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Isolation and Characterization of Inmune Cells from the Tumor Microenvironment of Genetically Engineered
Pediatric High Grade Glioma Models Using the Sleeping Beauty Transposon System
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Abstract
Gliomas are the most common malignant brain tumors in the pediatric population. Even though great efforts
have been made to understand their distinctive molecular characteristics, there has not been any
improvements in the median survival in decades. In children, high-grade glial tumors have a median survival of
9-15 months. It has recently been demonstrated that pediatric high-grade gliomas (pHGG) are biologically and
molecularly different from the adult counterparts, which could explain why conventional treatments universally
fail. The development of an in vivo pHGG model harboring the specific genetic alterations encountered in
pediatric gliomas is imperative in order to study the molecular basis that drives the progression and
aggressiveness of these tumors. It would also enable harnessing these results for the development of novel
therapeutic approaches. Our lab has implemented a method to induce brain tumors using transposon-mediated
integration of plasmid DNA into cells of the subventricular zone of neonatal mouse brain. One of the main
advantages of this method is that tumors are induced by altering the genome of the host cells, allowing us to
recapitulate the salient features of the human disease. In this chapter we describe a method to isolate two cell
populations from tumors generated in situ in mice, i.e. one population enriched in tumor cells and another
population enriched in CD45+ cells. We also present methodologies as to how tumor infiltrating immune cells
can be phenotypically characterized using flow cytometry.

Introduction

Pediatric high grade gliomas
High-grade gliomas in children represent 15 to 20% of all brain tumors and the leading cause of cancer-related
mortality in this age group (Braunstein, Raleigh, Bindra, Mueller, & Haas-Kogan, 2017; Faury et al., 2007). These
tumors include anaplastic astrocytoma (World Health Organization (WHO) grade lll), glioblastomas (WHO grade
IV) and diffuse intrinsic pontine glioma (MacDonald, Aguilera, & Kramm, 2011). Seventy to 90% of patients die
within 2 years of diagnosis (Paugh et al., 2010) and prognosis has remained largely unchanged despite novel
treatment approaches (Braunstein et al., 2017; MacDonald et al., 2011). The spectrum of glioma in pediatric
patients is distinctly different than that of adults, suggesting unique pathogenesis and disease progression
(Paugh et al., 2010). In children, low grade juvenile pilocytic astrocytomas are the most common brain tumor
type (Paugh et al., 2010).Low grade gliomas in the pediatric population rarely progress to a higher grade tumor
(Braunstein et al., 2017; Broniscer et al., 2007), whereas the opposite is true in adults where glioblastoma is
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more common and low grade diffuse gliomas frequently undergo anaplastic progression to a high-grade tumor
over time (Furnari et al., 2007; Paugh et al., 2010).

The standard of care for pediatric high grade glioma (pHGG) includes maximal safe surgical resection followed
by focal radiation therapy in children usually older than 3 years of age due to cognitive and developmental
sequelae from radiation in childhood (MacDonald et al., 2011). The most important prognostic factors are extent
of resection and histologic grade (Gajjar et al., 2015). Adjuvant chemotherapeutics used for adult glioma, such
as temozolomide, have performed with disappointing results in the pediatric population (Cohen, Heideman, et
al., 2011; Cohen, Pollack, et al., 2011; Lashford et al., 2002). Moreover, results from adult clinical trials cannot
be extrapolated to children due to the unique differences in pathogenesis and molecular biology between adult
and pHGG (Jones et al., 2017). Important molecular signatures in pHGG include the novel oncogenic driver
mutations in histones H3.1 (K27) and H3.3 (K27 and G34) as well as in the activin A receptor, type 1 (ACVR1)
(Gajjar et al., 2015; Mackay et al., 2017).

Pediatric high grade gliomas harboring H3.3-G34R/V mutation
Recently, high-throughput genomic and epigenomic studies have permitted the classification of pediatric
glioma subtypes based on molecular features which, in combination with other characteristics such as clinical
data, revealed distinct biological subgroups (Sturm et al., 2014). The analysis of high-throughput data
emerging from pHGG samples reveal a number of mutations in genes associated with the regulation of
epigenetic processes (Schwartzentruber et al., 2012; Sturm et al., 2012; Wu et al., 2012). In eukaryotes, DNA is
packaged around a core octamer of histone proteins which, besides conferring structural integrity to the
chromatin, are subjected to posttranslational modifications (PTM) on their N-terminal tail as a mean to regulate
the chromatin compaction and gene expression (Jenuwein & Allis, 2001; Strahl & Allis, 2000). Accordingly,
mutations in the histone genes themselves or the genes encoding the proteins performing the PTMs have been
identified as oncogenic drivers in different types of cancer (Funato & Tabar, 2018).
Two independent studies in 2012 identified mutations in the histone genes H3.1 (HISTIH3B) and H3.3 (H3F3A)
in a large proportion of pHGG (Schwartzentruber et al., 2012; Wu et al., 2012). Mutations in the coding regions
of the histone tails at lysine 27 to methionine (K27M) in H3.1 and H3.3 were found in diffuse midline glioma, in
children with a median age of diagnosis of 9 years, while mutations in H3.3 at glycine 34 to arginine or valine
(G34R/V) were found in about 15% of cerebral hemispheric HGG of children and young adults (Mackay et al.,
2017).
It has been demonstrated that K27M mutations exhibit a dominant inhibitory effect on the polycomb repressive
complex 2 (PRC2), by blocking the active site of enhancer of zeste homolog 2 (EZH2) (Nagaraja et al., 2017;
Piunti et al., 2017). These findings were important for the conduct of drug testing experiments and specific
clinical trials (Grasso et al., 2015; Jansen, Van Vuurden, Vandertop, & Kaspers, 2012). However, the exact
mechanisms by which H3.3-G34R/V drive malignancy of pHGGs remain largely unknown. A more recent meta-
analysis showed that most of the pHGG in the H3.3-G34R/V subgroup harbor inactivating mutations in TP53
and ATRX genes (Schwartzentruber et al., 2012; Sturm et al., 2012). Notably, ATRX performs a role as H3.3
depositor (Voon & Wong, 2016), suggesting a positive interaction between these two mutations in cancer
(Haase et al., 2018).
H3.3-G34R/V has been shown to lead to a distinctive binding of the H3K36 trimethylation mark throughout the
genome (Bjerke et al., 2013). For example, a differential binding of the activating H3K36me3 mark to upregulate
genes associated with cortical precursors and the oncogene MYCN has been observed in H3.3-G34V glioma
cells (Bjerke et al., 2013). Moreover, this mutation has been associated to a local downregulation of H3K36me3

protocols.io | https://dx.doi.org/10.17504/protocols.io.bf8kjruw May 15, 2020 5/17



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.bf8kjruw

€3} protocols.io Partof SPRINGERNATURE

at specific gene loci (Lewis et al., 2013). It has been suggested that a mechanism by which SETD2, the
methyltransferase responsible for generating the H3K36me3 mark, is locally inhibited by G34R/V mutations,
leads to reduced levels of the K36me3 mark in cis (Lewis et al., 2013). In conclusion, despite recent advances
in the understanding of the H3.3-G34R/V pHGG biology, it is still imperative to develop accurate pre-clinical
models in which to implement mechanistic studies that will guide the translation of research findings to the
clinical arena.

Sleeping Beauty transposase-mediated mouse glioma model

Pediatric high grade glioma (pHGG) is a highly heterogeneous disease entity. Basic and translational research
models that accurately recapitulate the genetic aberrations and tumor microenvironment in pHGG are
necessary for effective pre-clinical studies. The Sleeping Beauty (SB) transposase method was developed to
induce intrinsic brain tumors in mice with non-viral, transposon-mediated integration of DNA into cells of the
sub-ventricular zone of neonatal 1-day old mouse pups (Calinescu et al., 2015; Koschmann et al., 2016; Nunez
et al., 2019; Wiesner et al., 2009) (see Note 1). Since the SB transposase is encoded in the same plasmid as the
Luciferase gene (pT2/SB100x-Luc), and the latter gets inserted into the host genome, the plasmid uptake and
disease progression can be monitored using bioluminescence (Calinescu et al., 2015; Koschmann et al., 2016;
Nunez et al., 2019). Moreover, the SB plasmids encode not only for the specific genetic alterations, but also for
different fluorescent proteins, so that the tumors can be recognized macroscopically using a stereo-zoom
microscope equipped with a fluorescent light (Calinescu et al., 2015; Koschmann et al., 2016; Nunez et al.,
2019). This model represents a valuable tool to induce tumors from cells original to the animal and to assess
the role of candidate genes in the induction and progression of tumors. Also, this model can be used to test
novel therapies, without the need of invasive surgical procedures or the risk of cell rejection by the host
immune system.

Sleeping Beauty transposase pHGG model harboring H3.3-G34R mutation

1- Prepare the injection solution by mixing the plasmid DNA with the in vivo transfection reagent
(Polyethylenimine, PEI) (in vivo-Jet PEI, Polyplus, New York, NY, USA) to create the PEI/DNA complexes for
transfection. In our case, we used a 1:2 ratio for the injection of the pT2/SB100x-Luc plasmid and the following
plasmids encoding:

H3.3-WT group (control group).
NRAS(V12) oncogene

shRNA against Tp53

shRNA against Atrx

H3.3-G34R (case group)
NRAS(V12) oncogene
shRNA against Tp53
shRNA against Atrx
H3.3-G34R
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To generate the PEI/DNA complexes for in vivo transfection, prepare:

a.DNA solution: add 2.85 pg of pT2/SB100x-Luc, 5.75 ug of each plasmid, 10 pl of 10% glucose solution and sterile
water to a final volume of 20 pl.

b./n vivo-Jdet PEI solution: for the H3.3-WT group, add 2.8 pl of in vivo-Jet PEI, 7.2 pl of sterile water, and 10 pl of
10% glucose. For the H3.3-G34R group, add 3.6 pl of in vivo-Jet PEI, 6.4 pl of sterile water, and 10 pl of 10%
glucose (see Note 2).

c.Add the PEI solution to the DNA solution, mix by pipetting, vortex and incubate at room temperature for 20 min.
The solution is now ready for injection.

2- Place a 10 pl syringe with a 30G hypodermic needle (12.5° bevel) into the micropump of the stereotaxic frame.
3- With a slurry of dry ice and alcohol, cool the neonatal stereotaxic stage to 2-8°C.

4- To induce anesthesia, place the 1-day old mouse pup wrapped in gauze on wet ice for 2 minutes (see Note 3).
5- Fill the syringe with the solution with the PEI/DNA complexes for the in vivo transfection.

6- Immobilize the pup in the stereotaxic frame, ensuring that the dorsal side of the skull is horizontal, parallel to
the surface of the frame and wipe the head with 70% ethanol.

7- Lower the needle and adjust stereotaxic coordinates until the needle touches the midline intersection of the
parietal and occipital bones (lambda).

8- Lift the needle and adjust stereotaxic coordinates to 0.8 mm lateral and 1.5 mm rostral to the lambda.

9- Lower the needle in dorsal-ventral direction, until it touches and slightly dimples the skin and lower the needle
another 1.5 mm (see Note 4).

10- Using the automatic injector, inject 0.75 pl of the transfection solution at a rate of 0.5 pl/min.

11- Keep the pup on the frame for another minute and, in the meantime, anesthetize another pup, for the next
injection.

12- Lift the needle gently and slowly, and place the pup under a heating lamp. Monitor breathing and activity
ensuring first breathing.

13- After 3-5 min, when the pup is warm, looks rosy in color, is breathing regularly and active, return it to its
mother (see Notes 5 and 6). Continue with the procedure until all pups have been injected.

Mouse perfusion and tumor dissection

1- Two to 6 weeks after SB injections animals will start developing macroscopic tumors. Monitor tumor
progression in mice every week by bioluminescence imaging and look for signs of intracranial tumor burden (see
Note 7).

2- When a mouse displays signs of tumor burden, anesthetize it with an intra-peritoneal injection of 120 mg/kg of
Ketamine and 0.5 mg/kg of Dexmedetomidine. Examine the animal by toe pinch and tail pinch. When no responses
are observed in both tests, consider that the animal is in a deep anesthetic state.

3- Immobilize the mouse on a dissection board, open the abdominal cavity by an incision, dissect the diaphragm
and open the thoracic cavity completely by cutting the ribs to visualize the heart.

4- Insert a blunt 20-gauge cannula into the left ventricle of the heart. Connect the cannula with plastic tubing
passing through a peristaltic pump to a container with oxygenated and heparinized Tyrode's solution (0.8% NaCl,
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0.0264% CaCly2H,0, 0.005% NaH,PO,4, 0.1% glucose, 0.1%NaHCO3, 0.02% KCI). Tyorde's solution may be kept

at 4 °C for up to one week.

5- Make a small incision into the right atrium of the heart to permit the drain of blood and Tyrode's. Perfuse the
mouse for ten minutes with cold Tyrode's solution.

6- Decapitate the mouse and carefully dissect the brain from the skull. Remove musculature and skeletal matter
from around the cranium. Remove the cranium by first flicking off the occipital, then temporal, then frontal
cranium.

7- Remove the brain from skull and place it in a petri dish on ice.

8- Place the brain under a stereo-zoom microscope equipped with a fluorescent light illumination system. Dissect
the tumor from the brain using scalpels.

9- Place the tumor pieces immediately into a 50 ml conical tube with 10 ml of cold Neurosphere (NS) media
(DMEM/F12 supplemented with anti-anti, B27 supplement (1 X), N2 supplement (1 X) (all from Gibco, Thermo
Scientific, Waltham, MA, USA), Normocin (100 ug/ml) (InvivoGen, San Diego, CA, USA), EGF and FGF (20 ng/ml)
(PeproTech, Rocky Hill, NJ, USA)).

Tumor homogenization and magnetic labeling of CD45+ cells

1- For tumor homogenization, transfer the dissected tumor sections onto a 70 um nylon strainer. Use a pestle to
disaggregate the tumor and obtain a single-cell suspension. Add 10-15 ml of cold NS media through strainer to
wash it and to resuspend the cells. Repeat the washing 3 times.

2- Centrifuge the cells at 300 x g for 4 minutes at room temperature.

3- For red blood cell lysis, remove the supernatant and add 1 ml of cold Red Blood Cell Lysis Buffer 1 X
(BioLegend, San Diego, CA, USA) to the cells. Incubate 1 minute on ice. Immediately add 9 ml of Dulbecco's
Phosphate Buffered Saline 1 X (DPBS) (Gibco, Thermo Scientific, Waltham, MA, USA) to stop the red blood cell
lysis reaction (see Note 8).

4- Centrifuge the cells at 300 x g for 5 minutes at 4° C.

For these next steps work quickly, keep the cells cold at all times, and use pre-cooled solutions. This will prevent
capping of antibodies on the cell surface and non-specific cell labeling.

5- Completely remove media and resuspend the cells in 90 ul of cold BSA-EDTA buffer (0.5% Bovine serum
albumin (BSA), 2mM Ethylenediaminetetraacetic acid (EDTA) in phosphate buffered saline pH 7.2) (Miltenyi Biotec,
Bergisch Gladbach, Germany). Keep buffer cold (4-8 °C).

6- Add 10 ul of CD45 MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany) per 107 total cells (see Notes 9
and 10).

7- Mix the cell suspension well and incubate for 15 minutes at 4° C (not on ice).

8- Wash cells by adding 1 ml of cold BSA-EDTA buffer and centrifuge at 300 x g for 5 minutes at 4°C.

9- Pipet off supernatant and resuspend cell pellet in 500 ul of cold BSA-EDTA buffer. Proceed to magnetic column
separation.

Magnetic separation of tumor and CD45+ enriched cell fractions

1- Place MACS column in the magnetic field of a suitable MACS Separator (Miltenyi Biotec, Bergisch Gladbach,
Germany) (see Note 11).
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2- Precondition the column by rinsing with appropriate amount of BSA-EDTA buffer. Let all the solution go through
the column (see Note 12).

3- Put a 30 uM nylon mesh on the top of the column and apply cell suspension onto it (see Note 13).

4- Collect unlabeled cells which flow through the column (500 pl for large columns). Wash the column once with
BSA-EDTA buffer (3 ml for large columns) and collect the cells that eluate in the same tube. This is the first tumor
cell-enriched eluate (CD45- cells).

5- Apply the first tumor cell-enriched eluate into a second preconditioned column with the filter on the top and
collect the second tumor cell-enriched eluate. Wash once with BSA-EDTA buffer and collect the eluate in the same
tube. If using large columns, the total volume should be approximately 6,5 ml. This is the tumor cell-enriched
fraction.

6- Save 500 pl of the tumor cell-enriched fraction for flow cytometry analysis (keep them on ice or at 4 °C),
centrifuge the rest for 5 minutes at 300 x g at 4 °C and discard the supernatant. The pellet can now be used for
downstream applications; such as flow cytometry or RNA purification.

7- To collect the CD45+ cells that are magnetically adhered to the first column, first wash this column twice with
BSA-EDTA buffer (see Note 14).

8- Remove the column from the magnetic field and place it on a suitable collection tube, such as a 15 ml tube.

9- Add BSA-EDTA buffer on top of the column and immediately flush out this fraction with the magnetically
labeled CD45+ cells by firmly applying the plunger supplied with the column. In the case of large columns, 5 ml
are used for the elution step.

10- Save 500 ul of the CD45+ cell fraction for flow cytometry analysis (keep them on ice or at 4 °C), centrifuge
the rest for 5 minutes at 300 x g at 4 °C and discard the supernatant. The pellet can now be used for downstream
applications; such as flow cytometry or RNA purification.

Flow cytometry analysis of cell fractions: CD45 and Ter119 assessment
1- Pellet all the samples that are going to be tested and resuspend them in 200 ul of 2% FBS in Hanks' Balanced
Salt Solution (HBSS, no calcium, no magnesium, no phenol red) (Gibco, Thermo Scientific, Waltham, MA, USA)
(flow buffer) (see Note 15).
2- Add 1 ul of Fc blocking (see Note 16).
3- Incubate on ice for 15 minutes.
4- Spin cells down at 300 x g, for 5 minutes at 4 °C.
5- Resuspend the pellets in 600 ul of flow buffer and divide them in 3 wells of a 96 V-bottom multiwell plate (200
ul per well) (see Note 17):
a.Unstained control
b.CD45 only
c.Ter119 only
For b) and c):
a.Add 1 pl of anti-mouse CD45 antibody (Biolegend, San Diego, CA, USA) (see Note 18) to well b.
b.Add 1 ul of anti-mouse Ter119 antibody (Biolegend, San Diego, CA, USA) (see Note 18) to well c.
6- Incubate on ice for 30 minutes, protected from light.
7- Centrifuge cells down at 300 x g, for 5 minutes at 4 °C.
8- Wash twice with 100 ul of flow buffer, centrifuging in between at 300 x g, for 5 minutes at 4 °C.
9- Resuspend all wells in 500 pl of flow buffer and pass the samples to a flow cytometry tube.
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10- Before running the samples, add 2.5 ul of Propidium lodide (P1) Staining Solution (Invitrogen, Carlsbad, CA,
USA) for cell viability assessment (see Note 19). Record at least 20,000 events of the singlet population.

Flow cytometry analysis of the tumor microenvironment
1- Wash the cells that were purified from the brain tissue by magnetic sorting with 600 pl of flow buffer. Check cell
viability by performing a cell count using trypan blue and a hemocytometer.

2- After the cell count, resuspend the cells at a concentration of 2.0 x 108cells in 200 Kl of flow buffer.

3- Plate the cells at a density of 1.5 x 108 cells in 150 pI volume in a 96 well V-bottom plate for immunostaining.

4- Combine the remaining 50 pl of cells from all samples and plate 150 ul of the resuspension in a 96 wells V-
bottom multiwell plate for staining with the isotype control.

5- Pellet the cells by centrifuging the plate at 300 x g for 5 minutes at 4 °C.

6- Discard the supernatant and add 100 ul of Fc block diluted in flow buffer at a 1:200 ratio to each sample. Then,
incubate the plate on ice for 15 minutes (see Note 16).

7- Centrifuge the plate at 300 x g for 5 minutes at 4 °C. Discard the supernatant and wash the cells two times with
flow buffer before staining with the cell surface markers.

8- To identify various immune cells within the tumor microenvironment, prepare fluorophore conjugated primary
antibody mixes with the combination of key markers listed in Table 1. Antibodies and isotype controls are diluted in
flow buffer at a 1:200 ratio. Catalog numbers and company names of the antibodies used can be found in Table 2.
9- Add 100 pl of fluorophore conjugated primary antibody mix to the appropriate well and pipette up and down to
mix.

10- Incubate the plate for 30 minutes on ice protected from light.

11- Centrifuge the plate at 300 x g for 5 minutes at 4 °C. Discard the supernatant and wash the cells three times
with flow buffer.

12- Fix the cells by adding 100 ul of Cytofix/Cytoperm (BD Biosciences, San Jose, CA, USA) solution to each well
and incubate the plate for 20 minutes on ice in the dark (see Note 20).

13- Wash the cells two times with 1 X Perm/Wash (BD Biosciences, San Jose, CA, USA) solution before staining
with the intracellular markers (see Note 21).

14- To evaluate the expression of intracellular markers in the immune cells, prepare fluorophore conjugated
primary antibody mix with the combination of key markers listed in Table 1. Antibodies and isotype controls are
diluted in 1 X Perm/Wash solution at a 1:200 ratio.

15- Add 100 pl of fluorophore conjugated primary antibody intracellular mix to the appropriate well.

16- Incubate the plate for 30 minutes on ice protected from the light.

17- Centrifuge the plate at 300 x g for 5 minutes at 4 °C. Discard the supernatant and wash the cells three times
with 1 X Perm/Wash solution.

18- Resuspend the cell pellets in 200 pl of 1 X Perm/Wash solution and transfer the cell suspension to flow tubes.
19- For flow cytometry acquisition, obtain at least 30,000 events of the singlet population.

Concluding remarks
This method represents a valuable tool to obtain two distinct cell populations from genetically engineered high-

grade glioma models: one population enriched in tumor cells and the other enriched in immune cells. High grade
gliomas are generated intrinsically in 1-day old mouse pups through the injection of a combination of plasmids
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encoding for the desired genetic lesions in combination with the SB transposase (Figure 1, A and B). Two
advantages of this method are that the plasmid uptake and tumor growth can be monitored using
bioluminescence and the tumors can easily be identified and excised using a stereo-zoom microscope equipped
with a fluorescent light (Figure 1, C). When a tumor bearing mouse displays signs of tumor burden (ataxia,
impaired mobility, hunched posture, seizures, and scruffy fur), the mouse is perfused with Tyrode's solution. After
extracting the brain from of the skull, the tumor is dissected to be processed following the described protocol,
which is depicted in Figure 2.

This protocol allowed us to isolate two cell populations, enriched in tumor or immune cells. By Flow Cytometry, we
check the purity of these isolated populations, by assessing the quantity of CD45+ and Ter119+ cells within the
live cell population (Figure 3, A and B). In both fractions, the proportion of viable cells is between 80-90 %. In the
tumor cell enriched fraction, the amount of CD45+ cells is 3 % on average, whereas in the tumors without any
separation the amount of CD45+ cell is between 10-15 % in the case of the H3.3-WT or H3.3-G34R glioma mouse
models (Figure 4). On the contrary, we observed that the amount of CD45+ cells in the immune cell fraction is 8-
fold higher in comparison to the amount of CD45+ cells in the tumor homogenate without any enrichment (Figure
4). The amount of Ter119+/CD45- cells (erythroid cells) is 0.4 % on average in both cell fractions after the
procedure (Figure 3, A and B).

In conclusion, this method allowed us to obtain a high yield separation of tumor cells from immune cells from a
high-grade glioma mouse model, with a substantial amount of viable cells. These enriched cell fractions can be
employed in downstream applications such as RNA purification, DNA purification, flow cytometry analysis, cell
culture, and functional studies among others. This procedure can be also applied for isolating immune cells from
tumor cells in any other tumor model.

Notes

1- For a more detailed protocol, including the maps of the plasmids used, the cloning strategy and the intra-
ventricular injections, see Calinescu, A. A., Nunez, F. J., Koschmann, C., Kolb, B. L., Lowenstein, P. R., & Castro,
M. G. (2015). Transposon mediated integration of plasmid DNA into the subventricular zone of neonatal mice to
generate novel models of glioblastoma. J Vis Exp(96). doi:10.3791/52443.

2- The optimal ratio of nitrogen residues in the polyethyleneimine (PEl) to the phosphate residues in the DNA
(N/P ratio) is 7, which ensures the formation of positively charged particle complexes that will bind anionic
moieties on cell surfaces and will be endocytosed. The in vivo jet-PEI solution has a concentration of 150 mM
expressed as nitrogen residues. Given that one pg DNA has 3 nmol of anionic phosphate, the amount of
transfection reagent necessary can be calculated with the formula: pl of in vivo jet-PEI = [(ug DNA x 3) x N/P
ratio]/150.

3- Pups receive continuous anesthesia when placed on the chilled stereotaxic frame during the plasmid
injection. Maintaining the temperature of the frame above freezing, between 2-8 °C, will prevent thermal burn
injuries for the pups.

4- The needle will pierce the skin and skull, and pass through the cortex to enter the lateral ventricle.

5- Keep all the pups together under the heating lamp until all the injections are done. If injections take longer
than 30 min, return the pups to the cage after the first 30 min.

6- Monitor that the mother is responsive and nurturing to her pups. If necessary, a surrogate mother can be
placed in the cage. Also, ensure that the interval between placing the pup on ice and placing it under the
warming lamp is less than 10 min. Pups survival is better when the procedure is carried out quickly. Usually, the
time it takes to anesthetize and inject a pup is 4 min.
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7- Signs of end point intracranial tumor burden consist of weight loss, ruffled fur, hunched posture, impaired
mobility or other abnormalities in movement. At this time point the bioluminescence would be usually 107-108
photons/s/cm2/sr.
8- Longer incubations in the Red Blood Cell Lysis Buffer could cause excessive lysis of the cells.
9- Microbeads are conjugated to monoclonal anti-non-human primate CD45 antibodies (Isotype: mouse IgG1,
Clone: MB4-6D6), (Miltenyi Biotec Inc, Auburn, CA, USA).
10- The volumes of reagents listed in the protocol are for up to 1 x 107 cells. When working with higher cell
numbers, scale up all reagent volumes accordingly.
1The volume of BSA-EDTA buffer used for preconditioning and washing the column depends on the size of the
column used. We used large columns and followed the manufacturer’s instructions.ected, so large columns
were preferentially used.
12- The volume of BSA-EDTA buffer used for preconditioning and washing the column depends on the size of
the column used. We used large columns and followed the manufacturer’s instructions.
13- It is important to have a suspension of single cells for the optimal performance of the magnetic separation
and for preventing the clogging of the column.
14- CD45+ cells should be collected from the first columns only, after washing.
15- Using HBSS buffer yielded better cell viability compared to the use of DPBS buffer.
16- Cells contain numerous Fc receptors that could contribute to non-specific binding and background
fluorescence, therefore it is important to block the Fc receptor on the cells.
17- Due to the low amount of CD31+ cells (endothelial cells, less than 3%) in the tumor microenvironment, we
did not include this marker in the regular assessment of the cell fractions' purity (data not shown).
18- We used APC conjugated anti-mouse CD45 and Pacific Blue conjugated anti-mouse Ter119.
19- Pl is a dye that binds to double stranded DNA by intercalating between base pairs. Viable cell membranes
are impermeant, so the dye is excluded from live cells.
20- Fixing the cells minimizes deterioration of the sample.
21- Staining of intra-cellular markers is carried out in 1 X Perm/Wash solution to maintain the cells in a
permeabilized state.
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Immune Subtype Mouse Surface Markers Mouse
Cell Intracellular
Markers
CD45+, F4/80+ -
Macroph
ages
M1 CD45+, IFNy+
F4/80+,
CD206-
M2 CD45+, Argl1+
F4/80+,
CD206+
CD45+, CD1c+, MHC 11+ -
Dendritic
Cells
CD45+, -
Conventio CDTic+,
nal MHC I+,
B220-
CD45+, -
Plasmacy CDTic+,
toid MHC I+,
B220+
T cells CD45+, CD3+ -
CD45+, IFNy+,
Cytotoxic CD3+, Granzyme B+
T cells CD8+
Helper CDA45+, -
T cells CD3+,
CD4+
NK cells N/A CD45+, CD3-, NK1.1+ -
MDSC CD45+, Gr1+, CD1Tb+ -
CD45+, -
Granulocy Gri+,
tic CD11b+,
Ly6G+,
LygClo
CD45+, -
Monocyti Gri+,
c CD1b+,
Ly6G-,
LygChi

Table 2. Catalog numbers and company names of the antibodies used.

protocols.io | https://dx.doi.org/10.17504/protocols.io.bf8kjruw

May 15, 2020

15/17


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.bf8kjruw

€3} protocols.io Partof SPRINGERNATURE

Protein Catalog Company
number
CD45 (Pacific blue 103126 Biolegend
conjugated)
F4/80 123128 Biolegend
CD206 141734 Biolegend
CDT1c 117319 Biolegend
MHCII 107614 Biolegend
B202 103223 Biolegend
CD3 100328 Biolegend
CD8 100722 Biolegend
CDh4 100421 Biolegend
NK1.1 108708 Biolegend
Gr1 108412 Biolegend
CD1b 101225 Biolegend
Ly6G 127606 Biolegend
Ly6C 128018 Biolegend
IFNy 113603 Biolegend
Arg1l IC5868P R&D Systems
Granzime B 372205 Biolegend
Ter19 116232 Biolegend
CD45 (APC conjugated) 103112 Biolegend

Figure 1. Generation of a mouse glioma model using the Sleeping Beauty (SB) Transposase System. A)
Diagram representing the plasmid constructs encoding for the SB transposase with the luciferase and the
genetic lesions to be inserted into the host cell genome via the SB transposase (SB plasmids). B) Diagram
indicating the brain ventricles and the site for plasmid injection (lateral ventricle), which contains brain stem
cells from which the tumor is originated. C) (Upper panel) Plasmid uptake efficiency one day after injection and
tumor development monitoring by bioluminescence. (Lower panel). Tumor tissue (white arrows and dashed
lines) is identified macroscopically by the expression of fluorophores associated with the respective genetic
lesions. H3.3-G34R tumors express both green fluorescent protein (GFP) and Katushka protein (Kat) (a red
fluorescent protein), since the shP53 and shATRX plasmids are coupled with GFP coding sequence, whereas
the H3.3-G34R coding sequence is coupled with Kat sequence.
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Figure 2. Schematic summarizing the technique to obtain two cell fractions from a genetically engineered
mouse glioma model. One cell fraction will be enriched in tumor cells and the other in CD45+ cells (immune
cells).
Figure 3. Flow cytometry plots and histograms showing live, CD45+ and Ter119+ cells. Cell populations
enriched in A) tumor cells or B) immune cells were isolated as described in the protocol and flow cytometry
was performed to analyze the quantity of CD45+ (immune cells) and Ter119+ (erythroid cells) cells in both
fractions.
Figure 4. Surface expression of CD45 marker in the entire tumor homogenate, tumor cell enriched population
and CD45+ cell enriched population. The expression of CD45 was studied to analyze the extent of CD45
depletion or enrichment in the tumor cell enriched population or in the CD45+ cell enriched population, respectivel

protocols.io | https://dx.doi.org/10.17504/protocols.io.bf8kjruw May 15, 2020 17117



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.bf8kjruw

