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[Abstract] Primary microglia, in either mono-culture or co-culture with neurons or astrocytes, are a
powerful tool for studying mechanisms underlying microglial inflammatory responses and cell type-
specific interactions in the central nervous system (CNS). This protocol provides the details of how to
prepare high purity primary microglia from newborn mouse pups. The overall steps include brain cell

dissociation, mixed glial cell culture, and microglia isolation.

[Background] In recent years, neuroinflammation has become a hotspot area in neuroscience studies.
Inflammatory responses, such as glial activation and cytokine upregulation, were observed in brains of
patients with various neurological diseases (Fan et al., 2015; Koshimori et al., 2015; Garden and
Campbell, 2016). Neuroinflammation is considered not only a consequence of pathological changes in
the brain but also a contributor to disease progression (Schwartz et al., 2013). In addition, the
physiological functions of inflammatory pathways, the importance of which were previously
underestimated, are being revealed as surprisingly versatile. For instance, activation of the complement
signaling pathway is commonly observed in the central nervous system (CNS) in neurological diseases
and is suspected to be involved in disease pathophysiology (Michailidou et al., 2015; Loeffler et al.,
2008). Now we know that it also plays essential function in the developmental regulation of synaptic
refinement (Stevens et al., 2007). Along with the increasing attention on inflammation, interest in
microglial function during development, neuroprotection, and pathogenesis continues growing. Microglia
are resident innate immune cells of myeloid lineage located in the brain and are critical components of
the immune system in the CNS. The activation of microglia in some neurological diseases may directly
participate in pathogenic processes. For instance, TREM2 mutations, which affects only microglia, are
a genetic risk factor for Alzheimer’s disease (Yuan et al., 2016; Wang et al., 2015). At the same time,
developmental roles of microglia are being revealed. For example, synaptic maturation during early
development requires microglia and this regulation may underline the pathogenesis of developmental
diseases such as autism (Edmonson et al., 2016; Stephan et al., 2012). Tools for studying microglia
include in vivo models (e.g., microglia-deficient PU.1 knockout mice [McKercher et al., 1996]) and in
vitro systems such as immortalized microglial cell lines and primary microglial culture. While in vivo tools
are powerful for demonstrating systematic microglial function, in vitro tools are ideal for mechanistic
characterization due to the easy manipulation of experimental factors. Compared to immortalized
microglial cell lines, primary microglia better mimic in vivo microglial properties (Stansley et al., 2012).

The altered gene expression upon stimulation may be better presented in primary microglia than in
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microglial cell lines (Stansley et al., 2012; Henn et al., 2009). Here we described a protocol for
establishing high purity primary microglial culture derived from neonatal mice and the method has
yielded robust results in our work (Lian et al., 2016). Dissociated cells are collected through enzymatic
digestion of collected brains and seeded to grow mixed glial culture. Microglia growing on top of a

confluent astrocyte layer are purified through mechanical tapping of mixed glial culture.

Materials and Reagents

1. 15 ml centrifuge tubes (Corning, catalog number: 430052)

50 ml centrifuge tubes (Corning, catalog number: 430290)

12-well plates (Corning, Costar®, catalog number: 3737)

New born pup (mouse, P0-P2)

Poly-D-lysine (PDL) (Sigma-Aldrich, catalog number: P6407-5MG)
Ethanol

N o o s~ DN

Dulbecco’s modified Eagle medium (DMEM) (Thermo Fisher Scientific, Gibco™, catalog
number: 11995065)
Fetal bovine serum (FBS) (GE Healthcare, Hyclone™, catalog number: SH30088.03)

©

10,000 U/ml penicillin-streptomycin (Pen/Strep) (Thermo Fisher Scientific, Gibco™, catalog
number: 15140122)

10. Hanks' balanced salt solution (HBSS) (Thermo Fisher Scientific, Gibco™, catalog number:
24020117)

11. 1 M HEPES buffer solution (Thermo Fisher Scientific, Gibco™, catalog number: 15630080)

12. Glucose (Thermo Fisher Scientific, Fisher Scientific, catalog number: D16-3)

13. Trypsin, powder (Thermo Fisher Scientific, Gibco™, catalog number: 27250018)

14. Trypsin inhibitor (Sigma-Aldrich, catalog number: T6522-100MG)

15. Deoxyribonuclease | (DNase 1) (Sigma-Aldrich, catalog number: DN25-100MG)

16. Culture medium (500 ml) (see Recipes)

17. Dissection medium (500 ml) (see Recipes)

18. 2.5% trypsin (20 ml) (see Recipes)

19. 1 mg/ml trypsin inhibitor (20 ml) (see Recipes)

20. 10 mg/ml DNase (20 ml) (see Recipes)

Equipment

1. Vented cap T-75 culture flask (Corning, catalog number: 3276)

2. Dissection tools
a. Fine scissors (Fine Science Tools, catalog number: 14060-09)
b. Spring scissors (Fine Science Tools, catalog number: 15009-08)

c. Curved standard forceps (Fine Science Tools, catalog number: 11052-10)
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d. Fine forceps (Fine Science Tools, catalog number: 11370-40)

Centrifuge machine (Eppendorf, model: 5702)

Hemocytometer

Ventilation hood (Thermo Fisher Scientific, Thermo Scientific™, catalog number: 1323)

o o bk~ w

CO:2 cell culture incubator (Thermo Fisher Scientific, Thermo Scientific™, catalog number:
50144906)
7. 37 °C water bath (Thermo Fisher Scientific, Thermo Scientific™, model: TSGP02)

Procedure

Depending on the experimental design, the number of microglial cells required for experiments
varies. Below we list the steps of processing 3 newborn mouse pups to generate mixed glial cultures
in two T-75 flasks. In the mixed culture, astrocytes form a confluent cell layer at the bottom and
microglia grow on top of the astrocytic layer. The total amount of primary microglia generated from
two T-75 flasks should be enough to seed four 12-well plates at a density of 50,000 cells/cm?.
1. Coattwo T-75 culture flasks with 7 ml each of 10 ug/ml PDL for 2 h. Wash the flask bottom with
distilled water 3 times before use.
Note: You can coat more flasks than needed and the unused coated flasks can be stored at
4 °C for months. We usually keep the flasks in plastic wrap to avoid contamination.
2. Collect new born pups from breeding cages. Keep the pups on a 37 °C heating plate to maintain
body temperature. In the meantime, prepare tools and reagents needed for the culture

experiment. Spray dissection tools and work space with 75% ethanol. Warm up culture medium

(No. 16 in ‘Materials and Reagents’ and No. 1 in ‘Recipes’) in 37 °C water bath.

Figure 1. Process of newborn mouse pups for primary microglial culture. (a) Use fine
scissors to cut off the pup head. (b) Use fine scissors to cut open the scalp along the midline
from the posterior end to the middle point between the two eyes. (c) When the thin skull was
exposed, put one end of the fine forceps beneath the skull but above the brain tissue and pull
toward the snout along the midline so that the brain could then be easily scooped out using

curving forceps.
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3. Remove pups from the heating plate. Decapitate and place the heads into a 6 cm Petri dish
containing 5 ml cold dissection media (Figure 1a) (No. 17 in ‘Materials and Reagents’ and No. 2
in ‘Recipes’). Use fine scissors to cut open the scalp along the midline starting posteriorly and
ending near the snout (Figure 1b). Place one sharp tip of the fine forceps beneath the skull at
the posterior end of a brain, and cut the skull by pushing the end from posterior to anterior (Figure
1c). Scoop out the brain using curving forceps and immerse the brains in 5 ml cold dissection
media in a new Petri dish.

Note: Newborn pups have a transparent and soft skull. Using scissors to cut the skull may
damage the fragile brain tissue underneath.

4. Put the Petri dish containing the brains under a dissection microscope. Carefully remove the
meninges (readers may refer to the video presented by Bowyer et al., 2012 for this step) and
collect the cortices and hippocampi. If you use 3 pups, you will get 6 halves. Put 3 halves per
Petri dish with 5 ml dissection media and mince the tissue into small pieces using spring scissors.

5. Transfer the contents of each dish to a 50 ml tube. Wash the dish with dissection media to collect
any remaining tissue on the dish and repeat the transfer. Fill the 50 ml tube to reach a final
volume of 30 ml dissection media.

6. Add 1.5 ml 2.5% trypsin to each tube and incubate in the 37 °C water bath for 15 min. Swirl
frequently.

7. Add 1.2 ml 1 mg/ml trypsin inhibitor and incubate for 1 min. Add 750 yl 10 mg/ml DNase to
digest the sticky DNA released from dead cells.

8. Centrifuge the tube at 400 x g for 5 min. Aspirate the supernatant and triturate the pellet with 5
ml warm culture media using a 1 ml pipet tip. Transfer the homogenous cell suspension to a 15
ml tube. If undissociated tissue chunks remain, let them settle and repeat the trituration and
transfer step using 3 ml media.

9. Centrifuge the 15 ml tubes at 400 x g for 5 min. Aspirate the supernatant and resuspend the
pellet with 5 ml warmed culture media.

10. Count the cell density using hemocytometer.

11. Plate each tube of cells into one coated T-75 flask at the density of 50,000 cells/cm?. Add culture
media to reach a volume of 15 ml in the flasks. Put seeded flasks into a CO:z cell culture
incubator with 5% CO2, 100% humidity at 37 °C.

12. Change the culture medium the next day to remove cell debris and then change culture media
every 5 days.

13. In 5-7 days, astrocytes at the bottom of the flask form a confluent cell layer (Figure 2). Microglia

and some oligodendrocytes grow on top of the astrocytic layer.
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Figure 2. Astrocytes form a connective confluent layer at the bottom in the mixed glial
culture. Arrows point to representative astrocytes. Scale bar = 100 pm.

14. To collect microglia, vigorously tap the flasks on the bench top and collect the floating cells in
conditioned culture media (No need to change media before tapping). The resulting cells are
purified microglia. Use a hemocytometer to count the floating cell density and seed the cells at
50,000 cells/cm?in PDL-coated culture vessels. After 2 h, check that the microglia have attached
to the bottom under a microscope. Aspirate medium and replace with fresh culture medium. The
microglial cells are ready to use the next day (Figure 3).

“Phase-contrast |

Figure 3. Purified primary microglial culture. Cells were stained with microglial marker

protein Ibal. Phase-contrast image was taken to show the cell body. Scale bar = 50 pm.

Data analysis

Getting good quality primary microglial culture is the basis for experiments such as phagocytosis,

RNA and protein analysis upon various treatments, and immunocytochemical staining. However,

Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 5



http://www.bio-protocol.org/e1989

Please cite this article as: Hong et. al., (2016). Protocol for Primary Microglial Culture Preparation, Bio-protocol 6 (21): e1989. DOI:
10.21769/BioProtoc.1989.

b.i'(-)_ Ot(X:OI . Vol 6, Iss 21, Nov 05, 2016
pr www:.bio-protocol.org/e1989 DOI:10.21769/BioProtoc. 1989

the statistical analysis of experiments after primary microglial culture is beyond the scope of this

protocol and therefore, the data analysis process is not discussed here.

Notes

1. This protocol described microglial preparation from newborn pups (P0-P2). Older pups could
also be used since glial cell are not post-mitotic like neurons, but new born pups give better
yield.

2. Most of the procedure should be done in a sterile ventilation hood. Exceptions include the
handling of the pups, the brain dissection, centrifugation, and cell counting. Use sterile tubes
and dishes. Spray tools and outside surface of tubes and dishes with 70% ethanol before
carrying them into the hood. Except for the 37 °C incubations in the water bath and culture
incubator, all steps are performed at room temperature and should be completed in a timely
manner to enhance viability of cells.

3. If the mixed glial cells reach confluency but microglial cells are not needed immediately, the
mixed glial culture can be passaged. Mixed glial cultures can also be frozen and stored for long
term in freezing media composed of DMEM with 20% FBS and 10% DMSO in liquid nitrogen.
When the new passage or recovered frozen cells reach confluency, microglia can grow on top
of the confluent cell layer and be purified by tapping.

4. Astrocytes and microglia grow more vigorously than oligodendrocytes in this culture condition.
After tapping the mixed glial culture, the collected floating cells may contain some
oligodendrocytes. However, microglial cells have much stronger attaching capability than
oligodendrocytes. After seeding the floating cells, microglia attach to the culture vessel bottom
much more efficiently than oligodendrocytes. At 2 h after seeding before fresh media is added,
aspiration of the old media will remove unattached contaminating oligodendrocytes.

Recipes
1. Culture medium (500 ml)
450 ml DMEM
50 ml FBS
Optionally, you can add 5 ml Pen/Strep
Filter and store at 4 °C
2. Dissection medium (500 ml)

450 ml 1x HBSS

5ml 1M HEPES

3 g glucose powder

5 ml Pen/Strep solution

Filter and store at 4 °C
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3. 2.5% trypsin (20 ml)
0.5 g trypsin powder dissolved in 20 ml HBSS
Filter, aliquot, and store at -20 °C
4. 1 mg/ml trypsin inhibitor (20 ml)
0.02 g trypsin inhibitor
Filter, aliquot, and store at -20 °C
5. 10 mg/ml DNase (20 ml)
0.2 g DNase | powder dissolved in 20 ml HBSS

Filter, aliquot, and store at -20 °C
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