cells in DMEM completeDMEMc to the concentration of 1 x106/mlx 106/mL 

3Note: The expected number of neutrophils in one 14-day B16F10 tumor (10 mm diameter) is approximately 3 x 104 cells.

4. NAMPT inhibition in TANs in vitro.
4.1. Prepare FK866 (NAMPT inhibitor) stock in Dimethylsulfoxide (DMSO, with the), final concentration of 100 mM.
1. Divide the4.2. Seed sorted neutrophils (p.step 3.12) into 2 equal parts, seed into 2 wells of 96-well U-bottom plate, (1.5 x 105 neutrophils/well), add FK866 stock into the intervention well to the  (final concentration 100 nM,), add the equal amount of DMEM completeDMEMc with DMSO into the control well.
 Incubate for 2 hours at +37 °C, 5% CO2 humid incubator.
2. 4.3. Centrifugate at 460g +4°C for 5 min, remove the supernatant, resuspend in 200 l PBS each well
Centrifugate at 460g +4, +4 °C for 5 min, remove the supernatant, resuspend in 200 lL PBS each well. Repeat 2 times.
4.4. Centrifugate at 460g, +4 °C for 5 min, remove the supernatant, resuspend in serum-free Endothelial cell growth medium to the final concentration 0.2 mln/ml (for the step 5) or in PBScommercial endothelial cell growth medium (supplemented with endothelial cell growth supplement 4 µL/mL, recombinant human epidermal growth factor 0.1 ng/mL, recombinant human basic fibroblast growth factor 1 ng/mL, heparin 90 µg/mL and hydrocortisone 1 µg/ml) to the final concentration 0.6 mln/ml2 x 106 cells/mL (in 0.75 mL) (for the step 5) or in PBS to the final concentration 0.6 x 106 cells/mL (in 0.25 mL) (for the step 6).

45. Estimation of angiogenic properties of TANs inusing the aortic ring assay.
5.1. Dissect thoracic aorta from a male C57BL/6J (WT) mouse, clean and cut into 0.5 mm width rings. Place all rings in serum-free Endotheliala well of a 24-well plate with 1 mL supplemented endothelial cell growth medium, incubate overnight at +37 °C, 5% CO2 in humid incubator.
Note: The use of young (younger than 8 weeks) male mice for aorta dissection is preferable, since they give a more robust angiogenic response 15.
5.2. Fill the wells of the 96-well flat-bottom plate with 50 µl MatrigelµL of solubilized basement membrane matrix, let the gel stay for 30 min in 37◦c °C 5% CO2 humid incubator. to allow the matrix to polymerize. Prepare at least 3 wells per condition.
5.3. Embed the rings in Matrigelsolubilized basement membrane matrix by placing an aortic ring on the top of the solid matrix layer, 1 ring in the center of each well, add. Add another 50 µL of solubilized basement membrane matrix to cover each ring, place the plate in 37 °C 5% CO2 humid incubator for another 30 min to allow the polymerization of the second matrix layer. 
5.4. Add 150l L/well of supplemented endothelial cell growth medium and 20000 Ifnar2x104 Ifnar1-/- TANs (control and FK866-treated) (p.step 4.6).
5.5. Incubate the plate for 1214 days at +37 °C, 5% CO2 in humid incubator, image using standard phase-contrast microscope in dynamics, estimate endothelial branching. Quantitative assessment of vessel morphometric and spatial parameters including branching index can be performed automatically using the image processing program designed for scientific images.
Note: representative results are depicted in the Figure 3.

56. Adoptive transfer of treated neutrophils in the allogenic tumor model.
6.1. Prepare B16F10 melanoma cells (p.step 1.8) in PBS in concentration 6 mln/ml6x106 cells/mL.
6.2. Prepare 2 types of neutrophils -: FK866-treated neutrophils, and control untreated neutrophils (p.step 4.6) in PBS in concentration 0.6 mln/mlx 105 cells/mL, mix in the proportion 1:1neutrophils with B16F10 melanoma cells (the final neutrophil to tumor cells ratio 1:10) to have 2 types of cell mixtures.
1. 6.3. Take 10 Female WT mice 8-12 weeks old, 5 in each group.
Catch the mouse, shave Shave the skin on the flank with electrical shaver, disinfect with 70% ethanol.
2. 6.4. Inject 100µl100 µL of cell suspension (p.step 6.2) s.c.subcutaneously with insulin syringe and needle with 0.4 mm diameter, to both groups 
of mice. Place mice 31-5 from the same group in one cage.
Note:  Repeat steps 1-4 two days later, inject6.5 At day 2 prepare 2 types of neutrophils: FK866-treated neutrophils and control neutrophils to the respective miceuntreated neutrophils (step 4.6) in PBS in concentration 6 x 105 cells/mL. Inject 100 µL of cell suspension (step 6.6) i.v. into athe tail vein with insulin syringe and needle with 0.4 mm diameter, to both groups of mice. Place mice back to the cage.

67. Tumor growth measurement, histological examination.
7.1 Monitor tumor growth every second day, evaluate the tumor size with caliper, calculate tumor volume with the formula V=4/3*π*(h*w2)/8 (h=height, w=width, depth= width). Sacrifice mice at the day 14, remove tumors, measure tumor weights.
1. Sacrifice mice at the day 14, remove tumors, measure tumor weights in groups.
7.2 Freeze tumors in O.C.T.optimum cutting temperature compound in liquid nitrogenenitrogen, store at -80 °C.
2. Defreeze the samples to -20C20 oC, prepare 5 m sections withusing cryotome, let them. Let the cryocuts dry for 10 minutes30 min at room temperature.
7.3 +20 oC. Fix section with ice-in -20 °C cold acetone for 2 min, and let them dry for 30 minutesmin at room temperature+20 oC.
7.4 Block with 3% normal goat serumFc-block antibodies (CD16/CD32, stock 0.5 mg/mL 1:500) in PBS for 1 hour in room temperature, wash with PBSat +20 oC. 
3. Stain with Rabbitrabbit anti mouse Laminin Abgamma antibody (1:1500 in PBS, 200µl) for 1 hour in room temperature
7.5 at +20oC. Wash inwith PBS 3x
7.6 Stain with secondary goat anti -rabbit Ab (antibody (stock 0.5 mg/mL, 1:400 in PBS),,), anti -mouse αSMA (1:500 in PBS) and 2 µL DAPI (1stock 5mg/mL , 1:100 in PBS)), final volume of antibody solution 200 µl. Incubate for 1 hour in room temperatureat +20oC in darkness. Wash with PBS 3x
7.7 Wash in PBS, dryDry slides for 20 minutes at +20 oC in darkness, mount with Neomountanhydrous mounting medium for microscopy and cover with coverslip. Let it dry 1 hour in 37oC.
7.8 Analyze with Zeiss AxioObserver.Z1 Inverted Microscope Perform microscopical examination. Quantify the vascularization by counting the total number (optionally area) of Laminin+ vessels and the number (area) of SMA+ developed vessels. 
Note 1: To perform image analysis, all images must be taken under the same conditions (light, contrast, magnification). In this case, processing parameters are fixed, and image processing becomes completely automatic.
Note 2: representative results are depicted in the Figures 34 and 45.

REPRESENTATIVE RESULTS: 
Using the procedure presenteddescribed here, Ifnar1-/- neutrophils were isolated from tumors and treated with NAMPT inhibitor FK866 for 2 hours. Untreated Ifnar1-/- neutrophils were used as a control.
The effectivity of the treatment was evaluated using the aortic ring assay, which reflects the key steps involved in angiogenesis (matrix degradation, migration, proliferation, reorganization). We could demonstrate that FK866-treated neutrophils have a significantly decreased capacity to stimulate aortic branch formation, as compared to untreated cells (Figure 3 A and B).
FK866-treated anti-angiogenic neutrophils were injected subcutaneously into the flank of tumor-bearing mice (at day 0 flank and day 2). i.v.). We could observe significantly impaired tumor growth, as compared to mice injected with untreated Ifnar1-/- neutrophils (Figure 4 A and B).
Histological examination of the extracted tumors proved the significant suppression of angiogenesis ofin tumors isolated from mice transplantedtreated with FK866-treated TANs, ascomparedas compared to those injected with  untreated Ifnar1-/- neutrophils (Figure 5 A and B).

FIGURE AND TABLE LEGENDS: 
Figure 1. The scheme of the protocol. Step 1 -. Preparation of cell line B16F10 melanoma cellline; 2 – allogenic. Allogenic tumor model in mice; 3 –TAN isolation . Isolation of TANs from the tumors; 4 - . Inhibition of NAMPT inhibition in TANs in vitro; 5 -  estimation. Estimation of angiogenic properties of TANs in the aortic ring assay; 6 -. Adoptive transfer of treated neutrophils in the allogenic tumor model; 7- tumor. Tumor growth measurementmonitoring, histological examination.
Figure 2. Gating strategy for TANs sorting. Single cell suspensions of tumors were prepared, stained using antibodies listed above. CD11b+ Ly6Ghi alive neutrophils wereare sorted using a FACSAria cell sorter (BD Bioscience), and from tumors with the purity of cells was assessed (≥≥95%).%.
Figure 3. Suppression of the endothelial branches formation in aortic ring assay by neutrophils angiogenic properties of TANs after FK866 treatment. SortedAngiogenic properties of sorted Ifnar1-/- TANs were cultivatedtreated with FK866 (green) or with medium (red), washedand added to aortic rings; branchwere estimated using aorta ring assay. Branch formation was monitored during 14 days. The, representative results at the day 14 are presented (A). Treatment with FK866 significantly decreased the number and length of endothelial branches were higher in presence of Ifnar1-/- neutrophils, inhibition of Nampt in neutrophils leads to reduced branch formation.(B). Data are shown as median, interquartile range and min-max, *p<0.05.
Figure 4. Retardation of tumor growth after adoptive transfer of FK866-treated neutrophils. Sorted Ifnar1-/- TANs The influence of TANs on the tumor growth was assessed. TANs were cultivated isolated, treated with FK866 (green) or medium (red), washed, mixed with B16F10 melanoma cells (1:10) and s.c. injected into the flank of WT mice, at d3 tumor-bearing mice received FK866-treated or medium-treated neutrophils (i.v.), respectively. Tumor growth was monitored every second day (A), atas described above. At day 14 mice were sacrificed, tumors removed and analyzed. Ifnar1-/- TANs treated with FK866 versus controls were compared. (A) Tumor growth was measured, (B) tumor mass was istimated (B).and (C) size were estimated. Data are shown as median, interquartile range and min-max, *p<0.05.
Figure 5. Suppressed angiogenesis in tumors tumor vascularization after adoptive transfer of FK866-treated neutrophils. ExemplifiedTumors were isolated as described above (Fig 4). Vessel maturation was assessed using anti-SMA antibodies (mature vessels) and anti-gamma laminin (endothelial cells). (A) Representative staining of vessels in tumor. Laminin (red),tumors are shown: SMA (green), laminin (red). Scale bars: 10050 μm (A).. (B) Quantification of tumor vascularization of tumors after adoptive transfer of TANs cultivated with FK866 (green) or medium (red) (B). Data are shown as median, interquartile range and min-max, *p<0.05.

DISCUSSION: 
Despite of the progress in surgical and pharmacological approachescancer treatment, successful treatment of cancer therapy remains  a significant challenge. TheSince immune cells are known to play an important role in the regulation of tumor growth, novel immunological methods are introduced to influence the tumor-infiltrating immune cells.inhibiting tumorigenicity of such cells should be established. Here we demonstrate thea novel methodapproach to suppress tumor growth via adoptive transfer of anti-angiogenic tumor-associated neutrophils. Selective targeting of pro-angiogenic NAMPT signaling in TANs, using FK866 inhibitor, prevents side effects, which are observed upon systemic FK866 treatment.
The most critical part of the protocol is the need to use freshly isolated primary neutrophils. Neutrophils are short-living cells, undergoing apoptosis or activated during the procedure of isolation. Murine neutrophils should be kept in +4°C media during all stepsteps of isolation, including cell sorting. Isolation of neutrophils should be performed as soon as possible and the experiment should not be paused.
Usage of Fc-block allows reducing the unspecific staining of the cells with high Fc-receptor expression, like NK cells. We also recommend to minimize the number of fluorescent-conjugated antibodies to simplify the gating strategy and to avoid the activation of neutrophils due to antibody binding with antibodies.
The limiting step of the protocol is the isolation of alive neutrophils from tumors due to relatively low amount of these cells in tumors (not more than 1% of single alive cells in melanoma). This could be only possible using flow cytometry-based sorting. At the same time, the usage of blood neutrophils for this protocol should be avoided due to only minor regulation of NAMPT expression and their low functionality, which is altered upon tissue arrival14. tumor tissue arrival16. Possibly, in order to use blood neutrophils, they should be previously activated using tumor-derived growth factors.
To avoid neutrophil apoptosis short treatment with FK866 (2-4 hours) areis suggested, as it has no influence on the viability of TANs, while prolonged treatment induces neutrophil apoptosis14apoptosis16.
In sum, the protocol demonstrates the potential of ex vitro manipulated anti-angiogenic neutrophils to functionally suppress tumor growth in mouse melanoma tumor model.
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