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Diffuse Intrinsic Pontine Glioma: most lethal brain tumor in children



Current therapeutic options for pediatric 
patients with brain stem tumors



Epigenetic therapies: 
Inhibit the aberrant transcriptional program:
Histone deacetylase inhibitors (HDAC)
Bromodomain (BET inhibitors) JQ1
EZH2
PRC2 inhibitor

New Therapeutic Strategies for DIPG

Inhibit “stemness” self renewal properties:

Differentiation?
Metabolism?
DNA damage and repair?

Targeting co-occuring mutations:
PI3K/mTOR
MAPK



DIPG

Epigenetic targeted Therapies

Hashizume et al, Neurol Med Chir (Tokyo). 2017 Jul; 57(7): 331–342



Mackay et al. 

Targeting Co-segregating mutations

PI3K/mTor

PI3K/mTor

PI3K/mTor

MAPK

MAPK



DIPGs: glioma-derived cells with progenitor 
cell-like characteristics

DIPG are positive for neural stem cell linages markers: Nestin

DIPG are also positive for oligodendrocyte progenitor cell marker: Oligo2 and PDGFRa

DIPG are also positive for an astrocyte marker: GFAP

DIPGs are very similar to normal neural progenitor cells (NPCs) or 
oligodendrocyte precursor cells (OPCs).

NPC NPC K27M

Neuron

Astrocyte

Oligodendrocyte

Neuron

Astrocyte

Oligodendrocyte

Normal 
Neurogenesis

H3K27M mutation results in ’Self renewal, 
multipotency, no differentiation’



Patient-derived DIPG cells preserve stem-like 
characteristics

Xu et al. Oncotarget. 2017 Sep 29; 8(44): 76644–76655.

Undifferentiated 
lines are more 
reflective of 

patient material

Filbin et al Science 20 Apr 2018





Monje et al, PNAS March 15, 2011 108 (11) 4453-4458;

Immunocytochemistry for CD133 reveals a CD133+

fraction of about one-third of cells

CD133/DAPI Oligo2/DAPI

DIPG Neurosphere GFAP/Nestin/DAPI Nestin/Vimentin/DAPI

Sox2/DAPI



Targeted Cancer Stem Cell
therapyConventional Therapy

'Bulk’ tumor shrinkage

Tumor regrowth due to CSC plasticity

CSC eradication

Inability to regenerate

Remission/Cure of the Patient

Rational for targeting Tumor heterogeneity-Stemness

Combination therapies?

CSC eradication

Inability to regenerate

Bulk tumor eradication



Ongoing projects in the Galban lab

Targeting Stemness:
• Identification of CSC in DIPG
• Characterization of CSC in DIPG
• In vivo characterization of CSC in DIPGs
• Metabolism of CSC in DIPGs
• Targeting of CSC in DIPGs

Identification of resistance mechanism:
• Co-targeting metabolism and or epigenetic changes
• Developing epigenetic imaging strategies for DIPG



ALDHs regulate multiple pathways to contribute
carcinogenesis and stem cell signaling

Clark et al, Ann Transl Med. 2016 Dec; 4(24): 518.



Aldehyde dehydrogenase (ALDH) superfamily

Tomita, cancer, stem cell Received: July 11, 2015 Accepted: January 07, 2016 

-> Aldehyde dehydrogenase 1A1 most important in stem cells and cancer 



ALDEFLUOR assay: viable, non-ab based stain, 
specific for ALDH1A1 isoform

Diethylaminobenzaldehyde (DEAB)

BAAA(BODIPY-aminoacetaldehyde)

BAA-(BODIPY-aminoacetate) 



Cell line Mutations Tissue 

Obtained

Prior Therapy Source/Ref.

SU-DIPG IV H3.1K27M, MDM4 

amplified, ACVR1 

G328V

Early 

postmortem 

autopsy

Radiotherapy, 

cetuximab, 

irinotecan

Grasso et al. Nature 

Medicine (2015)

SU-DIPG XIII H3.3K27M Early 

postmortem 

autopsy

Radiotherapy Grasso et al. Nature 

Medicine (2015)

SF7761 H3.3K27M Surgical

biopsy

None Millipore 

SF8628 H3.3K27M Surgical

biopsy

None Millipore

Patient derived cell lines



ALDH-

ALDH-

ALDH-ALDH+

SU-DIPG-13 ALDH-SU-DIPG-13 ALDH+

ALDH-
ALDH+

ALDH+

ALDH-
ALDH+

ALDH+
ALDH-

Staining, FACS and microscopy of ALDH+ SU-DIPG-13 cells 

ALDEFLUOR
assay

FACS
DEAB negative control
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Phenotypic diversity in stem cell marker expression of 
Aldehyde dehydrogenases and CD133 among DIPGs

Cell line ALDH + (FITC) CD133 + (APC) ALDH+/CD133+

DIPG IV 31.41 ± 3.17 0.16 ± 0.14 0.08 ± 0.083

DIPG XIII 24.54 ± 7.80 98.42 ± 0.25 18.21 ± 2.28

SF8628 8.27 ± 4.29 0.35 ± 0.35 0.027 ± 0.027

SF7761 0.01 ± 0.01 46.3 ± 22.75 0.14 ± 0.090

-> ALDH+ Cell Populations Are Highly Variable among Individuals
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ALDH- ALDH+

Bromouridine labeling of RNA
ALDEFLUOR staining
FACS sorting in ALDH- and ALDH+ cells

Collection of total RNA
Isolation of Bru-RNA
Generation of cDNA libraries
Sequencing and data analysis

Transcriptome analysis to determine ‘stemness’
of ALDH+ DIPG cells

Collaboration with Mats Ljungman



ALDH positive DIPG cells exhibit a more “stem-
like” transcriptome profile 



Upregulated 

Gene

log2 Fold 

Change Function

RECQL4 1.808 Homologous Recombination

PKMYT1 1.78 inactivates G2 to M transition

CEBPA 1.5 increases arrest of G1-S

GINS2 1.492

interacts with chk2, initiation of replication 

forks

RAD51 1.326 Homologous Recombination

TK1 1.325 upregulated in S- phase

MCM2 1.213 DNA replication initiation

E2F1 1.02 stem cell , Cell cycle

E2F2 1.002 stem cell, Cell cycle

RFC2 0.943 DNA Damage Response

PCNA 0.915 DNA Damage Response

BRCA1 0.681 Homologous Recombination

APEX1 0.625 DNA Damage Response

OLIG1 0.62 Stem cell marker

PARP1 0.589 Base Excision Repair response

NES 0.573 Stem Cell marker

CHEK2 0.529 DNA repair, cell cycle arrest

MYC 0.189 stem cell, proliferation

ATM 0.008 DNA Damage Response

Selected Gene Sets induced in ALDH+ 
DIPG XIII cells

DNA Replication

Base Excision Repair

Homologous Recombination

Mismatch Repair

Cell Cycle

Nucleotide Excision Repair

Basal Transcription Factors

Normalized Enrichment Score

0 0.65 1.3 1.95 2.6

Correlation between therapeutic resistance and
protection of genome integrity



Rationale for Targeting mTOR pathway



Increased metabolism: pentose, glycolysis, glyconeogenesis, pyruvate metabolism 
and oxidative phosphorylation 

ALDH-
ALDH+

Bru-Sequencing

LDHB = Lactate dehydrogenase B

HK1 = Hexokinase 1

ENO1 = Enolase one

PHGDH = Phoshoglycerate dehydrogenase

PDHA1 = Pyruvate dehydrogenase

Increased metabolism in ALDH+ cells



Metabolic pathways and enzymes against which 
compounds are already in the clinic.

PI3K/AKT inhibitors



Strategies for developing multifunctional kinase inhibitors

PD 0325901
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ST-182 
multifunctional kinase inhibitor

GlaxoSmithKline

C25H17F2N5O3S

Ross/van Dort/Galban

Pfizer

ATP-competitive PI3K/mTOR inhibitor ATP non-competitive MEK inhibitor

GSK2126458



RTK

ERK

MEK

RAF

RAS
SHC

GRB2

SOS

nucleus

cell membrane

Downstream Cellular Effects:

RTK

Gab1
Gab2

IRS1

PI3K

PIP3 PTEN

Membrane Recruitment
and Activation

Akt

mTOR

• Proliferation
• Survival
• Growth
• Migration
• Differentiation
• Glucose Metabolism

ST-182

Rational for simultaneously targeting 
the MAPK and PI3K pathway



ST-182 is a Multifunctional Kinase Inhibitor of MEK 
and PI3K/mTOR in Patient-Derived DIPG Cell Lines 
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PI3K inhibition by ST-182 affects downstream 
signaling
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MEK inhibition by ST-182 affects downstream 
signaling



Transcriptome analysis of ALDH+/- DIPG cells treated 
with ST-182

ALDH- ALDH+

1. Treatment of cells with ST-182
2. Bromouridine labeling of RNA
3. ALDEFLUOR staining
4. FACS sorting in ALDH- and ALDH+ cells

5. Collection of total RNA
6. Isolation of Bru-RNA
7. Generation of cDNA libraries
8. Sequencing and data analysis



Selected Gene Sets repressed by ST-182 
Treatment in ALDH positive DIPG XIII cells

DNA Replication

Focal Adhesion

Phosphatidylinositol Signaling

Cell Cycle

Apoptosis

mTOR Signaling

VEGF Signaling

Normalized Enrichment Score

-2 -1.5 -1 -0.5 0

Efficacy of ST-182 in inhibiting downstream signaling
is similar in ALDH+ or ALDH- cells



ALDH+ ALDH-
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in ALDH+/- by ST-182 treatment



But how about the tumor initiating cells?

Does it affect Stemness?



Decreased stem cell reprogramming and induction of cell 
death in ALDH+ cells by ST-182

DMSO ST-182

MYC

E2F1

E2F2

NES

OLIG1

CCND-1

ALDH1B1

0

5

10

15

20

25

DMSO ST-182

CASP3

BBC3

BAK1

TNFRSF9

TNFRSF10B

2

4

6

DMSO ST182
0.0

0.5

1.0

1.5

Myc

F
o

ld
 C

h
a
n

g
e

0.0107

N=4, normalized to GAPDH

DMSO ST182 
0.0

0.5

1.0

1.5

Olig

F
o

ld
 C

h
a
n

g
e

<0.0001

N=4, normalized to GAPDH

DMSO ST182 
0.0

0.5

1.0

1.5

E2F2

F
o

ld
 C

h
a
n

g
e

0.0074

N=4, normalized to GAPDH

DMSO ST182 
0.0

0.5

1.0

1.5

E2F1

F
o

ld
 C

h
a
n

g
e

0.0214

N=4, normalized to GAPDH



Molecularly targeted therapy with ST-182 resulted in downregulation of 
metabolic genes and pathways

ALDH+

ST-182
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ALDH+ DIPG cells reside higher in the
cellular hierarchy in vivo

FACS and intracranial implantation
Brain tumor formation assessed by 

Bioluminescence imaging

Not

sorted

ALDH-

ALDH+

• Bioluminescence

• Histological analysis

• Flow cytometric analysis

100 days later

DEAB

DIPG-7-luc cells FACS and intracranial implantation into NSGs



Do ALDH+ have stem cell potential in vivo?

FACS and intracranial implantation Brain tumor formation assessed by Bioluminescence 

imaging

Not

sorted
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ALDH+

100 days later
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Anticipating drug resistance to
molecularly target therapies

• > 250 clinical trial for DIPG

• Tumor relapse  common

• Confounding initial efficacy of PI3K inhibitions : LY294002

How can we anticipate resistance and identify drug targets before relapse occurs?



ALDH+/- cells represent distinct populations in DIPG with 
common as well as differential signaling responses to 

PI3K/mTOR/MAPK inhibition

ALDH− ALDH+

1616 32

ALDH−

ALDH+

414 6

Upregulated

Downregulated

P < 0.05

chr.x name log2FC FC log2FC FC

chr19 KLF2 4.2302 18.767 4.7906 27.677

chr1 ATF3 3.9965 15.961 4.6943 25.89

chr2 RHOB 3.5369 11.607 4.3941 21.026

chr9 KLF4 3.0486 8.2743 3.3909 10.49

chr2 ARID5A 2.1944 4.577 2.8761 7.3416

chr19 BBC3 2.2686 4.8185 2.787 6.9021

chr2 KLF7 2.4917 5.6246 2.7412 6.6865

chr1 JUN 2.1358 4.3948 2.6747 6.3849

chrX TSC22D3 2.542 5.8241 2.6679 6.3549

chr10 KLF6 1.8836 3.6899 2.5693 5.9353

ALDH- ALDH+

Top 10 genes upregulated

chr.x name log2FC FC log2FC FC
chr5 SPRY4 -2.667 0.157 -3.044 0.121
chr3 ETV5 -2.061 0.24 -2.268 0.208
chr2 AC064875.1 -1.679 0.312 -2.133 0.228
chr8 LZTS1 -1.501 0.353 -1.856 0.276

chr18 ST8SIA5 -1.654 0.318 -1.711 0.305
chr2 SNED1 -1.474 0.36 -1.553 0.341

Downregulated

ALDH- ALDH+



cJunATF3

Upregulation of Transcription factor ATF3 and
ATF3 TF complex (cJun, JunD) in ST-182 treated cells
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Comparison of GSK-458 with GDC-0084:
both PI3K/mTOR inhibitors, 

but GDC-0084 is in clinical trials for DIPG



You know that you are on the right track when
somebody else does the same work 



Comparison between H3 K27M mutant pediatric glioma 
(DIPG-13) and H3 WT adult glioma (D54)
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Resistance to targeted therapy mediated by
upregulation of KLF4?

-> new therapeutic strategy: combination of molecular targeted PI3K/mTOR inhibition with Statins???



Lin CW et al, J Am Chem Soc. 2004 May 19;126(19):5982-3.

N-Luc

C-Luc

C-Luc

N-Luc

Bioluminescence

Adaptations to the Histone K27 methylation reporter 
for in vivo bioluminescence imaging to test new 

therapeutic paradigms

Mono-methylation
transcription ON

Tri-methylation
transcription OFF



Summary

• Identification and characterization of ALDH+ and or CD133+ CSC subpopulation
in DIPG

• Stem cell properties in vitro/in vivo of DIPG CSCs

• Molecular targeted therapy:
1. PI3K/mTOR efficacy in DIPG tumor cell kill of bulk tumor
2. Effects of PI3K/mTOR/MAPK inhibition on “Stemness”

• Identification of resistance mechanisms: ATF3, KLF4

• Tools to develop therapeutic efficacy of single agent therapies as well as 
combination therapies: methylation reporter



Future directions-1

Targeting DIPG cancer stem cells by MAPK/PI3K/mTOR inhibition:

• cell death, cell cycle, proliferation, sphere formation, metabolism and stem cell gene expression as
well as expression of pro-apoptotic genes in ALDH+ and CD133+ DIPGs

• Determine cancer stem cell characteristics in vivo ALDH+ DIPGs

• Efficacy of targeted MAPK/PI3K/mTOR inhibition in orthotopic DIPG mouse models:
a) using a bioluminescent caspase 3 imaging reporter which allows for in vivo

quantification of apoptosis

b) clinically translatable diffusion-weighted MRI (DW-MRI) as a surrogate for cell
death and early indicator of therapeutic efficacy



DW-MRI as a biomarker to compare therapeutic 
outcomes in radiotherapy regimens incorporating 
temozolomide or gemcitabine in glioblastoma.

Galbán et al, PLoS One. 2012;7(4):e35857. 



Evaluate radio-sensitizing properties of MAPK/PI3K/mTOR inhibitors:

• efficacy of radiotherapy plus MAPK/PI3K/mTOR inhibition with single agents, combination or ST-182
in DIPGs

• stereotaxic MRI-guided sampling of DIPG tumors pre and post treatment coupled with transcriptome
analysis to identify signaling pathways of aggressive and drug resistant DIPG subpopulations.

Future directions-2



MRI guided biopsies: identifying heterogeneity

Galbán et al Tomography. 2017 Mar; 3(1): 9–15,



Collaborative projects

• The use of histotripsy to treat “ immune cold DIPG’ with Dr. Zhen Xu

• Testing Oncoceutics drugs for targeting CSC in DIPG with Oncoceutics

• Combination with Ferroptosis inhibitors with Nneka/Costas’s lab

• Glyco-gene expression in DIPG for novel target identification with Dr. Arun Everest-Dass

• Radio- and chemo-therapeutic induced tumor neoantigen Discovery with Dr. Rumble/Cayman 
chemicals



June Galban

Raising awareness
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