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Introduction

Microglia, as brain resident macrophages, are fundamental to several functions,
including response to environmental stress and brain homeostasis. Microglia
can adopt a large spectrum of activation phenotypes. Moreover, microglia that
endorse pro-inflammatory phenotype is associated with both neurodevelopmental and
neurodegenerative disorders. In vitro studies are widely used in research to evaluate
potential therapeutic strategies in specific cell types. In this context studying microglial
activation and neuroinflammation in vitro using primary microglial cultures is more
relevant than microglial cell lines or stem-cell-derived microglia. However, the use
of some primary cultures might suffer from a lack of reproducibility. This protocol
proposes a reproducible and relevant method of magnetically isolating microglia from
neonate pups. Microglial activation using several stimuli after 4 h and 24 h by mRNA
expression quantification and a Cy3-bead phagocytic assay is demonstrated here.
The current work is expected to provide an easily reproducible technique for isolating

physiologically relevant microglia from juvenile developmental stages.

Microglia are the central

nervous system resident

neuronal homeostasis, and myelinationz. In adulthood,

macrophage-like cells derived from erythropoietic precursors
of the yolk sac that migrate to the neuroepithelium
during early embryonic development1. Apart from their
immunity functions, they also play a significant role

during neurodevelopment, particularly for synaptogenesis,

microglia develop long cellular processes to scan the
environment continuously. In case of homeostasis ruptures
such as brain injury or brain disease, microglia can
change their morphological appearance to adopt an

amoeboid shape, migrate to the injured area, increase and
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release many cytoprotective or cytotoxic factors. Microglia
have heterogeneous activation states depending on their
developmental stage and the type of injury sustained3:4:°.
In this study, these activation states are broadly classified
into three different phenotypes: pro-inflammatory/phagocytic,

anti-inflammatory, and immuno-regulatory, keeping in mind

that in reality, the situation is likely to be more complex6.

Studying in vivo microglial activation and screening

for neuroprotective strategies at early stages of brain
development can be challenging due to (1) the fragility of
animals before weaning and (2) the low number of microglial
cells. Therefore in vitro studies on microglia are widely used

7,8,9 5,10,11,12,13,14

for toxicity , heuroprotective strategies

15,16,17,18,19,20.21 " 1 itro studies can

and co-cultures
use either microglial cell lines, stem-cell-derived microglia,
or primary microglia culture. All these approaches have
advantages and disadvantages, and the choice depends on
the initial biological question. The benefits of using primary
microglia cultures are the homogenous genetic background,
pathogen-free history, and control of the time when the

microglia are stimulated after animal death?2.

Over the years, different methods (flow cytometry,

shaking, or magnetic labeling) were developed for

culturing primary microglia from rodents, both neonate

t23.24,25,26,27,28,29

and adul In the present work,

microglia isolation from mouse neonate pups is
performed using previously described magnetic-activated
cell sorting technology using microbead-coated anti-mouse
CD11b%%:27:29 CD11b is an integrin-receptor expressed at
the surface of myeloid cells, including microglia. When there is
no inflammatory challenge within the brain, almost all CD11b+
cells are microglia30. Compared to other previously published

methods?23:24,25,26,27,28,29 4o present protocol balances

immediate ex vivo microglial activation analyses and common
in vitro primary microglial culture. Thus, microglia are (1)
isolated at postnatal day (P)8 without myelin removal, (2)
cultured without serum, and (3) exposed either to siRNA,
miRNA, pharmacological compound, and/or inflammatory
stimuli only 48 h after brain isolation. Each of these three
aspects makes the current protocol relevant and rapid. First
of all, the use of pediatric microglia allows obtaining dynamic
and reactive viable cells in culture without requiring an
additional demyelination step that could potentially modify
microglial reactivity in vitro. The present protocol aims to
get as close as possible to the physiological environment of
microglia. Indeed, microglia never encounter serum, and this
protocol does not require the use of serum either. Moreover,
exposing microglia as early as 48 h after culture prevents

them from losing their physiological faculties.

Protocol

The protocol was approved, and all the animals were
handled according to the institutional guidelines of Institut
National de la Sanfe et de la Recherche Scientifique (Inserm,
France). Magnetic isolation of microglia from the brains of
24 OF1 mouse pups (both male and female) at P8, divided
into 6-well, 12-well, or 96-well plates, are presented. The
experimental work was performed under a hood to maintain

sterile conditions.

1. Preparation of sterile solutions for isolation
and cell culture

1. Prepare 50 mL of 1x Hanks' Balanced Salt Solution
(HBSS) without CaZ* and Mg%* (HBSS™) from the
commercially available 10x solution (see Table of

Materials).
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2. Prepare dissociation mixture according to the 6.

composition provided in Table 1 using a commercially

available tissue dissociation kit (see Table of Materials). 7

3. Prepare 200 mL of 1x HBSS with Ca?* and Mg?*

(HBSS*/*) from the commercially available 10x solution.

Remove cerebellum and olfactive bulb with a razor blade

and cut the brain into two pieces (Figure 1J).

Place the brain pieces in a Petri dish containing 30-40

mL of HBSS™" (Figure 1K).

3. Brain dissociation and magnetic microglial
4. Prepare 200 mL of 1x PBS + 0.5% BSA (referred to as ~ isolation

cell sorting buffer).

NOTE: All cell manipulations and resuspensions must be

5. Prepare CD11b-microbeads according to Table 2. performed with a 1,000 pL pipette with great caution. Applying

6. Prepare 500 mL of macrophage serum-free culture
medium (SFM) + 1% of Penicillin-Streptomycin (P/S).
Make aliquots of 50 mL tubes and store them at4 °C. This
is referred to as the microglia medium later in the text.
NOTE: All isolation solutions must be freshly prepared
under sterile conditions on experimentation day and kept
on ice. Microglia cell culture medium can be prepared,
aliquoted in 50 mL tubes, and kept at 4 °C for future use.

Filtration is not needed.

2. Brain dissection

1. Decapitate the pup's head using large scissors without

previous general anesthesia.

2. Cut the skin from the neck to the nose following the

sagittal suture (15-20 mm) with small scissors (Figure

1A-C). 5.

3. Insert a small scissor's tips within the Foramen magnum
parallel to the skull. Cut from each side carefully to the

eyes (Figure 1D,E).

4. Cut between the eyes with small scissors to detach the

skull and brain from the head (Figure 1F).

5. With two forceps, grab the skull close to the olfactory 7.

bulbs and tear the skull carefully, taking care not to

damage the underlying brain (Figure 1G-l).

a high mechanical action may activate or kill microglia cells.

Transfer 12 brain pieces (~1.2 g) per dissociation tube
containing dissociation mixture according to Table 1. For

24 pups, four C-Tubes were needed (Figure 2A-B).

Place C-Tubes on the dissociator (with the heating
mode). Start the optimized NTDK program in the
equipment according to the manufacturer's instruction
(Figure 2D).

Centrifuge at 300 x g for 20 s (at 4 °C) to collect all the
cells. Complete the mechanical dissociation by pipetting

three times up and down with a 1,000 uL pipette (Figure
2E).

Transfer the cells to four 15 mL tubes + strainers. Rinse
the strainers with 10 mL of HBSS** (Figure 2F).
Centrifuge at 300 x g for 10 min (at 4 °C) and remove the
supernatant. Carefully resuspend the pellet with 10 mL
of HBSS*/* (Figure 2G).

Centrifuge at 300 x g for 10 min (at 4 °C) and remove the

supernatant. Carefully resuspend the pellet with 6 mL of

sorting buffer (step 1.4) (Figure 2H).

Centrifuge at 300 x g for 10 min (at 4 °C) and remove the
supernatant. Add 200 uL of CD11b-microbead solution
(step 1.5) per tube and resuspend carefully (Figure 2I).
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10.

11.

12.

13.

14.

Incubate the tubes for 15-20 min at 4 °C. Carefully
resuspend the pellet with 6 mL of sorting buffer (Figure
21-J).

Centrifuge at 300 x g for 10 min (at 4 °C) and remove the
supernatant. Carefully resuspend the pellet with 8 mL of

sorting buffer (Figure 2K).

Follow the POSSEL program on the separator (see Table
of Materials) to prepare eight columns. Transfer cells 1
mL by 1 mL on the column. Wait for all the cells to pass
through before adding another mL. Elute CD11b+ cells
on sterile elution plate with 1 mL of sorting buffer (Figure

2L).
Pool CD11b+ cells in a new 50 mL tube (Figure 2M).

Centrifuge at 300 x g for 10 min (at 4 °C) and remove the
supernatant. Carefully resuspend the pellet with 10 mL

of cold microglia medium (step 1.6) (Figure 2N).

Count the CD11b+ cells. At P8, one should obtain
~650,000 cells per brain.

NOTE: In the present protocol, the cells were counted
using an automated cell counter (see Table of

Materials).

Resuspend the cells in cold microglia medium to a final
concentration of 650,000-700,000 cells/mL and dispense
in cell culture plates.

NOTE: The 6-well plates are for Western Blot (2 mL per
well); the 12-well plates are for RT-qPCR analysis (1
mL per well), and the 96-well plates are for phagocytic
assay (250 uL per well); all three were used for this work.
However, in this manuscript, the results from the Western
Blot analysis are not shown, but it is possible to perform

with this protocol.

15.

16.

Place the plates at 37 °C with 5% CO2 overnight. Change

the medium carefully with a 1,000 uL pipette with pre-

heated microglia medium.

Place the plates at 37 °C with 5% CO2 overnight before
stimulation.

NOTE: Isolating microglia from more than 36 pups and
after P9 are not recommended. This will increase the
risk of contamination and accumulation of cell debris to

activate microglia.

4. Cell stimulations

Prepare stimulation reagents according to Table 3
using the commercially available reagents (see Table of

Materials).

Add the appropriate volume in each stimulated well.
NOTE: The appropriate volume depends on the

concentration of the stimulus and the size of the well.

Place the plates at 37 °C with 5% COg2until the end of

stimulation at 6 h, 24 h, or 48 h.

For the Western Blot analysis, aspirate the supernatant
and add 50 yL of protein lysis buffer (see Table of
Materials) with a pipette. Using tips, scratch the bottom
of the plate to detach the lysed cells and transfer them to
1.5 mL tubes. Store at -80 °C.

NOTE: The culture plates can be stored for years at -80

°C if the supernatant is aspirated correctly.

For RT-gPCR analysis®-3", aspirate the supernatant and
store the culture plates directly at -80 °C until mRNA

extraction (step 5).

For the phagocytic assay, please see step 6.
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5. mRNA extraction and RT-qPCR analysis 7. Purity quality control

1. Perform RNA extraction, RT-PCR, and RT-qPCR 1.

following the manufacturer's protocol (see Table
of Materials). Refer to Table 4 for the primer

sequence35’6'31 .

2. Perform RT-gPCR analysis by following the previously

published report5.
6. Phagocytic assay

1. Stimulate the cells and perform phagocytic assay during
the last 3 h of the stimulation. For example, for stimulation
of 6 h, start the phagocytic assay after 3 h of stimulation;
and for stimulation of 12 h, start the phagocytic assay 9

h after the beginning of the stimulation.

2. Calculate the number of beads needed to prepare

considering the ratio (1 cell: 50 beads). For one well of

the 96-well plate, 8.1 x 108 beads are required. Prepare
the beads mixture according to Table 5.

NOTE: Carefully vortex the beads stock vial before
adding to the PBS/FBS mixture.

3. Incubate for 1 h in a water bath at 37 °C. Vortex every

10 min.

4. Calculate the solution volume to add to each well. Add

the solution and incubate for 3 h.

5. Rinse the wells three times with 1x PBS. Read
the fluorescence emission at 550 nm (Cy3 emission

wavelength).

Evaluate the purity of CD11b magnetic isolation by flow

cytometry (FACS) (before and after cell sorting), and then

perform the RT-gPCR.

1.

Count the cells and resuspend in FACS buffer (PBS
+ 2 mM of EDTA + 0.5% of Bovine Serum Albumin)

in order to obtain a dilution of 10 x 10° cells/mL after

step 3.5 and step 3.14.

After 15 min of the conventional Fc blocking32'33,

incubate the cells for 15 min with viability
probe (FVS780) and fluorophore-conjugated
antibodies against mouse CD45, CD11b, CX3CR1,

ACSA-2, 04 or their corresponding control

32,33

isotypes at the concentration recommended by

the manufacturers (see Table of Materials).

Wash the cells with FACS buffer, fix, and
permeabilize with a commercially available

permeabilization kit (see Table of Materials).

Perform Fc blocking again on the permeabilized
cells, and then incubate with fluorophore-conjugated
antibody against NeuN (see Table of Materials) or

its control isotype for 15 min.

Perform FACS analysis after washing with FACS
buffer.

After excluding the doublets and the dead cells
based on morphological parameters and FVS780
staining, respectively, select the gating strategy
for the surface expression of CX3CR1 (microglia),
ACSA-2 (astrocytes), O4 (oligodendrocytes), and
intracellular presence of NeuN (neurons) for the

analysis of the percentage of positive cells.
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2. Following step 5, extract MRNA and perform RT-gPCR to
quantify ltgam (CD11b), Cx3cr1, Olig2, Synaptophysin,
and Gfap mRNA. Normalize Cq using Rp/713a mRNA as
a reporter, and perform a relative expression to lfgam

mRNA.

Representative Results

Microglia is the CNS resident macrophage that gets

activated when exposed to environmental challenges
(trauma, toxic molecules, inflammation )*-2:6:34 (Figure
3A). In vitro studies on microglia are commonly used
to evaluate cell-autonomous mechanisms related to those
environmental challenges and characterize activation state
after pharmacological or genetic manipulation. Here, an
approach is presented to isolate primary microglia at the

juvenile stage using magnetic coupled beads.

An easy readout for microglial activation in vitro is to quantify
mRNA expression of several microglial reactivity markers
associated with a pro-inflammatory phenotype (Cd86, Nos2,
Ptgs2, Tnf) or an anti-inflammatory phenotype (Cd206, Igfi,
Arg1, Lgasl3)®:8:31. These phenotypes were described
depending on mRNA expression after pro-inflammatory
(IL-1B, LPS) or anti-inflammatory (IL-4 or IL-10) stimulus.
Some markers are classified as immuno-regulatory markers
because they are upregulated through pro- and anti-
inflammatory stimulation (Figure 3A). This classification was
described previously by our team®-6:31_ After 48 h, isolated
microglial were stimulated with pro- and anti-inflammatory
stimulus for 4 h or 24 h. mRNA were extracted, and RT-gqPCR
quantified gene expression. At4 h and 24 h, pro-inflammatory

and immuno-regulatory markers are induced by IL-1(3, IL-1(3 +

IFN-y, and LPS®-6:31 At4 h, IL-4 stimulation also induces the
immuno-regulatory marker 11-1rn®. They are induced strongly
at 4 h after IL-4 stimulation regarding anti-inflammatory
markers. Interestingly, Cd206 is also significantly upregulated

24 h after IL-13 stimulation® (Figure 3B).

To evaluate the phagocytic activity of microglia in vitro,
fluorescent Cy3 PVC beads were used. They were pre-
treated with fetal bovine serum (FBS) to facilitate their
phagocytosis by microglia. Microglia were polarized toward
pro-inflammatory phenotype by stimulation with IL-1 + IFN-
y or LPS for 3 h or 21 h. Three hours before the end of
stimulation, Cy3-beads were incubated with microglial cells.
After rinsing with 1x PBS, the fluorescence intensity in each
well was quantified. Quantification relative to wells with no
beads was expressed, and representative images were taken
(Figure 4). After 6 h stimulation, microglia start to phagocyte
Cy3-beads only under IL-1B + IFN-y. After a 24 h stimulation,
there is an increase of Cy3 fluorescence for both kinds of
stimulation. That increase of Cy3 fluorescence highlights

increased phagocytic activity (Figure 4C).

Flow cytometry (FACS) and RT-qPCR were performed
to evaluate the microglial culture's purity. Different brain
cellular populations can be distinguished by flow cytometry:
CX3CR13% for microglia, O4 for oligodendrocytes3®,
NeuN for neurons37, and ACSA-2 for astrocytes38. After
dissociation, all brain cells are present; however, after cell
sorting using CD11b antibody, only microglia and small
amounts of O4 cells are present (Figure 5A). 48 h after
primary cell culture, only microglia markers are found as

evaluated by RT-qPCR (Figure 5B).
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Figure 1: Step-by-step representation showing the removal of the brain from the skull. (A-C) Small scissors were
used to cut the skin from the neck to the nose following the sagittal suture. (D-E) The small scissor's tips were inserted within
the Foramen magnum parallel to the skull, and from each side to the eyes were carefully cut. (F) The skull and brain were
detached from the head by cutting between the eyes with small scissors. (G-l) The skull was grabbed close to the olfactive
bulbs with two forceps and torn carefully not to damage the underlying brain. (J) The cerebellum and the olfactive bulb

were removed with a razor blade, and the brain was cut into two pieces. (K) The brain pieces were placed in a Petri dish

containing 30-40 mL of HBSS™. Please click here to view a larger version of this figure.

Copyright © 2022 JoVE Journal of Visualized Experiments jove.com July 2022-185- €62964 - Page 7 of 19


https://www.jove.com
https://www.jove.com/
https://www.jove.com/files/ftp_upload/62964/62964fig01large.jpg

jove

/\ . Dissociator

.

\ -

: B " N c Transfer in D Launch 37_NTDK
without olfactive bulbs
and cerebellum Strainers 70 %
Ff .
=z : « p—
— . — @
= A ——
- W E
G Centrifuge h F Transfer on MACS Centrifuge
10 min at 300 g and remove supermatant Strainner and add HBSS™* 20sat300g
Add HBSS+/+

g
*‘@.—~—~@.—~r—~

H - I . ] y
Centrifuge . . Centrifuge Add sorting
10 min at SDD§ and remove supermatant 10 min at 300 g and remove supernatant buffer
Add sorting buffer Add CD118 anfibodies coupled to beads.

Incubate at 4°C for 15-20 min

Separator

e = = ;
1 — e, — | = — S
—

Centrifuge Transfer in 50 L Launch Centrifuge
10 min at 300 g and remove supernatant mL tube POSSEL program 10 min at 300 g.
Resuspend in SFM 1 % P/S and count cells Remaove supernatant

and add sorting buffer

Figure 2: Schematic representation of brain dissociations and microglial cells isolation. (A-C) After P8 mouse brain
dissection and removing olfactive bulbs and cerebellum, brains were first transferred to a Petri dish with HBSS**, and
then to dissociation tubes containing the dissociation mixture. The C-tubes were placed on the dissociator (with the heating
mode), and the NTDK program was started (D). (E) At the end of the program, tubes were centrifuged at 300 x g for 20 s
at 4 °C; dissociation was then completed by pipetting three times up and down with a 1,000 pL pipette. (F) Cells were then
transferred to 15 mL tubes + strainers of 70 ym and rinsed with 10 mL of HBSS*'*. (G) Samples were then centrifuged at
300 x g for 10 min at 4 °C, the supernatant was removed, and the pellet was resuspended with 10 mL of HBSS**. (H) Tubes
were again centrifuged at 300 x g for 10 min at 4 °C; the supernatant was removed, and then the pellet was resuspended
in 6 mL of sorting buffer. (I) Tubes were centrifuged at 300 x g for 10 min at 4 °C, the supernatant was removed, and the
CD11b-microbead (200 pL) solution was added. Tubes were incubated for 15-20 min at 4 °C, and then resuspended in

6 mL of sorting buffer (J) and centrifuged at 300 x g for 10 min at 4 °C. (K) The supernatant was removed, and the pellet
was carefully resuspended in 8 mL of sorting buffer. (L) Then, launch the POSSEL program on the separator to prepare
columns. Cells were transferred 1 mL by 1 mL on the column, and CD11b cells were eluted on a sterile elution plate with 1

mL of sorting buffer. (M) CD11b cells were pooled in a new 50 mL tube and centrifuged at 300 x g for 10 min at 4 °C, and the
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supernatant was removed. (N) The pellet was carefully resuspended in 10 mL of cold microglia medium in the last step. The

cells were counted and diluted in the microglial medium to a final concentration of 650,000-700,000 cells/mL dispensed in

cell culture plates. Please click here to view a larger version of this figure.
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Figure 3: Microglial activation following exposition to environmental challenges. (A) Simplified schematic

representation of microglial activation spectrum. (B) Relative quantification of microglial activation markers after 4 h or 24 h

stimulation. Two-way ANOVA followed by Dunnett's multiple comparisons test39 (n = 5-15); error bars represent SEM; *p <

0.05, **p < 0.01, ***p < 0.001. Please click here to view a larger version of this figure.
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Figure 4: Evaluation of the phagocytic activity of microglia in vitro. (A) Representative images of microglia Cy3-beads
(in red) phagocytosis after stimulation of 6 h or 24 h. The images were acquired using 20x objective of the fluorescence
microscope. Scale bar = 100 ym. (B) Relative quantification of fluorescence emits per well. Statistics was performed using
two-way ANOVA followed by Dunnett's multiple comparisons test (n = 4-7); error bars represent SEM; *p < 0.05, ** p <
0.01, ***p < 0.001. (C) Representative picture of microglia (IBA-1 + cells in green) Cy3-beads (in red) phagocytosis after 6
h stimulation. The images are acquired using a 40x objective of the confocal microscope. Scale bar = 300 ym. Please click

here to view a larger version of this figure.

Copyright © 2022 JoVE Journal of Visualized Experiments jove.com July 2022-185- €62964 - Page 10 of 19


https://www.jove.com
https://www.jove.com/
https://www.jove.com/files/ftp_upload/62964/62964fig04large.jpg
https://www.jove.com/files/ftp_upload/62964/62964fig04large.jpg

A Before cell sorting After cell sorting
e 2] lemy DanaPara] a Dasaa? a8
[ # :
I # 1 ! 5
S | # ks : | If %=
|# 5 i [/ ks
g‘-'-"- = =3 Pros e
s . sty R .
Viability (%) | 53 | Viability (%) 98.1
Live {cells/ml) | 3.05E6 | | Live (cells/ml) 1.20E6
Dead {cellsml) | 525E5 | Dead (cells/ml) 232E4
Toital (eellsimly | 33RE6 | | Total (cellsiml) 1.22E6
C CX3CR1
100 D Before cell sorting
_g o D After cell serting
w6
g 40
£
Fluarestence ii':ltensit';;
04
5 ssed
D Before cell sorting
o B
2 D After cell sorting
T oa
E 4
w2
#
o
Flubrescence intensify
NeuN
30+ D Before cell sorting
2 15 D After cell sorting
T
15 10
o
§ o P —
Flugrescence infensity
ACSA-2
26 D Before cell sorting
20-] i
g D After cell sorting
= 15
E 104
o
L2 _—
= ]

Fluorescence intensity

Cells/mL

o

Relative
expression (A.U)

Relative
expression (A.U)

= = =
T T T

Relative
expression (A.U)

Relative
expression (A.U)

=

Concentration
3,000,000

2.000,009-

1,000,000

Viability

Cx3crl mRNA

254

e
-

in

&

g

Qlig2 mRNA

¥

Synoptophysin mRNA

a

t4

0.0
Gfap mRNA

. Before cell sorting

D After cell sorting

Figure 5: Evaluation of CD11b magnetic isolation purity by flow cytometry before and after cell sorting. (A) Reports

examples from the cell counter before and after cell sorting, highlighting cell concentration and viability. (B) The x-axis

represent cell concentration (cell/mL) and viability (%) after CD11b cell sorting. Column bar graph; error bars represent

SEM (n = 16). Phenotypic and gene expression analysis of cell population markers before and after CD11b+ cell sorting.

After dissociation, CD11b+ cells from P8 mice brains were magnetically sorted. Expression of microglia (CX3CR1),

oligodendrocytes (O4 or Olig2 mRNA), neurons (NeuN or Synaptophysin mRNA)), and astrocytes (ACSA-2 or Gfap mRNA)

markers was analyzed before and after sorting. (C) FACS analysis of CX3CR1, O4, NeuN, and ACSA-2 expression. The

x-axis represents the percentage of alive cells and cell numbers. (D) Relative quantification of CD11b+ cells expression of
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Cx3cr1, Olig2, Synaptophysin, and Gfap mRNA (x-axis represent relative target mRNA expression to /fgam mRNA). Column

bar graph; error bars represent SEM (n = 7). Please click here to view a larger version of this figure.

Solution For one C-Tube (uL) For four C-tubes (pL)
Buffer X 2850 11400
Enzyme P (Papain) 75 300
Enzyme A (DNAse) 15 60
Buffer Y 30 120
Total 2970 11880

Table 1: Preparation of the dissociation mixture.

Solution For one tube (uL) For four tubes (uL)
CD11b Microbeads 20 80
Sorting Buffer 180 720
Total 200 800

Table 2: Preparation of the CD11b microbead solution.

Stimulation Concentration (ng/mL)
IL-18 50
IFN-y 20
LPS 10
IL-4 30
IL-10 20

Table 3: The stimulation reagents.
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Genes Protein Forward Reverse
Arg1 Arginase 1 GTG AAG AAC GCC AGA GAT
CCACGG TCT GT GCT TCC AAC TG
Cd206 Cluster of differentiation 206 CTT CGG GCC TAG AAG AGC
TTT GGA ATA AT CCTTGG GTT GA
Cd32 Cluster of differentiation 32 CTG GAA GAA CCA ATG CCA
GCT GCC AAAAC AGG GAG ACT AA
Cd8g6 Cluster of differentiation 86 GAG CGG GAT GGC TCT CAC
AGT AAC GCT GA TGC CTT CAC TC
Gfap Glial fibrillary acidic protein AAGCCAAGCACGAAGCTAAC | CTCCTGGTAACTGGCCGACT
Igf-1 Insulin like growth factor 1 TGG ATG CTC GCAACACTC
TTC AGT TCG TG ATC CAC AAT GC
I11-rn Interleukine 1 TTG TGC CAA TTC TCA GAG
receptor antagonist GTC TGG AGA TG CGG ATG AAG GT
114-ra Interleukine 4 GGA TAA GCA ACT CTG GAG
receptor antagonist GAC CCG AAGC AGA CTT GGT TGG
ltgam Integrin alpha M CTGGTGCTCTTGGCTCTCAT | GGCAGCTTCATTCATCATGT
Lgals3 Lectin Glactoside- GAT CAC AAT ATT GAA GCG
Binding soluble 3 CAT GGG CAC AG GGG GTT AAAGT
Nos2 Nitric oxide synthase 2 CCC TTC AAT GGT ACATTG ATC TCC
TGG TAC ATG G GTG ACA GCC
Olig2 Oligodendrocyte CAGCGAGCACCTCAAATCTA | GATGGGCGACTAGACACCAG
transcription factor 2
Ptgs2 Prostaglandin TCA TTC ACC AGA AAG CGT TTG
endoperoxide synthase 2 CAG ATT GCT CGGTACTCATT
Rpl13 Ribosomal protein L13a ACA GCC ACT GAG TCC GTT
CTG GAG GAG AA GGT CTT GAG GA
Socs3 Suppressor of cytokine 3 CGT TGA CAG TAT TCT GGG
TCT TCC GAC AA GGC GAG AAG AT
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Sphk1 Sphingosine kinase 1 TCC AGA AAC CAG CAG TGT
CCCTGT GTAGC GCA GTT GAT GA
Syp Synaptophysin ATCTCAGTGTCCCGATCCCA | GCTGTCTTCCTGGTGGGTAC
Tnf-a Tumor necrosis factor a GCC TCT TCT AGG GTC TGG
CATTCCTGCTT GCC ATAGAACT
Table 4: RT-qPCR primer sequences.
Stimulation For 1-well For n-wells
Cy3 Beads (1 cell : 50 beads) 8, 100, 000 X =(8, 100, 000) x n
1x PBS Y =(100+X)/n 50
FBS 50
Table 5: Preparation of the beads mixture for phagocytic assay.
Discussion methods*2. (1) The experiment uses rat/mouse neonate

The current work presents a primary microglial cell culture
using magnetically sorted CD11b+ cells. In addition to the
microglial functional evaluation (RT-gPCR and phagocytic

assays), microglial culture purity was also determined.

Classical microglia cell cultures are commonly generated
from P1 or P2 rodent neonate brain and co-culture with
astrocytes for at least 10 days. Microglia are then separated
mechanically using an orbital shaker. The method to isolate
and culture microglia in vitro was described for the first
time at the end of the 1990s from the brains of neonate

rats?0.41

. Since then, it has been widely used to analyze
microglial phenotypes such as activated/resting microglia or
pro-inflammatory/anti-inflammatory microglia. Furthermore,
this experiment has been fundamental to defining microglia
as neurotoxic cells co-cultured with neurons. However, in

2014, Biber and collaborators described three significant

disadvantages of studying microglia in vitro using classical

brains (P1/P2), and these cells did not pass through all
the maturation processes that can occur in vivo. (2) In the
co-culture medium, 10% FBS is used; however, in vivo,
microglia never encounter such components in a "normal"
environment. (3) Recent studies demonstrate that in vivo
microglia are restrained by several inhibitory components
not present in the culture®3:44. Moreover, many studies
(electrophysiological45 and transcriptomic46'47) described

non-stimulated primary microglia as "activated".

The present method proposes an alternative technique to
generate microglia cultures using magnetically cell sorted
technology. With this protocol, microglia are harvested
only a few hours after the animal dies without any co-
culture step. Moreover, microglia are only cultured 2
days in vitro (DIV) before stimulation compared to 10-14

DIV, including co-culture in other protocols. This allows

getting closer to the microglial physiological conditions. This
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procedure of culturing microglia in vitro was previously
published25'26’27'28*29. The current work presented an
optimized protocol for neonate mice, standardized for
reducing the number of animals used and without myelin

removal step.

To reduce the number of mice used for primary microglia
culture, we decided to work at P8 in the OF1 strain. At this
stage of brain development in OF1 strain, up to 750,000
microglial cells per brain was obtained, in opposition to
500,000 microglial cells per C57BL6/J strain mouse brain
at the same age. C57BL6/J strain has been published at

a different developmental stage for microglia culture?”-28,

The present protocol has also been used with Fmr1 KO mice

to evaluate phagocytic properties of microglia linked to this

mutation and LysMC™: Dicer*

mice to assess microglial
activation phenotypes by RT-gPCR. Thus, working with
C57BL/6 J mouse strain is a little more challenging than
working on OF1 strain due to (1) fewer microglial cells per
brain at the same developmental stage and (2) fragility of

microglia that are more prone to die due to mechanical

activation (see the troubleshooting section).

Depending on the developmental stage chosen for primary
microglia culture, myelination must be considered since it
starts around P5. In a classical microglial culture (at P0-2),
myelination is not an issue; however, in other published
methods to isolate microglia, myelin is removed using Percoll
gradient or anti-myelin antibodies?%:26:28.29 | the present
protocol, animals are euthanized at P8 when myelination
has already begun; large volumes are used to rinse pellets,
and the newly formed myelin can be removed without
any additional procedure. This can be one troubleshooting

method (see the Debris section).

The manufacturer and previously published microglial
magnetic isolation used DMEM F-12 media supplemented
with 10% FBS - 1% P/325:26,27.28,29  Biper et
al.*2 described that microglia rarely contact serum in vivo.
Indeed, the central nervous system's extracellular fluid rarely
contains protein and bioactive factors2?. That is why serum-
free macrophage (SFM) medium + 1% P/S is used in the

present protocol.

Magnetic-activated cell sorting (MACS) protocol can also
isolate and culture postnatal rat microglia with some
modifications2°:29. Rat microglia are indeed isolated using
Microbead-coated anti-rat CD11b/c. However, due to the
brain size being bigger than P8 mice, only one brain per
dissociation tube per column should be used. Microglia
were isolated from P10-14 rat brains in previously published
protocols, including the myelination removal steng. Despite
the previous comments on culture medium, for rat microglial
culture, F-12 media + 10% FBS and 550,000-600,000

cells per 12-well plate are recommended for downstream

applications.

Troubleshooting

Dissociation: The dissociation mixture as described in Table
1 is calculated for the maximal amount of brain that can be
dissociated and proceed at P8 in OF1 mice. If more brain is
added, dissociation cannot be completed at the end of step
3.2, and non-dissociated brain tissue will be found. In this
case, itis recommended to run the NTDK program on the tube

with non-dissociated tissue and keep the other tubes at 4 °C.

Clogged strainer and/or column: As described before, the
dissociation mixture is calculated for the maximal amount of
brain tissue that can pass through the strainer during step
3.5. If more brain is added, the filtration may take longer, but

eventually, it will pass through. It is recommended to carefully
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resuspend cell suspension on the top of the strainer until all

cell suspension is filtered.

During step 3.12, the experimenter must pass labeled cell
suspension through a column inside the magnetic field. The
column can be clogged at this stage of the procedure (1) if too
much brain tissue is dissociated per tube, (2) if resuspension
volume is not correct, or (3) if there is some mechanically
induced cell death (some DNA can be present); in that case,
it is recommended to remove the visible DNA with a 200 pL

tip carefully.

Mechanically induced cell death and/or activation: The
protocol described here presents one main challenge:
avoiding mechanical activation. To do so, it is critical to
pipette gently and keep the centrifugation speed low. If not,
immature microglia can die due to the mechanical stress or

get activated, leading to high variability in RT-gPCR results.

Debris: In this procedure, animals are euthanized at P8
when myelination is just beginning, and therefore there is
no procedure to precisely remove myelin. At this stage of
development, myelin can easily be removed by centrifugation.
Resuspension volumes described in this procedure are
calculated to remove the maximum myelin. If not respected,
myelin could appear as cell debris in culture wells. The
experimenter cannot completely remove it when observed in
culture wells by changing the medium on day 2. Microglial
cells tend to phagocyte this debris, which may affect the
microglial activation state before stimulation and thus affect

experimental reproducibility.

All  previously described troubleshooting (Dissociation,
Clogged strainer and/or column, Mechanically induced cell
death and/or activation, and debris) can lead to variability

in the number of CD11b+ cells obtained when cell counting

(Figure 5B). We recommend paying great attention to this to

optimize the final cell yield.

Contamination: In this protocol, microglial cells are cultured
in SFM medium + 1% P/S. SFM medium can easily be
contaminated. Therefore, it is recommended to aliquot the
medium in 50 mL tubes after adding P/S to avoid medium
contamination. Moreover, all experimentation needs to be

performed as much as possible under sterile conditions.

mRNA quantity/quality: Our team works on miRNA or siRNA
transfections. The present protocol is highly compatible with
such applications using magnetic transfection with a slight
modification of the protocol; the experimenter needs to
harvest 700,000 cells per 12-well plate to get high-quality
mRNA for RT-gPCR. Although RNAseq is not performed in
the present study, previously, our team performed mRNA
extraction for RNAseq using 500,000 cells per 12-well

plate48 .

In conclusion, this protocol can be reproduced, and it is
expected to be a new standard for isolating microglia at a

juvenile developmental stage.
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