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Abstract 
 

Microglia are increasingly recognized to be crucially involved in the 

maintenance of tissue homeostasis of the brain and spinal cord. Not 

surprisingly is therefore the growing scientific interest in the microglia 

phenotypes associated with various physiological and pathological 

processes of the central nervous system. Nonetheless, until recently the 

investigation of these phenotypes was hindered by the lack of an isolation 

protocol that (without an extended culturing period) would offer a microglia 

population of high purity and yield. Thus, our objective was to establish a 

rapid and efficient method for the isolation of human microglia from post 

mortem brain samples. We tested multiple elements of already existing 

protocols (e.g. density separation, immunomagnetic bead separation) and 

combined them to minimize preparation time and maximize yield and 

purity. The procedure presented here enables acute isolation of human 

microglia from autopsy (and biopsy) samples with a purity and yield that is 

suitable for downstream applications, such as protein and gene expression 

analysis and functional assays. Moreover, the present protocol is appropriate 

for the isolation of microglia from autopsy samples irrespective of the 

neurological state of the brain or specific brain regions and (with minor 

modification) could be even used for the isolation of microglia from human 

glioma tissue. 
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Introduction 

Microglia are the primary immune cells of the central nervous 

system (CNS) and contribute to innate and adaptive immune responses in 

the CNS (Ransohoff and Perry 2009; Bailey et al., 2006; Becher et al., 2006; 

Carson et al., 2007). Under physiological conditions microglia display 

ramified morphology and continuously monitor their direct surroundings, 

with their fine processes (Davalos et al., 2005; Nimmerjahn et al., 2005). 

Upon activation, microglia are involved in the response to CNS injury and 

secrete inflammatory and neurotrophic factors, phagocytize damaged cells 

and debris, and present antigens (Town et al., 2005; Schilling et al., 2003). 

Several studies on microglia have suggested that regional differences 

in microglia phenotypes exist. In addition to the initial reports regarding the 

regional differences in microglia density (Lawson et al., 1990; Mittelbronn 

et al., 2001), recently a region-dependent variety in the expression levels of 

cell surface markers on microglial cells has also been described (De Haas et 

al., 2008; Jiang-Shieh et al., 2003; Wu et al., 1997). Furthermore, upon 

activation microglia have been shown to acquire a range of different 

phenotypes depending on the stimulus (Ransohoff & Perry, 2009; Hanisch 

& Kettenmann, 2007). Given their increasingly recognised role in 

physiological as well as pathological processes in the central nervous 

system, there is a mounting interest in microglia phenotypes associated with 

these different conditions. Accordingly, several human microglia isolation 

studies have been performed recently in order to investigate microglia 

phenotypes associated with various pathological states, such as glioma, 

Alzheimer’s disease and HIV-associated dementia (Hussain et al., 2006a; 
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Hussain et al., 2006b; De Groot et al., 2000; Lue et al., 2001; Dick et al., 

1997).  

Most of the human microglia isolation procedures however, include 

extended time in culture and exposure to growth factors, such as M-CSF 

(Ponomarev et al., 2005) or GM-CSF (De Groot et al., 2001)(reviewed in 

Gibbons & Dragunow, 2010), to achieve the desirable yield and purity, that 

would enable the analysis of the microglia phenotype by molecular 

biological means. Acute isolation of human microglia from biopsy material 

has been described (Hussain et al., 2006a,b; Dick et al., 1997), but the purity 

of the obtained microglia population (percentage microglia of the live cell 

population) has not been discussed. Despite the fact, that acute microglia 

isolation procedures yielding close to 100% microglia purity have been 

recently established for mouse (De Haas et al., 2007; Cardona et al., 2006) 

and rat (Ford et al., 1995), such rapid microglia isolation protocol has not 

been available for human autopsy material up till now. 

Thus, the aim of this study was to provide an optimal isolation 

method that yields a high purity microglia population from various adult 

human CNS regions and enables immediate downstream molecular 

biological and functional analysis of microglia. To circumvent the possible 

influence of cell culturing on the microglia phenotype, we have developed a 

fast (< 90 minutes) and accurate (up to 98% microglia purity) isolation 

protocol based on mechanical dissociation and a two step density gradient 

purification followed by CD11b-bead separation. This protocol allows flow 

cytometric analysis, assessment of microglia specific functions and gene 

and protein expression analysis of acutely isolated human microglia from 

autopsy samples with as long as 20 hours post mortem delay. Furthermore, 
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our protocol is suitable for the isolation of microglia populations from 

different brain regions both from the healthy and diseased brain. 

 

Materials and methods 

Human brain tissue 
Human brain tissue was obtained in the course of full autopsy. For the 

autosomal dominantly inherited neurodegenerative diseases written 

informed consent for brain donation for research purposes was given. For 

the other cases samples were anonymized according to procedures described 

in the National Code for the Good Use of Patient Material. Both procedures 

have been approved by the Medical Ethical Committee of the University 

Medical Center of Groningen, the Netherlands. Specimen No. 23-25 were 

acquired from The Netherlands Brain Bank. The extracellular pH of post 

mortem brain tissue has been suggested to be the marker for the quality of 

the post mortem human brain material. We therefore determined the pH of 

the sampled post mortem tissues according to Monoranu et al., 2009 in 

certain cases. Detailed data of the autopsy samples have been summarized in 

Table 1. 
 
Media and reagents 

Microglia isolation was carried out using sterile solutions of 

Phosphate Buffered Saline (PBS), 1x Hank’s Buffered Salt Solution (HBSS) 

and 10x HBSS (all: PAA Laboratories GmbH). During the microglia 

isolation procedure, we used a dissection medium (referred to as ‘medium 

A’; HBSS, containing 0,5% glucose and 15 mM HEPES) for washing steps. 

For the density gradient separation steps Percoll solutions with different 

densities have been used (GE Healthcare, 17-0891). To yield a stock 
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isotonic Percoll solution (100%, density 1,123 g/ml), nine volume parts of 

Percoll (density 1,13 g/ml) were mixed with one volume part of 10x HBSS. 

Percoll solutions with various percentages were prepared via dilution of 

100% Percoll with 1x PBS or myelin gradient buffer (Phosphate Buffer, 

completed with 0,8% NaCl, 0,04% KCl, and 0,2% glucose - described in 

detail in De Groot et al, 2000). The following Percoll solutions in PBS have 

been used in this study for differential density separation of cells: 80% 

(density 1,098 g/ml), 75% (1,092 g/ml), 60% (1,074 g/ml), 40% (1,049 

g/ml), 30% (1,037 g/ml), 25% (1,031 g/ml). The 22% Percoll solution in 

myelin gradient buffer had a density of 1,03 g/ml.  

Enzymatic dissociation was carried out by incubation of minced autopsy 

tissue with collagenase and DNase I (both from Roche) for 30 minutes at 

37°C. The anti-mouse/humanCD11b antibody coupled magnetic beads were 

obtained from Miltenyi Biotech and used according to the manufacturer’s 

protocol. 

 

Optimization of the microglia isolation protocol 
The described microglia isolation protocol from human autopsy brain 

tissue consists of two important steps, namely: tissue dissociation, to obtain 

a single cell suspension, and microglia enrichment through density gradient 

centrifugation. In order to determine the optimal tissue dissociation method, 

we compared single mechanical dissociation using a glass homogenizer with 

mechanical dissociation followed by enzymatic dissociation using a 

collagenase/DNaseI solution in medium A for 30 minutes at 37oC. 

Microglia enrichment was achieved by Percoll density centrifugation. After 

separation of the myelin- and cell fraction, the cell suspension was separated 

on a discontinuous Percoll density gradient consisting of either 75% and 
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25% Percoll layers or a series of 80%, 60%, 40%, 30%, 20%, and PBS 

layers. All interfaces were analyzed for microglia purity using flow 

cytometry. The purity of the final microglia enriched cell suspension has 

been found to depend also on the amount of starting material. Clearly, 

overloading the gradient resulted in poor separation and a low yield of 

microglia. Therefore, volumes and tubes mentioned in the final protocol 

described below are based on a maximum amount of 3 grams of autopsy 

brain tissue/tube. 

 

Isolation and enrichment of microglial cells from human autopsy brain 
tissue  

The whole isolation procedure was performed on ice, using pre-

cooled solutions and equipment. A swinging bucket rotor (Falcon 6/300) 

was used for all centrifugation steps with the settings: 4oC, slow 

acceleration, and no brakes, unless otherwise mentioned. Human brain 

tissue was placed in a sterile Petri dish and weighed. Visible blood vessels 

and meninges were removed. In certain cases, brain tissue was separated 

under a magnifying glass into gray, white and mixed (containing the 

intermediate zone between cortical grey and subcortical white matter) tissue 

samples and processed separately to examine regional differences in 

microglia yield and phenotype. Tissue (3 gram tissue/tube) was minced with 

sterile scalpels, mechanically disrupted in medium A in a glass homogenizer 

(glass Potter, Braun, Melsungen, Germany) and filtered through a pre-

wetted 70-μm cell strainer (BD Biosciences 352350) in a 50 ml tube. Cell 

strainers were rinsed with excessive medium A and the cell suspension was 

centrifuged for 10 minutes at 220 g with brake. This cell pellet was 

resuspended in 25 ml Percoll solution with a density of 1,03 g/ml, consisting 
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of 40 ml myelin gradient buffer, 11,7 ml Percoll, and 1,3 ml NaCl 1,5M. 

This solution was overlaid with 10 ml PBS and centrifuged for 20 minutes 

at 950 g. The first step thus separated cells from myelin and cell debris and 

resulted in cell suspension A (Figure 1). The cell pellet was resuspended in 

10 ml of either 75% Percoll which was overlaid with 10 ml 25% Percoll or 

in 80% on which 5 ml steps of 60%, 40%, 30%, 20% Percoll layers were 

placed. The last Percoll layer was covered by 5 ml of PBS in both cases. 

This gradient was centrifuged for 25 minutes at 800 g. The cell layers at the 

interfaces between the Percoll layers were collected with a pre-wetted 

Pasteur pipette, washed with PBS to dilute the contaminating Percoll and 

centrifuged for 10 minutes at 220 g. The microglia purity of all interfaces 

was analyzed by flow cytometry. The second purification step resulted in an 

enriched microglia cell suspension which we called cell suspension B 

(Figure 1). After pelleting cell suspension B, the pellet was resuspended in 

80 μl beads buffer (PBS, containing 2 mM EDTA) and 20 μl of anti-hm/ms 

CD11b microbead suspension was added. Following 15 minutes of 

incubation at 4°C the CD11b positive fraction was collected according to 

the manufacturer’s protocol. This additional purification step, using CD11b 

microbeads, resulted in a pure microglia cell suspension which we called 

cell suspension C (Figure 1). 

 

Isolation of microglial cells from human glioma tissue after surgical 
dissection 

Microglia from glioma tissue were purified using the procedure 

described for autopsy samples with minor modifications. Due to the low 

myelin content of the bulk glioma, separation of myelin and cells was not 

necessary. After mechanical dissociation the cell suspension was directly 
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purified using a Percoll gradient (consisting of Percoll 60%, 40%, and PBS) 

was centrifuged for 20 minutes at 950 g. The interface was collected, 

washed, and examined for microglia purity. 

 
Flow cytometry 

Cell suspensions were incubated for 15 minutes with human Fc 

receptor binding inhibitor (eBioscience; 14-9161) to reduce nonspecific 

immunofluorescence staining. After washing, cells were incubated for 20 

minutes on ice with the fluorescence-labeled primary antibodies or isotype 

controls (see Table 2). After washing, stained cell suspensions were 

resuspended in 200 μl PBS and about 10 minutes before commencing with 

the flow cytometric measurements, an extra 100 μl DRAQ5 solution 

(Biostatus; 1:1000 in PBS) was added to determine cell viability. The 

surface expression of markers was measured with a FACSCalibur flow 

cytometer (Becton Dickinson) and the flow cytometric measurements were 

analyzed using WinMDI 2.8 software. Microglia purity was defined as the 

percentage of DRAQ5 positive cells, showing CD11b high and CD45 

intermediate expression. 

 

Annexin V staining and PI staining  
Annexin V staining was performed according to the manufacturer’s 

protocol (Nexins Research, Kattendijke, the Netherlands). Briefly, the cells 

(105 cells per 100 μl volume) were washed, resuspended in 140 mM 

NaCl/2.5 mM CaCl2  (as presence of Ca2+ ions are required for Annexin V 

binding to Phosphatidylserine (PS) on cell surface) and stained with FITC-

conjugated Annexin V. Propidium iodide (PI) counter-staining (250 µg/ml) 

was used to check for membrane integrity. 
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FACS sorting and quantitative real-time PCR 
Microglia sorted on CD11b/CD45 were lysed in RLT buffer (Qiagen 

Rneasy micro kit) and total RNA was isolated according to the manufacturer 

protocol. Total RNA was transcribed into cDNA using random hexamers 

(Fermentas) on a MinicyclerTM thermal cycler (Biorad) and gene expression 

(see Supplementary table 1 for primer sequences) were analyzed using the 

ABI Prism® 7900 HT real time PCR instrument and the iTAQTM SYBR 

Green Supermix with ROX (Bio-Rad 172-5850). HMBS primers served as 

house-keeping genes. Identical results were obtained with GAPDH primers 

used for normalization. Reactions were run in triplets and threshold cycles 

were determined manually by setting thresholds for fluorescence intensity. 

Relative gene expression levels were analysed by the 2-ΔΔCT method with 

microglia as the reference sample (Livak & Schmittgen, 2001). 

 

Western blotting 
Cell pellets of cell suspensions A, B, and C were lysed in RIPA 

solution (1% Nonidet P40, 1% SDS, 0,5% Na-deoxycholate in PBS), total 

protein was measured and 1 volume of 2x sample buffer (0,125M TrisHCl; 

pH 6,8; 20% glycerol; 4% SDS; 3% DTT; and 0,01% bromophenol blue) 

was added. Samples were boiled for 5 minutes at 95°C before equal 

amounts of total protein were loaded on a 12,5% SDS-polyacrylamide gel. 

After electrophoresis, proteins were transferred onto PVF membrane 

(Millipore) using semidry blotting.  Membranes were blocked for 1 h at 

room temperature with Odyssey™ blocking buffer diluted 1:1 with PBS, 

and then probed with primary antibodies (see Table 2) in Odyssey™ 

blocking buffer, diluted 1:1 in PBS + 0,1% Tween-20 (PBS-T). After 

overnight incubation, membranes were thoroughly washed with PBS-T and 
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incubated for 1h in the appropriate fluorescence secondary antibody 

solutions (1:10.000) in PBS-T.  After the final washes, the membranes were 

scanned using the Odyssey™ Infrared Imager (LI-COR). 

 

Immunocytochemistry 
Cytospins were prepared using a Shandon cytospin centrifuge by 

spinning the various cell suspensions for 5 minutes at 800 rpm on poly-L-

lysine coated glass slides. Preparations were dried, fixed with 4% 

paraformaldehyde in PBS for 10 minutes and rinsed with PBS. After 

blocking with 2% normal goat serum, the cytospins were incubated 

overnight in the primary antibodies solutions. The next day, slides were 

thoroughly washed with PBS and incubated with the appropriate 

fluorescence conjugated secondary antibodies. Mowiol-mounted slides were 

observed under a Zeiss fluorescence microscope and pictures were made 

using LAS AF software (Leica). The antibodies used for Western blotting, 

immunocytochemistry and flow cytometry are shown in Table 2. 

 

Immunohistochemistry 
Brain tissue was fixed in 4% PFA for postfixation overnight on 4°C. 

After fixation brains were equilibrated in 30% sucrose at 4°C until they sank 

and were frozen and cut in to 5μm on cryostat on to gelatin coated slides. 

During the immunohistochemical procedure, all washing steps were 

performed with PBS. For blocking and incubation steps involving 

antibodies 0.3% Triton X-100 (Merck) in PBS was used. Endogenous 

peroxidase activity was blocked with 0.3% H2O2. Following the blocking 

step sections were incubated in rabbit anti-Iba1 (1:1,000; Wako) antibody. 

On the next day, sections were incubated with horse anti-rabbit biotinylated 
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secondary antibody (1:250; Vector Laboratories). Sections were then 

immersed in ABC solution (Vectastain Elite Kit; Vector Laboratories) and 

allowed for the avidin- biotin-horse-radish peroxidase complex to develop 

for 2 h on room temperature. The staining was finally visualized with 3,3΄-

diaminobenzidine-tetrahydrochloride (Sigma) in 0.05 M Tris-HCl (Tris base 

purchased from MP North America). The reaction was initiated with 1.5% 

H2O2. The slides with sections were dehydrated through ethanol (VWR 

International) series, defatted in xylene (Biosolve) and mounted with 

DePeX (Merck). For the list of the used antibodies please see Table 2. 

 

Functional assays in isolated human microglia 
Each functional assay was performed on at least two independent 

samples. For functional assays cell suspension B was used. 

 

Phagocytosis 
The phagocytic capacity of acutely isolated human microglia was 

investigated by means of live cell imaging using pHrodo coupled to 

bacterial particles. This Escherichia coli bioparticle coupled dye is non-

fluroescent at neutral pH but fluoresces bright red at acidic pH – making it 

an excellent tool to investigate the dynamics of phagocytosis with time-

lapse microscopy. Therefore, acutely isolated human microglia were seeded 

in a Lab-Tek® 8 well chamber slide (Thermo Scientific/NUNC, 

Cat.No.177402) at the density of 12.000 cells per well (15.000 cells/cm2). 

Cells were allowed to attach for 15 minutes. Subsequently, they were 

provided with fresh culture medium (Dulbecco's modified Eagle´s Medium 

(DMEM; PAA) substituted with 5% fetal bovine serum (FBS “Gold”; 

PAA), 1% penicillin/streptomycin (PAA) and 1% sodium-pyruvate (PAA) 
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and cultured under standard conditions (humidified chamber, 5% CO2, 

37°C). At the start of the experiment pHrodo coupled E.coli bio-particles 

(serotype K12; Invitrogen, Cat. No. P35361) were added to the culturing 

medium (final concentration 25 μg/ml). In some wells PMA (0,5 μM final 

concentration; Sigma, Cat. No. P1585) was also applied. Live cell imaging 

was performed with a Solamere Nipkow laser scanning microscope 

equipped with an automated stage and a temperature/CO2 controlled cabinet. 

Images were captured with a CCD camera (Stanford Photonics) and InVivo 

software (Media Cybernetics). For pHrodo dye excitation we used the 568 

nm laser line of a dynamic Krypton laser. Images were acquired every five 

minutes for a period of sixteen hours. For each condition at least two non-

overlapping fields were imaged. The dynamics of bacterial particle ingestion 

of at least twenty cells per field were analyzed. The changes over time in the 

amount of ingested bioparticles (increase in the fluorescent signal) was 

measured in ImageJ with the help of a custom made plug-in. The raw data 

were further processed in ExcelR spreadsheets, to determine the correlates of 

total amount of ingested bioparticle per cell and the time needed to reach 

half maximum phagocytosis response/cell. 

 

Chemotaxis 
Cell migration in response to ATP (100, 200, 300 µM) and C5a (50, 

100, 200 ng/ml), was assessed using a 48-well chemotaxis microchamber 

(NeuroProbe). Serum-free DMEM without chemoattractant served as a 

control. 29 μl of the chemoattractant solution or control medium was 

applied to the lower well of the chamber. Upper and lower chambers were 

separated by a polyvinylpyrrolidone-free polycarbonate filter (8 μm pore 

size). The lower side of the filter was coated with Poly L-Lysine. In the 
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upper wells of the chamber, 50 μl cell suspension containing 2×104 cells 

was applied. The chamber was incubated in a humidified atmosphere (5% 

CO2) at 37°C for 3 hours. Measurements were done in triplicate for each 

group. After incubation the filter was washed, fixed in methanol and stained 

with toluidine blue. Migrated cells per group were counted by a double-

blinded person with a scored eyepiece (3 fields (1mm2) per well). Data are 

expressed as percentages of control migration ± SEM. 

 

Determination of reactive oxygen species production by acutely isolated 
human microglia 

Production of reactive oxygen species by acutely isolated human 

microglia was determined by detecting the conversion of H2DCFDA (2’,7’-

dichlorodihydrofluorescein diacetate) into fluorescent DCF (2',7’-

dichlorofluorescein) with flow cytometry. 100 μl of cell suspension 

containing 2×104 cells was incubated with 500 ng/ml Phorbol myristate 

acetate (PMA) or 100 mM ATP for 30 minutes and used as positive control 

for ROS production. Appropriate negative controls with and without 

H2DCFDA addition were also included. After stimulation with PMA or 

ATP, 5 μM H2DCFDA was added to the cells and incubated for 20 minutes, 

after which fluorescence was measured using flow cytometry. 

 
 
 
 
 
 
 



39A_BW Divya Darwin Arukseeli.job

 

69 
 

Results 
 

Overview of the protocol 
In Table 1 the details of the post mortem brain tissue samples have 

been listed. We have evaluated and optimized the protocol for human 

microglia isolation, which resulted in a four step protocol (Figure 1). The 

first step involved thorough dissociation of the brain tissue. Compared to 

enzymatic dissociation the mechanical dissociation procedure (Step 1) 

yielded better cell viability and proved to be less time consuming. Using a 

single low density Percoll separation step (Step 2) the cells were separated 

from debris and myelin. The resulting partially purified cell suspension was 

labeled cell suspension A. Centrifugation of a discontinuous Percoll 

gradient (Step 3) yielded further enrichment of microglia cell suspension, 

which was labeled cell suspension B. Finally, purification of microglia with 

an anti-CD11b antibody coupled to magnetic beads yielded a high purity 

microglia suspension labeled cell suspension C. 

 

Establishment of the optimal Percoll densities for discontinuous 
gradient separation 

For the preparation of cell suspension B various Percoll gradients have 

been tested. Thus after separation of the cells from myelin and debris using 

a low density Percoll solution, the resulting cell pellet was subjected to a 

discontinuous density separation. A solution containing 9 volume parts of 

Percoll and 1 part of 10X HBSS mixture was defined as 100% Percoll. 

Different percentages of Percoll were prepared by diluting with culture 

grade DPBS. We started out by using a protocol established for the acute 

isolation of mouse microglia (De Haas et al., 2007), where the 25%/75%  
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interface contains a purified microglia population (more than 95% of the 

live cells) without considerable amounts of cellular debris. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Microglia are purified from 
human brain tissue in four easy steps. Step 
1 Mechanical dissociation proved to be 
much less time consuming and stressful for 
the cells, than enzymatic dissociation. Step 
2 Pre-separation of cells from debris and 
most of the myelin content by the means of 
a single Percoll gradient (cells suspension 

A). 

Step 3 Enrichment of microglia population 
through centrifugation on a discontinuous 
Percoll gradient (cell susupension B) 
consisting of a 60% and a 30% Percoll 
solution. Step 4 Purification of microglia 
with anti-CD11b antibody coupled 
magnetic beads (yields cell suspension C). 
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Applying the same protocol on human post mortem brain material 

yielded a microglia population that was heavily contaminated by the 

presence of debris, but most importantly, red blood cells. In order to find the 

density appropriate for isolation of human microglia, we prepared a more 

detailed Percoll gradient, wherein cells were loaded to an 80% Percoll 

solution and layered with equal amounts of 60, 40, 30 % Percoll solutions 

and on top of this PBS. Flow cytometric analysis of these selected layers is 

shown in Figure 2. The CD11bhigh/CD45intermediate microglia population was 

generally found above the 60% Percoll layer (Figure 2C, 60%/40% interface 

where 80% of the live cells were microglia) and below the 30% Percoll 

layer (Figure 2B, 40%/30% interface, where 72% of the live cells were 

microglia). Red blood cells pelleted below the 60% Percoll layer (Figure 

2D, 80%/60% interface) and the cellular debris and remnants of the myelin 

collected above the 30% layer (Figure 2A, 30%/PBS interface). Thus, we 

decided on the application of a discontinuous Percoll separation consisting 

of a 60% Percoll layer (initially containing the cells), followed by a layer of 

30% Percoll solution on top of which PBS is layered.  

 

Quantification of microglia enrichment at the different steps of the 
protocol 

After optimization of the discontinuous Percoll gradient separation, 

cell suspension A, B and C were characterized by flow cytometry, Western 

blots and cytospins (Figure 3). Acutely isolated human microglia samples 

were stepwise enriched by the density gradient separation steps and 

subsequently purified by anti-CD11b antibody coupled magnetic bead 

separation.  
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Figure 2. The optimal conditions for the 
enrichment of microglia through a 
discontinuous density separation. The 
discontinuous Percoll gradient consisted of 
80%, 60%, 40%, 30% Percoll layers and 
finally a layer of PBS. To determine the 
optimal densities for the enrichment of 
microglia each interface was collected, 
stained for CD11b and CD45 and 
investigated by flow cytometric analysis. 
Viability was detected by the cellular  

retention of the DRAQ5, a far-red 
fluorescent DNA dye. A The PBS/30% 
interface contained hardly any live cells (R1 
= DRAQ5+ events). B 72% of the live cells 
collected from the 30%/40% Percoll layer 
interface had the characteristic 
CD11bhigh/CD45intermediate(R2) 
microglia surface marker expression profile. 
C At 40%/60% interface 80% of the live cells 
were microglia (R2). D The 60%/80% Percoll 
interface consisted almost exclusively from 
RBCs.
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Figure 3. Microglia are gradually enriched 
in the course of the density gradient 

separation steps and finally purified by the 
means of immunomagnetic separation. 
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Panels A till C – flow cytometric analysis of 
the cell suspensions attained in the 
different steps of the isolation protocol. 
The microglia purity was determined as the 
percentage of the cells bearing the 
characteristic CD11bhigh/CD45intermediate (R2) 
microglia surface expression profile. A The 
initial separation of cells and myelin/debris 
(step 2 – cell suspension A) resulted in a live 
cell population (R1) of which 16% was 
microglia (R2). B Centrifugation on a 
discontinuous Percoll gradient (step 3 – cell 
suspension B) yielded a live cell population 
enriched in microglia to up to 70%. C 
Immunomagnetic bead separation (step 4 – 
cell suspension C) purified microglia 
population to 99% of live cells. D 

Immunocytochemical stainings of cytospins 
prepared of cell suspensions from the 
different isolation steps. E Western blot 
analysis of the protein levels of different 
glial cell markers at various steps of the 
isolation protocol. GFAP protein is already 
almost absent after the discontinuous 
Percoll separation (cell suspension B). After 
immunomagnetic bead separation with 
anti-CD11b coupled magnetic beads the 
cell suspension is highly enriched in Iba1 
expressing cells (cell suspension C). (SSC 
side scatter (granularity); FSC forward 
scatter (size); DRAQ5 live cell marker; 
Hoechst nuclear counterstain; for the other 
acronyms please see List of abbreviations).

 

The purity of microglia sample was expressed as the percentage of the live 

cells (DRAQ5+) with the characteristic CD11bhigh/CD45intermediate 

microglia surface expression profile. The initial separation of cells and 

myelin/debris (Step 2 - cell suspension A) resulted in a live cell population 

which contained 16% microglia (Figure 3A). Centrifugation on a 

discontinuous Percoll gradient (Step 3 - cell suspension B) yielded a live 

cell population enriched in microglia to up to 70% (Figure 3B). 

Immunomagnetic bead separation (Step 4 – cell suspension C) purified 

microglia population up to 99% of live cells (Figure 3C). Western blot 

analysis of the protein levels of different glial cell markers at various steps 

of the isolation protocol showed, that GFAP protein was already almost 

absent after the discontinuous Percoll separation (Figure 3E). After 

immunomagnetic bead separation with anti-CD11b coupled magnetic beads, 

the cell suspension was highly enriched in Iba1 expressing cells (Figure 3E). 

Immunocytochemical stainings of cytospins prepared of cell suspensions 

from the different isolation steps (Figure 3D) showed similar pattern of 

enrichment in microglia along the steps of the isolation procedure. 
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Test of an alternative short version of the protocol 
We also tested the possibility of an alternative short protocol that can 

be applied when time is the main constraint and the purity of the microglia 

preparation is not the primary concern. We performed an immunomagnetic 

bead separation directly after the first density separation (Supplementary 

figure 6), thus on cell suspension A. The positive fraction after this 

magnetic bead separation we named cell suspension A/C which was 

comparable to cell suspension B regarding microglia enrichment (80%). An 

example of such a separation is shown in Supplementary figure 6. 

 

Discontinuous density separation yields different live cell populations 
from white and grey matter 

Interestingly, in cell suspension B next to the 

CD11bhigh/CD45intermediate microglia population (labeled with an 

asterisk in Supplementary figure 1) an additional live cell (DRAQ5+) 

population (labeled in Supplementary figure 1 with a black arrow) could be 

observed, which exhibited high levels of unspecific binding to the anti-

CD11b/anti-CD45 antibodies, as well as their isotype controls (not shown). 

Surprisingly, this additional population was only present if the starting 

material contained grey matter (cortical grey matter, nucleus caudatus and 

putamen in Supplementary figure 1). The live cells in cell suspension B 

prepared from subcortical white matter, corpus callosum (not shown) or 

capsula interna consisted almost exclusively of microglia. We wanted to 

further investigate the identity of this additional population in grey matter. 

In a separate set of experiments cells from cell suspension B were stained 

with anti-CD11b and anti-CD45 antibodies and the two live cell populations 

(microglia (R1 in Supplementary figure 3A) and the additional population 
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(R2 in Supplementary figure 3A) were sorted with FACS sorting and 

subsequently submitted to gene expression analysis. Since the additional 

population was only present in samples containing grey matter, our 

hypothesis was, that it might consist of protoplasmic astrocytes, known to 

be the characteristic astrocyte population of the cerebral cortex (Oberheim et 

al., 2006) and absent in cerebral white matter. Thus, after RNA isolation and 

reverse transcription, the expression levels of different glial markers were 

tested with quantitative real time polymerase chain reaction. The additional 

population (R2 in Supplementary figure 3A) expressed almost 1700 fold 

higher levels of aldehyde dehydrogenase family member 1 L1 (Aldh1L1) 

transcript and approximately 800 fold higher levels of excitatory amino acid 

transporter 2 (GLT-1) transcript (Supplementary figure 3B), when compared 

to the expression levels of these markers in microglia (R1 in Supplementary 

figure 3A). Taken together the high expression levels of Aldh1L1 and GLT-

1 in this additional population with their intermediate expression level of 

GFAP (Supplementary figure 3B) further supported our initial hypothesis, 

that the additional population consists of protoplasmic astrocytes (Yang et 

al., 2011; Sofroniew & Vinters, 2010).    

 

Two microglia subpopulations are present in cell suspension B 
From both white and grey matter tissue samples two populations of 

microglia could be identified after discontinuous density separation. One 

population consisted of microglia expressing CD11b/CD45 at a higher level 

(labeled in Supplementary figure 1 with an asterisk) and another population 

with somewhat lower expression levels of these markers in combination 

with marked decrease in cell size (labeled in Supplementary figure 1 with a 

white arrow). Our observation was (also from our mouse studies) that this 
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second microglia population (which had decreased size and CD11b/CD45 

staining intensity) becomes more numerous if the cell suspension is exposed 

to “stress” (e.g. trypsinization; white arrow in Supplementary figure 2). This 

led us to the hypothesis that the second microglia population consists of 

cells of compromised health. To investigate this hypothesis, in a separate set 

of experiments, cell suspension B from mixed (containing both white and 

grey matter) samples was subjected to annexin V and propidium iodide 

staining. The occurrence of phosphatydilserine (PS) residues in the outer 

leaflet of cell membrane is known to be an early marker of apoptotic cell 

death. Annexin V binds to PS with high affinity, making the fluorochrome 

labaled annexin V a useful tool to detect apoptotic cells by flow cytometry 

(Kepp et al., 2011). The permeability of the cell membrane to propidium 

iodide (PI), a DNA intercalating dye, is often used in consort with annexin 

V, to detect the late stages of cellular apoptosis, characterized by diminished 

membrane integrity (Kepp et al., 2011). 

The microglia population (CD11bhigh/CD45intermediate cells 

labeled R1 in Supplementary figure 4A and 5) consisted of two live cell 

populations (R2 and R3 in Supplementary figure 4A) that were clearly 

distinct in size (detected as forward scatter, FSC), as seen earlier. R2 

comprised of microglia with higher expression levels of CD11b and CD45, 

while the R3, that included cells smaller in size, had lower expression levels 

of CD11b/CD45 (Supplementary figure 4A). The un-compromised 

microglia (R2; higher CD11b/CD45 and bigger in size) did not have any 

annexin V binding (compare G2 in Supplementary figure 4B’ (no annexin V 

FITC incubation) and 4B’’ (annexin V FITC added) or PI staining (compare 

G2 in Supplementary figure 4C’ (no PI added) and 4C’’ (PI added). 

Contrarily, around 50% of the microglia population, which is believed to  
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Figure 4. Acutely isolated microglia from 
human autopsy brain samples are suitable 
for functional in vitro assays. A Acutely 
isolated human microglia migrate to ATP 
and C5a in a dose dependent manner. 
Chemotaxis of acutely isolated human 
microglia was determined in Boyden 
chambers. A’ Quantification of the 
chemotactic capacity of microglia cells to 
increasing concentrations of ATP and C5a. 
Number of responsive cells for each 
condition is expressed as the percentage of 
the migrating cells in control condition 

(DMEM). In panel A’’ examples of the 
migration response to the control solution 
(DMEM), to 50-200 μM ATP and to 100-400 
ng/ml C5a are shown. The white arrow 
points towards a hematoxylin stained 
migrating microglia cell. B Acutely isolated 
human microglia produce reactive oxygen 
species upon stimulation. Production of 
oxygen radicals was determined by 
detecting the conversion of H2DCFDA into 
DCF with flow cytometry. The conversion in 
unstimulated microglia (control) was 
compared to microglia treated with the 
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protein kinase C activator, phorbol-
myristate-acetate (5 nM) and ATP (200 
μM). C Acutely isolated human microglia 
phagocytozed bacterial particles. The 
phagocytic capacity of acutely isolated 
human microglia was investigated by the 
means of live cell imaging using pHrodo 
coupled to bacterial particles. C’ 
Quantification of the phagocytic response 
of acutely isolated human microglia. PMA 
treatment changed the phagocytic capacity 
of the cells. In C’’ representative 
photomicrographs are presented showing 

the accumulation of the fluorescent 
pHrodo coupled bacterial bioparticles in 
the lysosomes of the microglia cells. Each 
depicted experiment is representative of 
two independent experiments that yielded 
similar results. (DMEM Dulbecco's modified 
Eagle medium; ATP Adenosine-5'-
triphosphat; C5a complement component 
5a; FL1 fluorescent detector channel for 
FITC; BF bright field; calibration bars in A’’ 
and C’’ represent 100 and 50 μm, 
respectively)

 
comprise of compromised cells, failed to exclude PI (compare G3 in 

Supplementary figure 4C’ (no PI added) and 4C’’ (PI added) while 20% of 

this compromised microglia population bound FITC coupled annexin V 

(compare G3 in Supplementary figure 4B’ (no annexin V FITC incubation) 

and 4B’’ (annexin V FITC added). Similar staining pattern for annexin V 

could be seen in the sample shown in Supplementary figure 5 (compare G2 

in B’ and B’’; compare G3 in B’ and B’’), where the compromised 

population (R3) is more pronounced than in Supplementary figure 4, 

possibly due to the more advanced age of the donor (see Table 1 for 

specimen comparison). As we conducted these assays on cell suspension B 

from mixed (containing both white and grey matter) tissue samples, the 

above mentioned additional, non-microglial live cell population was also 

present in the preparation (R5 in Supplementary figure 4 & 5).   

In summary, the decrease in cell size (shift to the left on the 

FSC/SSC scatter plot; compare R2 (healthy microglia) and R3 

(compromised microglia) in Supplementary figure 4 and 5), reduced 

positivity for microglia markers (CD11b and CD45; see G2 and G3 in 

Supplementary figure 4A, CD45FITC/CD11bPE scatter plots), increased 

staining with annexin V (Supplementary figure 4B and Supplementary 

figure 5) and increase PI staining (Supplementary figure 4C) all support our 
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initial notion, that the second microglia population is comprised of 

microglia cells undergoing apoptosis.  

Nonetheless, it is important to note, that this second microglia 

population (smaller in size and having lower expression levels of CD11b 

and CD45 (R3 in Supplementary figure 4 and Supplementary figure 5) 

showed consistently higher DNA content, as determined by DRAQ5 

positivity (see histogram in Supplementary figure 4A). DNA fragmentation 

is one of the characteristics of apoptotic cell death (Bacso et al., 2000) and 

many protocols quantify DNA content with flow cytometry as part of the 

apoptosis assay. These protocols routinely include a 

fixation/permeabilization step followed by washing steps, which is believed 

to wash out the cleaved DNA fragments from the cells, leaving the DNA 

content of the apoptotic cells less than the DNA content of G0/G1 cells 

(hypodiploid or sub-G1 peak). Since we worked exclusively with live cells 

without any fixation and/or permeabilization, it is possible that in our 

preparation the higher DNA content (determined by DRAQ5 staining) of the 

microglia subpopulation, that shows many characteristics of early and late 

apoptotic cells, is exactly due to retention of DNA fragments within these 

cells.  

 

Enzymatic dissociation has a distinct effect on the different live cell 
populations identifiable after discontinuous density separation 

The enzymatic digestion of the brain tissue with trypsin had a drastic 

effect on the size and the viability of the additional population that could be 

identified as non-microglia in cell suspensions A and B (labeled in 

Supplementary figure 2 with a black arrow) and has been seen to originate 

from grey matter (Supplementary figure 1). The absence of DRAQ5 
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(compare A’ with A’’, and B’ with B’’ in Supplementary figure 2) and the 

complete shift to the left on the size and granularity scatter plot (compare 

the FSC/SSC scatter plots of A’ with A’’, and B’ with B’’ in Supplementary 

figure 2) shows that this particular population was heavily affected by 

trypsinisation. Importantly, one central nervous system cell type, that is 

reportedly extremely sensitive to trypsinisation, is cortical protoplasmic 

astrocytes (Chaterjee & Sarkar, 1984).  Nonetheless, trypsin digestion did 

not influence the capacity of this population to bind unspecifically to anti-

CD11b and anti-CD45 antibodies and their respective isotype controls. The 

enzymatic dissociation had a minor effect on microglia cells, resulting in an 

increase of the size of the compromised microglia population (labeled with a 

white arrow in Supplementary figure 2), which could be observed both on 

the CD11b/CD45 staining intensity (compare C’ with C’’ in Supplementary 

figure 2) and size (compare the FSC/SSC scatter plot of C’ with C’’ in 

Supplementary figure 2). 

 
Functionality of acutely isolated human post mortem microglia 

By means of in vitro assays we also tested the functionality of the 

acutely isolated human microglia cells. For functional assays we used the 

cells directly from the 60%/30% discontinuous Percoll gradient interface. 

To achieve close to 100% purity in this case, cells were not allowed to 

attach for longer than 15 minutes after seeding. We investigated three of the 

most characteristic effector functions of microglia – chemotaxis, reactive 

oxygen species (ROS) production and phagocytosis (Figure 4). We found 

the acutely isolated microglia to be functional and responsive to stimulation. 

They readily migrated to adenosine-5'-triphosphate (ATP) and the 

complement component C5a in a concentration-dependent manner (Figure 
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4A). Upon stimulation with phorbol-myristate-acetate (PMA), they 

produced reactive oxygen species as detected by the DCFDA probe and 

flow cytometry (Figure 4B). Moreover, acutely isolated microglia proved to 

be able to phagocytose bacterial particles (Figure 4C). By means of live cell 

imaging we followed the accumulation of the pHrodo coupled bacterial 

bioparticles in the lysosomes of the human microglia cells. Under control 

conditions 40% of the cells reached half-maximum phagocytic response 

within the second hour of the assay. We also tested the effect of PMA on the 

phagocytic capacity of microglia cells. PMA has been shown to have a 

biphasic effect on the phagocytic capacity of rat microglia and macrophages 

depending on the concentration (Smith et al., 1998). In our experiments 

PMA (at the concentration of 0,5 μg/ml) changed the distribution of the 

phagocytic capacity of acutely isolated microglia. 

 

The pH of the tissue indicates the cellular yield after the enrichment 
step 

Samples consisting of white, grey and mixed CNS tissue had a 

comparable cellular yield, which was around 3,5 x 105 cells per gram wet 

tissue for each condition (white matter, grey matter and mixed sample). We 

could not find any correlation between the cellular yield after the 

discontinuous density separation (cell suspension B) with the age or the 

neurological condition of the deceased or post mortem delay (not shown). 

The pH of the autopsy tissue seemed to have the most pronounced effect on 

the cellular yield (Figure 5B). Autopsy specimens with low pH values (pH < 

7) consistently yielded low cell numbers from both white and grey matter. A 

pH value around and above 7 was compatible with the isolation of 

reasonable cell numbers from both regions.  
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Figure 5. The cellular yield correlated with 
the pH of the autopsy brain material. A 
The yield from both white and grey matter 
was around 3 x 105 cells par gram wet 
tissue. B Lower cell yields were associated 
with more acidic autopsy tissues. (WM 

white matter; GM grey matter; mixed 
frontal cortex tissue containing both white 
and grey matter; Specimen No. and S.No. 
case identifiers, please see Table 1 for 
details).

 

Isolation of human microglia from glioma specimens 

We also applied our protocol (with minor modifications) for the 

isolation of microglia from glioma samples (Figure 6). According to our 

observations, the surgically dissected bulk glioma generally contained very 

little myelin. Hence, in order to minimise the isolation time, the myelin 

gradient separation was excluded. Glioma associated microglia are believed 

to be activated to various degrees depending on the advancement of the 

tumor stage. We also observed differences in the activation state of 

microglia isolated from different grade glioma samples and healthy controls, 

which was reflected in their morphology (Figure 6C; C’ Iba1 staining of a 

cortical specimen from a donor without any neurological disorder; C’’ Iba1 

staining of a grade 4 glioma sample). In accordance with the general 

assumption, that activated microglia are more prone to cell death, we were 

able to successfully isolate microglia from GBM samples up to grade 3, but 

not grade 4. 
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Figure 6. The protocol is suitable for 
isolating a pure microglia population from 
glioma samples. Myelin separation proved 
to be dispensable due to the low myelin 
content of the gliomas. Discontiuous 
Percoll separation (60%/30% Percoll 
solutions) directly after the mechanical 
dissociation yielded around 90% microglia 
purity as shown in A (the numbers 
represent the number of cells present in a 
give subregion as a percentage of live cell). 
B Microglia isolated from gliomas were 

HLA-DR positive. C Microglia in high-grade 
gliomas acquire an amoeboid shape, which 
reflects overt activation (C’ sample from a 
healthy donor; C’’ grade 4 glioma sample). 
(SSC side scatter (granularity); FSC forward 
scatter (size); DRAQ5 live cell marker; 
CD11b and CD45 microglia markers; G1 
gate 1; R1 region 1, containing the DRAQ5 
positive live cells; Iba1 microglia marker for 
both resting and activated microglia; scale 
bars in C’ and C’’ represent 50 Pm).

 

Differences in the phenotype and function of human white and grey 
matter microglia 

We prepared human microglia from the frontal cortex and associated 

subcortical white matter of post mortem brain material. Subsequently, 

acutely isolated human microglia cells were submitted to 

immunophenotyping by flow cytometry and their phagocytic capacity was 
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investigated with time-lapse microscopy (an endpoint image of the assay is 

shown in Figure 7B).  
 

 
Figure 7. Functional and 
immunophenotype analysis of acutely 
isolated human white and grey matter 
microglia. Human microglia were isolated 
from the white and grey matter parts of 
frontal cortex autopsies. A Human 
microglia isolated from the white matter 
phagocytosed pHrodo coupled bioparticles 
faster than grey matter microglia. The rate 
of phagocytosis was measured by time 
lapse microscopy of pHrodo bioparticle 
ingestion. B Representative image of a 
measurement field at the end of the time-
lapse phagocytosis assay. Live cell nuclei 
are labeled with Syto13, dead cell nuclei 
are labeled with Hoechst. The ingested 
pHrodo coupled bioparticles are red at the 

acidic pH of the lysosomes. C 
Immunophenotyping of acutely isolated 
white and grey matter reveals the trends in 
the differences of the expression levels of 
certain microglia and microglia activation 
markers between human white and grey 
matter microglia. D Representative flow 
cytometric measurement of acutely 
isolated white and grey matter microglia 
showing higher expression levels of CX3CR1 
on the later. N (phagocytosis assay) = 2, N 
(immunophenotyping) = 2, N 
(immunophenotyping CX3CR1) = 3.  
(MFI mean fluorescent intensity; ab specific 
antibody; iso cntrl isotype control; hu WM 
mg human white matter microglia; hu GM 
mg human grey matter microglia) 
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Interestingly, acutely isolated human microglia from the subcortical 

white matter were having higher phagocytic rate than their cortical 

counterpart (N = 2 autopsy samples; results of one representative 

phagocytosis assay are shown in Figure 7A). Within the second hour of the 

assay 60% of white matter microglia reached half-maximum phagocytosis, 

while from grey matter microglia only 40% did so. Moreover, flow 

cytometric analysis of the expression levels of certain selected markers on 

human white and grey matter microglia revealed further differences between 

the two populations (N = 2 autopsy samples except for CX3CR1, where N = 

3 autopsy samples). Acutely isolated human microglia displayed 

considerable surface expression levels of HLA-DR, CX3CR1, CXCR3, and 

CD172a. CD40 and CD14 were marginally expressed, while CD80 and 

CD200R were absent. Though the expression pattern of these surface 

markers was basically the same for white and grey matter microglia, certain 

trends could be observed regarding the differences in expression levels. 

Grey matter microglia consistently expressed higher levels of the fractalkine 

receptor (CX3CR1) and CXCR3 (Figure 7C). The difference between the 

expression levels of these two markers between grey and white matter 

microglia was approximately two-fold, as shown by a representative flow 

cytometric measurement on Figure 7D. 

Discussion 
 

Various isolation protocols of microglia from human brain tissue 

have been practiced for more than two decades (Hussain et al., 2006a,b; De 

Groot et al., 2001; Dick et al., 1997; Hayes et al., 1988). In these protocols 

microglia purity and yield is either determined after an extended culturing 
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period (1-3 weeks) in the presence (De Groot et al., 2001; De Groot et al., 

2000) or absence of GM-CSF (Lue et al., 2001; Lue et al., 1996) or it has 

not been determined at all (Hussain et al., 2006a,b; Meeuwsen et al., 2005; 

Dick et al., 1997). Thus, none of these protocols allows for immediate use of 

microglia cells in downstream applications such as genome wide gene 

expression analysis or proteomic analysis. We have developed a protocol for 

rapid microglia isolation from different brain regions (white versus grey 

matter, frontal cortex versus striatum) and conditions (with and without 

neurological pathology (AD, HD, SCA, glioma), which in four easy and 

relatively fast steps yield on average 3 x 105 microglia per g brain tissue at a 

purity of > 95%. A further advantage of the current protocol is that it 

removes red blood cells during the discontinuous Percoll separation, thus 

abolishing the need for a hypotonic lysis step. Moreover, the protocol works 

well even in the case of relatively long post mortem delays (tested up till 20 

h).  

Several issues have been addressed during the optimization of the 

protocol. First of all we determined the optimal weight of the starting 

autopsy material. In our experience loading more than 3 g/tube of human 

post mortem brain material in the first, myelin separation step negatively 

influenced both the yield and the purity of the isolation procedure. We also 

observed region dependency in this regard, since the optimal starting 

amount for purely white matter samples was not more than 1-1,5 g/tube, 

while in the case of samples consisting of solely grey matter around 2-3 g of 

starting material could be loaded on one tube for the myelin separation step. 

We also made considerable efforts to optimise the subsequent discontinuous 

density separation step of our protocol. Clearly, the application of a 30-60% 

Percoll layers provided us with the optimal results. In addition to a high 
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yield, flow cytometric analysis showed a minimal presence of debris and 

complete absence of red blood cells at the 30-60% Percoll layer interface 

after centrifugation. Microglia cells collected from the 30-60% interface 

were functional as tested by in vitro experiments. From samples containing 

grey matter next to the CD11b+/CD45+ microglia population an additional 

live cell population was separated in the course of the discontinuous density 

separation step. Since this extra population was completely absent in white 

matter samples and was extremely sensitive to trypsinisation (Chatterjee & 

Sarkar, 1984), it is quite likely that it represents a population of 

protoplasmic astrocytes with density properties similar to that of microglia 

cells. Moreover, the expression profile of protoplasmic astrocyte markers - 

high Aldh1L1 and GLT-1 expression (Yang et al., 2011) and low GFAP 

expression (Sofroniew & Vinters, 2010) - also supports the protoplasmic 

astrocyte identity of this population. Including an anti-CD11b antibody 

coupled magnetic beads separation step however, abolished this additional 

population from our isolate and yielded a final microglia purity of > 95%. 

In accordance with earlier reports (Monoranu et al. 2009; Schuenke 

& Gelman, 2003) the factor that influenced the quality of the isolation 

protocol was the pH of the autopsy tissue. Microglia seemed to be extremely 

sensitive on the acidity of the post mortem brain material. From samples 

where the pH was below 7 (pH range 6,2 to 6,7) only one out of five 

samples gave reasonable microglia population, while in samples for which 

the pH was around 7 (pH range 6,9 to 7) and above (pH range 7,1-7,3) the 

same number was three and four out of five, respectively. Other factors such 

as post mortem delay or the neurological status of the deceased did not seem 

to have significant effect on the microglia population. Nonetheless, we 

cannot exclude the possibility that some correlations between cell yield and 
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any other parameter remained obscured due to the low number of specimens 

from each condition (age, neurological state and cause of death). The yield 

from white and grey matter of the frontal cortex was similar (around 300, 

000 cells per gram wet tissue), with a slightly higher yield from grey matter, 

except for certain cases with neurological conditions affecting the white 

matter (see Specimen No. 5, a myelitis transversa case, the outlier in Figure 

5A regarding yield in the WM). Mixed tissue (containing both white and 

grey matter) consistently yielded less viable cells (Figure 5A), than when 

the two tissue parts were separated. 

Our protocol has several further advantages over previously 

described protocols. With the optimisation of the isolation method, the 

application of a hypotonic shock, culturing, differential attachment, 

differential trypsinisation and exposure to growth factors became 

dispensable. Myelin contamination in the cell suspension after the 

discontinuous density separation is already minimal. All of these factors 

have been described to influence the phenotype and function of microglia. 

Thus, for future studies aiming at investigating human microglia phenotypes 

in health and disease our isolation procedure offers a serious choice. 
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Supplementary figure 1 (previous page). 
White and grey matter yields different 
microglia purity after discontinuous 
Percoll separation (cell suspension B). 
Microglia was isolated from the subcortical 
white matter, cortical grey matter, capsula 
interna, nucleus caudatus and putamen. 
Microglia purity was determined by the 
means of flow cytometric analysis. The live 
cells isolated with the above described 
protocol from subcortical white matter and 
capsula interna were almost exclusively 
microglia, based on their CD11b/CD45 
expression profile. Two populations could 
be observed. One with higher (labeled with 

an asteriks) and one with lower expression 
levels of CD11b/CD45 (marked with a white 
arrow). Next to these two populations, the 
protocol yielded an additional, non-
microglial population (marked with a black 
arrow) exclusively found in samples 
containing grey matter (cortical grey 
matter, nucleus caudatus, putamen). This 
additional population is also obvious on the 
forward and side scatter scatter plots. (SSC 
side scatter (granularity); FSC forward 
scatter (size); DRAQ5 live cell marker; 
Specimen No. 19 case identifier, please see 
Table 1 for details). 

 
Supplementary figure 2 (Next page). The 
additional population in cell suspension B 
from grey matter and mixed samples is 
sensitive to trypsinisation. Mechanical 
dissociation was either applied alone (A’, 
B’, C’) or in combination with a 
trypsinisation step (A’’, B’’, C’’). Cell 
suspensions at each step (A, B and C stand 
for cell suspension A, B and C, respectively) 
of the protocol were collected, stained for 
CD11b and CD45, and analyzed by flow 
cytometry. Ungated contour plots are 
shown. Trypsinisation results in abrupt 
changes in the granularity and the DRAQ5 
staining intensity of the additional 
population (the population marked by the    
black arrow in A’ is missing in A’’),  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

suggesting that the cells membrane 
integrity is compromised due to the trypsin 
treatment. The unspecific binding of the 
antibodies to this population is not affected 
by trypsinisation (see population marked 
with a black arrow in A’ and A’’ in the 
‘isotype control’ column). The size and 
granularity, staining profile and viability of 
the microglia population (labeled with an 
asterisk) is only marginally affected by 
enzymatic dissociation with trypsin (this 
effect can be seen in the increase of the 
population marked with a white arrow in C’ 
and C’’). (SSC side scatter (granularity); FSC 
forward scatter (size); DRAQ5 - live cell 
marker; Specimen No. 19 case identifier, 
please see Table 1 for details). 



50B_BW Divya Darwin Arukseeli.job

 

92 
 

 

 
 
 



51A_BW Divya Darwin Arukseeli.job

 

93 
 

Supplementary figure 3. Identity of the 
additional population in grey matter 
samples.  
 
 

Quantitative real time PCR analysis of FACS 
sorted cell populations confirmed the 
protoplasmic astrocyte  
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identity of the additional population in cell 
suspension B from grey matter samples. A 
Contour plots representing the microglia 
population (R1) and the additional 
population (R2) in cell suspension B. B 
Quantitative real time PCR analysis of the 

transcript levels of selected microglia 
(CD11b) and astrocyte (GLAST, GLT-1, 
Aldh1L1 and GFAP) marker genes of FACS 
sorted samples. (FSC forward scatter (size); 
SSC side scatter (granularity); for the other 
acronyms, please see List of Abbreviations)
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Supplementary figure 4 (previous page). 
Two subpopulations of microglia can be 
distinguished based on their differences in 
apoptotic markers. The microglia 
subpopulation that has reduced size (R3 on 
FSC/SSC) shows signs of apoptotic cell 
death, such as increased binding to annexin 
V and increased staining with PI. All scatter 
plots show cell suspension B of a mixed 
(containing both white and grey matter) 
sample. A The microglia population was 
determined based on their characteristic 
CD11bhigh/CD45intermediate expression 
profile (R1). The two microglia populations 
were discriminated by the differences in 
their size (R2 and R3). R4 contains cellular 
debris, as shown by lack of DRAQ5 staining 
(G4 on the histogram). R5 comprises of the 
additional live cell population present only 
in grey matter. B The microglia of smaller 
size (R3) had increased binding to annexin 

V, a marker of early apoptotic cells, when 
compared to the bigger microglia 
population (R2) (B’ no annexin V FITC 
added; B’’ incubation with annexin V FITC). 
C The microglia of smaller size (R3) had 
increased staining with PI, a marker of late 
apoptotic cells, when compared to the 
bigger microglia population (R2) (C’ no PI 
added; C’’ incubation with PI). (FSC forward 
scatter (size); SSC side scatter (granularity); 
PE phycoerythrin; FITC fluorescein 
isothiocyanate; DRAQ5 a live cell marker; 
CD11b and CD45 microglia markers; PI 
propidium iodide; for the other acronyms, 
please see List of Abbreviations; Specimen 
No. 26 case identifier, please see Table 1 
for details; the numbers in the corners of 
the scatterplots in B’/B’’ and C’/C’’ 
represent the percentage of cells in the 
given gate and quadrant). 
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Supplementary figure 5. The microglia 
subpopulation of compromised health is 
more pronounced in specimen from a 
donor of advanced age. The microglia 
subpopulation that has reduced size (R3 on 
FSC/SSC) shows signs of apoptotic cell 
death, such as increased binding to annexin 
V. All scatter plots show cell suspension B 
of a mixed (containing both white and grey 
matter) sample. A The microglia population 
was determined based on their 
characteristic CD11bhigh/CD45intermediate 
expression profile (R1). The two microglia 
populations were discriminated by the 
differences in their size (R2 and R3). R5 
comprises of the additional live cell 
population present only   

in grey matter. B The microglia of smaller 
size (R3) had increased binding to annexin 
V, a marker of early apoptotic cells, when 
compared to the bigger microglia 
population (R2) (B’ no annexin V FITC 
added; B’’ incubation with annexin V FITC). 
(FSC forward scatter (size); SSC side scatter 
(granularity); PE phycoerythrin; FITC 
fluorescein isothiocyanate; DRAQ5 a live 
cell marker; CD11b and CD45 microglia 
markers; for the other acronyms, please 
see List of Abbreviations; Specimen No. 25 
case identifier, please see Table 1 for 
details; the numbers in the corners of the 
scatterplots in B’ and B’’ represent the 
percentage of cells in the given gate and 
quadrant) 
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Supplementary figure 6. An 
immunomagnetic bead separation step 
after the removal of myelin/debris yields 
comparable purity as a discontinuous 

Percoll density separation step. Contour 
plots of flow cytometric measurements of 
the samples collected at the different steps 
of the protocol. Live cell gate was set as the 
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DRAQ5+ cell populations (R1). The 
microglia population is determined as the  
CD11bhigh/CD45intermediate cell 
population (R2). In an alternative approach, 
approximately 80% microglia purity 
(determined as percentage of R2 in R1) can 
be attained by applying anti-CD11b 

antibody coupled magnetic bead 
separation to the cell suspension A (cell 
suspension A/C). (SSC side scatter 
(granularity); FSC forward scatter (size); 
DRAQ5 live cell marker; Specimen No. 17 
case identifier, please see Table 2 for 
details). 
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Table 2. Antibody specifications 
 
Application antigen species vendor Cat.No. Isotype Probe 
       
FC CD11b mouse BioLegend 301306 IgG1 PE 
 CD45 mouse BioLegend 304007 IgG1 FITC 
 HLA-DR mouse BioLegend 307603 IgG2a FITC 
 CX3CR1 rat BioLegend 341605 IgG2b FITC 
 CXCR3 mouse R&D FAB160P IgG1 PE 
 CD172a mouse BioLegend 323805 IgG1 PE 
 CD40 mouse BioLegend 334305 IgG1 FITC 
 CD14 mouse eBioscience 11-0149 IgG1 FITC 
 CD80 mouse BioLegend 305207 IgG1 PE 
 CD200R mouse BioLegend 329305 IgG1 PE 
       
 ic mouse BioLegend 400111 IgG1 PE 
 ic mouse BioLegend 400108 IgG1 FITC 
 ic mouse BioLegend 400207 IgG2a FITC 
ICC,  Iba1 rabbit Wako 019-19741 - - 
IHC &  GFAP rabbit Dako Z 0334 - - 
WB GFAP mouse Chemicon MAB3402 - - 
 β-actin mouse Abcam ab6276 - - 
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Table 3. Abbreviations used in figures and tables 
CD11b integrin alpha-M 

CD14 monocyte differentiation antigen CD14 

CD172a tyrosine-protein phosphatase non-receptor type substrate 1 

CD200R cell surface glycoprotein CD200 receptor 

CD40 tumor necrosis factor receptor superfamily member 5 

CD45 receptor-type tyrosine-protein phosphatase C 

CD68 macrosialin, a marker of tissue macrophages 

CD80 activation B7.1 antigen 

CX3CR1 fractalkine receptor 

CXCR3 C-X-C chemokine receptor type 3 

GFAP glial fibrillary acidic protein 

Aldh1L1 aldehyde dehydrogenase family 1 member L1 

GLAST excitatory amino acid transporter 1 

GLT-1 excitatory amino acid transporter 2 

HLA-DR HLA class II histocompatibility antigen, DR 

Iba1 ionised calcium-binding adapter molecule 1 

β-actin beta-actin 

m, f male, female 

pmd post mortem delay 

n/d not determined 

MSA multisystem atrophy 

OPCA olivopontocerebellar atrophy 

PSP progressive supranuclear palsy 

SCA3 spinocerebellar ataxia 

AD Alzheimer’s diesease 

DLBCL diffuse large B-cell lymphoma 

MI myocardial infarction 

AAA abdominal aortic aneurysm 

PTLD post-transplant lymphoproliferative disorder 
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Supplementary table 1: Primer information 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

CD11b NM-000632 QhCD11b for GGTGAAGCCAATAACGCAGC 

QhCD11b back GCTCTCGTACCACTTTGCGG 

Aldh1L1 NM-012190 QhAldh1L1 for GTCCATCCAGACCTTCCGCTA 

QhAldh1L1 back CCCTGGATCTTGTCACACCAG 

GFAP NM-002055 QhGFAP for ACCGGATCACCATTCCCGT 

QhGFAP back TTGAGGTGGCCTTCTGACACA 

GLT-1 NM-004171 QhGLT-1 for TAGCCGCCATCTTTATAGCCC 

QhGLT-1 back GGGTGGCTGTGAGGCTTACA 

Glast NM-004172 QhGlast for AGGGTTGCTGCAAGCACTCA 

QhGlast back GGGTAGGGTGGCAGAACTTGA 

GAPDH NM-002046 QhGAPDH for CCTGCACCACCAACTGCTTA 

QhGAPDH back GCAGTGATGGCATGGACTGT 

HPRT1 NM-000194 QhHPRT1 for GTCTTGCGCGAGATGTGATG 

QhHPRT1 back GATGTAATCCAGCAGGTCAG 
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