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Experiment 4: Activation markers of innate immune cells

Aim
We will analyse cell surface markers and cytokines expressed by bone marrow derived macrophages in response to the bacterial cell wall component LPS and other ligands of toll-like receptors.
Introduction
The innate immune system provides the first immune response against invading pathogens. Among innate immune cells, macrophages play an important role in the immune defence against micro organisms. Macrophages are large mononuclear cells, which bind and ingest invading micro organisms in a progress known as phagocytosis. They function as antigen presenting cells and as effector cells in humoral and cell mediated immunity. Macrophages are migratory cells deriving from bone marrow precursors and are found in most tissues of the body.
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Figure 1: A macrophage as it appears in the light microscope (left panel) or electron microscope (right panel), (Garland science 2001) 

Upon activation macrophages up regulate co stimulatory molecules including CD86 and produce inflammatory cytokines. Activation of macrophages occurs via pathogen recognition receptors, which are called toll-like receptors. 
Toll-like receptors

Toll-like receptors act as sensors of the innate immune system and recognize common molecular patterns on pathogen surfaces. All members of the toll family discovered so far have been homologous to the original Toll in Drosophila. The toll-pathway is an ancient signalling pathway that activates the transcription factor NFB by degrading its inhibitor IB.   
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Figure 2: Toll-like receptors 1-10 and their ligands: LP, lipopeptide; PG, peptidoglycan; Zym, zymosan; LPS, lipopolysaccharide; CpG, DNA with unmethylated CpG motifs; IMQ, imiquimod. Rectangles represent leucine-rich repeats. Ovals represent TIR domains. (Beutler-B, Mol Immunol. 2004 Feb;40(12):845-59)
The pro inflammatory cytokine TNF-
Upon stimulation macrophages are the main producers of the inflammatory cytokine Tumor Necrosis Factor (TNF-. The pleitropic effects of proinflammatory cytokines including TNF- are depicted below. 
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Outline of the experiment
In our experiment we will isolate cells from the bone marrow and differentiate them to macrophages with a supernatant containing M-CSF. We will stimulate the macrophages with different stimuli via toll like receptors and measure the activation status of the macrophages with regards to the expression of co stimulatory molecules and the production of inflammatory cytokines. The expression of cell surface molecules will be analysed by FACS and the production of TNF- by bioassay.
Protocols
A.) Isolation of cells from the mouse bone marrow

Materials
DMEM without FCS – ice cold

DMEM with 10% FCS, Penicillin (1:100), Streptomycin (1:100)
L-cell conditioned media (LCCM) as a source of M-CSF
Substances for stimulation
Cell dissociation buffer
Experimental procedure
1.) Pull back fur and skin from hind legs

2.) Dissect out hind legs; dissect away muscle to expose the bones
3.) Place the femur and tibias in ice cold DMEM in a 10 cm dish

4.) Fill a 10 ml syringe with cold media and attach a 27G needle

5.) Holding each bone with forceps, force media through the bone cavity until the media runs clear. Keep on ice.
6.) Spin down cells in a prewarmed media 

7.) Resuspend bone marrow cells from 3 mice in 30 ml containing 1x L-cell conditioned media (LCCM).
8.) Place cells into 175cm2 flasks (vented) and let adherent cells (fibroblasts and stromal cells) settle over night in the incubator
9.) day 2: smack the side of the flask a few times to dislodge non-adherent cells

10.) Plate 1.2 ml of cell suspension with 3.5 ml 1x LCCM per 6 well plate. 

11.) day 4 after plating: add 1.5 ml 1x LCCM 
12.) day 7: plates should be confluent with adherent macrophages 

13.) Day 7: Stimulation of bone marrow derived macrophages by ligands for toll-like receptors, Add the following substances into the media

The 6 well plate should be set up as follows:
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B.) FACS analysis of macrophages after stimulation (day 8)

Materials
FACS buffer (PBS/NaN3)

Antibodies for staining 

1.) Collect supernatant for cytokine analysis, wash adherent cells with PBS
2.) Detach adherent macrophages using a cell dissociation buffer

3.) Count cells

4.) FACS staining according sheet

FACS – Staining
· take about 2-5x105 cells per staining

· take ____ ml of cell line _________________________________

-
spin down cells 10 min, RT, 1200 rpm/300g

· take of s/n

· wash cells with 3 ml 1x PBS/NaN3 

· resuspend pellet in _____ µl 1x PBS/NaN3 5% Venimmun (100µl per staining)

· 1. AK:    je 20 µl  of  50µg/ml mab’s


a) unstained 

b) isotype control
c) anti TREM-PE
d) anti MAC-1 PE
e) anti CD86 PE
f) anti CD11c PE     


         
· 30 min on ice

· Wash with 3 ml 1x PBS/NaN3
· wash cells with 3 ml 1x PBS/NaN3 

· resuspend cells in 500µl-1000µl 1x PBS/NaN3 (depends on cell count)

· ( analyse on a flow cytometer
C.) Bioassay for the Production of TNF-

Materials
DMEM, 10% FCS, Penicillin (1:100), Streptomycin (1:100)
DMEM 1% FCS, Penicillin (1:100), Streptomycin (1:100)
Actinomycin D

Glutaraldehyd 4%

Crystal violet 1%,

Acetic acid 33%

Experimental procedure
1.) Day 1: Seed L929-580 cells (2.5 x 106/ 10ml/96 well plate), leave rows A-H without cells only with media for blank

2.) Day 2: Remove supernatant and incubate cells with DMEM 1%FCS and 2 g/ml Actinomycin D (100 l/well) for 2h

3.) Add standards and dilutions of the supernatants to test in triplicates
4.) Day 3: visually examine the plate: cells should be in bad shape, the addition supernatant containing TNF- kills them completely. 

Colour reaction
Remove supernatant, fix with Glutaraldehyd 4% 3 min, wash with water, dye with crystal violet 1%, wash with water, dry, lyse cells with 100 l/well acetic acid 33%. Read with ELISA reader
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