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[Abstract] Myeloid progenitors in the bone marrow generate monocytes, macrophages, granulocytes 

and most dendritic cells. Even though these innate immune cells are part of the same lineage, each cell 
type plays a specific and critical role in tissue development, host defense and the generation of adaptive 

immunity. Protocols have been developed in the past to differentiate myeloid cell types from bone 
marrow cells, enabling functional investigation and furthering our understanding about their contribution 

to mammalian physiology. In this protocol, we describe a simple and rapid method to isolate monocytes 
from murine bone marrow, culture them for up to 5 days and lastly, differentiate them into bone marrow 
derived macrophages (Figure 1).  
 
Graphic abstract:  
 

 
Figure 1. Experimental outline depicting steps for murine monocyte and macrophage culture  
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[Background] Innate immune cells within the hematopoietic compartment constitutes myeloid cells 

such as monocytes, macrophages, granulocytes as well as most dendritic cells (DCs). These cells are 
primary sensors of infection or tissue injury and provide a bridge to adaptive immunity via antigen 

presentation, lymphocyte priming, and cytokine production.  
Monocytes exhibit remarkable plasticity in their capacity to patrol tissue, remodel local 

microenvironments and present antigens under specific conditions. These cells can differentiate into DC 
or macrophage subsets upon sustained tissue residence (Davies and Gordon, 2005). Macrophages, on 

the other hand, develop from yolk sac-derived or hematopoietic progenitors or monocytes and are critical 
for organ development and homeostasis (Francke et al., 2011).  

To study myeloid cell biology in primary cells, researchers have developed several protocols to either 
isolate monocytes or macrophages directly from primary tissue or generate bone marrow derived 

macrophages (BMDMs) from hematopoietic progenitors. BMDMs can be maintained in culture for 
several days and can be generated by culture of isolated bone marrow in media containing M-CSF/CSF1 
(Freund et al., 2020; Geissmann et al., 2010; Helft et al., 2015). Dendritic cell (DC) subsets can be 

generated in culture by differentiation in media containing GM-CSF/CSF2 or Fms-like tyrosine kinase 3 

ligand (FLT3L). While both systems generated a mixed population of myeloid and DC subsets, FLT3L 
allows for differentiation of multiple physiologically relevant subsets such as plasmacytoid DCs (pDCs), 
CD8+ and CD8- DCs (Jakubzick et al., 2017; Naik et al., 2005). 

Our protocol describes the isolation of monocytes from the bone marrow and provides methods for 

culture and maintenance of these cells for several days. Additionally, we describe a rapid method to 
isolate total bone marrow from isolated tibia and femur, allowing for maximum cell recovery and survival. 

Our techniques have the advantages of circumventing the need of generating specific conditioned media 
for BMDM culture (e.g., from L929 cells) and shortcut the lengthy process of harvesting bone marrow 

through aspiration or flushing.  
Taken together, these protocols allow for fast and simple isolation of bone marrow and provide the 

basis for growing primary monocytes and macrophages in high yields, which might be desired for 
downstream studies such as gene editing, functional genomics or adoptive cell transfer (Zhang et al., 

2008). 
 
Materials and Reagents 
 

1. Cell scraper (Corning/VWR, catalog number: 15621-010) 
2. 70 µm nylon sterile cell strainer (Corning, catalog number: 352350) 

3. G18 needle (BD Bioscience, catalog number: 305196) 
4. 0.5 ml microfuge tube (Eppendorf, catalog number: 022363611) 

5. 1.5 ml microfuge tube (Eppendorf, catalog number: 022363204) 
6. 50 ml Falcon tube, screw top (Eppendorf, catalog number: 0030122178) 

7. LC columns (Miltenyi, catalog number: 130-042-401) 
8. Non-tissue culture treated 6-well plates (Corning, catalog number: 351146)  
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9. Serological pipettes (e.g., Fisher scientific catalog number: 10710810) 

10. Low adherent plates (Petri-dish) (VWR, catalog number: 25384-326) 
11. DMEM high glucose media (Gibco, catalog number: 11965092) 

12. (Optional) EasySepTM (Stemcell Technologies, catalog number: 19861) 
13. Penicillin/Streptomycin (Gibco, catalog number: 15070063) 

14. Recombinant murine Macrophage Colony Stimulating Factor (rmM-CSF) (Genentech) 
15. GlutaMAX (Gibco, catalog number: 35050061) 

16. Fetal Calf Serum (FCS) (Thermo Fisher, catalog number: 26140) 
17. Ammonium Chloride Potassium (ACK) lysis buffer (Thermo Fisher, catalog number: A1049201) 

18. Sterile Phosphate Buffered Saline (PBS) (Genentech) 
19. Monocyte isolation kit (Miltenyi, catalog number: 130-100-629) 

20. Recombinant murine Granulocyte Macrophage Colony Stimulating Factor (rmGM-CSF) (R&D 
Systems, catalog number: 415-ML010) 

21. Recombinant murine Interleukin 4 (rmIL-4) (R&D Systems, catalog number: 404-ML-010) 
22. Macrophage media (see Recipes) 

 
Equipment 

 
1. Pipette boy (e.g., Integra, catalog number: 155017) 

2. Tabletop centrifuge (e.g., Beckman, model: Allegra X14) 
3. Microcentrifuge (e.g., Thermo Fisher Scientific, catalog number: 75002404) 

4. Water-bath at 37 °C (Thermo Fisher Scientific, catalog number: TSCIP19) 
5. Laminar Flow Hood (VWR) 
6. Incubator at 37 °C with 5% CO2 (e.g., Heracell 150 CO2 incubator) 

7. Vi-CELL XR Cell Viability Analyzer (Beckmann) 

8. MACS Multi Stand magnet (Miltenyi, catalog number: 130-042-303) 
9. Sterile Scissors (Thermo Fisher Scientific, catalog number: 08-950) 

10. Sterile Forceps (Thermo Fisher Scientific, catalog number: 08-890) 
 
Procedure 
 
A. Bone marrow isolation (Figure 2) 

1. Euthanize mouse using institutionally approved protocols. 

2. Use sterile forceps and scissors to isolate femur and tibia. 
3. Remove residual muscle or tissue attached to the bones. 

4. Store isolated bones in a 6-well plated in PBS on ice until further processing.  
5. Push a G 18 needle through the bottom of a 0.5 ml microcentrifuge tube to generate a small 

hole. 
6. Place the 0.5 ml microcentrifuge tube in a larger 1.5 ml microcentrifuge tube.  
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7. Carefully place the isolated femur and tibia (maximum 1 femur and 2 tibia) in the 0.5 ml 

microcentrifuge tube nested in the 1.5 ml tube and close the lid. 
8. Centrifuge the tubes at 10,000 × g for 30 s. 

9. After centrifugation confirm complete transfer of marrow into the bottom tube. If transfer was not 
successful, cut off epiphysis and repeat centrifugation step.  

10. Discard the 0.5 ml microcentrifuge tube containing the bones. They should be empty of marrow. 
11. Resuspend the obtained bone marrow in 1 ml ACK lysis buffer and incubate at room 

temperature for 2 min. 
12. Place a 0.70 µm sterile filter on a 50 ml Falcon tube. 

13. Filter the bone marrow suspension into tube and wash the filter with 10 ml PBS. 
14. Add an additional volume of 30 ml PBS through the filter; discard the filter. 
15. Close the lid on the tube and centrifuge at 350 × g for 4 min. 

16. Remove PBS by gently decanting; retain bone marrow pellet. 

17. If desired, repeat PBS wash by gently resuspending the pellet. 
18. Count isolated bone marrow cells using a Vi-CELL or other standard method. 

 

 
Figure 2. Experimental outline depicting bone marrow isolation steps  

 

B. Isolation and culture of monocytes 
1. Following bone marrow isolation, monocytes are enriched by negative selection using the 

monocyte isolation kit (Miltenyi) according to manufacturer’s instructions. Please note that other 
mouse monocyte isolation kits can be used for this step (e.g., EasySepTM, Stemcell 

Technologies); however, these have not been evaluated for this specific protocol. 
2. Isolated monocytes can be cultured in macrophage media supplemented with 5 ng/ml rmGM-

CSF and 2.5 ng/ml rmIL-4 for up to 5 days. Monocytes should be plated at a density of 1 × 106 

cells in 2 ml final volume in a non-tissue culture treated 6-well plate.  

3. If desired, monocytes can be enriched from the day 5 culture by sorting for Ly6C positive, F4/80 
negative, MHCII negative and CD11c negative cells at day 5 (Figure 3). 
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Figure 3. Flow cytometry analysis of freshly isolated and cultured monocytes. Example 

of surface marker expression of Ly6C, F4/80, CD11b and I-A/I-E of freshly isolated and cultured 
monocytes. Monocytes are identified as Ly6C high, F4/80 low, MHCII low and CD11c low. 

 
C. Differentiation into bone marrow derived macrophages (BMDMs) 

1. Supplement macrophage media with 50 ng/ml rmM-CSF and pre-warm in a water bath to 37 °C. 
2. Suspend 12 × 106 isolated total bone marrow cells (from Procedure A) or enriched monocytes 

(Procedure B) in 20 ml supplemented macrophage media and plate cells in 15 cm non-tissue 
culture treated plates.  

3. Place dish in cell culture incubator at 37 °C and 5 % CO2 and culture for a total of 5 days. 

4. At day 3 add 20 ml freshly supplemented macrophage media without removal of the original 
media. 

5. At day 5 confirm adherence of differentiated BMDMs under a microscope. Assess differentiation 
by flow cytometry (Figure 4). 

 

 
Figure 4. Flow cytometry analysis of monocytes differentiated into bone marrow derived 
macrophages (day 5). Differentiated, resting macrophages can be identified as Ly6C low, 

F4/80 high, CD11c low and I-A/I-E low.  
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6. For downstream assays, remove media and gently wash day 5 cells in 20 ml sterile PBS. 
Carefully scrape cells off the dish using a cell scraper in 5 ml macrophage media. If desired, 

wash the dish with an additional 5 ml of macrophage media to collect additional cells.  
7. Count collected cells and re-suspend in macrophage media supplemented with 50 ng/ml rmM-

CSF at desired cell density (typical density is 0.5 × 106 cells/ml). Plate cells onto tissue-culture 
treated dishes of desired formats. 

8. If desired, resting macrophages can be enriched from the day 5 culture by sorting for Ly6C low, 
F4/80 high, CD11c low and I-A/I-E low. 

 
Recipes 
 

1. Macrophage medium  

DMEM high glucose media  
10% FBS  

1× GlutaMAX 
1× Penicillin/Streptomycin 
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