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Abstract

Medulloblastoma (MB), the most frequent malignant brain tumor in children, is localized
in the cerebellum. The standard care includes surgery, radiotherapy and chemotherapy leading
to an overall survival (OS) of 70-80% but survivors suffer from severe side effects. Based on
gene expression, MB is divided in four different molecular subgroups: WNT, SHH, Group 3
(G3) and Group 4 (G4), which differ in terms of clinics, prognosis, genetic alterations and cell
of origin. The WNT group is characterized by the activation of the WNT/B-catenin signaling
pathway and displays the best prognosis. The SHH group is driven by deregulation of the SHH
signaling pathway and has an intermediate prognosis. G3 and G4 are less characterized. In
contrary to the SHH and WNT groups, no specific alteration of a given signaling pathway has
been described. G3 is the group with the worse prognosis. Few recurrent genetic alterations
have been characterized including MYC amplification in less than 20% of G3 tumors.
Nevertheless, all G3-MBs overexpress MY C through mechanisms not completely understood.
G3-MB also express an abnormal photoreceptor differentiation program found in the retina but
not in the cerebellum during normal development. It has been shown that NRL and CRX, two
master transcription factors (TF) of the photoreceptor lineage, are required for the establishment
this program as well as for G3 tumor maintenance. G4 has an intermediate prognosis and the
most frequent alteration is the overexpression of PRDMS6. It has been recently proposed that

this group could be driven by activation of an ERBB4-SRC signaling.

Established cell lines and patient-derived xenografts (PDXs) are available to study MB. The
different groups of MB have also been modeled in vivo using either genetically engineered
mouse models (GEMM) or by orthotopic transplantation of mouse cerebellar progenitors
modified to overexpress oncogenes and/or to inactivate tumor suppressors. Here, we provide
the readers with tools and information that allow MB modeling in vivo. We describe how to
purify granular cell cerebellar progenitors or PDXs and to culture them in vitro in order to
modulate gene expression by lentiviral infection. We provide protocols for the retrovirus
production and infection. We also describe the experimental procedures for orthotopic grafting
in the cerebellum, which is used to assess how genetic modifications alter in vivo tumor

formation of reinjected modified PDXs cells or GCPs.



1. Introduction

In developing countries, pediatric tumors are the second most frequent cause of death in
children older than one. Among childhood cancers, leukemia is the most prevalent, representing
about 30% of the cases, while tumors of the central nervous system (CNS) are the most common
solid tumors (20%) [33].

Medulloblastoma (MB) is a pediatric CNS tumor originating in the cerebellum. Although
rare, it represents the most malignant brain tumor in childhood. It arises at a median age of
seven, with more than 70% of patients that are below the age of ten, but it can be also diagnosed
in adolescents and adults. Patients with MB present symptoms such as intracranial pressure,
hydrocephalus, nausea, vomiting and balance or motor coordination problems [6]. Different
histological variants have been described including classic, desmoplastic and large
cells/anaplastic (LC/A) MB [20]. Metastases are found in ~30% of patients at diagnosis and are
associated with a bad prognosis. They are mainly found in leptomeninges, although systemic

metastases can be observed in very rare patients with advanced and highly treated disease [20].

The current standard care for MB patients is composed of surgery, followed by
radiotherapy of the entire cranio-spinal axis and association of different chemotherapies. This
treatment scheme is applied to all patients except infants below the age of three, who are spared
of radiotherapy due to the high toxicity on the developing brain. This heavy multimodal
treatment has allowed reaching an overall survival (OS) of 80% but at the cost of severe side
effects including neurological and cognitive deficits, endocrine disorders, hearing loss and,
possibly, secondary cancers [20]. When relapse is observed, very few therapeutic options

remain and the outcome is almost always fatal [20].
1.1.The MB Groups

To better understand the disease and stratify patients, molecular analyses have established a
novel classification of the disease. As expected and observed in many different cancers, inter-
tumor heterogeneity has been uncovered. MB does not represent a single entity but gathers at
least four distinct groups differing in their molecular and clinical characteristics, prognosis and
their cell of origin [20, 29]. These four groups — WNT, SHH, Group 3 (G3) and Group 4 (G4)
— have first been identified through transcriptomic analyses [4, 15, 18, 30] and further validated
by DNA methylation profiling [26] and proteomic analyses [1, 7, 23] (Table 1). Recently, three

different studies have shown that each group could be further subdivided into subtypes



providing a better prognostic value. However, the number and nature of these subtypes are

variable between these studies and no consensus has yet been reached [3, 17, 25].

The WNT Group

The WNT group, as highlighted by its name, is driven by the activation of the WNT/B-catenin
signaling pathway. It represents 10-15% of all MBs and is usually found in older patients,
adolescents and adults. WNT group displays the most favorable outcome with an OS at 5 years
over 95%. It is in most cases of classic histology and is very rarely metastatic at diagnosis.
Clinical trials are ongoing to evaluate whether treatment de-escalation could be an option in
order to decrease side effects. It should be noticed that adult WNT-MBs have a less favorable
outcome [20, 32]. Different pieces of evidence, including a genetically engineered mouse model
(GEMM) based on the concurrent conditional expression of a mutant Ctnnbl (stabilized form
of B-catenin) and inactivation of TP53, led to propose that the cell of origin of the WNT group
is a lower rhombic lip progenitor residing in the brainstem outside the cerebellum [9].

The SHH Group

The SHH-MBs represent 25-30% of MB cases and are driven by deregulation of the cognate
SHH signaling pathway. Metastases are found in 20% of SHH-MB at diagnosis. It is associated
with the three main types of histology: desmoplastic, classic and LC/A [20]. It should be
emphasized that desmoplastic histology is mainly found in SHH-MBs and virtually absent in
other groups and presents a better prognosis. This group is the most prevalent in infants below
the age of three and in adults. It is less frequent in children and adolescents. Overall, it has an
intermediate prognosis around 75% of survival. Within this group, OS can be refined according
to the different subtypes recently described [3, 25]. Some SHH subtypes display an extremely
bad prognosis while others have a predictive very good outcome. The granule cell progenitors
(GCPs), which are highly proliferative during post-natal cerebellar development, have been
clearly demonstrated to be the cell of origin of SHH-MB [24, 34] and several mouse models

have been generated by targeting genetic alterations in this cell type (see below).

While SHH and WNT groups are driven by the deregulation of specific signaling pathways,
alterations that specifically drive G3 and G4 are much less characterized. Moreover, much less

mutations and recurrent alterations are found in these two latter groups.

Group 3



G3 represents 20-25% of all MB cases and has the worse prognosis with a 5-year OS of 60%.
These tumors usually occur in infants or young children. They display mainly a classic or LC/A
histology and are highly metastatic at diagnosis (40-50%). Tumor recurrence is usually not
found at the primary tumor bed but rather at metastatic sites [20]. While MY C amplification is
found in less than 20% of G3, all G3-MBs express high levels of MYC through unknown
mechanisms. Accordingly, G3 tumors are characterized by a MY C target gene signature with
high expression of ribosomal genes, genes involved in mRNA processing, transcription and
translation [1, 4, 7, 15]. MYCN is also amplified in 5% of cases. Beside MY C amplification,
GFI1 transcription factors (GFI1 and GFI1B) are overexpressed in 15% of patients, mostly
through enhancer hijacking mechanisms [19]. Their role as a co-driver together with MYC has
been validated using animal models [19, 31]. Moreover, G3 tumors display very surprising
characteristics. They express a set of genes usually turned on specifically in the photoreceptor
cells of the retina but never in the cerebellum [4, 8, 15]. Thus, G3 shows an aberrant identity
unrelated to its tissue of origin, the cerebellum. We recently showed that NRL and CRX, two
master transcription factors (TF) of the photoreceptor lineage, establish this aberrant identity.
Importantly, they are also required for MB growth [8]. This challenges the widely accepted
concept of lineage addiction, which postulates that cancer cells depend on the identity of a given
cell lineage from which cancer grows. This work shows that cancer cells can be driven by an
abnormal identity unrelated to its tissue of origin. As the SHH-MB, G3 have been further
divided into subtypes with different clinical outcomes. Indeed, it has been shown that one
subtype characterized by high MY C expression, including MY C amplified tumors, shows the
worse prognosis [3]. The cell of origin of G3 tumors remains a matter of debate. It has been
suggested that G3 cells could arise either from CD133" cerebellar neural stem cells [21] or from

the granule cell progenitors (GCPs) (see below).

Group 4

G4 is the most prevalent MB group found in 35-40% of patients. Its histology is most frequently
classic but LC/A histology is also encountered at lower frequency. It is found in older patients,
mainly older children, adolescents and adults. It is of intermediate prognosis with an OS at 5
years around 75%. It is also frequently metastatic at diagnosis (35%-40%) and, as in G3-MB,
relapses are more frequent at metastatic sites [20]. The most frequent alteration, found in around



20% of cases, is an enhancer hijacking mechanism that leads to strong overexpression of
PRDMS6, a putative lysine-methyl transferase. PRDM6 alteration is considered as a putative
driver event in G4, but its exact role has not been clearly demonstrated yet [17]. Recently,
proteomic and phospho-proteomic studies have proposed that G4 could be driven by activation
of an ERBB4-SRC signaling. The relevance of SRC activation has been further validated with
the development of an animal model based on in utero electroporation and that displays some

characteristics of G4 tumors [7].
1.2.MB Models

As in other cancers, established cell lines and patient-derived xenografts (PDX) are frequently
used in the MB field. The different groups of MB have been modeled in vivo either by
genetically engineered mouse models (GEMM) and/or by orthotopic transplantation of
modified mouse cerebellar progenitors manipulated to overexpress oncogenes and/or to
inactivate tumor suppressors. In contrast, no patient-derived organoid has been established for
MB so far and, in contrast to Glioblastoma, primary cultures from patient samples can be

maintained for only very short-term in MB and are not commonly used.

Interestingly, the stable expression of a Luciferase gene in all these models allowed a
longitudinal follow-up of tumor growth upon orthotopic transplantation into the cerebellum of
immunodeficient mice by bioluminescence quantification. This allows assessing the impact of
gene overexpression, gene extinction or drug treatment on tumor growth. We have used this
system on cell lines or MB-PDX to demonstrate the role of the transcription factor NRL, a

master regulator of photoreceptor development, on Group 3 MB growth [8].

In the following section, we will give a brief overview of some in vivo models used in the MB

field. We do not attempt to provide an exhaustive description of them.

1.2.1. Patient-derived xenografts

Patient-derived xenografts (PDX) have become a widely used model in cancer research since
they are presumed to faithfully recapitulate the original tumors from which they derived. PDXs
are established from fresh surgical MB material that is grafted subcutaneously or orthotopically
directly into the cerebellum of immunocompromised mice (Nod Scid Gamma mice for the
establishment). The PDXs are maintained in vivo by serial passages in immuno-deficient mice

either subcutaneously or in the cerebellum. It has been demonstrated that PDXs can be



established from the different MB groups and remain stable across serial sub-transplantations
[35] although some subclonal selection can occur [2]. Very recently, a biobank has been
established allowing the availability of 15 MB PDXs including one WNT-MB, four SHH-MBs,
seven G3-MBs and three G4-MBs [2]. Five out of the seven G3 PDXs harbor MYC
amplification. The establishment rate for MB was around 35%. It should be noticed that PDXs
have been mostly established from high-risk MBs indicating that aggressive tumors are more
favorable to grow as PDXs. When compared to subcutaneous grafting, initial grafting in the
cerebellum may be more efficient and might allow a better grafting efficiency for less
aggressive tumors. Important information is provided on these PDXs including transcriptomic

and whole exome sequencing data: https://research.fhcrc.org/olson/en/btrl.html and

https://hgserverl.amc.nl/cgi-bin/r2/main.cqi?&dscope=PDX OLSON&option=about dscope.

PDX models have been used, for example, to validate important players in MB biology [8] or
to investigate different potential therapies such as Smoothened inhibitors in the SHH group
[14], the CDKA4/6 Palbociclib inhibitor for SHH and G3 groups [5], or anti-BCL therapy in the
G3 [8]. In the section 2.1 we provide the experimental procedure to culture these PDXs in order
to overexpress or downregulate gene expression by retroviral infection and to investigate how

this genetic manipulation can affect tumor growth orthotopically.
1.2.2. Genetically-engineered mouse models (GEMM)

Although highly time consuming, laborious and expensive, genetically-engineered mouse
models (GEMM) have proven to be one of the most valuable tools in cancer research. Such
models are based on the editing of the mouse genome, including gene deletion (knock-out
mice), gene mutation (knock-in mice) or overexpression (transgenic mice). In contrast to other
models, GEMMs develop de novo tumors in their natural and immune proficient environment
allowing to carefully study the different steps in tumorigenesis, from initiation to advanced
cancer states [13]. GEMMs have allowed to validate different genetic drivers in MB as well as

to identify the cell of origin of different groups, especially for the SHH and WNT groups.

These models have been widely used to study the SHH group. The first MB GEMM was
described in 1997. It consists of PTCH1”* mice that develop medulloblastoma at low frequency,
in about 20% of cases. Noteworthy, these MBs have lost the second allele of PTCH1 [10]. This
and other ubiquitous or conditional knock-out mouse models have been widely used to validate

different cooperating oncogenic events in this group. Moreover, different conditional GEMM
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models have allowed to firmly establish that SHH-MB originates from GCPs and that a GCP

identity is crucial for tumor formation [24, 34].

A unigue GEMM has been described for the WNT tumors. Several observations support the
fact that WNT-MB might arise outside the cerebellum, from cells in the dorsal brainstem, which
originate from the lower rhombic lip [9]. Accordingly, a knock-in mice, in which the expression
of an activated mutated form of B-catenin can be conditionally induced in different cell
progenitors, have shown that activated p-catenin has no effect on cerebellar progenitors but

induces abnormal accumulation of cells in the dorsal brainstem.

Using transgenic mice, it has been shown that NMY C overexpression in the cerebellum induces
different type of MBs including G3, G4 and SHH [27, 28].

1.2.3. Orthotopic transplantation of modified/transformed cerebellar

progenitors

To get insights into the cell of origin of the G3 group, a model originally developed for SHH-
MB by Dr. Roussel's lab has been used. This model relies on the modification of murine
cerebellar progenitors that are then orthotopically grafted in animals. For the original SHH
model, GCPs were purified from p537::Ink4C”- mice at early postnatal stages between p2 to
p8, when these progenitors are still proliferating. Oncogenic hits such as overexpression of
NMYC were introduced by retroviral infection. The resulting modified GCPs, when grafted
into the cerebellum of immunocompromised mice, led to the formation of SHH-MB [36]. A
modified experimental procedure allowed G3 tumors formation when other oncogenic
combinations were used. For instance, the loss of p53 together with MYC (c-MYC)
overexpression in GCPs form G3-MB when transplanted into the cerebellum of nude mice.

These results led to propose that GCPs may be the cell of origin of G3 [12].

Another model described for G3 is based on the retroviral transduction of another cerebellar
cell population that expresses the neural stem cell (NSC) marker CD133 (prominin-1) [21]. It
has been subsequently demonstrated that G3 tumors can be modeled when these cerebellar stem
cells are engineered to overexpress a stabilized form of MY C together with a dominant negative
form of p53 (DN-p53) and are subsequently transplanted in the cerebellum of NSG mice [21].
This model supports the idea that G3 may arise from CD133" cerebellar NSCs.

Noticeably, while these two types of modified progenitors could be in principle transplanted

back into syngeneic mice, only immunodeficient animals were used as recipients in published



reports. Indeed, our own data tend to indicate that transplantation in syngeneic animals is much

less efficient for unknown reasons.

Moreover, since G3 can be modeled from different cerebellar progenitors or NSC, its cell of
origin remains elusive. Even more provokingly, using in utero electroporation leading to
overexpression of MYC and a dominant negative form of TP53 it has been shown that G3-MB
can arise from different cerebellar progenitors. Thus, it has been proposed that G3-MB is mainly
driven by specific oncogenic hits, in particular MYC overexpression, rather than its

deregulation in a specific cell of origin [11].

It is important to mention that while all the above models indeed display G3 characteristics,
they all combine MY C overexpression with p53 inactivation. However, neither p53 loss nor its
mutation is found in G3 at diagnosis [20], questioning the relevance of these models.
Nevertheless, these models were used to validate the driving role of GFI-1 TF in G3 tumors
(see above). It has been shown that retroviral mediated overexpression of MYC together with
GFI-1 both in CD133" cerebellar NSC [19] or in GCP [31] can induce G3-MB when
transplanted. These models based on the in vitro transformation of GCPs by MYC and GFI1

are described in the following section.

2. Experimental tools to model and study the biology of MB in vivo

In the following sections, we describe the short-term in vitro culture of PDXs that allows gene
expression manipulation by retroviral infection. We next provide information on MB modeling
using the modified GCP culture. We provide protocols for the purification of these cells and
their culture conditions. We also describe retroviral production and infection allowing gene
expression manipulation in PDXs and GCPs. Finally, we provide a description of the
experimental procedure to perform orthotopic grafting in the cerebellum, which is used to
reinject both PDXs cells and GCPs.

2.1.Patient-derived xenografts (PDXs)

Patient-derived xenograft (PDX) model constitutes an essential tool to study MB. It better
recapitulates heterogeneity and molecular features of patient tumors compared to in vitro
models. For PDX establishment, tumor tissues freshly isolated from untreated patients are
inoculated into immunodeficient mice, usually NSG mice, where they can be maintained and

serially passaged either subcutaneously or orthotopically in the cerebellum. Cells from these



PDXs, when cultured in vitro, can be engineered to knock-down (KD) or overexpress a given
gene, whose role in MB can be subsequently studied. Once these modified cells are grafted
either subcutaneously or orthotopically into the cerebellum of Nude mice, it is possible to
evaluate the effect of the expression of this specific gene in MB tumor biology. As an example
of such an approach, we have shown that NRL, a master transcription factor of the
photoreceptor lineage in the retina, is critical for G3-MB maintenance [8]. To this end, cultures
of different G3 PDXs were established and cells from PDXs were manipulated using
retroviruses to induce either NRL KD or overexpression. The effect of these modifications on
MB tumor growth was then evaluated in vivo, by performing orthotopic grafting of PDXs cells

in Nude mice, allowing us to establish NRL requirement for MB growth.
2.1.1. Short term in vitro cultures from PDXs

PDXs extracted from animals are processed to be short-term cultured to allow genetic
modifications of the cells. PDXs are first grown in the fat pad neck of mice (NMRI Nude mice,
Janvier Labs) until they reach a volume of around 1.5 cm®. PDXs are extracted from freshly
euthanized animals using sterile forceps, scalpels and scissors. Once extracted, the PDX is
placed in a Petri dish and any adjacent non-tumor or necrotic tissue should be removed. Using
a scalpel, the tumor is cut in small pieces (around 3-4mm?®) that are then disaggregated by
enzymatic digestion. To that end, pieces of tumor are covered by the dissociation buffer (2.5ml
of buffer containing Neurobasal medium (Gibco) supplemented with 1mg/ml DNase
(Worthington), 2.5mg/ml Collagenase P (Roche), 2.5mg/ml Collagenase/Dispase (Roche) and
B27 supplement without vitamin A (Gibco)) and incubated at 37°C for 30 minutes ®. The
suspension is filtered using a 40um cell strainer (Sigma) to remove debris. The cell strainer is
then rinsed with 10ml of Neurobasal medium and the filtrate is centrifuged at 520g for 5
minutes. After centrifugation, the cell pellet is resuspended in a buffer containing 1ml of
Neurobasal medium supplemented with 0.5mg/ml DNase, 0.35% D-Glucose (Sigma) and 2ml
of CMF-PBS pH7.4 buffer (NaCl 0.14M, KCIl 4mM, Glucose 11.1mM, NaH2PO4 H20
3.2mM, KH2PO4 3.2mM, NaHCO3 0.004%). The different cell populations are separated
using discontinuous Percoll gradient (Sigma), constituted of two phases, Percoll 35% - Percoll
60%. Percoll dilutions are prepared in CMF-PBS-EDTA (2.5mM final) buffer. Trypan blue
solution 0.4% (Gibco) is added to the Percoll 60% solution to better visualize the cells. The 3ml
cell suspension is deposited on the top of the Percoll gradient and centrifuged at 1800g for 13
minutes with minimal acceleration and break (Eppendorf Centrifuge 5810R). At the end of
centrifugation, cells at the interface of Percoll 60%-35% are collected and transferred into a



15ml tube filled with CMF-PBS to obtain a final volume of 15ml. Cells are then centrifuged at
5209 for 5 minutes to remove the remaining Percoll solution. Finally, cells are seeded at a
concentration of 2x10° cells/ml in low attachment Corning® flasks or plates to prevent
adhesion since PDX cells are grown in neurosphere conditions. PDX MB primary cultures are
maintained in Neurobasal medium (Gibco) supplemented with B27 supplement without
Vitamin A (Gibco), 0.012% BSA (Sigma), 1% Penicillin/Streptomycin, 1% L-glutamine
(Invitrogen), 12.5ng/ml of Human bFGF (Peprotech), 12.5 ng/ml of Human EGF (Peprotech)
2, This culture can be subjected to retroviral infection after 2h of incubation at 37°C (see below

for the description of the protocol).
2.2.Culture of Granular Cell Progenitors (GCPs)

MYC is overexpressed in all G3 tumors but, although necessary, it is not sufficient to give rise
to G3-MB and therefore requires additional oncogenic hits. This was shown using the G3-MB
mouse models based on orthotopic grafting of modified GCPs or cerebellar stem cells. Indeed,
overexpression of MYC itself in these cells does not induce MB formation, while its
combination with p53 inactivation or GFI-1 overexpression does [12, 19, 21, 31]. As described
for the GFI-1 TFs, these models are particularly suited to validate novel G3 driver genes by
testing their ability to cooperate with MY C to induce MB. For these models, GCPs need to be
isolated, shortly cultured in vitro and genetically manipulated to be then grafted into the

cerebellum of mice. Here, we described how to perform these different steps.
2.2.1. Cerebella dissection and GCPs isolation

For cerebella dissection, pups (aged between P5 and P8) are decapitated and the skin from the
dorsal part of the head is removed using sterile scissors and forceps. The brain along the skull
is dissociated from the rest of the head using forceps. The skull is then carefully removed by
pulling it out from the front to the cerebellum, and the brain is transferred into a plate containing
cold CMF-PBS. Meninges are scratched using very thin forceps under binocular loupes, paying
attention not to damage the cerebellum, which is then separated from the rest of the brain. It is
important to fully remove the meninges to avoid contamination of the GCP culture. All the

manipulations should be performed at 4°C.

After dissection, cerebella are transferred into polypropylene conical tubes (15ml) (2 or 3
cerebella per tube) containing 1ml of a Trypsin/DNase solution (10mg/ml Trypsin (Gibco),
1mg/ml DNase, 0.006M NaOH, 1.5mg/ml MgS0O4 7H20) and incubated at 37°C for 5 minutes.



Then, the Trypsin/DNase solution is carefully removed and the cerebella are resuspended in 1
ml of DNase solution (Neurobasal medium supplemented with 0.5mg/ml DNase and 0.35% D-
Glucose) and the tissue is mechanically dissociated by successively pipetting up and down with
a 1ml micropipette and then with a syringe with 20G and, then, 23G needles. Each step is done
approximately 15 times. The suspension is then centrifuged at 720g for 5 minutes at 4°C, the
cell pellet is resuspended in 1ml of the DNase solution described above and 2ml of CMF-PBS
pH7.4 buffer is then added. To separate the different cell types, the 3ml cell suspension is
centrifuged through a 35%-60% Percoll gradient as described above (Section 2.1.1). The cell
pellet is resuspended in 50ul of DNase solution and then GCP culture medium (Neurobasal
medium supplemented with B27 supplement, 1% Penicillin/Streptomycin, 0.2% Fungizone, 1%
L-glutamine (Invitrogen), SPITE medium supplement (Sigma), 0.ImM N-acetyl cysteine
(Sigma), 0.45% D-glucose, Oleic acid albumin/Linoleic acid (Sigma)) is added. Cells are then
plated in a 35mm diameter culture dish and incubated at 37°C during a period of time between
45min and 2h. This step allows eliminating adherent cells, such as astrocytes, microglia, etc.
Then, plates are gently flushed with a 1000ul micropipette in order to recover cells that are in
suspension and slightly adherent. Cells are plated at 2x10® GCPs/ml in culture medium
containing 0.2ug/ml Sonic hedgehog (R&D Systems). Of note, GCPs in culture are quite

fragile, making it difficult to keep viable cultures for several days °.
2.3.Retroviral production

PDX cells or GCP cultures can be subjected to lentiviral infection in order to overexpress or
KD (shRNA-mediated gene silencing) genes as previously described [8]. The use of lentiviral
systems for modifying cells involves the production of retroviral particles that encode the gene
of interest. We use retroviral defective systems that require a backbone retroviral construct that
allows  gene  overexpression (pMIGR  (also named MIGR1) (addgene
https://www.addgene.org/27490/) or pMSCV vectors (addgene,

https://www.addgene.org/86537/) or shRNA-mediated gene knock-down (pLKO vector (a
SshRNA library is available at SIGMA https://www.sigmaaldrich.com/life-science/functional-

genomics-and-rnai/shrna/library-information/vector-map.html), a packaging vector (encoding

the gag/pol gene) and a plasmid encoding the envelope gene. The pMIGR or pMSCV vectors
contain an IRES that allows the translation of the gene of interest and the GFP gene from the
same cistron. Infected cells can be FACS-sorted using this marker. Other derivatives of these
vectors can be found with different markers including the luciferase gene allowing a non-

invasive follow-up of tumor growth by bioluminescence imaging and quantification. This tracer
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is particularly useful when cells are orthotopically grafted in the brain or the cerebellum (see
below). On the other hand, to induce stable KD of genes of interest, lentiviral particles are
produced using the pLKO.1-TRC vector, commonly used for the expression of shRNAs.
pLKO-based vectors contain a selectable marker, the puromycin resistance gene (other resistant
genes being also available), making possible the selection of infected cells by adding the
antibiotic to the culture media. The choice of the packaging vector and of the envelope encoding
plasmid depend on the backbone vector and the species of the cells to be infected, respectively.
For example, when using the pLKO vector to infect human PDXs, we used the psPAX and
pMD2/VSVG plasmids. The latter allows producing amphotropic retroviral particles that can
infect both human and rodent cells. For murine GCP culture, the pMIGR (or MIGR1) together
with the pCMV-Gag/Pol [22] and the pSV-E-MLYV plasmids [16] are used. The latest plasmid
encodes an ecotropic envelope allowing infection of mouse and rat cells. To produce
retroviruses, HEK293T cells seeded at a density of 1 x 10%cells/cm? are co-transfected with the
three plasmids at a concentration of 0.066pg/cm? (retroviral backbone vector), 0.09ug/cm?
(packaging vector) and 0.044ug/cm? (env plasmid) using Invitrogen™ Lipofectamine™ 2000
Transfection Reagent, following manufacturer indications. 24h post transfection, the media is
replaced by a fresh harvest media that is normally used to cultivate the cells that will be infected.
Viral particles are harvested at 48, 60 and 72h after transfection by collecting the medium

followed by filtration.
2.4.Retroviral infection of PDX cells and GCPs

To infect PDXs, 9ml of a cell suspension is prepared at 4.10° cells/ml and plated in T75 low-

attaching flasks. Then, 1ml of viral particles is added to cell culture.

For GCP infection, a cell suspension at 2.10° cells/ml is plated at 500ul/well in a 12-wells plate
and incubated 30 minutes at 37°C. Then, 250pl of viral suspension/well is added and plates are
incubated 1h30 at 37°C, followed by the addition of another 250l of viral suspension/well and
an incubation for 1h30 at 37° C. Then, 500ul of media is removed and 250pl of viral
suspension/well is again added. SHH is added to cells at a final concentration of 0.2ug/ml and
plates are incubated overnight at 37°C. GCPs media is then removed and replaced by fresh

media. Cells can be further processed for transplantation in mice.

2.5.Preparing culture of PDX cells and GCPs for orthotopic grafting



Cells to be orthotopically grafted are flushed and harvested. They are washed twice by
centrifugation and resuspended in CMF-PBS at an adequate concentration to be injected. For
GCP, 1.10° cells/5ul/mice are used. For each PDX, adequate concentration shall be determined
for reproducible tumor growth. We usually use 3.10° cells/5ul/mice for the G3 PDXs available

in our lab.

2.6.0rthotopic grafting

2.6.1. Animal preparation

Orthotopic transplants are performed in 7-8 weeks-old NMRI Nude female mice (Janvier Labs).
Mice are acclimated to the animal facility at least one week before surgery. The grafting of
tumor cells is performed under anesthesia. First, animals are anesthetized in an induction
chamber (Anesthesia workstation AST-00, Anestéo) supplied with isoflurane (5%), compressed
air (11/min) and O2 (0.8l/min). For surgery, mice are placed in a stereotaxic frame supplied with
a microinjection system (PHYMEP), while they are kept in inhalation masks (isoflurane 3-5%)
(Figure 1). Local anesthetic and analgesic are supplied before surgery such as Bupivacaine
(5mg/mL, Aguettant) and Buprecare (0.3mg/mL, Axience), respectively. During anesthesia, an
adequate body temperature of animals is maintained using heated pads (Anestéo) while heated

lamps (Anestéo) are used during the awakening phase.

(Figure 1)

2.6.2. Stereotaxic surgery

As part of the pre-operative care, mice receive an intraperitoneal injection of 50ul of Buprecare.
The animal is positioned by hooking its incisors in the frame hold and using ears bars. Once the
animal is well fixed, additional local anesthetic is supplied: two injections of 30ul of
Bupivacaine is performed subcutaneously at the level of the skull around the site of incision.
The skin of this area is disinfected with a betadine solution (10%, MEDA Pharma) and then,
using surgical sterile scissors, an incision is performed along the midline to expose the skull.
The pericranial transparent tissues are scraped with the help of a sterile cotton tip. Then, the
exact area of injection is determined using stereotaxic referent coordinates: a small hole in the

skull is made using a 25G needle at 2 mm lateral and 2 mm posterior to the Lambda (Figure 2).



Then, a Hamilton syringe 1700 (10ul, 26 G) coupled to an automate injector is inserted in this
emplacement, first to a depth of 3mm and then raised to 2.5mm to proceed with the injection
of 5ul of cell suspension at a rate of 2.5ul/min. The syringe should remain in place for 2
additional minutes following injection, and then, gently removed *. The scission is closed using

Horsley’ bone wax (SMI) and the skin is closed with tissue glue (Surgibond) °.

(Figure 2)

2.7. In vivo bioluminescence imaging using IVIS

Cells orthotopically grafted in mice are engineered to express the luciferase gene, following
infection with retrovirus encoding this gene (see above). This allows to follow tumor growth in
a non-invasive manner using bioluminescence. Animals bearing tumor cells expressing the
luciferase gene are injected with Luciferin, the substrate of the luciferase enzyme. During
oxidation of luciferin catalyzed by Luciferase, light is emitted. The photons are captured using
an IVIS Spectrum In Vivo Imaging System (Perkin Elmer) and images are subsequently
analyzed using the Living Image software. The intensity of the signal is a direct measure of
tumor size since Luciferase concentration (number of cells expressing the reporter gene) is
linearly correlated to photon emission. Bioluminescence imaging and quantification are
performed at different time points to follow tumor growth in a non-invasive manner. VIS
imaging of animals is performed under isoflurane anesthesia (2%), 15 minutes after an IP

administration of Luciferine (30mg/ml 50pl, Perkin Elmer).

As mentioned above, genetic modifications of GCPs have been used in the field to investigate
the different oncogenic hits cooperating with MYC to promote G3-MB formation. As an
example, we present here the results obtained when GCPs overexpressing a stabilized form of
MYC and GFI1 using two pMIGR constructs, are orthotopically grafted in the cerebellum of
immunodeficient mice. One of the pMIGR construct coexpresses the Luciferase gene, allowing
non-invasive follow-up of tumor growth by bioluminescence imaging (Figure 3). Thus, grafted
mice develop tumors that are detectable by bioluminescence from day 20 after surgery with a
signal increasing in time (Figure 3A). Quantification of bioluminescent signal is performed
using the Living Image software. All images obtained from each animal at the different time

points are analyzed by measuring the amount of photons emitted. To that end, an area of



quantification (red circle - Region of Interest (ROI) - Figure 3B) is similarly applied to all mice

in all images. This allows to measure the amount of photons emitted (Figure 3B).

Photon emission is then plotted at given time points, to obtain the variation of the
bioluminescence signal, indicating the size of the developing tumors (Figure 3C). These types
of experiments allow the follow-up of tumor growth without animal euthanasia. Animals are

spared until they show clinical endpoints requiring euthanasia (Figure 3D).

(Figure 3)

3. Troubleshooting

L If tissue disaggregation is not satisfying after this step, the time of incubation could be

increased and, in any case, should be optimized for each PDX.

2 PDX MB primary cultures can be maintained in culture for a limited period of time; any

experimental procedure with these cultures should be planned taking into account this feature.

% In order to obtain an adequate number of GCPs, the exact number of processed cerebella
should be determined and optimized considering that cells yield depends on the mouse strain
and pup age. In our conditions, the best results are obtained at P7. The dissection part could

also be optimized to improve the final result.

4 Animal respiration should be monitored all along the surgery. If respiration seems laborious,
with an inefficient rhythm or if it stops completely, remove the animal rapidly from the
stereotaxic frame and install it in a warm surface. A tail massage, from the end of the tail to the
body, can be performed in order to help blood circulation. The thorax can be also compressed

repeatedly.

S After surgery, recovery from anesthesia should be carefully monitored to detect any sign of
suffering/distress. Possible symptoms after brain stereotaxic surgery could involve bowed head,
reduced locomotion, or distress behaviors such as mice running in circle. In this case, animals

should be isolated with minimal disturbance. If signs of pain are still detected the day after



surgery, additional analgesic could be provided. If the mouse does not recover from these

symptoms, euthanasia is required.

4. Conclusions

In conclusion, the experimental procedures presented here allow to study the role of different

players in MB biology in vivo. For example, potential oncogenic hits that are susceptible to

cooperate with MYC to induce MB can be validated and, more generally, specific groups of

MB can be modeled.
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Figure legends

Figure 1: Stereotaxic surgery area and animal preparation. For anesthesia mice are placed in
an induction chamber supplied with isoflurane (5%), compressed air (1l/min) and O2
(0.81/min). For the surgery, anesthetized animals are placed in a stereotaxic frame, while kept

in inhalation masks (isoflurane 3-5%) and the exact coordinates of injection are determined.

Figure 2: Site of injection for orthotopic grafting in the cerebellum. The site of injection is
determined using the lambda point as a referent. From here, stereotaxic coordinates are
determined and cells are injected at 2 mm lateral (X) and 2 mm posterior (Y) to the Lambda
and at a depth of 2.5 mm (2).

Figure 3: Orthotopic grafting of GCPs overexpressing MYC and GFI1 lead to
Medulloblastoma formation in immunodeficient mice. A and B. Tumor growth was followed
by Bioluminescence IVIS Imaging. A. Images of luciferase signal in representative animals at
the indicated days. B. Representatives images shown in A with the selected area of photons
measurement (Region of Interest, ROI). C. Number of photons measured as indicated in B for
all the animals in the experiment (n=12) during time. D. Kaplan-Meier survival curves of these

animals.
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Table 1 Main clinic and molecular features of Medulloblastoma subgroups

G3
) ) Infants and
Age at diagnosis )

children

Incidence 20-25%

Metastasis at diagnosis 40-50%

Overall survival (5
Poor/50%
years)
Histology Classic, LC/A

Proposed cell of origin Neural stem cells

Main molecular
) MYC
drivers

Photoreceptor/

Expression signature .
GABAergic




