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We are describing a quick method to dissociate and culture hippocampal or cortical neurons from E15-17 rat embryos. The procedure can be
applied successfully to the isolation of mouse and human primary neurons and neural progenitors. Dissociated neurons are maintained in serum-
free medium up to several weeks. These cultures can be used for nucleofection, immunocytochemistry, nucleic acids preparation, as well as
electrophysiology. Older neuronal cultures can also be transfected with a good efficiency rate by lentiviral transduction and, less efficiently, with
calcium phosphate or lipid-based methods such as lipofectamine.

Video Link

The video component of this article can be found at https://www.jove.com/video/3965/

Protocol

1. Poly-D-Lysine (PDL): Preparation

1. Add 5 ml of sterile ddH,0 to 5 mg of PDL to obtain a stock solution of 1 mg/ml.
2. Mix stock solution by pipetting several times.
3. Use immediately or store Poly-D-Lysine Solution at 2-8 °C.

2. Poly-D-Lysine (PDL): Coating Plastic Cell Culture Dishes

Dilute the PDL stock solution with sterile ddH,O to the final concentration of 10 pg/ml.

Pipette enough solution into a 60 mm dish to cover culture surface area (3 ml for a 60 mm dish).

Rock gently to ensure even coating of the culture surface.

Incubate coated plates at room temperature (RT) overnight.

On the next day, usually the day of dissection, remove the Poly-D-Lysine Solution by aspiration and wash briefly with 3 ml of sterile ddH,0.
Repeat this step. After the second wash, remove water completely by aspiration.

6. Plates can be stored at 4 °C for up to three weeks.
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3. Poly-D-Lysine (PDL) and Laminin: Preparation and Coating of Glass Two-chamber Slides

1. Mix PDL (1 mg/ml) and laminin (1 mg/ml) stock solutions in sterile ddH,O to the final concentration of 10 and 5 pg/ml, respectively.

2. Pipette enough solution into wells of a glass two-chamber slide to cover the culture surface area (1 ml for each well of a 2 well glass two-
chamber slide).

3. Rock gently to ensure even coating of the culture surface.

4. Incubate coated plates at RT overnight.

5. On the next day, remove the Poly-D-Lysine-Laminin coating solution via aspiration and wash briefly twice with 1 ml of sterile ddH,O. After the
second wash, remove water completely by aspiration.

6. Chamber slides can be stored at 4 °C for up to three weeks.

Note: Any glass chamber slide can be coated following this protocol. We often use the two-chamber slides because each slide provides the
control-test experimental setting (e.g. untreated versus treated, untransfected versus transfected).
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4. Neuronal Dissection and Culture
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Warm the following reagents in a 37 °C water bath:
*  TrypLE Express on its original 100 ml bottle.
* Neurobasal/B27 complete medium (see table I). The volume warmed depends on the number of dishes to be plated (e.g. 30 ml for ten
60 mm plated dishes).

Add 3 ml of cold Hibernate E solution to four 60 mm culture dishes and 13 ml to a 15 ml BD Falcon high clarity polypropylene conical tube.
Add 25-30 ml of cold dissection medium (see table Il, Dr. Olimpia Meucci, personal communication) to each of three 100 mm culture dishes.
These plates, containing a large volume of medium, will be used to wash the embryos immediately after their removal from the amniotic sacs
(steps 4.7 and 4.8).

Euthanize an E17 timed pregnant rat by CO, in accordance with Public Health Services Policy on Humane Care and Use of Laboratory
Animals and under an institutionally approved animal care and use protocol.

Spray lower abdomen with 70% EtOH and cut medially through the skin and muscles with a pair of scissors exposing the uterus and
embryos.

Remove all fetuses and place them in a sterile 100-mm dish containing an excess of cold dissection medium (25-30 ml, see step 4.3).

Cut embryos using a small pair of scissors from amniotic sac and place them in the second 100-mm dish containing cold dissection medium.
Wash the embryos at room temperature by gently tilting the 100-mm dish for 5-10 seconds. Then, transfer the rinsed embryos to the third
100 mm dish containing dissecting medium. Two washes in excess medium are usually sufficient to remove all traces of blood. However, if
necessary, wash one more time using a fresh 100-mm dish containing 25-30 ml of cold dissection medium.

Using a stereomicroscope and curved forceps, extract each rat embryo's brain by pulling out the skin and skull. Place entire brain in one of
the 60-mm dishes (typically, with no more than 5 brains per dish) with cold Hibernate E. Keep these plates on ice.

Take one dish at a time and, under a dissecting microscope, separate the hemispheres and isolate the cerebral cortices removing the
midbrain and meninges.

Optional: cut brains along midline, extract hippocampi, and follow the procedure below to isolate hippocampal neurons.

Collect all the dissected cortices in a 15-ml clear conical tube containing 13 ml of cold Hibernate E. Leave the cerebral cortices on ice until all
the dissections are completed. Due to their small size, dissected hippocampi can be collected in a 1.5-ml Eppendorf tube instead of a 15-ml
tube. If desired, at this step cortices or hippocampi can be placed in a cryotube vial containing 1 ml of Hibernate E + 2% B27+ Gentamicin (50
ug/ml) + Fungizone (250 ng/ml) in the proportion of 2-4 cortices or 2-4 hippocampi per vial. Brain tissue can be stored at 4 °C in the dark for
up to one week (later times have not being tested yet). When needed, use fine forceps to transfer the brain tissue to a 15 ml tube containing
Hibernate E and then follow the protocol below to isolate neurons.

Transfer the tube to a tissue culture hood. Allow the cortices to settle to the bottom of the tube and then carefully remove the supernatant.

. Add 13 ml of fresh Hibernate E to the 15-ml conical tube, allow cortices settle at the bottom of the tube and carefully remove the supernatant.
Repeat this step 2 more times and, after the last wash, carefully remove all media.

Enzymatically digest cerebral cortices by adding 1-2 ml (depending on the number of cortices; use less for hippocampi isolation) of warm
TrypLE Express. Seal the cap of the tube with Parafilm and float the tube in a 37 °C water bath for 10 minutes.

Spray the tube with 70% Ethanol before opening the cap and add 10 ml of Hibernate E. Allow the cortices to settle at the bottom of the tube
and remove the supernatant. Repeat this step three times to wash out TrypLE Express. In last step, carefully remove all media.

Gently triturate (4-5 times) the cortices in 2 ml of Neurobasal/B27 complete medium using a fire-polished glass Pasteur (approximately 1 mm
in diameter). Be careful to avoid bubbles.

Repeat another 4-5 times with a sterile glass Pasteur pipette smaller in diameter (i.e. a pipette about 1/2-3/4 mm in diameter). Do not use a
Pasteur pipette smaller than this or it will destroy the cells.

Allow remaining pieces of tissue (generally very few, if any) to settle.

Transfer the upper single-cell suspension to a new 15-ml tube, leaving behind settled pieces of tissue. Further dilute the cell suspension up to
10-12 ml with Neurobasal/B27 complete medium.

Mix well and dilute cells for counting by adding 10 pl of cell suspension to 490 ul of 50x Counting Solution (see table Ill) in a 1.5 ml
Eppendorf tube.

Plate cells on PDL-coated plates at the density of 5.0 x 10*/cm?. If nucleofection is to be performed, we recommend plating the cells at a
higher concentration (8-10 x 104/cm2).

Normally, we dissect 9-10 fetuses per experiment, as approximately 13 x 10° neurons are derived from each E17 fetus. If more embryos are
needed, make sure that the whole procedure does not last more than two hours.

If desired, 24 hours after isolation, 10 uM of cytosine-B-D-arabinofuranoside (AraC) can be added to each dish, in order to prevent

glial proliferation. However, this step is not required since Neurobasal/B27 medium inhibits glial proliferation, as per manufacturer's
recommendations (Invitrogen/Gibco).

Neurons can be used for experiments after 4-5 days in vitro, although exact time depends on desired differentiation stage. We have cultured
neurons for up to 4 weeks without a significant decrease in survival (Figure 1).

. For extended culturing, replace culturing medium every week with freshly prepared Neurobasal/B27 complete medium.

5. Representative Results

Neurons cultured on glass chamber slides can be subjected to immunocytochemistry. Figure 1 shows a typical image of a cortical neuron fixed
after five days in culture and immunolabeled with anti-MAP-2 antibody to show neuronal processes.

Fi

gure 2 shows a representative image of a rat hippocampal neuron after 3 weeks in culture. The neuronal morphology of a fully differentiated

cell is highlighted by MAP-2 immunolabeling (MAP-2 neuronal marker, mouse monoclonal antibody clone AP-20, Gene Tex, Irvine, CA), following
a standard procedure as previously described’. The images were visualized with the Nikon Eclipse E400 upright fluorescence microscope
equipped with EXI aqua camera (Qimaging), motorized Z-axis, and SlideBook5 acquisition/deconvolution software (Intelligent Imaging
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Innovations, Inc., Denver, CO). A series of three-dimensional images of each individual picture were deconvoluted to one two-dimensional
picture and resolved by adjusting the signal cut-off to near maximal intensity to increase resolution.

Figure 3 shows purity of neuronal cultures. Protein lysates were obtained from DIV7 rat neuronal cultures (ctx) and from a case of human
glioblastoma (GBM). As expected, the neuronal lysate is strongly positive for the neuronal protein MAP-2 and negative for the astrocytic marker
GFAP; while the GBM protein lysate is negative for MAP-2 and positive for GFAP.

Although in our protocol we have been using Hibernate E for several years as dissecting and rinsing medium, recently we have explored an
additional and very practical use of it to preserve brain tissues for further use. Figure 4 illustrates a days in vitro 5 (DIV5) culture of rat cortical
neurons isolated from cortices kept at 4 °C for one week in Hibernate E + B27 after their original dissection from the embryos. Neurons were
plated on a glass two-chamber slide coated with PDL and laminin as previously described. The acquired image was deconvoluted using
SlideBook5 acquisition/deconvolution software as described above (Figure 2).

Figure 1. Representative image of a cortical neuron nucleofected with pmaxGFP (Amaxa, Lonza, Walkersville, MD) and immunolabeled with
MAP-2 antibody, in red. Original magnification 100x.

Figure 2. Representative image showing MAP-2 immunolabeling, in red, of hippocampal neurons after 3 weeks in culture. DAPI staining, in
blue, shows cellular nuclei. Original magnification 40x.
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Figure 3. Western blot showing purity of neuronal cell cultures. 30 ug of rat neuronal and human GBM protein lysates were separated by
electrophoresis and subjected to Western blot analysis following standard procedures1. Anti-MAP-2 was a rabbit polyclonal from Cell Signaling
(Danvers, MA), anti-GFAP antibody was a mouse monoclonal from Chemicon (Millipore, Billerica, MA), and the mouse monoclonal anti-GRB2

antibody was from BD Transduction Laboratories (Sparks, MD). GRB2 was used as a loading control.

Figure 4. Representative pictures of days in vitro 5 (DIV5) rat cortical neurons obtained from cortices left in Hibernate E + B27 at 4 °C
for one week after their dissection. A) Phase contrast of neurons cultured on a glass two-chamber slide. Original magnification 20X. B)
Immunofluorescence showing expression of MAP-2 in neuronal processes, in green; the culture was negative for the astrocytic marker GFAP.

DAPI staining, in blue, indicates cellular nuclei. Original magnification 40x.

The method of dissection and culture of rat hippocampal and cortical neurons described here allows performing experiments using nearly pure
neuronal cultures grown in a chemically defined medium (Figure 3). Although protocols for culturing nearly pure neurons in serum-free media

have been previously described®**, there are important changes made in our method. Different from traditional protocols (i.e. Banker et al.)

5
’

we have replaced trypsin with TrypLE Express, a more gentle dissociation enzyme. We have also omitted two steps which potentially affect

the integrity of neuronal cells: mincing of cortices or hippocampi prior to enzymatic digestion and using DNase. Also, dissection of embryos

in Hibernate E (step 4.2) helped to preserve viable and healthy cells. Hibernate E is a nutrient medium utilized for the maintenance of neural
tissues or cells in ambient carbon dioxide levels (Invitrogen, Life Technologies, Grand Island, NY). Originally formulated for shipping isolated
brain regions (hippocampus, striatum, and cortex), Hibernate E medium can be used to keep the brain viable during the isolation of neural tissue
or to keep neurons healthy during microscopy, electrophysiology or flow cytometry. Indeed, Figure 4 shows a representative picture of rat cortical
neurons cultured for 5 days on glass two-chamber slides. Prior to their processing, cortices were kept at 4 °C in Hibernate E + B27 in the dark for
one week after their dissection from E17 embryos. Interestingly, neurons isolated from tissue kept at 4 °C for a few days were morphologically
comparable to those that were isolated on the same days as the embryo dissection. Having the option of isolating neurons at different times after
dissection of the embryos can be extremely helpful when planning experiments and, therefore, in making a full use of the time-pregnant animal.

It should be mentioned that our protocol works efficiently on embryos from E13 to E17, but it has never been tested for newborn or adult rodents.

It also worked very well for the isolation and culture of human fetal neurons (unpublished data).

Cells isolated with the method described here can be plated in tissue culture dishes for experiments that require harvesting a large number of
cells for RNA/DNA or protein extraction. Examples include treatment of neurons with some compounds or peptides, such as in our work on HIV-
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Tat pr%tein1. Growth factor-mediated signaling pathways can also be investigated or RNA can be purified for gene expression or miRNA profiling
arrays’.

Additionally, nucleofectlon of the neurons before plating provides a tool to investigate molecules or growth conditions that affect neuronal
differentiation’. Other applications include transfection of differentiated neurons by lipofectamine 2000 (Invitrogen, Carlsbad, CA) While the
efficiency of transfection is quite low compared to nucleofection, it is suitable for very sensitive assays like the luciferase reporter assay or
electrophysmlogy studies. In addition, neurons cultured on the glass chamber slides can be subjected to |mmunocytochem|stry (Figures 1 and
4B) Finally, we successfully followed this protocol to dissociate neural progenitors from mouse embryos with a modification in the last step

in which isolated neural progenitors are cultured in a defined medium as previously described”®. Overall, this simple method has a variety of
applications and easily provides neurons for studies that do not require glia to support neuronal cultures. However, glial co- culture or glial-derived
conditioned medium can be added to these neuronal cultures to examine mechanisms of synapse formation induced by glial ceIIs such as
studies described by Pfrieger and Barres

No conflicts of interest declared.

Acknowledgements

We thank Jonna Ellis for editorial assistance. The project described was supported by Award Number RO1MHO079751 (PI: F. Peruzzi) from the
National Institute of Mental Health. The content is solely the responsibility of the authors and does not necessarily represent the official views of
the National Institute of Mental Health or the National Institutes of Health.

References

1. Aprea, S, et al. Tubulin-mediated binding of human immunodeficiency virus-1 Tat to the cytoskeleton causes proteasomal-dependent
degradation of microtubule-associated protein 2 and neuronal damage. J. Neurosci. 26, 4054-62 (2006).

2. Kivell, B.M., McDonald, F.J., & Miller, J.H. Serum-free culture of rat post-natal and fetal brainstem neurons. Brain Res. Dev. Brain Res. 120,
199-210 (2000).

3. Kivell, B.M., McDonald, F.J., & Miller, J.H. Method for serum-free culture of late fetal and early postnatal rat brainstem neurons. Brain Res.
Brain Res. Protoc. 6, 91-9 (2001).

4. Brewer, G.J. Serum-free B27/neurobasal medium supports differentiated growth of neurons from the striatum, substantia nigra, septum,
cerebral cortex, cerebellum, and dentate gyrus. J. Neurosci. Res. 42, 674-83 (1995).

5. Banker, G., Goslin, K. Culturing nerve cells, The MIT Press, Cambridge (1998).

6. Eletto, D., et al. Inhibition of SNAP25 expression by HIV-1 Tat involves the activity of mir-128a. J. Cell Physiol. 216, 764-70 (2008).

7. Gualco, E., et al. IGF-IR-dependent expression of Survivin is required for T-antigen-mediated protection from apoptosis and proliferation of
neural progenitors. Cell Death Differ. 17 (3), 439-51 (2010).

8. Gage, F.H., et al. Survival and differentiation of adult neuronal progenitor cells transplanted to the adult brain. Proc. Natl. Acad. Sci. U.S.A.
92, 11879-83 (1995).

9. Keyser, D.O. & Pellmar, T.C. Synaptic transmission in the hippocampus: critical role for glial cells. Glia. 10, 237-43 (1994).

10. Pfrieger, F.W. & Barres, B.A. Synaptic efficacy enhanced by glial cells in vitro. Science. 277, 1684-7 (1997).

Copyright © 2012 Journal of Visualized Experiments May 2012 | 63 | e3965 | Page 5 of 5


https://www.jove.com
https://www.jove.com
https://www.jove.com

