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Short Abstract:

In this report, we describe a protocol for isolating highly purified populations of leukocytes that infiltrate tumors.  This protocol is adapted from the Miltenyi Biotech® protocol to enhance yield and purity for isolating cells from complex tumor tissue.

Long Abstract: 

Tumors create a unique immunosuppressive microenvironment (TME) whereby leukocytes are recruited into the tumor by various chemokines and growth factors.   However, once in the TME, these cells lose the ability to promote anti-tumor immunity and begin to support tumor growth and down-regulate anti-tumor immune responses.   Studies on tumor-associated leukocytes have mainly focused on cells isolated from tumor draining lymph nodes or spleen due to the difficulties of obtaining sufficient cell numbers and purity of cells that infiltrate the primary tumor.  While identifying the mechanisms of cell activation and trafficking through the lymphatic system of tumor bearing mice is important and may give insight to the kinetics of immune responses to cancer, in our experience, dendritic cells (DCs) in tumor-draining lymph nodes have a different phenotype than DCs which infiltrate tumors 1, 2.  Furthermore, we have previously demonstrated that adoptively-transferred T cells isolated from the tumor-draining lymph nodes are not tolerized and are capable of responding to secondary Ag stimulation in vitro, unlike T cells isolated from the TME which are incapable of antigen-induced proliferation or cytokine production 3.   To study the immune cells which infiltrate tumors, we have enhanced an antibody-based isolation procedure to obtain highly enriched populations of antigen presenting cells and tumor antigen-specific cytotoxic T lymphocytes.  

1. Isolation of adoptively transferred Thy1.1+ T cells from tumors.
1.1) 
Excise subcutaneous (B16) tumors from mice. Asceptically cut tumor into small pieces and incubate in 5ml dissociation solution (RPMI medium supplemented with 5% FBS, Collagenase type I (200 U/ml) and DNAse I (100 μg/ml)) for 30min at 37oC, pipetting (1000 L pipet tip) and vortexing every 10 minutes during the incubation.  If myeloid cells will be subsequently isolated, substitute 10% FBS and Collagenase IV (200U/ml).
1.2)
After incubation, pass cell suspension through a 70(m cell strainer and wash twice with 10ml MACs buffer (prepared per manufacture’s instruction – Miltenyi Biotech). Optional – for very large tumors (>300mm2), inflammatory cells can be pre-enriched using density gradient centrifugation. 
1.3)
Aspirate the wash supernatant and add 1µg anti-CD16/32 antibody/108 cells (equivalent to 200µl of clone 2.4G2 culture supernatant) to block non-specific antibody binding, and incubate at room temperature for 10 min.
1.4)
Without washing, add 1µg anti-Thy1.1 PE antibody /108 cells, mix well by gently flicking the tube and incubate for 30 minutes on ice, shielded from light.
1.5)
Wash the cells to remove unbound primary antibody by adding 10ml MACs buffer and centrifuge at 400 x g for 5 minutes. 
1.6)
Aspirate the supernatant and add 20µl anti-PE microbeads (Miltenyi Biotech) per 107 total cells according to manufacturer instructions.
1.7)
Mix well by gently flicking tube (do not vortex) and incubate at 4oC (do not place on ice) for 15 minutes, shielded from light. Caution: vortexing can diminish the integrity of the beads.
1.8)
Wash cells by adding 10ml of MACs buffer and centrifuge at 400 x g for 5 minutes.
1.9)
Aspirate supernatant and resuspend cells in 500µl MACS buffer.  For tumors of a larger size (>300mm2), use 1ml buffer.
1.10)
Place one LC (Large Cell) column in the magnetic field separator. Tumor cell suspensions flow best through these columns.  Rinse the column with 500µl MACs buffer to prime the column. Most tumors will also flow through LS and LD columns but require further digestion and mechanical disruption to achieve the appropriate level of single cell suspension. If using one of these columns, wash with 1ml MACs buffer to prime the column. 
1.11)
Apply cell suspension onto the column and allow to completely run through (without letting the column run dry).  Next, wash with 500µl-1ml MACs buffer, repeat washing 3x. Only add new buffer when the column reservoir is empty, but do not let the column stand without flow, which can cause clogging and decreased purity. As soon as the column drips last drop, add more buffer.
1.12)
During the last wash step, with a gloved finger tip, apply gentle pressure to the top of the column while still on the magnetic separator.  This releases extra debris for a purer enriched population.  Next, wash the column 1 more time with 500 l MACs buffer.
1.13)
Remove column from the separator and place it in a clean 15ml conical tube, add 2ml MACS buffer onto the column, flush out the magnetically labeled cells by firmly pushing the plunger into the column.
1.14)
Centrifuge the eluted fraction at 400 x g for 5 min.  Purity at this step is typically between 75-80%. To achieve >90% purity repeat the magnetic separation procedure as described in step 1.10-1.12 using a new MS column. The MS column is smaller and more compact so the suspension will run more slowly through the column, but will yield higher purity of the cell of interest. 
1.15)
Count cell number for further experiment and check purity by flow cytometric analysis.

2) Isolation of dendritic cells or macrophages from tumors.

2.1)
Harvest tumor/tissue and place in 1ml dissociation buffer (100U/ml Collagenase IV, and 100ug/ml DNase in RPMI + 10% FBS).  Each tumor may require unique dissociation conditions.  For B16 tumors, we use 3ml.  For TRAMP prostatic tumors, we use 1ml.
2.2)
Place tube in 37o C incubator for 30 min.
2.3)
Pipette up and down with a 1ml pipette to get easily flowing single cell suspension.
2.4)
Filter suspension through a 70 micron filter and wash 3x with MACs separation buffer (supplement with 10% FBS for myeloid cell isolation).
2.5)
Centrifuge cell suspension at 400 x g for 10 min and wash the pellet 2x with 10ml MACs buffer.
2.6)
Centrifuge cell suspension at 400 x g for 10 min. and resuspend cell pellet in 100 ul MACs buffer. Next, add 1ug anti-CD16/32 antibody/108 cells (200µl 24G2 supernatant) and incubate at room temperature for 10min.  

2.7)
Add 100 l of "Pan-DC" or 10 l of anti-CD11b, anti-CD11c or anti-PDCA-1 MicroBeads® per 108 total cells.
2.8)
Mix well by gently flicking tube (Do Not Vortex) and incubate for 15 min at 4−8 °C, shielded from light. (Do not incubate on ice )

2.9)
Wash cells by adding 10 ml of MACs buffer. Centrifuge at 400 x g  for 10 min. 
2.10)
Pour off supernatant completely and resuspend cells in 500 μL of MACs buffer.  Tumor cell suspensions flow better through the LC columns. (Other choices: MS, LS, and LD).

2.11)
Apply column to magnetic separator.  Prime column by rinsing with appropriate amount of buffer for the column selected: For LC and MS columns use 500 ul.  For LS or LD columns, use 1ml. After priming the column, apply cell suspension onto the top of the column.  Use one column for every 1 x 108 cells.
2.12)
Collect unlabeled cells which pass through and wash the column 3x with 500ul MACs buffer.  Perform wash step 1 by adding buffer to the column; it is important to keep the column flowing.  As soon as the column drips last drop, add more buffer.  Do not let column stand without flow. For wash step 2, rinse the column with digestion buffer mix (Collagenase + DNAse), followed by MACs buffer - 3 more times. For large subcutaneous tumors (e.g., B16 melanoma), during the last wash step, apply gentle pressure with a gloved fingertip to the top of the column to release extra debris for a cleaner purified population.  This step is not required for solid tissue tumors such as prostate; instead, use extra wash steps, washing a total of 5-6 times.

2.13)
Remove column from the magnetic separator and place it on a suitable collection tube. Pipette 2ml of buffer onto the column. Collect the magnetically labeled cells by firmly applying the plunger supplied with the column.
2.14
Count cell number and confirm purity by flow cytometric analysis.
3. Representative Results

Discussion

This protocol can be modified based on the size and source of the tumor (subcutaneous, spontaneous tumor, or orthotopic tumors).  For larger tumors, increase the amount of dissociation buffer, MACs buffer, and number of washes.  The heartiness of the cells being isolated can depend on the TME from which they are being enriched. For example, in our experience, cells isolated from spontaneous prostate tumors require gentler dissociation than cells isolated from subcutaneous B16 melanoma tumors.  During dissection of the tumor, eliminate as much adipose, skin, or other debris which can reduce enzymatic dissociation efficacy.  It is critical to completely digest tumor masses and obtain a single cell suspension to ensure proper Ab labeling and to prevent columns from clogging.  For myeloid cell isolation, the amount of fetal bovine serum recommended in the MACs isolation buffer was increased from 2% to10% to improve cell viability.  It is essential to keep all buffers and cells cold throughout the protocol to prevent non-specific Ab binding and clogging of the column.  Overall, cells prepared using these protocols are suitable for gene expression analyses, phenotyping, and functional assays.  Maintaining high purity of cell populations is critical for in vitro assays, so care should be taken to maximize purity.  Some protocol optimization is necessary for all tumors.
Materials
	Reagent
	Company
	Catalouge Number
	Comments

	Collagenase I 
	Gibco
	17100-017
	Use when selecting for T cells

	Collagenase IV
	Gibco
	17104-019
	Use for myeloid selection

	DNase
	Calbiochem
	260913
	

	RPMI
	Gibco
	21870
	

	Dulbecco’s PBS
	Lonza
	17-5158
	

	Fetal Bovine Serum
	Lonza
	14-501F
	

	MACs Buffer 
	
	
	2% FBS for T cells

10% FBS for myeloid cells

	Thy1.1 PE
	ebioscience
	551401
	

	Anti-PE microbeads
	Miltenyi Biotech
	120-000-294
	

	Anti-Pan DC microbeads
	Miltenyi Biotech
	120-003-183
	

	Anti-CD11b microbeads
	Miltenyi Biotech
	120-000-300
	

	LC column
	Miltenyi Biotech
	130-042-202
	

	MS column
	Miltenyi Biotech
	130-042-201
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