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- NGS as an ancillary diagnostic tool for CNS tumors

- chordoid glioma of the third ventricle

- ganglioglioma

- myxoid glioneuronal tumor of the septum pellucidum

Topics I will discuss today

Sorry, our molecular investigation of pineal parenchymal 
tumors is still in progress and will be ready for the next IAP 
meeting.



Traditional Sanger sequencing evaluates only a 
single exon of a single gene per reaction



One trace per PCR reaction
(384‐well plate)

Trace represents ensemble of molecules:
Analog Readout

>1,000,000,000 molecules 
sequenced simultaneously

Each read represents an individual template molecule:
Digital Readout

Sanger sequencing

Next‐generation sequencing

NGS provides increased throughput and sensitivity

Higher Throughput Higher Sensitivity



- In May 2015 a targeted capture next-generation sequencing 
panel completed validation and was launched for patient 
care at UCSF.

- Tumor and normal DNA are sequenced enabling detection of 
both germline and somatic variants.

- Capable of detecting single nucleotide variants, indels, gene 
rearrangements, and copy number alterations.



entire coding sequence of 510 genes, 40 also with select intronic regions tiled
v1
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ERBB2

1 X432 5 19



ERBB2

1 X432 5 6 7 8 9 10

EGFR

CDKN2A/B



9 year old girl with a peripherally enhancing mass centered in the 
tectum with associated T2/FLAIR hyperintensity extending into the 
bilateral thalami.

NGS as an ancillary diagnostic tool for CNS tumors

T2/FLAIR T1 post-gad



Histology showed an astrocytoma of uncertain histologic grade



Copy number plot for chromosome 7 with focal gain on 7q34

*

Duplication event on 7q34 involves KIAA1549 and BRAF

KIAA1549 BRAF



BRAFKIAA1549
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Gene fusion between KIAA1549 and BRAF



‐ KIAA1549-BRAF fusion was the solitary genetic alteration 
identified.

‐ A molecularly-integrated diagnosis of “Pilocytic astrocytoma with 
KIAA1549-BRAF fusion, WHO grade I” was made.



Chordoid glioma of the third ventricle

“A slow-growing, non-invasive glial tumor located in the third 
ventricle, histologically characterized by clusters and cords of 
epithelioid tumour cells expressing GFAP, within a variably 
mucinous stroma typically containing a lymphoplasmacytic
infiltrate.”

Occur most frequently in adults 35-60 years of age with a 2:1 
female predominance.

Are histologically low-grade with gross total resection 
considered to be the treatment of choice, but their location 
makes resection difficult and ~20% of patients die of post-
operative complications or tumor regrowth.



Clinical characteristics of chordoid glioma 
patient cohort (n=13)



CG-UCSF-2

CG-MSK-1

Imaging features of chordoid glioma of the third ventricle









GFAP TTF-1



PRKCA intron 12-13 PRKCA exon 13

G>C somatic missense mutation causing p.D463H substitution

Sequencing reads over PRKCA gene in patient CG-UCSF-1

tumor

blood



Identical PRKCA p.D463H mutation in each of the 13 chordoid gliomas

CG-UVA-1

CG-UVA-2

CG-UCSF-2



PRKCA is not known to be a recurrently mutated gene in 
any other human tumor type



Amino acid p.D463 is conserved from C. elegans to Homo 
sapiens suggesting this is an integral residue of the kinase 

function of the PKC protein



Amino acid D463 localizes within the active site of the 
kinase domain of PKC and functions as the proton 

acceptor during the ATP hydrolysis reaction

ATP
D463



D463H mutation results in a roughly isosteric side 
chain that can function as a proton acceptor only if the 

imidazole ring is not doubly protonated

ATP ATPD463 H463

pKa=4.0 pKa=6.5



PRKCA D463H mutation transforms human astrocytes
- 10,000 iNHAs infected with lentivirus and plated in soft agar with 
imaging at 14 days.



The Protein Kinase C signaling pathway

PKC 
isoforms



PRKCA D463H mutation activates the MAP kinase 
signaling pathway



High levels of phospho-
ERK in chordoid 
gliomas, similar to the 
levels seen in other 
gliomas with genetic 
activation of the Ras-Raf-
MAP kinase pathway



iNHAs
+ PRKCA p.D463H

U87MG
glioblastoma cells

+ no drug

+ 5 uM
trametinib

A genetic model of chordoid glioma is highly sensitive to MEK inhibition



malignant glioma cell 
lines with wild-type 

PRKCA

Soft-agar assay ± 5 uM trametinib





- Most common epilepsy-associated neoplasm and accounts for 
approximately 2% of all primary CNS tumors.

- Often arise in the temporal lobe of children and young adults in 
association with seizures.

- However, can occur at any age and any site throughout the 
neuraxis including cerebellum, brainstem, and spinal cord.

- Most do not occur after complete resection and correspond to 
WHO grade I tumors.

- However, are histologically and clinically variable, and tumor 
recurrence and anaplastic progression can occur.

Ganglioglioma – clinical features



Ganglioglioma – radiographic features

- Highly variable but often solid and cystic tumors, generally 
well-circumscribed, can be enhancing.

- No radiographic features that allow definite distinction from 
other glial neoplasms.





Ganglioglioma – molecular features

- Several studies have documented that BRAF p.V600E 
mutation is present in gangliogliomas at frequencies ranging 
from 10-60% depending on anatomic site and patient age.

 Highest frequency in temporal lobe tumors, lower 
frequency in spinal cord tumors.

- A small subset of midline gangliogliomas can harbor H3F3A 
p.K27M mutation +/- BRAF p.V600E mutation.

- IDH1 p.R132 or IDH2 p.R172 mutation is not compatible with 
the diagnosis of ganglioglioma (2016 WHO Classification).



IHC with BRAF V600E mutant-specific antibody



Methods

- 40 cases with a uniform consensus diagnosis of 
ganglioglioma by a panel of five neuropathologists were 
included.

- Genetic profiling was performed using the UCSF500 NGS 
Cancer Panel.

- Genetic features were correlated with imaging features, 
histologic features, and clinical outcomes.



Genetic landscape of ganglioglioma



4 cases harbored novel BRAF p.R506ins



ERC2-RAF1 fusion



KIAA1549-BRAF fusion

Ganglioglioma or 
pilocytic astrocytoma with 
ganglionic differentiation?



BRAF V600E mutation + CDKN2A deletion



FGFR2-KIAA1598 fusion



Clinicopathologic correlation of genetic alterations



Genetic alterations are not predictive of clinical outcome





- Membranous structure that runs from corpus callosum down to 
fornix and separates the lateral ventricles.

- Consists of two laminae of both gray and white matter.

- Is the anatomic site of origin of a spectrum of low-grade 
neuroepithelial tumors:

• Subependymoma

• Central neurocytoma

• Low-grade glioneuronal tumors histologically resembling 
either dysembryoplastic neuroepithelial tumor (DNET) or 
rosette-forming glioneuronal tumor (RGNT)

Septum pellucidum (“translucent wall”)



Myxoid glioneuronal tumor of the SP







Recurrent PDGFRA p.K385 dinucleotide mutation 
in myxoid glioneuronal tumor of SP



Myxoid glioneuronal tumor of the SP/LV clusters with 
cortical DNET by methylation profiling
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