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Overview

» Introduction to Diffuse Glioma

» Modes and routes of glioma cell invasion
» Experimental models to study glioma invasion: in vitro, ex vivo, in vivo
» Identification of novel invasion essential genes

» Conclusion & Perspectives
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> Aggressive,
fast growing tumor

» Hypoxia and necrosis » Genetic instability:

mutations and CNAs
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> Abnormal vessels and
neo-angiogenesis

» Immunologically cold tumor
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» No clear boundary
» Invasion of brain
parenchyme

Thorsson et al. Immunity 2018
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Diffuse Gliomas

IDH: Isocitrate Dehydrogenase

i

IDH wildtype
|}

Amplification of RTKs
Loss of tumor suppressors (PTEN,
RB1, NF1)

¥

Primary Glioblastoma
(grade V)

MS: 12-14 months

Adapted from Louis et al. Acta Neuropathol 2016

N

IDH mutant
ATRX 1p19q loss
TP53 TERT promoter
Astrocytoma Oligodendroglioma
(grade 11, 1) (grade 11, 11)
6-8 years

‘ 5-6 years

Astrocytoma grade IV

(secondary Glioblastoma)
(grade IV)

1-2 years
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Glioma: ‘a disease of the whole brain’

IHC for mIDH

Tumor core
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I_I NSTITUTE Invading tumor cells are not removed by surgery

GBM in patient

Patient GBM in mouse brain
(PDOX)

Visualization of tumor cells

T1 + contrast MRI on brain section Invading tumor cells
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v Glioma cells do not metastasize to other organs (although CTCs can sometimes
be detected in blood)

v' However they ‘metastasize’ within the brain — concept of Diffuse Glioma

v Invading glioma cells are largely shielded from current therapeutic interventions:
O Surgical resection removes the tumor core, but not the invasive front
O Radiotherapy focuses on the tumor core & limited margin

O Systemic therapy often does not reach invading glioma cells, which are
hidden in normal brain tissue and protected by an intact blood brain
barrier

v’ Hence recurrence is inevitable

v’ Targeting invading glioma cells is like guerilla warfare



L t{?ﬁﬁ%&:“ Preferred routes of glioma cell invasion
I RESEARCH DEDICATED TO LIFE

Leptomeningeal

8 Brain
parenchyma

Perivascular
/ space
White matter tracts:
corpus callosum

De Gooijer et al. Trends in Mol Med 2018
Fabian et al. submitted
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Collective and Single Cell Invasion Through
the Collagenous Extracellular Matrix
Ameoboid

| @ @

Mesenchymal

\ € —
Collective invasion through cellular

(D Collective Invasion: Sheets, Strands, and Clusters networks in GBM

@ Single Cell Motility: Ameoboid and Mesenchymal (Tumor microtubes)

Provenzano et al. TRENDS in Cell Biology 2009 Osswald et al. Nature 2015
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> Facilitate invasion
> Increase tumor cell resistance

Protrusions extending into

the brain parenchyma B D20 B D40 B D60

Tumour cells (%

Blood vessels GBM

0 1 2-4 >4
Connections per cell

Travel of nuclei after nuclear division in
cellular protrusions of migrating cells

Blood vessels GBMSCs

Osswald et al. Nature 2015
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a
KCa3 1 . :
chawil » Intracellular Ca%*increase leads to opening of
Clhgi 1 channels (Cl;, K* channels, aquaporins) and
(& nel, |l - i
& _".;"@Aqmponn | water efflux, volume loss allowing to squeeze
> :j,i»;-:' & N GFCR : 4 .
A CaMKil *' | spatial into small spaces
' - ———y barrier
|
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__'_ > Followed by regain of volume through ion influx
Gliomacell Blood vessel

b

b DCX* NPC or White matter tracts

glioma cell (route of migration)

> Tumor microtubes at

the invasive front

(similar to growth cones during
axon elongation)

Cuddapah et al. Nature Rev Neurosci 2014
Jung et al. Nature Neurosci 2019
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» Experimental models to study glioma invasion: in vitro, ex vivo, in vivo
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Transwell assay

Sojethanbo migration
40 -
. . . . - . . &k
non-invasive Invasive highly invasive

GBM cells GBM cells GBM cells 304
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E *k
10
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non- invasive highly
invasive invasive

Scratch assay

» Easy and straightforward
» Monolayer cultures
» Control for proliferation required!
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3D bioscaffolds

» on plastic (migration)
» in matrigel/ECM (invasion)

non-invasive invasive highly invasive
GBM cells GBM cells GBM cells
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Goplen et al. AJP 2010
Schuster at al. under review
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|_I LUXEMBOURG Glioma invasion assays within ex vivo brain tissue
I

: C Brain organoids
Organotypic brain slice

cultures

non-invasive invasive highly-invasive
GBM cells GBM cells GBM cells
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Fabian, Bjerkvig et al. unpublished
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Immunohistochemistry
Orthotopic xenograft

Highly invasive GBM Invasive GBM Non-invasive GBM

Intravital microscopy

1Y)

Endpoint: 20 weeks Endpoint: 8 weeks Endpoint: 5 weeks

blood vessels T1 GBMSCs

100 pm

Osswald et al. 2015 Schuster et al. under review
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» Identification of novel invasion essential genes

» Conclusion & Perspectives
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Anne Schuster

Infection step Invasion Assay Analysis step
Pooled whole genome
shRNA plasmid library
packaged in virus Harvesting of invasion-defective Isolation of genomic DNA
and -competent cells after 3 days High throughput sequencing

Infection/Puromycin

selection ¥ Invasion-

/) defective cell

_.l

competentcell
Highly invasive GC Boyden chamber assay ‘
ShRNA library: Ivsi q
18,205 human genes Analysis an
95,700 shRNAs in total - validation of
5 shRNAs/gene candidate genes

Schuster et al. Trends Biotechnol. 2018
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Model-based Analysis of
Raw shRNA counts redundant siRNA activity Genome-wide CRISPR-Cas9 Knockout
RSA MaGeck

\

Normalized shRNA counts

o

Individual shRNA Scoring

4

Integrated gene Level:
Scoring of the targeted
genes

HitSelect

RNAi gene enrichment ranking

17 Candidate genes in the TOP 2% list
~ 200 Candidate genes in the TOP 10% list

» Metabolic enzyme: Methylene Tetrahydrofolate Dehydrogenase 1like (MTHFD1L)
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Glucose Threonine
1 l Redox
Serine —* Glycine — Gluta;hlone S— Cantad
Cysteine
Methionine
Inputs
Outputs Methionine
Functions

Nucleotides NADPH SAM
Nucleic Redox Methylation
acid Control reactions
synthesis Lipid Epigenetics
ATP synthesis

FIGURE 1 | One-carbon metabolism as a cellular process integrating nutrient status and availability. Glucose and amino acids input to the folate and methionine
cycles (green) contributing with one-carbon units which can be used in anabolic synthesis of many building blocks, reducing species and co-factors (yellow). These
synthesis products support a variety of cellular functions (gray) including synthesis of biomolecules, redox control and post-translational modification, sustaining

cellular homeostasis. Rosenzweig et al. 2018

SCIENCE ADVANCES | RESEARCH ARTICLE 2016

HEALTH AND MEDICINE

Serine one-carbon catabolism with formate overflow
Johannes Meiser,’ Sergey Tumanov,'? Oliver Maddocks,? Christiaan Fred Lal:u.|schagne,1

Dimitris Athineos,' Niels Van Den Broek," Gillian M. Mackay," Eyal Gottlieb,'Karen Blyth,’
Karen \c'ousclen,1 Jurre J. Kamphnrst,“2 Alexei Vazquez‘*

ARTICLE 2017

doi:10.1038/nature23481

Mammals divert endogenous genotoxic
formaldehyde into one-carbon metabolism

Guillermo Burgos-Barragan', Niek Wit'#, Johannes Meiser?*, Felix A. I)il];{]cr‘, Matthias Pietzke?, Lee Mulderrig!,
Lucas B. Pontel', Ivan V. Rosado®, Thomas F. Brewer*, Rebecea L. Cordell®, Paul S. Monks®, Christopher I. Chang?,
Alexei Vazquez® & Ketan . Patel's®

Collaboration with Johannes Meiser, Alexei Vazquez
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coupled to ATP synthesis and formate release

A Anabolism
i Ser £ Methyl
i\> o dTMP
NAD(P)*
$Gly (P)
NAD(P)H
—> Purines

4 amino acid serine )
0
OH
H,N
OH
\ J
B Catabolism
;Ser
Y
!Pyr
TCA cycle/ |~ ADP

OxPhos V\ATP

Novel catabolic pathway
C Alternative serine
! Ser catabolism

8Cly

\ g

Nucleotide synthesis

Meiser et al., Science Adv. 2016

ATP production

ATP production and
formate release
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MTHFD1L knockdown leads to reduced invasion,

which is rescued by formate

Anabolic pathway:
nucleotide synthesis

Purines
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MTHFD: Methylene TetraHydroFolate Dehydrogenase

Meiser, Schuster et al., Nature Comm 2018




Serine catabolism is increased in tumors in vivo

Brain (or other tissue)

Purine 1C units L '

Meathanol . Formate ! Serine E

in vivo Metabolic Flux Analysis
in GEMMs

Meiser, Schuster et al., Nature Comm 2018
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% MTHFD1L activity promotes glioma invasion through formate\

release

v' Formate accumulates in tumors and in plasma of tumor-
bearing mice — role in metastatic process remains to be
elucidated

invasion (energy driven processes)

v’ MTHFDL1L is localized to mitochondria, which may provide
local ATP production at the migratory tip of tumor cells

\ (cf tumor microtubes)

v' Tumor metabolism not only regulates proliferation, but also

Tumor metabolism

v

/

Meiser, Schuster et al., Nature Comm 2018
Fabian et al. under review

Proliferation

Metabolic need:
Biomass
and Energy

'

Invasion

Metabolic need:
Energy (ATP)
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Model-based Analysis of
Raw shRNA counts redundant siRNA activity Genome-wide CRISPR-Cas9 Knockout
RSA MaGeck

\

Normalized shRNA counts

o

Individual shRNA Scoring

4

Integrated gene Level:
Scoring of the targeted
genes

HitSelect

RNAi gene enrichment ranking

17 Candidate genes in the TOP 2% list
~ 200 Candidate genes in the TOP 10% list

» Putative transcription factor: Zinc finger AN-type protein 3 (ZFAND3)
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8 family members

ZFAND1 &) &)

ZFAND2A &) c) |
ZFAND2B Désaﬁ)- f) -£s
ZFAND3 g — -ﬂ

ZFAND4 ~ — vea e
ZFAND5 E] m—rm)m |
ZFAND6 E] . t;;)m
ZFAND7 -

ZFAND3: Zinc Finger AN1-Type containing 3 domain

ZFAND3 (or testis expressed sequence 27, TEX27)
AN1 and A20 domain

essential for spermatogenesis in mice

associated with development of Diabetes Type I
exact function remains unkown

o T I Io

Integrated bioinformatics analysis reveals role of
the LINC01093/miR-96-5p/ZFANDS5/NF-xB
signaling axis in hepatocellular carcinoma

ZFAND1 Recruits p97 and the 26S Proteasome to

Promote the Clearance of Arsenite-Induced Stress

GranUIes YAHUI ZHENG#. KANGKANG YU*. CHONG HUANG, LULIU,
HAQO ZHAO, MEISI HUO and JUBO ZHANG

Department of Infectious Diseases, Huashan Hospital, Fudan University,
Shanghai 200040, P.R. China

Received February 24, 2019; Accepted August 19, 2019

ZFAND5/ZNF216 is an activator of the 26S proteasome
that stimulates overall protein degradation

Donghoon Lee?, Shinichi Takayama®, and Alfred L. Goldberg™’

“Department of Cell Biology, Harvard Medical School, Boston, MA 02115; and “Research Division, Chugai Pharma USA, Berkley Heights, NJ 07922

SCIENTIFIC REPg}RTS

OPEN Charactering the ZFAND3 gene
mapped in the sex-determining
locus in hybrid tilapia (Oreochromis
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Glioma invasion is a major clinical challenge \
Specific routes and modes of glioma invasion in the brain microenvironment

RNA interference screen reveals multiple genes regulating glioma cell invasion

MTHFD1L activity promotes GBM invasion through formate release

ZFAND3: a novel transcriptional regulator of GBM invasion

Therapeutic targeting remains a challenge, but may become feasible with tumor-specific

targets /
\

Is there a role for mathematical modeling?

\
/\\\\\\\

» Modeling invasion in the brain taking into account different parameters
» Predict potential of recurrence at distant sites?

» lIs invasion in mouse and human brain comparable?

k > ... /
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Does size matter?

X Human: 15009, 86 billion neurons

Chimpanzee: 380g Diverged
28 billion neurons ~5-7 MYA

Cé};ybara
(rodent)
Macaque: 87g Marmoset: 8g Mouse: 0.4g

6 billion neurons 630 million neurons 70 million neurons

Diverged Diverged Rodents diverged
25 - 30 MYA ~35 MYA ~75 (60 — 100) MYA
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