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SUMMARY 

 

Microglia are the innate immune cells of the central nervous system (CNS) and 

play an important role in the maintenance of tissue homeostasis, providing neural 

support and neuroprotection. Microglia constantly survey their environment and 

quickly respond to homeostatic perturbations. Microglia are increasingly implicated in 

neuropathological and neurodegenerative conditions, such as Alzheimer's disease, 

Parkinson’s disease and glioma progression. Here, we describe a detailed isolation 

protocol for microglia and immune infiltrates, optimized for large amounts of post 

mortem tissue from human and rhesus macaque, as well as smaller tissue amounts from 

mouse brain and spinal cord, that yield a highly purified microglia population (up to 

98% purity). This acute isolation protocol is based on mechanical dissociation and a 

two-step density gradient purification, followed by fluorescence-activated cell sorting 

(FACS) to obtain pure microglia and immune infiltrate populations. 
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INTRODUCTION 

  

Microglia are the macrophages of the central nervous system (CNS), 

originating from erythro-myeloid progenitors in the yolk sac (Hoeffel et al., 2015). 

Microglia are highly specialized and adapted to their CNS environment, involved in CNS 

development and homeostasis (Aloisi, 2001; Prinz et al., 2014; Ransohoff and Perry, 

2009). Although microglia and other tissue macrophages, like liver Kupffer cells and 

skin Langerhans cells, arise from erythro-myeloid progenitors, they differ in their 

developmental programs and their respective tissue environment plays a major role in 

determining their unique gene expression profiles and functions (Gosselin et al., 2014; 

Hoeffel et al., 2015; Lavin et al., 2014). 

Under healthy conditions, microglia are the only immune cells present in the 

CNS parenchyma. However, under neuropathological and neurodegenerative 

conditions, various other immune and antigen-presenting (AP) cells, such as 

macrophages and dendritic cells, infiltrate the CNS tissues (Brendecke and Prinz, 2015; 

Chinnery et al., 2010; McMenamin et al., 2003), where they modulate further immune 

cell infiltration and phenotypes. To elucidate the role of such immune cells in both 

normal conditions and disease, it is crucial to obtain sizable cell numbers and purity. 

Here, we present a fluorescence-activated cell sorting (FACS)-based protocol yielding 

highly pure immune cell populations from the CNS of mammals. The flexibility of this 

procedure allows diversity in sample origin (mouse, human and non-human primates) 

and tissue type (brain or spinal cord).  

Contrary to enzymatic dissociation protocols, mechanical dissociation does not 

require a 37oC incubation, hence maintaining the cell surface markers integrity and 

allowing for phenotype investigation (Olah et al., 2012). The isolation procedure 

described here consists of 3 main steps: 1) mechanical dissociation of the tissue to 

obtain a single-cell suspension; 2) separation of cells from debris and myelin using 

Percoll gradient centrifugation; and 3) purification of immune cell types based on cell 

surface marker expression using FACS sorting (Figure 1). 
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Figure 1: Isolation protocol for microglia and immune infiltrates of the CNS. 
Step 1: mince brain tissue and dissociate with a glass tissue homogenizer until a 
homogeneous suspension is obtained. Step 2: myelin and cell debris are removed 
by Percoll gradient centrifugation. For small amounts of starting tissue, a single 
Percoll gradient is used (22%) and the resulting pellet is used for the next step. For 
larger amounts and myelin-rich starting tissue, a second Percoll gradient 
separation is applied (60-30%). In that case, the interphase between the two 
Percoll layers is used. Step 3: resulting cell suspension is blocked to reduce non-
specific antibody binding, then stained for the desired membrane markers. The cell 
suspension is then filtered in a FACS tube and FACS sorted (Beckman Coulter MoFlo 
Astrios/XDP). * Optional: for functional assays perform the 60-30% Percoll 
gradient separation and continue from there. 

SAMPLES 

 

The origin and condition of the tissue sample is crucial for the end result of the 

isolation protocol. We have applied this optimized protocol to the following: 

 

Mouse 

Preferably, mice are perfused with 0.9% physiological saline solution prior to 

removal of CNS tissue to avoid contamination of CNS-immune cells with blood immune 

cells. Microglia have been successfully isolated from brain and spinal cord of several 
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experimental conditions and molecular backgrounds, such as aged mice (Holtman et al., 

2015) and aging models (mTerc-/-; Ercc1Δ/-) (Raj et al., 2014, 2015), EAE (experimental 

autoimmune encephalomyelitis) (Vainchtein et al., 2014), GL261 glioma injected brains 

and Alzheimer’s disease models (APP23, 5xFAD). 

Human and non-human primate samples 

Human and non-human primate (Rhesus macaque; Macaca mulatta) brain 

samples have been collected under the course of full body autopsies. Donor age 

(increased cell-death and auto fluorescence with age), neuropathological condition 

(Alzheimer, Parkinson, and multiple sclerosis), CSF pH (pH≤6.5 results in poor RNA 

quality) and post mortem interval (up to 24 h) varied between these samples, which 

affected cell yields. Microglia have also been successfully isolated from surgical biopsies 

collected after tumor resection (glioma) or temporal lobectomy of epilepsy surgeries. 
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MATERIALS AND SOLUTIONS 

 

Materials 

1. 50 and 15 mL tubes 

2. 5, 10, and 25 mL pipettes 

3. 1 mL, 200 μL, 20 μL and 10 μL pipettes and tips 

4. 800 mL beaker glass with 106 and 300 μm sieve on top 

5. 70 µm cell-strainer 

6. round bottom 96-wells microplate 

7. 5 mL polystyrene round-bottom tube with cell-strainer cap 12 x 75 

mm style, referred to as “FACS tube” 

8. 1.7 mL siliconized Eppendorf tubes 

9. 5 cm3 or 15 cm3 glass homogenizers 

10. centrifuge with controllable acceleration and brake 

Solutions: 

1. Isolation medium with phenol red (iMed+) (this medium is not 

suitable for FACS, due to phenol red interference): 500 mL of HBSS (1x) with phenol 

red; 7.5 mL HEPES 1 M (f.c. 15 mM); 6.5 mL glucose 45% (f.c. 0.6%).  

2. Isolation medium without phenol red (iMed-): 50 ml of HBSS (1x) 

without phenol red; 750 μL HEPES 1 M (f.c. 15 mM); 650 μL glucose 45% (f.c. 0.6%); 

100 μL 0.5 M EDTA pH=8.0 (f.c. 1 mM). 

3. Myelin gradient buffer: prepare 1.5 L of NaH2PO4·H2O (0.78 g/L; f.c. 

5.6 mM), solution 1. Prepare 1.5 L of Na2HPO4 2H2O (3.56 g/L; f.c. 20 mM), solution 2. 

Adjust solution 1 to pH 7.4 with solution 2. Measure the final volume and add: 8 g/L 

NaCl (f.c. 140 mM); 0.4 g/L KCl (f.c. 5.4 mM); 2 g/L glucose (f.c. 11 mM). Autoclave and 

keep sterile at 4 oC. 

4. 22% Percoll gradient solution:  110 mL Percoll; 12 mL NaCl 1,5 M; 

378 mL myelin gradient buffer.  

5. 30%/60% Percoll solution: prepare 100% Percoll solution by mixing 

27 ml Percoll with 3 ml 10x HBSS. For 60% Percoll solution take 18 ml and add 12 ml 

PBS, or for 30% Percoll solution take 9 ml and add 21 ml PBS. 

6. Virkon®S 

7. DAPI (200 µg/ml) 

8. RNAlater 

9. RLT plus 
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METHODS 

 

The whole procedure is conducted on ice and all centrifugation steps are 

performed at 4 oC. When dealing with primate samples, steps 1-5 are carried out in a 

laminar flow due to potential biohazard risk. Waste is collected in 1% Virkon®S 

solution, stored for 24 h and autoclaved. 

 

Preparation of a single-cell brain tissue homogenate 

 

1. Weigh tissue, place it in a petri dish with iMed+ and cut it into 2 mm3 

pieces with a scalpel. 

2. Transfer the minced tissue to a glass tissue homogenizer with iMed+ 

and homogenize until a uniform solution is obtained. When using a 5 cm3 glass tissue 

homogenizer, transfer up to 1 gram of tissue each time, if a 15 cm3 glass tissue 

homogenizer is used, portions of 4 grams can be transferred. Repeat the procedure 

until all tissue is homogenized (see Note 1).  

3. For small amounts of tissue, use a pre-wetted (with 1 mL of iMed+) 70 

μm cell-strainer on top of a 50 mL tube and filter the tissue homogenate. For larger 

amounts of tissue, put 106 µm and 300 µm sieves on top of an 800 mL beaker glass and 

filter the solution. 

4. For large (primate) samples, divide the tissue homogenate over several 

50 mL tubes, no more than 1.5 g starting material per 50 mL tube (for example: 7.5 g of 

tissue results in 5 tubes). 

5. Rinse glass homogenizer and beaker glass with extra iMed+ and add to 

the tissue homogenate after passing it through the sieve. 

6. Centrifuge at 220 g, 10 min (brake and acceleration: 9). 

7. Carefully remove supernatant by pipetting. 

8. Resuspend the cell pellet in 1 mL of 22% Percoll solution. Add 19 mL 

22% Percoll solution to the 50 mL tube and mix well (or add 10 mL when using 15 mL 

tubes).  

9. Carefully (without mixing) place 3 mL of PBS on top of the 22% Percoll 

solution.  

10. Separate cells and myelin by centrifugation: 20 min, 950 g 

(acceleration 4; brake 0). 
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11. Carefully remove the myelin layer by pouring it off (or pipetting). 

Leave the cell pellet undisturbed. For functional assays with vital mouse cells (i.e. 

chemotaxis and phagocytosis), continue with step 12, otherwise continue with step 20. 

12. Resuspend the cell pellet in 1 mL 60% Percoll using 1 mL pipette tip. 

13. Add 14 mL of 60% Percoll solution (per 50 mL tube) to the suspension 

and homogenize. 

14. Carefully place 14 mL of 30% Percoll on top of the 60% Percoll layer. 

15. Carefully layer 3 mL PBS on top of the 30% Percoll. Centrifuge for 25 

min, 800 g (acceleration 4; brake 0) 

16. Collect the 60%-30% interphase with a pre-wetted (with 1 mL iMed+) 

glass pipette and transfer to a 50 mL tube containing iMed+.  

17. Add two volumes of iMed+ equivalent to the collected cell-rich 

interphase.  

18. Pellet cells by centrifugation: 600 g, 10 min (brake and acceleration: 9). 

19. Remove as much medium as possible (optional: place tube upside 

down). 

20. Resuspend cell pellet in 100 µL iMed- (the cells can be used for 

functional assays).  

21. To prevent aspecific binding of antibodies perform a blocking step. 

Incubate samples for 15 min on ice with the following blocking solution (Table 1):  

 

Table 1: Blocking reagents 

Sample origin Blocking reagent Supplier Amount 

human / 

macaque 
FcR-blocking  eBioscience  

10 μL / 100 μL cell 

suspension 

mouse 
anti-mouse 

CD16/CD32 
eBioscience 

1 μL / 100 μL cell 

suspension 

 

 

Settings of FACS sorting machine: 

 

In order to facilitate fluorochrome compensation and settings of the FACS 

machine, unstained and single stained reference samples should be made. A small 

volume of the sample(s) can be used for such purpose (further referred to as FACS 
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setting solution), but keep in mind some of the markers are only lowly expressed in the 

brain. Preferably, beads can be used, or in case of mouse samples, splenocytes can be 

used for the settings (see Note 2). If a FACS setting solution is used, continue with step 

22. 

 

22. Transfer 5 µL of the sample to a separate tube for the settings. In case 

of multiple samples, take 5 µL of each sample and pool.  

23. For primate samples fill the tube up to 300 µL with iMed-, mouse 

samples up to 600 µL with  

iMed-. 

24. In a 96-well microplate, pipet 3x100 µL of FACS setting solution in 3 

wells (unstained, CD11b PE single stain, CD45 FITC single stain) in case of primate 

samples; or 6x100 µL of FACS setting solution in 6 wells (unstained, CD11b PE single 

stain, CD45 FITC single stain; Ly-6C APC single stain, Ly-6G APC/Cy7 single stain, CD3 

PE/Cy7 single stain) for mouse samples. 

 

Antibody incubation procedure: 

 

25. Add antibodies to the single stains in the 96-well microplate as 

indicated in Table 2 below, keep on ice for 20-30 min, in the dark. 

26. Prepare and add antibody mix to the samples (human: 1,2; macaque: 

1,3; mouse: 4-8) in the falcon tubes as indicated in Table 2 below, keep on ice for 20-30 

min, in the dark. 

 

Table 2: Antibody dilution 

 

Sample origin Antibody Clone 
Isotyp

e 
Supplier  

Dilutio

n  

1.       Human / 

Macaque 
CD11b PE 

ICRF4

4 

Mouse 

IgG1, κ 
Biolegend  1:25 

2.       Human  CD45 FITC HI30 
Mouse 

IgG1 
Biolegend 1:25 

3.       Macaque CD45 FITC 
MB4-

6D6 

Mouse 

IgG1 

Miltenyi 

Biotec 
1:25 
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4.       Mouse CD11b PE M1/70 

Rat 

IgG2b, 

κ 

eBioscience 1:170 

5.       Mouse CD45 FITC 
30-

F11 

Rat 

IgG2b, 

κ 

eBioscience 1:250 

6.       Mouse Ly-6C APC HK1.4 

Rat 

IgG2c, 

κ 

Biolegend 1:130 

7.       Mouse 
Ly-6G APC-

Cy7 
1A8 

Rat 

IgG2a, 

κ 

Biolegend 1:100 

8.       Mouse CD3 PE/Cy7 17A2 

Rat 

IgG2b, 

κ 

Biolegend 1:100 

 

27. After incubation, divide the sample solution over several wells (100 μL 

in each well of a 96 well microplate). Wash the tube with an extra 100 μL of iMed- and 

pipet in a separate well. Add 100 µL of iMed- to all wells (single stains and samples).  

28. Spin the cells down for 3 min at 300 g. 

29. Remove supernatant and add 100 µL of iMed- to each well.  

30. Transfer each single stain to an individual FACS tube by filtering it 

through the pre-wetted (50-100 µL of iMed-) filter.  

31. Combine each divided sample into an individual pre-wetted (50-100 

µL of iMed-) FACS tube.  

32. Collect the remaining cells with iMed- (100 – 150 µL) from the 96 well 

microplate and add it to the corresponding FACS tubes.  

 

FACS isolation myeloid cells 

 

33. 1-2 min before starting the FACS procedure add 0.5 µL of DAPI.  

34. First, gate on all the events/cells (SSCheight vs FSCheight; to gate out cell 

debris), second gate on singlets (first gate in SSCwidth vs FSCheight followed by FSCwidth vs 

FSCheight) (single cells 1 and 2; Fig. 2).  

35. Select the live, single cells by gating against DAPI (DAPI vs FSCheight).  
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36. For primate samples, plot for SSCheight vs a fluorochrome that is not in 

the panel (for example PE/Cy7 for primate samples) and gate for non-autofluorescent 

cells.  

37. Then plot for CD11b vs CD45, the CD11bpos CD45int cells are the 

microglia. In case mouse samples are used, the microglia gate 1 can be plotted for 

SSCheight vs Ly-6C, as microglia are Ly-6Cneg. A pure microglia population can be sorted 

(CD11bpos CD45int Ly-6Cneg; Fig. 2).  

38. In the CD11b vs CD45 plot, the CD11bhighCD45int-high cells (myeloid 

gate) are the infiltrates, consisting of macrophages and neutrophils that can be 

separated in mouse samples by gating for Ly-6G and Ly-6C (macrophages are Ly-6Cpos 

Ly-6Gneg and neutrophils are Ly-6Cint Ly-6Gpos).  

39. In mouse samples, the CD45high CD11bneg fraction (lymphoid gate) in 

the CD11b vs CD45 plot can be plotted for SSCheight vs CD3 and a T-lymphocyte 

population can be sorted.  

40. During sorting, cells should be collected in siliconized tubes filled with 

the following, depending on desired downstream application: 

 350 µL RNAlater, in case of RNA/DNA isolation for gene expression 

profiling.  

 350 µL iMed-, for other applications such as protein isolation and 

chromatin immunoprecipitation. 

41. Collection of cells by centrifugation will depend on downstream 

application. I.e., for RNA/DNA isolation purposes, centrifuge 10 min, 5000 RCF; 

carefully remove RNAlater and lyse (invisible) cell pellet in 350 µL RLTplus and store at 

-80°C.  

42. If cells are collected in iMed-, centrifuge for 10 min at 500 RCF, remove 

supernatant and resuspend pellet in the appropriate buffer. 

 

 

 

 

 

 

 

 

 



105 
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Fig. 2: FACS sorting strategy. To isolate pure populations of microglia and 
different immune infiltrates (macrophages, neutrophils and T-lymphocytes), cells 
are first separated from cell debris and the remaining myelin by a gate in the 
SSCheight vs FSCheight. Single cells are selected in the SSCwidth vs FSCheight followed by 
FSCwidth vs FSCheight gates (single cells 1 and 2 gate). To obtain high quality RNA/DNA 
samples, live cells can be gated as DAPIneg (DAPI vs FSCheight). Depending on the 
experimental condition in mice, three well identifiable cell populations can be 
distinguished using CD11b vs CD45 plotting. From the microglia gate 1, microglia 
can be identified as Ly-6Cneg when plotting for SSCheight vs Ly-6C. The myeloid gate 
contains two main populations when plotting for Ly-6G vs Ly-6C; macrophages are 
Ly-6Cpos Ly-6Gneg and neutrophils Ly-6Cint Ly-6Gpos. T-lymphocytes (CD3+) can be 
sorted when gating for SSCheight vs CD3 in the lymphoid gate. For the primate 
samples, after the live cells gate, the autofluorescent cells should be removed by 
gating on the non-autofluorescent (AFS) cells (SSCheight vs a fluorochrome that is not 
used, preferably APC or PE/Cy7). This has to be performed for human samples, but 
is not obligatory for macaque due to less autofluorescence. In the CD11b vs CD45 
plot, microglia can be identified as CD11bpos CD45int. 
 

 

Notes 

1. It is advised to use a 5 cm3 glass tissue homogenizer for low myelin 

content samples (i.e. mouse brain, spinal cord, glioma tissue) and a 15 cm3 glass tissue 

homogenizer for higher amounts of starting material or samples with high myelin 

content (primates). 

2. Mouse splenocyte isolation: conduct steps 1-7 as described above. 

Resuspend the pellet in 1 mL of lysis buffer (ammonium chloride 155 mmol/L, 

potassium bicarbonate 10 mmol/L, sodium edetate 0.1 mmol/L) to remove red blood 

cells and incubate on ice for 5 min. Fill to 15 mL with iMed+ and perform step 7 again. 

Carefully pour off (or pipet) supernatant and resuspend pellet in 1 mL of iMed-. Use this 

cell suspension for the calibration and settings of FACS sorting machine and continue 

with step 24. 
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