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Figure 1. Diagram showing the RAS-RAF pathway, and the effects of mutated BRAF
on cell proliferation and survival. Adapted from Maraka et. al.# GF: Growth Factors;
RTK: Receptor Tyrosine Kinase; P: Phosphate. Activation of RAS by extracellular
growth factors leads to normal cell proliferation and survival. When BRAF is
mutated, the MEK pathway is activated without growth factor signaling.

The BRAF gene is located at chromosome 7 (7q34) and encodes BRAF protein, a
member of the RAF family of serine/threonine kinases that participates in the
cascade of the Ras-Raf-MEK-ERK pathway or the MAPK/ERK signaling pathway.
The majority of BRAF mutations affect amino acid residues located within the exon
11 and 15 kinase domains, which stabilize the kinase in its inactive

form*. BRAF mutations in these locations cause increased BRAF kinase activity,
keeping the ERK pathway activated>. The BRAF-V600E mutation (Figure 1), the
most common BRAF mutation in human cancers, is a missense mutation located in
exon 15, nucleotide 1799, in which valine substitutes glutamic acid at codon 600
(V60OE)®7. Over 90% of BRAF mutations in pediatric gliomas

are BRAFV600E mutations?.



The pathological spectrum of PLGGs includes gangliogliomas, dysembryoplastic
neuroepithelial tumors (DNETs), diffuse astrocytomas, and pilocytic astrocytomas,
the most common pediatric brain tumors3. Epilepsy, irregular synaptic firing, is a
common phenotype of patients that have brain cancer caused by the BRAFV600E
mutation. Low-grade neuroepithelial tumors (LGNTs) are CNS tumors presenting in
children and young adults, often with a history of epilepsy8. LGNTs include the
pilocytic astrocytoma, as well as more uncommon tumors such as the ganglioglioma,
dysembryoplastic neuroepithelial tumor (DNET), and angiocentric glioma, which
are associated with chronic epilepsy and are referred to as ‘long-term epilepsy-
associated tumors’ (LEATs)?10. Usually, LEAT are characterized by slow growth,
young onset of epilepsy as the primary neurological symptom, and a location in the
temporal lobell.

Gangliogliomas (GG) are an increasingly recognized cause of epilepsy and represent
the most common type of LEAT in young patients undergoing surgery for chronic
intractable focal epilepsy1%12.13, Gangliogliomas account for 2-5% of all brain
tumors, elicit early-onset uncontrolled epileptic seizures in children4 and consist of
mutated glia and neurons. A recent study revealed that expression of BRAFV600E is
associated with a worse postoperative seizure outcome in glioneuronal tumors, and
this could be due to lack of removal of focal cortical dysplasia (FCD) in the adjacent
cortex11.15, BRAF mutations have been identified in up to 50% of gangliogliomas as
well as the associated FCDL.

Several studies have suggested that intrinsic factors in ganglioglioma may
contribute to their epileptogenicity4. By impairing GABAergic inhibition, the
downregulation of GABA receptor subunits in gangliogliomas has been implicated in
tumor epileptogenicity, but its molecular basis remains unclear1516,

Recent studies have found that the activation of microglia, the tissue resident
immune cells of the central nervous system, play a role in sculpting synaptic
connections!8. Microglia are active surveyors of the extracellular environment!? in
the brain, and have been implicated in important developmental, homeostatic, and
disease processes?9. When the CNS is harmed by acute insults and chronic disease
states, activation of microglia results in morphological changes such as enlargement
of their cell bodies and asymmetrical distribution of their processes, as well as the
increased expression of activation molecules?!. Whether microglia activation is
protective or destructive to the CNS remains controversial??, and this study seeks to
address that question.

Excitatory synapses are phagocytized and eliminated by microglia during
development and pruning. Inhibitory synapses are also displaced by microglia as a
neuroprotective response to injury. Less GABAergic activity increases the firing of
synaptic NMDARs, which induces phosphorylation of the transcription factor CREB
(cAMP responses element binding protein) and de novo transcription of genes that



promote neuronal survival?324, While this may protect the brain from subsequent
injury, this kind of mechanism can be aiding the survival of brain tumors, making it
harmful and not protective. In addition, the interaction of microglia with neuronal
circuits could be the cause of the epileptic activity in LGNTs and LEATs, but this has
not been studied previously. Microglia activation and synaptic engulfment could be
the molecular basis for the impaired inhibition found in these tumors, responsible
for epileptic seizures.

With this knowledge, I hypothesized that microglia activation in BRAFV600E glial
tumors causes the circuit remodeling responsible for epileptic symptoms. In this
study, we used mice to model the phenotype of a low-grade neuroepithelial tumor.
These mice have brains with a small fraction of neurons and astrocytes expressing
BRAFV600E mutant protein, transfected via in utero electroporation (IUE). By using
immunohistochemistry, I compared the number and activation level of microglia as
well as the number of microglia interacting with neurons in the transfected
hemisphere, which harbors the mutant neurons and glia, and in the non-transfected
control. Interactions of activated microglia with transfected and non-transfected
neurons in the tumor region and healthy region of the mouse brains could also be
analyzed. [ found that microglia residing in the region of tumor growth increase in
activation, but their number does not increase. I also found that the quantity of
neuronal cell bodies in contact with microglia does not change significantly between
the BRAFV600E expressing region and the control region of the mouse brains.

Materials and Methods

Our approach to creating an animal model of the LGNT condition was to introduce a
mutated oncogenic BRAF gene into radial glia cells in embryonic mouse brain using
in-utero electroporation. The BRAFV600E mutation was delivered to the radial glia
cells in the brains of the mice between embryonic day 13 to 16 (Figure 2).
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Figure 2. Diagram showing the time window of neurogenesis and gliogenesis from
radial glia cells in mouse embryo brain. Adapted from Mitrousis, et. al.2> nIPCs:
neurogenic intermediate progenitor cell; E: embryonic day. Radial glia (RG) cells
have been shown to generate multiple cell types during cortical development?>. RG
cells initially undergo symmetric divisions that produce additional RG cells and
expand the proliferative population in the ventricular zone26. RG cells divide in the
ventricular zone to produce intermediate progenitor cells, and intermediate
progenitor cells divide in the subventricular zone to produce pairs of daughter
neurons?6. RG cells also detach from the ventricle and translocate toward the pial
surface toward the end of development, and their division generates the population
of astrocytes located in the cerebral cortex?®.

GLAST and NESTIN promoters were used to drive piggybac transposase expression,
which inserted the BRAFV600E coding sequence into neural progenitor genomes?7.
NESTIN promoter drove the expression of the mutant protein in radial glia cells that
produce neurons exclusively. GLAST promoter drove the mutation to be expressed
in radial glia cells that give rise to neurons as well as those that give rise to
astrocytes (Figure 3). These two conditions were created to see if different cell
types carrying the mutation trigger different responses in microglia.
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Figure 3. [llustration showing the vectors designed to overexpress BRAFV600E in a
piggybac system, to be delivered to embryonic mice brains with [UE. The PBase
expressing vector encodes the enzyme that will insert the recombinant gene into the
genome for stable transfection. The eGFP expressing vector is used to label the
transfected cells.

The mice were perfused with 4% PFA and the dissected brains were left in the same
fixative overnight to complete the fixation of the entire tissue. The brain tissue was
then sectioned with a Leica vibratome at 60 um thickness. We used indirect
immunohistochemistry to tag Iba-1 protein, an indicator of microglia activation, and
GFP protein, an indicator of transfected neurons and astrocytes (Figure 4), with
antibodies. The primary antibodies consisted of rabbit anti-mouse Iba-1 (1:1000
dilution in 1xPBS+0.5% Triton X-100+0.5% normal goat serum, cat # ab178846,
Abcam) and chicken anti-mouse GFP (1:1000 dilution in 1xPBS+0.5% Triton X-
100+0.5% normal goat serum, cat # GFP-1010, AVES Labs). The primary antibody
treatment was carried out for 48 hours at 4°C. The secondary antibodies consisted
of goat anti-rabbit Alexa 568 (Red) or Alexa 647 (Far Red) and goat anti-chicken
Alexa 488 (Green). The secondary antibodies were used on tissue in 1:1000 dilution
in 1XPBS+0.2% Triton X-100+0.5% normal goat serum at room temperature for 2
hours. The tissue sections were washed with 1XPBS+0.2% Triton X-100+0.5%
normal goat serum 3x 20 min at room temperature between the primary antibody
and secondary antibody incubations, and between the secondary antibody
incubation and mounting. Imaging acquisition parameters consisted of laser lines at
568 nm and 488 nm, on a Keyence BZ-X700 Microscope or Zeiss SP8 Confocal
Microscope at the UConn Microscopy Core Facility. During imaging, the channels
were pseudo-colored to Magenta or Cyan for microglia, and Green for transfected
neurons and astrocytes. Post-image processing involved Image] for overlay, cell



