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Summary
The brain tumor stem cell (BTSC) hypothesis is based on the premise that there is a subpopulation
of cells within tumors with tumorigenic and pluripotent properties. BTSC are believed to be
responsible for both the initiation of brain tumors and their resistance to current therapeutic
modalities. This new paradigm stresses the need for adequate techniques to culture and characterize
this special population of cells. Furthermore, the use of different cell migration assays offers the
possibility to evaluate the processes involved in glioma metastasis. In this chapter, we summarize a
method to culture, analyze the cellular characteristics, and study the invasion of BTSCs using a
neurosphere assay, cryostat sectioning, and human organotypic brain cortex migration assay,
respectively.
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1. Introduction
The invasion of tumor cells within normal tissue is thought to be a multifactorial process,
requiring the expression of specific proteins, activation of various enzymes, and formation of
different types of cell interactions (1). The diffuse infiltration of glioblastoma multiforme
(GBM) cells into the healthy brain parenchyma makes complete surgical resection nearly
impossible. In fact, there is a recurrence incidence of 99% following gross total resection of
these tumors (1–3). Nevertheless, not all the tumor cells have the ability to form a new tumor
(4–6). There is increasing evidence that suggests this tumor-initiating ability resides only in a
specific subpopulation of cells with characteristics similar to normal neural stem cells (NSC)
(5,7,8). These cells have been aptly named brain tumor stem cells (BTSC) because they, like
NSC, possess self-renewal and multipotential properties, with the added ability to initiate tumor
growth (8). Therefore, the development of a BTSC migration model that accurately
recapitulates what occurs in the human brain is essential for the study of tumor invasion.

The first findings that showed evidence of glioma-derived BTSC were obtained by Steindler
and colleagues (7). With the use of single-cell cultures in a methyl-cellulose (MC) matrix and
the addition of epidermal growth factor (EGF) and fibroblast growth factor (FGF), they showed
that glioma-derived cells were able to form clones in the MC matrix (7). These clonal cells
were also able to express markers specific for glial or neuronal cells (7). Subsequently, several
groups have also shown that these cells, like NSCs, have self-renewal and multipotential
capabilities (4–6,9–11). In addition, they had the capability of forming tumors at low cell
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concentrations (100–1,000 cells). More importantly, they formed tumors that recapitulated the
histological characteristics of the parent tumor when implanted into an animal model (8,11,
12). Interestingly, cells within other tumors, including medulloblastomas (4,8) and
ependymomas (13), also possess these same BTSC characteristics. These findings have led
many to believe that brain tumors are initiated and maintained by a small population of BTSC
that possess self-renewal, multipotentiality, and tumor-initiating capacity (14).

Advances in research have created the need for experimental techniques to study both NSC
and BTSC. Neurosphere assays are currently the standard for identifying these unique stem
cell populations (15–17). These assays utilize a selective serum-free culture system that allows
NSC and BTSC to proliferate and generate multipotent floating cell clusters called
neurospheres (15–17). The neurosphere assay protocols, however, are not uniform and vary
significantly between studies. Therefore, the use of specific culture and passaging protocols,
as well as different characterization methods, is necessary to correctly identify, maintain, and
characterize a true BTSC population (15,17).

The characterization of BTSC neurospheres using immunocytochemistry (ICC) is difficult due
to their floating condition, size, and fragility. As a result, different techniques have been
implemented for their staining. This includes the use of a cytospin device (Thermo scientific,
USA) to centrifuge the neurospheres against a glass slide (9) or manually adhering
neurospheres to a plate (18) for future staining, as well as flotation staining protocols (15).
These techniques have significant disadvantages because they deform the neurosphere
architecture and prevent clear staining and visualization of the neurospheres. The use of
cryostat sectioning of neurospheres, however, gives the best reported resolution without
affecting the neurosphere architecture (19). This method also offers the added benefit of
obtaining multiple sections from the same neurosphere. We will describe the techniques we
use to section BTSC neurospheres with a cryostat, which will allow for effective
characterization of these cells using immunocytochemistry.

In addition to the study of BTSC neurospheres, investigating tumor migration and invasion is
essential. Understanding how brain tumor-derived cells invade normal tissue is necessary to
develop effective strategies for preventing tumor recurrence, which can largely be attributed
to their invasive abilities. The most commonly used approaches to study brain tumor cell
migration and/or invasion in vitro include the wound healing assay (20), microliter-scale
migration assay (21), spot assay (22), and transwell migration assay (23,24). These methods,
however, do not accurately represent the human brain matrix, the natural environment in which
the cells migrate. The brain slice invasion assay allows the study of tumor cell invasion using
actual brain matrix (25,26). We will therefore summarize methods used to study BTSC
migration using brain slice or organotypic cultures from human intraoperative specimens.

In this chapter, we will describe the techniques we use to identify and maintain GBM-derived
BTSCs, as well as some of the methods for characterizing neurospheres and studying BTSC
migration.

2. Materials
2.1. Neurosphere Culture from Brain Tumors

1. Laminar flow culture hood.

2. Dissecting microscope.

3. HBSS plus Ca and Mg (Gibco/BRL, Bethesda, MD).

4. HBSS without Ca and Mg (Gibco/BRL, Bethesda, MD).
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5. Neurosphere culture media. D-MEM/F12 (1:1)(Invitrogen, Carlsbad, Ca) plus 1×
B27 supplement (Gibco/BRL, Bethesda, MD), 1× Antibiotic–antimycotic
(Invitrogen, Carlsbad, Ca) and 20 ng/ml of Epidermal Growth Factor (EGF)
(Prepotech Inc. Rocky Hill, NY) and 20 ng/ml basic Fibroblastic Growth Factor
(bFGF) (Prepotech Inc. Rocky Hill, NY). The neurosphere media can be prepared
without the growth factors and stored at 4°C. The growth factors are stored in aliquots
at −20°C. Complete neurosphere media is made in small volumes (50 ml) and stored
for no more than 2 weeks at 4°C.

6. Trypsin–EDTA (Gibco/BRL, Bethesda, MD).

7. Microsurgical instruments (forceps, scissors, and scalpel).

8. Wide- and narrow-tipped fire-polished Pasteur pipettes. Pasteur pipette tips are
narrowed by exposing them briefly to the flame of a Bunsen burner while spinning
the pipette; check the tip frequently to get the desired caliber.

9. Hemocytometer or cell counter machine.

2.2. Neurosphere Cutting
1. 4% paraformaldehyde (4% PFA) in 0.1 M Phosphate buffer. 4% PFA is prepared

fresh every time and stored at 4°C for no longer than 1 week.

2. 30% sucrose (Sigma-Aldrich St. Louis, MO) in 0.1 M PBS.

3. OCT compound (Sakura Finetek USA, Torrance, CA, USA).

4. Peel-A-Way® Embedding Mold (Polysciences Inc. Warrington, PA) for
cryosectioning.

5. Cryostat.

2.3. Human Organotypic Model
1. Organotypic culture media. Minimal Essential Medium (MEM) (Sigma, St. Louis,

MO, USA) containing 25% heat-inactivated horse serum (Gibco/BRL, Bethesda,
MD), 25% HBSS (Gibco/BRL, Bethesda, MD) with 25.8 mg/ml of glucose, and 12
mg/ml of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer
(Sigma, St. Louis, MO, USA) and 1% 0.2 M glutamine (Gibco/BRL, Bethesda, MD)
pH 7.2

2. McIlwain Tissue Chopper (Mickle laboratory engineering Co. Ltd. UK)

3. 12-mm culture plate inserts (Millipore, Billerica, MA)

4. Angled dissecting microscope or surgical microscope

5. Stereotactic frame

6. Glass micropipette needle (Drummond Scientific Co. Broomall, PA). micropipettes
are pulled with a needle pipette puller (David Kopf Instrument s Tujunga, CA) and
beveled with a 48,000 Micropipette Beveler (World Precision Instruments Sarasota
Fl). The final pipette must have a sharp tip of 30–50 µm diameter by 400–500 µm
length.
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3. Methods
3.1. Neurosphere Culture from Brain Tumors

1. Tumor sample must be transported in saline solution, PBS, or cell culture media, and
kept on ice until cultured. Before starting the culture, the following materials are
prepared as follows: warm DMEM/F12 plus 10% heat-inactivated FBS and 1% of
100× antibiotic–antimycotic, neurosphere culture media, and trypsin–EDTA 0.25%
to 37°C in a water bath; warm HBSS medium with calcium chloride and magnesium
chloride and HBSS medium without calcium chloride and magnesium chloride to
room temperature; place the dissecting microscope (previously cleaned with EtOH),
the sterile surgical instruments in a beaker with 96% EtOH (see Note 1), and a 10-
mm Petri dish with 7 ml HBSS + Ca + Mg into a culture hood.

2. The tumor sample is then placed in the sterile Petri dish with HBSS + Ca + Mg, and
necrotic tissue and blood vessels from the tumor are removed under the dissecting
microscope (see Note 2). The clean sample is then divided into three pieces for (a)
protein extraction, using an appropriate cryovial and snap freezing the sample in liquid
nitrogen; (b) RNA extraction, placing the tumor in a 1.5-ml RNAse-free tube and
adding 1 mL of RNA for storage at 4°C; (c) cell culture.

3. The clean sample that is going to be used for cell culture is dissociated enzymatically
by adding 2 ml of Trypsin–EDTA and mechanically by cutting the tumor into small
pieces using microdissecting scissors.

4. The pieces of tissue suspended in 2 ml of Trypsin–EDTA are then placed into a 15-
mL conical tube to be homogenized with a sterile wide-tipped fire-polished Pasteur
pipette. Pipette up and down gently until the solution becomes blurry (do not let the
tissue remain in contact with trypsin for more than 10 min to prevent low cell
viability). Trypsin is then inhibited by adding 3 mL of DMEM/F12 + 10% FBS media.
The tissue is homogenized further with a sterile narrow-tipped fire-polished Pasteur
pipette, and any remaining nonhomogenized pieces of tissue are removed by passing
the cell suspension through a 40- µm cell strainer.

5. Cells are counted with a hemocytometer or a cell counter machine and cell viability
is determined with the use of trypan blue.

6. Cells are centrifuged for 5 min at 180 RCF (Relative Centrifugal Force) at 4°C and
serum-containing media is decanted. Pre-warmed neurosphere media is added to the
cells pellet to get a final concentration of 4 × 104 cells per ml.

7. The cell suspension is added to nonadherent cell culture flasks (5 ml per flask) and
placed in an incubator at 37°C and 5% CO 2. Culture media is changed twice a week
(see Note 3) and neurospheres are passaged every 1 or 2 weeks, depending on the
growth rate of each sample (see Note 4).

1In order to protect the tips of the surgical instruments, it is recommended some cotton be placed in the bottom of a beaker and filled
with 96% EtOH.
2Necrotic tissue can be identified by its dark color. Blood vessels need to be removed to reduce the presence of contaminant cells such
as fibroblasts. Nevertheless, tumor sample are often highly vascularized, which makes it difficult to remove the vessels. In this case, try
to avoid culturing the vascularized area if the sample is large enough.
3To change the media, avoid the use of centrifuge since this can cause the formation of cell clumps and form structures similar to
neurospheres. Preferentially leave the flasks in a vertical position to let the neurospheres precipitate, take out half of the cell culture
volume, and replace it with fresh neurosphere media. Some cells can attach to the bottom of the flask and not form neurospheres. When
this happens, take out the total volume of the flask and place it in a new one to avoid contact with differentiated cells
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3.2. Neurosphere Embedding for Cryostat Sectioning
1. Neurospheres from the culture flasks are taken with a 20- µl pipette set to 2 µl and

placed in a PCR tube. They are fixed by adding 50 µl of cold 4% paraformaldehyde
for 30 min at room temperature.

2. Neurospheres are then centrifuged at 150 RCF for 5 min at 4°C and supernatant is
removed carefully. 30% sucrose is added and the neurospheres are left in this solution
for 30 min. At this moment an empty tissue embedding mold is taken and OCT
compound is added to have a flat surface so as to place the neurospheres.

3. Neurospheres are centrifuged again at 150 RCF for 5 min at 4°C and supernatant is
removed carefully.

4. The neurospheres are then resuspend in 50 µl of OCT compound and placed on the
top of the frozen OCT in the mold, giving them enough time to freeze (see Notes 6
and 7).

5. 5- µm slices are obtained with a cryostat for further immunostaining (see Note 8) (Fig.
1b–d).

3.3. Human Organotypic Model (27)
1. A 24-well culture plate is prepared by adding 500 µl of organotypic culture media

and placing one 12-mm Millicell insert into each well, taking care to not create bubbles
underneath the membrane.

2. After preparing the plate, a tumor sample (collected and transported as described on
section A-1) is placed on a Sylgard plate and cut into rectangular pieces (5–20 mm/
1–2 mm). The pieces are then sectioned into 350- µm thick slices using the tissue
chopper and placed into a Petri Dish containing high-glucose HBSS (see Notes 9 and
10)

3. Each slice is put into the 12-mm Millicell inserts with the help of a paint brush (see
Note 11). The plate with the organotypic cultures is then placed into an incubator at
37°C and 5% CO2. The organotypic culture media is changed every 2 days taking
care to not disturb the explant (see Note 12).

4. After 2 days of culture, a single-cell suspension of 1 × 105 GFP labeled cells per µl
is prepared to be injected into the organotypic explants.

4The passage of neurospheres with protocols that involve the use of enzymes is widely accepted. Some groups, however, have observed
a faster neurosphere growth rate when passaged by the use of mechanical trituration instead of enzymatic digestion. To passage the
neurospheres and form a single-cell suspension without the use of enzymes, centri-fuge the neurosphere cell culture for 5 min at 180 ×
g, discard the supernatant, and resuspend the pellet in 200 µl of neurosphere media. Triturate the pellet by pipetting using a p200- µl
pipette tip, where several passes are needed to break the neurospheres. In our experience, this takes on average 200 times.
6Right before adding the OCT-neurosphere solution, take out the mold with frozen OCT from the dry ice. This will allow the OCT-
neurosphere suspension to come out from the tip without freezing before getting to the mold.
7To resuspend the neurospheres in OCT, add 50 µl of the embedding compound and set the micropipette to 45 µl, and slowly pipette up
and down without creating bubbles.
8Start cutting until the marks are visible. After the marks are visible, collect the slices and prepare for immunostaining.
9When using the tissue chopper, the tissue piece may have a tendency to move as the tissue is being cut. Make sure the cutting surface
is dry.
10After cutting the tissue, some of the pieces will still be adhered to one another. Use a microsurgical scalpel to cut the adherent portions
of the tissue.
11When transferring the tissue to the Millicel inserts, try to transfer with a minimal amount of media as excess media will prevent the
tissue from adhering to the membrane.
12During the media changes, make sure to avoid placing media on top of the Millicel membrane as this may cause the tissue to detach.
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5. The culture plate with the tissue explants is placed in the hood on a rodent stereotactic
frame, under the angled dissecting microscope to obtain the best visualization of the
tissue explant inside the millicell insert (Fig. 2).

6. 1 µl of the cell suspension is taken into the glass micropipette needle and then injected
into the tissue slice with the help of the stereotactic frame, with particular attention
to not penetrate the tissue with the needle.

7. The cells are injected at a rate of 1 µl per minute while looking under the microscope
(see Note 13), and the plate is placed back into the incubator for 2 weeks, changing
the culture media every 2 days.

8. Once the experiment is concluded, the tissue explants are fixed with 4%
paraformaldehyde and prepared for cryosectioning and immunostaining (Fig. 3).
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Fig. 1.
GBM-derived neurosphere. (a) In bright field prior to the cryosectioning protocol described;
(b–d), immunostained against GFAP (green) and Nestin (red). Dapi was used as a nuclear
marker. The finding of more differentiated cells in the core of the neurosphere has been reported
previously (9,15), showing the cell heterogeneity within the neurospheres.
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Fig. 2.
Setup for the injection of human GBM-derived cells into the human organotypic cultures. The
24-well plate is placed on the stereotactic frame and the surgical microscope is used to visualize
both the glass needle and the tissue. Cell injections are performed with a microinjector attached
to the glass needle.
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Fig. 3.
Migration of human GBM-derived cells in human brain tissue. GFP-labeled GBM cells were
injected as described in the methods section, then immunostained after 6 days. DAPI was used
as a nuclear marker. Some GFP-labeled GBM cells (arrows) were found to have migrated away
from the injection site as shown in the inset. Scale bar = 100 µm.
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