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SUMMARY

Histone H3 Lys?’ to methionine mutations (H3K27M) cause epigenetic dysfunction and are
frequently observed in Diffuse Intrinsic Pontine Glioma (DIPG), a pediatric brain tumor with no
cure. We conducted a CRISPR screen to identify chromatin regulators that might be targeted to
treat DIPG in combination with histone deacetylase (HDAC) inhibitors. This screen revealed that
genetic ablation of lysine specific demethylase 1 (LSD1) sensitizes primary DIPG cells to HDAC
inhibitors. Consistently, a bifunctional inhibitor of HDACs and LSD1, Corin, inhibits DIPG
growth in vitro and in xenografts in vivo. Mechanistically, Corin increases global levels of
H3K27me3 typically suppressed by the dominant effects of H3K27M mutant histones and
simultaneously increases HDAC-targeted H3K27ac and LSD1-targeted H3K4mel to activate
chromatin associated with neuronal genes and at binding sites for REST and other transcription
factors. Further studies reveal that Corin treatment results in cell death, cell cycle arrest, and the
induction of a neural differentiation phenotype both in vitro and in vivo. Importantly, Corin-
induced transcriptional signatures are overrepresented in normal brain compared to DIPG tumors
and correlate with increased survival time in DIPG patient populations. These data suggest a

novel strategy for treating DIPG by co-targeting LSD1 and HDACs.



INTRODUCTION

Pediatric high grade gliomas (pHGGSs) are among the most malignant brain tumors of
childhood, with no effective treatments despite decades of clinical trials evaluating multiple
strategies including various combinations of radiation, chemotherapy, and investigational drugs
(Johung and Monje, 2017; Jones et al., 2016; Juratli et al., 2017). Sequencing of pHGGs has
recently identified mutations in genes encoding histone proteins (Schwartzentruber et al., 2012;
Wau et al., 2012), which are key hubs of epigenetic regulation (Strahl and Allis, 2000). High-
grade gliomas of the brainstem termed Diffuse Intrinsic Pontine Gliomas (DIPG), occur in young
children and harbor non-synonymous histone mutations resulting in a Lys®’ to methionine (M)
substitution in H3.3/H3.1 (H3K27M), in more than 80% of cases (Juratli et al., 2017; Khuong-
Quang et al., 2012; Schwartzentruber et al., 2012; Sturm et al., 2012; Wu et al., 2012).
Functional studies suggest that H3K27M mutations act as drivers or accelerators of DIPG
growth in vitro and in animal models, suggesting that epigenetic mis-regulation may promote
DIPG tumorigenesis (Cordero et al., 2017; Harutyunyan et al., 2019; Larson et al., 2019;
Pathania et al., 2017).

Defective chromatin regulation is characteristic of many cancers, and can regulate tumor
phenotypes such as, intra-tumoral heterogeneity, the development of drug resistance, and
metastasis (Easwaran et al., 2014; Mack et al., 2016). Given that the H3K27M substitution
observed in DIPG is found in the histone tail region that is subject to extensive covalent
modification, it has been hypothesized that these mutations might disrupt the pattern of
chromatin modifications leading to epigenetic mis-regulation (Fontebasso et al., 2013; Jones and
Baker, 2014; Lewis et al., 2013; Schwartzentruber et al., 2012; Wu et al., 2012). In support of

this hypothesis, H3K27M mutant tumors and cell lines exhibit reduced H3K27me3 and



H3K27me2 (Bender et al., 2013; Chan et al., 2013; Lewis et al., 2013; Venneti et al., 2013).
Moreover, overexpression of H3K27M results in a global reduction of H3K27me3, whereas
CRISPR-targeting of the K27M mutation in DIPG cell lines leads to increased H3K27me3 at
genomic regions previously associated with K27M mutant histones, suggesting a causal role for
K27M in disrupting methylation (Bender et al., 2013; Chan et al., 2013; Harutyunyan et al.,
2019; Lewis et al., 2013). Mechanistic studies reveal that the K27M-dependent reduction in
H3K27me3 may involve a direct interaction between the mutant histone and the PRC2
methyltransferase complex (Bender et al., 2013; Jiao and Liu, 2015; Justin et al., 2016; Lewis et
al., 2013), and that H3K27M mutant histones act in a dominant manner to disrupt EZH2-
dependent histone methylation.

In addition to reduced H3K27me3 levels, K27M mutant tumors also exhibit disruptions
in the methylation of other histone tail residues including, H3K4me3 and H3K36me2 (Larson et
al., 2019; Stafford et al., 2018), as well as potential aberrations in histone acetylation patterns
(Nagaraja et al., 2017; Piunti et al., 2017), and a reduction in DNA 5mC-methylation (Bender et
al., 2013; Sturm et al., 2012). These data suggest pleiotropic consequences of the H3K27M
mutation resulting in the disruption of multiple chromatin regulatory pathways. However, the
mechanisms governing each of these potentially H3K27M-dependent deviations in chromatin
and DNA modification states and their roles in promoting DIPG tumorigenesis are not fully
understood.

We hypothesized that aberrant regulation of chromatin induced by H3K27M mutant
histones not only drives DIPG tumor growth, but will also render tumors with H3 mutations
vulnerable to epigenetically-targeted therapies alone or in combination with other treatments. In

line with this hypothesis, previous studies have shown that small molecule inhibitors of



bromodomain containing proteins such as, BRD4 (Nagaraja et al., 2017; Piunti et al., 2017),
EZH2 (Mohammad et al., 2017; Piunti et al., 2017), and histone deacetylases (HDACSs) (Grasso
et al., 2015) can inhibit DIPG grown in vitro and in vivo. While these studies highlight the
potential promise of epigenetic-therapies for DIPG, the high failure rate of monotherapies in
clinical trials suggests that a combinatorial approach might be needed before improved patient
outcomes are observed.

In a search for more effective therapies for DIPG, we performed a chromatin-focused
CRISPR screen to identify factors that might be co-targeted to enhance H3K27M mutant DIPG
growth inhibition by HDAC inhibitors (currently in clinical trials for DIPG: NCT02420613,
NCTO02274987, NCT03566199, NCT02717455). Our screen discovered that genetic ablation of
lysine-specific demethylase 1 (LSD1, encoded by KDM1A) sensitized DIPG cells to HDAC
inhibition. We further show that treatment with Corin, a novel, bifunctional fusion compound
targeting both LSD1 and HDACs (Kalin et al. 2018), results in a stronger inhibition of DIPG
growth than either HDAC or LSD1 inhibitors alone. We profiled the chromatin landscape and
transcriptomes of DIPG cells treated with Corin and observed global changes in histone
acetylation and methylation, which correlate with the up-regulation of neuronal differentiation
genes and the down-regulation of genes associated with cell cycle progression. Finally, we
compared Corin-dependent gene expression profiles with patient RNA-seq data and found that
Corin induces a gene signature associated with increased patient survival time. These data
suggest that co-targeting LSD1 and HDACSs with the dual inhibitor Corin or with similar

compounds might be developed as a new strategy for treating DIPG.



Significance

We find that co-inhibiting LSD1 and HDACs with a small molecule, Corin, reduces DIPG
growth by re-programing chromatin to inhibit cell cycle and activate a cellular differentiation
program. DIPG growth inhibition by Corin is associated with chromatin modification changes
that promote the expression of neural differentiation genes but suppress cell cycle genes.
Comparing our RNA-seq data to gene expression profiles from DIPG patient cohorts suggests
that Corin-induced gene expression changes correlate with increased patient survival time. Given
the complete lack of effective therapies for DIPG, and the dearth of epigenetic inhibitors in
general, our data provide evidence for the potential utility of simultaneously inhibiting LSD1 and
HDACSs with small molecules like Corin to treat DIPG and other cancers driven by epigenetic

dysregulation.



RESULTS

A chromatin-focused CRISPR screen identifies LSD1 as a regulator of DIPG sensitivity to
HDAC inhibitors.

To investigate potential roles for chromatin regulators in promoting DIPG growth and survival,
we performed a mini screen to determine DIPG cell responses to small molecules from the

Structural Genomics Consortium (http://www.thesgc.org/) designed to inhibit various epigenetic

pathways. We tested the sensitivity of three different patient-derived DIPG cell lines (SU-
DIPGXIII, SU-DIPGVI and SU-DIPGIV) that express H3.3/H3.1 H3K27M mutant histones as
well as immortalized normal human astrocytes (NHA-hTERT) that express wild type histones as
a control. Consistent with previous results, we find that DIPG cells are sensitive to the HDAC
inhibitors (HDACI), panobinostat and LAQ824 (Atadja et al., 2004; Dickinson et al., 2009;
Grasso et al., 2015), the bromodomain inhibitor, JQ1 (Filippakopoulos et al., 2010; Piunti et al.,
2017), and the KDM6A/B demethylase inhibitor, GSK-J4 (Hashizume et al., 2014; Kruidenier et
al., 2012) (Figure 1A and Table S1). However, H3.1/H3.3 wildtype NHA-hTERTS appear to be
equally sensitive to HDACi and bromodomain inhibitors (Figure 1A and Table S1).

Having confirmed the sensitivity of DIPG cells to HDACI, we next conducted a
chromatin-focused CRISPR/Cas9 drop out screen to identify factors that might enhance the
response of DIPG cells to the HDACI, panobinostat (also known as LBH-589) (Figure S1A-C).
For this screen, we infected Cas9(+) SU-DIPGV!I cells with a pooled sgRNA library targeting
1,354 chromatin-associated factors in triplicate. To identify sgRNAs specifically depleted due to
HDAC inhibition, we cultured the infected cells for an additional three weeks (~5 doublings) in
either control media or media containing a low dose of panobinostat (1.25 nM), before

quantifying sgRNA abundance (Figure S1D-E). We identified sgRNAs targeting seventeen


http://www.thesgc.org/

different chromatin regulators to be significantly depleted in the panobinostat-treated samples at
a cutoff hit rate of 20% (p-value <0.01) (Figure S1E, Table S2).

One of the top hits was lysine-specific demethylase 1, LSD1 (KDM1A), a histone
H3K4mel/2-specific demethylase, which plays important roles in modulating gene expression
and in regulating cellular differentiation (Amente et al., 2013; Mosammaparast and Shi, 2010)
(Figure S1F). To confirm that co-targeting HDACs and LSD1 synergistically reduces DIPG
growth, we generated polyclonal LSD1 knockout DIPG cell lines by transducing Cas9(+) SU-
DIPGVI and Cas9(+) HSID-DIPGO007 cells with control and LSD1-targeted SgRNAs.
Immunofluorescence microscopy confirmed that >60% of the LSD1 sgRNA-transduced SU-
DIPGVI and HSJD-DIPGOO07 cells lacked LSD1 protein (Figure S1G-J). Consistent with the
results from the screen, culturing these polyclonal LSD1 knockout lines with either panobinostat,
or the structurally distinct HDACI, etinostat, resulted in a loss of the LSD1-depleted nuclei in
both SU-DIPGVI (Figure S1G-H) and HSJD-DIPGOO07 cells (Figure S11-J). These data are
consistent with the hypothesis that loss of LSD1 impairs DIPG cell survival in the presence of
HDAC inhibitors such that LSD1 knockout cells are no longer observed following HDACIi

treatment.

Co-targeting HDACs and LSD1 with small molecules synergistically impairs DIPG growth
in vitro.

Given our genetic data discussed above and reported synergistic anti-tumor effects of HDAC and
LSD1 inhibitor combinations in other cancers (Fiskus et al., 2014; Kalin et al., 2018; Singh et al.,
2011; Vasilatos et al., 2013), we focused our subsequent studies on targeting LSD1 in DIPG cells

together with HDAC inhibitors. We treated primary DIPG cells harboring H3.3 K27M mutations



with combinations of HDACI (panobinostat and etinostat), an LSD1i (compound 7), or a
bifunctional fusion compound called Corin (etinostat+compound 7), which inhibits both HDACs
1-3 and LSD1 (Figure S2A) (Kalin et al., 2018). Cell viability assays indicate that treatment with
the LSD1i alone had little effect on cell growth, while treatment with HDACi’s dose-
dependently reduced the viability of five different DIPG cell lines (SU-DIPGVI, SU-DIPGXIII,
BT869, BT245, and HSJD-DIPGO007) (Figure 1B-D and Figure S2B-F). Consistent with the
results of our genetic screen for HDACI sensitizers, combining HDACIi with LSD1i resulted in a
further reduction in DIPG viability compared to HDACI treatment alone (Figure 1B-D, and
Figure S2B-F). This increased toxicity associated with dual inhibition was evident regardless of
whether the LSD1i and HDACi were administered as two separate drugs (Figure S2B-D, and
S2F) or as the bifunctional fusion molecule, Corin (Figure 1B-D, Figure S2E-F). Importantly, a
BLISS independence test confirmed the combinatorial effect of co-treating DIPG cells with
compound 7 and etinostat (Figure S2C-D).

To ask whether DIPG cells are uniquely sensitive to co-targeting LSD1 and HDACs we
also determined the sensitivity of H3.3/H3.1 wild type NHA-hTERTS to co-treatment with
LSD1i and HDACI and find that, although these cells are sensitive to various HDACI’s, little
further decrease in viability is observed upon Corin treatment (Figure 1E). This result is in line
with a previous study showing no synergistic effect of treating NHA-hTERTS with an LSD1i,
tranylcypromine and an HDACI, vorinostat (Singh et al., 2011). DIPG cells also exhibit
increased sensitivity to Corin compared to non-transformed BJ fibroblasts (Figure 1F), which is
consistent with a recent study showing that melanoma cells are more responsive to Corin than

non-transformed melanocytes (Kalin et al 2018). These data suggest that there might be a

10



therapeutic window for treating DIPG with Corin, or other combinations of LSD1 and HDAC
inhibitors.

Further studies suggest that the effects of Corin treatment are likely on-target as a Corin
analogue (compound 9) (Figure S2A), which does not inhibit LSD1-dependent demethylation
(Kalin et al., 2018), failed to synergize with etinostat to impact either HSJD-DIPGO007 or BT245
DIPG cell growth, suggesting that inhibition of LSD1 catalytic activity is required for the growth
suppressive effects of Corin (Figure S2E). As a further confirmation, we also treated the LSD1
SgRNA- and control sgRNA-transduced SU-DIPGV1+Cas9 lines (Figure S1G) with etinostat and
Corin. Although the LSD1 sgRNA-transduced cells were more sensitive to ethinostat than the
control sgRNA-expressing cells, no further loss of cells was observed following treatment with
Corin (Figure S2G). These data suggest that the enhanced growth-suppressive effects of Corin
compared to etinostat are mediated through LSD1 inhibition rather than through an off-target
effect of the dual inhibitor.

We then assessed whether short-term treatment with different combinations of LSD1i and
HDACI induce DIPG cell death. To this end, we stained SU-DIPGXIII and SU-DIPGVI cells
with Trypan Blue 24-48 hours after treatment with the various inhibitors and observed a
moderate increase in dead or dying Trypan Blue positive cells following treatment with etinostat
and a strong increase in positively stained cells following treatment with Corin (Figure S2H).
Treatment with Corin also induced a significant increase in the percent of terminal
deoxynucleotidyl dUTP transferase labelled (TUNEL+) SU-DIPGVI cells, suggesting that co-

targeting HDACSs and LSD1 with Corin leads to increased apoptosis (Figure S2I-J).
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Dual inhibition of LSD1 and HDAC:s alters the global patterns of histone modifications in
DIPG.

Previous studies demonstrate that epigenetic regulators that reduce H3K27M mutant DIPG cell
growth can increase or decrease H3K27me3 (Grasso et al., 2015; Hashizume et al., 2014; Piunti
et al., 2017), which is otherwise repressed by the dominant negative effects of K27M-mutant
histones (Bender et al., 2013; Chan et al., 2013; Lewis et al., 2013). To determine whether the
LSD1i and HDACI combination can similarly disrupt histone modification patterns in DIPG, we
analyzed histones purified from SU-DIPGXIII nuclei after 7 days of treatment with DMSO,
compound 7, etinostat, or Corin by liquid chromatography-mass spectrometry (Figure 1G-J,
Figure S3A-B, Table S3). These experiments reveal global increases in many different modified
histone peptides including HDAC substrates such as, H3.3K27ac and various acetylated histone
H4 peptides; the LSD1 substrate, H3K4mel, and even H3K27me3, itself (Figure 1G-J and Table
S3). Consistent with the observed greater potency of Corin (Figure 1B-D, Figure S2E-H), both
the number of histone modifications that increased or decreased and the magnitude of these
changes were greater in Corin-treated cells compared to cells treated with either etinostat or
compound 7 alone (Figure 1G-J, Figure S3A-B, and Table S3). Analysis of histone
modifications in a second DIPG cell line (SU-DIPGVI) also reveals global changes in histone
acetylation and methylation including increases in H3K27me3, H3K4mel and acetylated H4 due
to Corin treatment (Figure S3B and Table S3), suggesting that these Corin-induced changes in
chromatin modifications occur across different cell lines. Western blotting confirms that Corin
treatment induces more robust changes in histone modifications compared to treatment with the
individual inhibitors (Figure 1K).

We next asked whether Corin-induced histone modification changes correlate with the

12



decreased cell number and increased cell death observed following drug treatment (Figure 1 and
Figure S2). We treated HSJD-DIPGOO7 cells with increasing doses of Corin for 2 or 6 days and
monitored histone modifications by Western blotting. Treatment with 0.25 puM Corin elevated
H3K4mel, H3K27ac, and H3K27me3 after 6 days (Figure 1L, compare lane 8 to 6), and resulted
in a corresponding decrease in viable HSJD-DIPGOO07 cell number (Figure 1N). Treatment with
0.5 uM Corin induced more rapid and robust changes in histone modification levels, which
correlated with further reductions in viable cell number and a significant increase in dead/dying
cells (Figure 1M). In contrast, a lower dose (0.125 puM), or shorter treatment time with Corin
resulted in no significant loss of viability (Figure 1M-N), and did not induce robust histone
modification changes (Figure 1L, compare lane 1 to lanes 2 and lane 6 to lane 7). These data
suggest a dose- and time-dependent correlation between Corin-dependent enhancement of
histone modification levels and the associated decreases in DIPG cell viability, which we

confirmed in a second DIPG cell line (SU-DIPGXIIIP*) (Figure S3C-E).

ChlIP-seq reveals global alterations in H3K4mel, H3K27me3 and H3K27ac modified
chromatin in SU-DIPGXIII cells treated with Corin.

H3K27ac- and H3K27me3-modified chromatin generally correlate with higher gene activation
and with gene silencing, respectively, while the combination of H3K27ac and H3K4mel
generally marks active enhancers (Creyghton et al., 2010; Strahl and Allis, 2000), suggesting that
Corin-dependent increases in H3K27me3, H3K27ac, and H3K4mel might re-model the
chromatin landscape to regulate gene expression in DIPG. To identify the genomic locations
where Corin-induced histone modification changes take place, we next performed ChlP-seq with

antibodies detecting H3K4mel, H3K27ac, and H3K27me3 using chromatin extracts from SU-
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DIPGXIII cells treated with DMSO or Corin for 7 days. We also performed ChIP-seq with an
H3K27M antibody on chromatin isolated from un-treated SU-DIPGXIII cells. Consistent with
our analyses of total histone modification levels, we observe an overall increase in H3K4me1l,
H3K27ac and H3K27me3 ChlP signals in the Corin-treated cells. Specifically, compared to
vehicle treated cells, we identified 3,786 H3K27me3, 15,570 H3K27ac, and 6,115 H3K4mel
peaks induced by Corin, whereas only 509 H3K27me3, 85 H3K27ac, and 2,052 H3K4me1l peaks
were consistently decreased (FDR <0.01, 2 fold change). Consistent with previous studies
suggesting a positive correlation between H3K27ac and H3K27M peaks (Harutyunyan et al.,
2019; Nagaraja et al., 2017; Piunti et al., 2017), the top K27M-enriched sites were enriched in
H3K27ac compared to sites with lower K27M levels (Figure 2A-B, upper panels). These K27M-
enriched sites are also associated with increased H3K4mel and both the H3K27ac and
H3K4mel signal were modestly increased upon Corin treatment (Figure 2A-B). Interestingly, we
also observe a large number of regions characterized by relatively lower levels of K27M binding
where Corin treatment promotes even stronger increases in both H3K4mel and H3K27ac signal,
suggesting the establishment of a more activated chromatin state (Figure 2A-B, middle panels).
Finally, we observe regions with very low levels of K27M and higher baseline levels of
H3K27me3, which were further increased due to Corin treatment (Figure 2A-B, bottom panels),
suggesting that these chromatin regions are likely to become more silenced upon drug treatment.
We next analyzed the distribution of the K27M-enriched, Corin-activated, and Corin-silenced
regions relative to various coding and non-coding regions of the genome (Ji et al., 2006).
Regions acquiring increased H3K4mel and H3K27ac due to Corin treatment (“Corin-activated”
chromatin) are localized to promoters (p-value = 9.03x10™**) and 5’-UTRs (p-value = 9.14x10

207y "and are also frequently found in introns and intergenic regions potentially acting as distal or
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intronic enhancers (Figure 2C). Regions that gained H3K27me3 (“Corin-silenced” chromatin)
are similarly enriched in both promoters (p-value = 2.62x107®) and intergenic regions (Figure
2C). These results suggest that Corin treatment potentially augments or suppresses both
promoters and enhancers by inducing simultaneous increases in H3K4mel and H3K27ac or by
depositing H3K27me3, respectively.

We next searched for potentially enriched transcription factor binding sites in chromatin
regions where Corin induced either a more activated or a more silenced chromatin state (Figure
2A-B, middle and bottom panels). Corin-activated chromatin regions are enriched in binding
sites for the pro-apoptotic protein, TP53 (Figure 2D), which is consistent with our observation of
increased cell death (Figure S2H-J). Chromatin regions activated by Corin are also enriched in
motifs bound by factors such as, RE1-element silencing transcription factor (REST), and the
Androgen Receptor (AR), two transcription factors known to associate with LSD1 and HDACs
(Hakimi et al., 2003; Metzger et al., 2005; Zambelli et al., 2013) (Figure 2D-E). REST, which is
also known as neuron-restrictive silencer factor (NRSF), functions to repress neuronal genes in
non-neuronal cells and also to regulate gene networks related to both neural and glial subtype
differentiation (Ballas et al., 2005a; Chong et al., 1995; Qureshi et al., 2010; Schoenherr and
Anderson, 1995). This correlation suggests that LSD1 and HDACs might associate with REST at
these sites to create a repressive chromatin environment for gene silencing in un-treated cells,
and that Corin treatment blocks the removal of activating chromatin marks by LSD1 and HDACs
at these regions. This hypothesis is exemplified by the observation of increased H3K27ac and
H3K4mel near predicted REST-bindings sites at the CELSR1 gene locus (Figure 2F), which
encodes a regulator of neural progenitor cell differentiation and brain development (Boucherie et

al., 2018; Feng et al., 2012). Corin-induced changes in chromatin at REST binding sites can also
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be seen on a more global scale, suggesting that the levels of H3K27ac and H3K4mel are
increased in response to Corin at REST sites on average (Figure S3F). In contrast, regions where
Corin induces H3K27me3 are more weakly correlated with transcription factor bound motifs
(Figure 2D). Together, these data suggest that simultaneously inhibiting both LSD1 demethylase
activity and histone deacetylase activity results in changes in both activating and repressive
chromatin modification patterns, which may be responsible for the reduction in DIPG growth

induced by Corin treatment.

Dual inhibition of LSD1 and HDACS results in synergistic gene expression changes.

To investigate the impact of Corin-induced chromatin modification changes on gene expression,
we performed RNA-seq in SU-DIPGXIII cells treated with DMSO, compound 7, etinostat, or
Corin for 7 days. Compared to DMSO treatment, compound 7 induces minimal changes in gene
expression (Figure 3A, E-F, Table S4), which is consistent with the lack of robust DIPG
phenotypes observed in response to LSD1 inhibition alone (Figure 1 and Figure S2). In contrast,
HDAC inhibition with etinostat results in many changes in gene expression with 1,178 up-
regulated and 264 down-regulated genes, respectively (Figure 3B, E-F, Table S4). Even stronger
changes in SU-DIPGXIII cell transcription are induced by Corin treatment with 2,937 up-
regulated and 2,070 down-regulated genes (p.adj<0.01, 2-fold change) (Figure 3C, E-F, Table
S4). These robust changes in gene expression are reflected in a principle component (PCA)
analysis of RNA-seq data, suggesting that the transcriptomes of Corin-treated cells are distinct
from all other treatment groups (Figure 3D). These data suggest that co-inhibition of LSD1 and
HDACSs with Corin can induce unique changes in transcription in SU-DIPGXIII cells not

observed with either inhibitor alone, which is consistent with the synergistic effect of co-
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targeting LSD1 and HDACs on chromatin modification states (Figures 1, 2 and S3) and on DIPG
growth (Figures 1 and S2).

We next compared our ChIP-seq and RNA-seq datasets to investigate potential
relationships between the global changes in chromatin modifications induced by Corin treatment
and the potentially associated changes in gene expression. We first analyzed whether Corin-
induced changes in H3K4mel, H3K27ac, or H3K27me3 at promoters correlate with any changes
in gene expression. To this end, we generated metagene plots of H3K27ac (Figure 3G, top
panels), H3K4mel (Figure 3G, middle panels), and H3K27me3 chlP signals (Figure 3G, bottom
panels) along the promoters and coding regions of genes that are significantly up- (Figure 3G,
left panels) and down-regulated (Figure 3G, right panels) by Corin. At the promoters of the
Corin up-regulated genes, we observe increases in H3K4mel and H3K27ac but a slight decrease
in H3K27me3 (Figure 3G, left panels), whereas changes in these histone marks at the promoters
of down-regulated genes are minor (Figure 3G, right panels).

Since we also observe either increased H3K27me3 or increased H3K27ac and H3K4mel
at many intergenic and intronic regions (Figure 2C), which could be acting as distal enhancers,
we also evaluated the potential activation and silencing of distal enhancer elements in response
to Corin treatment. We performed a “super enhancer” analysis, where we stitched adjacent
regions containing Corin-induced H3K27ac peaks or H3K27me3 peaks together and then ranked
these putative enhancers by overall levels of H3K27ac and H3K27me3 as previously described
(Figure 3H-1) (Whyte et al., 2013). We then annotated the top “Corin-activated” and “Corin-
silenced” enhancers to their nearest genes within 100 kilobases (McLean et al., 2010). As we
predicted, genes found near the Corin-activated super enhancers like TMEM189, CEBPB,

PTPRS, and NPTX2 (also known as NP2), were all up-regulated by Corin in our RNA-seq data
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(Figure 3H, Table S4). In contrast, Corin induced H3K27me3-silenced chromatin at enhancers
associated with genes that were either unaffected by drug treatment (OR2Z, ZNF558, and TAC4),
or at genes that were down-regulated by Corin such as, TLE3 and BMI1 (Figure 3I, Table S4), a
putative regulator of glioma brain tumor initiating cells (Jin et al., 2017).

Our observation that increased H3K27ac/H3K4mel either at the promoters of up-
regulated genes or at distal enhancer-like elements found adjacent to the up-regulated genes
suggests that the induction of these histone marks might promote gene expression. However, it is
not clear whether these chromatin modification changes are a cause or a consequence of
transcriptional activation. We treated SU-DIPGXIII cells with a short time course of Corin and
find that H3K27ac was weakly increased within 2-4 hours and strongly increased after 8 hours
(Figure 3J), whereas two Corin target genes (NEFL and SEMA3C) were not significantly up-
regulated until at least 24 hours after starting drug treatment (Figure 3K-L), suggesting that

increased H3K27ac precedes the up-regulation of at a subset of Corin target genes.

Dual inhibition of LSD1 and HDACs with Corin induces differentiation in DIPG.

What are the functional consequences of the altered chromatin and transcriptional profiles of
DIPG cells treated with Corin? To address this question, we performed gene ontology (GO)
analysis (Ashburner et al., 2000) on the up-regulated genes, and found that Corin induces
transcripts associated with brain development and neurogenesis, while treatment with etinostat
induces genes associated with the development of other tissues such as the cardiovascular and
circulatory systems (Figure 4A). We validated some of these gene expression changes by gRT-
PCR and observe that Corin treatment results in the up-regulation of genes expressed in more

mature neurons (Figure 4B), and the down-regulation of oligodendrocyte progenitor cell (OPC)
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and neuronal progenitor cell (NPC) markers (Figure 4C). Since DIPGs are highly heterogeneous
tumors, we validated that Corin treatment up-regulated genes associated with neuronal
differentiation in a majority of DIPG cell lines tested (Figure 4D-E), while the progenitor
marker, CSPG4 (also known as NG2), was down-regulated in 3 out of 5 cell lines (Figure 4F).
These data suggest that Corin treatment induces gene expression changes associated with an
aberrant neuronal differentiation phenotype in multiple patient-derived DIPG cell lines.
Consistent with the RNA-seq data, immunostaining of Corin-treated cells also detected an
increase in the percent of cells expressing NP2 (encoded by NPTX2), and the REST/NRSF target
CALB1 (Calbindin 1) (Ballas et al., 2005a) (Figure 4G), which mark subsets of neurons (Pfyffer
et al., 1987; Usoskin et al., 2014). Furthermore, Corin also enhances the formation of neurite-like
cell processes in SU-DIPGXIII cells (Figure 4H) and results in both an increase in cellular
adhesion and the induction of a bipolar morphology suggestive of differentiation in SU-DIPGVI
cells (Figure 4G). Collectively, these data suggest that Corin treatment results in both
transcriptional and morphological changes indicative of a more neuronal phenotype, implying

that Corin treatment may overcome a differentiation block in DIPG.

Corin reduces the expression of cell-cycle related genes and induces cell cycle arrest.

We next performed GO analysis on the gene sets that are significantly down-regulated by the
various LSD1 and HDAC inhibitors. Corin treatment significantly down-regulates genes
associated with various aspects of the cell cycle including DNA replication and mitosis (Figure
5A). We confirmed the down-regulation of two key cell cycle-related genes, AURKB and
CCNBL, in response to Corin treatment in both SU-DIPGXIII and SU-DIPGVI cells by RT-PCR,

whereas treatment with LSD1i or HDACI alone did not affect expression (Figure 5B-C). Corin
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treatment similarly down-regulated AURKB and CCNB1 expression in at least three additional
DIPG cell lines (BT245, BT869, SU-DIPGXIIIP*, and HSJD-DIPGO007) (Figure 5D).
Consistently, Corin treatment reduces the percentage of BrdU(+) S-phase SU-DIPGXIII and SU-
DIPGVI cells (Figure 5E-F), and also reduces the percent of SU-DIPGXIII cells expressing the
proliferative marker, Ki67 (Figure 5G-H). Taken together, these analyses suggest that Corin

treatment decreases DIPG cell proliferation and promotes differentiation.

Histone H3 mutation status is not sufficient to predict sensitivity to Corin.

Given the role of H3K27M mutations in promoting gliomagenesis (Cordero et al., 2017;
Harutyunyan et al., 2019; Larson et al., 2019; Pathania et al., 2017), we next asked whether the
presence of H3K27M mutant histones could determine sensitivity to Corin treatment. To address
this question, we used control cell lines lacking the H3K27M mutation to determine if forced
expression of mutant histones could sensitize them to Corin (Figure S4). Consistent with
previous studies (Bender et al., 2013; Chan et al., 2013; Lewis et al., 2013), we find that over-
expression of H3K27M mutant histones in both NHA-hTERTSs and murine neural stem cells
lacking tp53 (MNSCs tp53™) results in a global reduction in H3K27me3 compared to over-
expression of wild-type H3 (Figure S4A, compare lanes 3 to 4 and lanes 6 to 7). In spite of the
observed reduction in H3K27me3, ectopically expressed H3K27M was not sufficient to sensitize

either mMNSCs or NHA-hTERTS to Corin (Figure S4B-C).

Corin treatment reduces DIPG xenograft tumor size and alters tumor phenotypes.
Given the promising cytotoxic and differentiation-inducing effects of Corin-treatment in

cultured, patient-derived DIPG cells we next asked whether Corin-treatment can reduce DIPG
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tumor growth in vivo. We engineered HSJD-DIPGO007 cells and SU-DIPGXIIIP* cells, which
were derived from an aggressive variant of SU-DIPGXIII cells (Qin et al., 2017), to express
luciferase and Zs-green fluorescent protein and then transplanted these traceable cells into the
pons of immunocompromised mice. Once tumors were established as indicated by small animal
bioluminescent imaging (BLI) (Figure 6A), mice were treated by convection enhanced delivery
(CED) with 0.03 mg of Corin or vehicle/saline control. For both HSJD-DIPGO007 and SU-
DIPGXIIIP* xenografts, we observe a reduction in luciferase activity in response to a single dose
of Corin, suggesting that Corin treatment can reduce tumor size (Figure 6A-C).

We also examined the overall histology of the xenografted mouse brains post-mortem.
We found that HSJD-DIPGOOQ7 cells grew in a highly infiltrative manner, and observed a loss of
tumor cell nuclei in the Corin-treated animals (Figure S5A). In contrast, SU-DIPGXIIIP*
xenografts grew in areas that appeared more compact, with infiltration at the edge of the tumor
and with leptomeningeal spread (Figure S5B). The histologic response to Corin varied, with a
reduction in tumor cells by 28% (counted and averaged tumor nuclei in 10 high power fields) at
the site of injection at one end of the spectrum, and more than 80% tumor necrosis at the other
end (Figure 6D). Finally, we established orthotopic xenografts using the parental cell line of SU-
DIPXI1IP* cells, SU-DIPGXIII cells, transplanted in the pons and again treated these tumors
with Corin by CED. As seen in the other cell lines, quantification of both normal mouse brain
cell nuclei and the abnormal tumor cell nuclei of the xenografted SU-DIPGXIII cells revealed
that Corin treatment resulted in a reduction in the percent of tumor cells (Figure S5C-D). Taken
together, these data suggest that co-targeting LSD1 and HDACs with Corin results in a reduction
in the tumor size in three different DIPG xenograft models characterized by varying growth

patterns and levels of aggressiveness.
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As described earlier, we observed global changes in histone modification levels in
response to Corin treatment in cultured DIPG cells (Figures 1, 2, S3, Table S3). Corin treatment
similarly increases the staining intensity for H3K27ac and H3K27me3 in DIPG cells grown in
vivo (Figure 6E, Figure S5E-F) (Carpenter et al., 2006). Although we observed increased
H3K27ac and H3K27me3 at the core of the SU-DIPGXIIIP* tumors, we did not see increases in
staining intensity in either adjacent regions of the pons (Figure 6E), or towards the edge of
particularly large primary tumors (Figure S5G), suggesting only partial tissue penetrance, or
activity of Corin in the xenograft tissue. As expected, we also observed the induction of Corin
target genes associated with neuronal differentiation, such as NP2 and SYNI/II/11I, in the Corin-
treated SU-DIPGXIIIP* xenografts by immunofluorescence staining (Figure 6F), suggesting that
a subset of the transcriptional changes observed in cultured cells also occur in tumors. Finally,
we stained tumor sections with antibodies to detect the proliferative marker, Ki67, which was
reduced in Corin-treated xenografts (Figure 6G), and the apoptotic marker, cleaved Caspase3 (c-
Caspase3d), which was increased at the core of SU-DIPGXIIIP* xenografts (Figure 6G). These
data suggest that Corin treatment induces global changes in chromatin in xenografts, which are
associated with the induction of a differentiation and apoptotic response, at the expense of cell
proliferation, which is consistent with the phenotypic changes observed in primary cultured cells

(Figures S2, 4, and 5).

Corin up-regulates genes associated with increased survival time in DIPG patient cohorts.
We next sought to determine if the LSD1i/HDACIi-dependent gene expression changes observed
in vitro (Figures 3-5) might correlate with the gene expression profiles of primary patient tumors

sub-divided by different characteristics. First, we grouped primary DIPG tumor RNA-seq data
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(St. Jude, EGAD00001000793) into “high” and “low” LSD1 mRNA expression subgroups

(Figure 7A) and then identified differentially expressed genes (Table S5). Consistent with the
observations that combining both LSD1 and HDAC inhibitor treatment results in cell cycle arrest
in vitro (Figure 5), and a reduction in Ki67(+) nuclei in SU-DIPGXIIIP* xenografts (Figure 6G),
we find that tumors with “high” LSD1 expression also expressed higher levels of transcripts
associated with cell cycle progression and mitosis (Figure 7B). In contrast, LSD! “low” tumors
over-expressed transcripts associated with cell-cell signaling and metabolism (Table S5).
Second, we curated data from the literature to identify genes that are over- or under-expressed in
DIPG patient samples compared to normal brain (Pathania et al., 2017; Paugh et al., 2011,
Saratsis et al., 2014) (Gene Expression Omnibus data sets: GSE95277 and GSE26576). After
compiling these gene signatures, we performed a pre-ranked gene set enrichment analysis
(GSEASs) (Subramanian et al., 2005), which reveals that Corin inhibits or increases the
expression of genes that tend to be over-expressed or under-expressed in DIPG tumors,
respectively (Figure 7C). These data suggest that Corin promotes a transcriptional program that
is overrepresented in normal brain compared to DIPG tumors, which further supports our
hypothesis that Corin induces a differentiation response to make DIPG cells behave more like
normal brain cells.

Finally, we examined whether the Corin-dependent gene signature from our RNA-seq
experiments correlates with any clinical outcomes by analyzing retrospective gene expression
datasets according to patient survival. To this end, we first divided the tumor samples from the
St. Jude cohort into “decreased survival” and “increased survival” groups based on the median
survival time (Figure 7D). We find that 155 genes are down-regulated and 53 genes are up-

regulated in the decreased versus increased survival groups (p.adj<0.05, at least 2-fold change)
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(Table S5). GSEA analysis reveals that Corin treatment results in the up-regulation of genes that
are more highly expressed in the increased survival group (Figure 7E-F). Together, these data
suggest that the Corin-induced gene signature we observe in vitro correlates with gene

expression profiles associated with better patient outcomes in DIPG patient cohorts.
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DISCUSSION

Current treatment strategies have failed children diagnosed with DIPG, as less than 10% of
patients survive more than two years post-diagnosis (Jansen et al., 2012). We and others have
hypothesized that epigenetic dysfunction in DIPG cells driven by H3.3/H3.1 K27M mutations
would make these tumors sensitive to small molecules targeting chromatin regulators (Grasso et
al., 2015; Hashizume et al., 2014; Jones and Baker, 2014; Piunti et al., 2017). Our studies reveal
that co-inhibiting HDACs and LSD1 with the small molecule, Corin, decreases DIPG growth by
inducing differentiation and suppressing cell cycle genes, suggesting that combinatorial targeting
of multiple chromatin regulators might be used to treat DIPG.

Previous work suggests that inhibitors of chromatin modifying enzymes such as HDACs
and EZH2 can inhibit DIPG growth, yet the efficacy, durability and specificity of these
treatments varies across studies (Grasso et al., 2015; Hennika et al., 2017; Mohammad et al.,
2017; Wiese et al., 2016). Multidrug treatment regimens are an emerging strategy for the
treatment of many cancers, yet optimizing dosing regimens for multiple drugs with varying
pharmacokinetics and pharmacodynamics can prove challenging. One possible strategy for
overcoming these difficulties is to create molecules capable of inhibiting multiple targets
simultaneously. Indeed, recent studies have pointed to the therapeutic potential of bifunctional
fusion compounds designed to inhibit multiple targets such as HDAC inhibitors fused with either
PI3K (Qian et al., 2012), or cMET inhibitors (Lu et al., 2017), and compounds co-targeting PI3K
and MEK (Van Dort et al., 2015). Our study adds to this growing list of examples where
bifunctional compounds provide potentially superior efficacies at reducing cancer growth as

opposed to single agents.
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Clinical trials employing convection enhanced delivery (CED) to deliver small molecules
like irinotecan and panobinostat, or radioactive glioma-targeted antibodies (1241-8H9) are
currently underway (NCT01502917, NCT03086616, NCT02717455), raising the possibility that
CED-based delivery of additional inhibitors might be developed as a therapeutic strategy for
DIPG. QOur results suggest that Corin delivered via CED can reduce tumor volume in multiple
different DIPG xenograft models, providing a proof of principle that combinations of LSD1 and
HDAC inhibitors might be used to treat DIPG. However, these models have technical limitations
and improvements in the tissue penetrance of Corin and other related molecules are needed to
develop combined LSD1/HDAC inhibition as a potential therapy. For example, optimized
formulations of Corin, or the synthesis of brain-penetrant pro-drugs may enable efficient uptake
of Corin across the blood brain barrier (BBB) allowing for systemic delivery in the future.
Alternatively, the FDA-approved drugs, Parnate and Nardil, which act as non-selective LSD1
and monoamine oxidase inhibitors (Culhane et al., 2010; Jambhekar et al., 2017; Prusevich et al.,
2014) are known to cross the BBB, and might be combined with HDACI in a drug repurposing
strategy. Lastly, new generations of LSD1i, such as T-448 (Matsuda et al., 2019), which also
crosses the BBB but has minimal hematological toxicity, might also be used systemically to treat
DIPG.

It should be noted, however, that DIPG is not the only cancer type that responds to the
synergistic effect of combining LSD1 and HDAC inhibition, as melanoma and other types of
cancer cells similarly respond to combinations of LSD1- and HDAC-targeting compounds
(Fiskus et al., 2014; Kalin et al., 2018; Singh et al., 2011; Vasilatos et al., 2013). This
observation suggests that the strategy of targeting LSD1 and HDACs may be generally

applicable to multiple cancer types. Consistent with this notion, our preliminary results suggest
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that the K27M mutation is dispensable for Corin response and that both H3.3/H3.1 wild type and
G34R/V mutant pHGGs are also sensitive to Corin in vitro (unpublished). Nonetheless, our
finding of a superior response of DIPG cells to Corin has important implications for considering
this combination strategy for DIPG treatment in the future.

Our extensive profiling of chromatin modifications by mass spectrometry and ChlP-
sequencing reveals that Corin-treatment induces global changes in histone modifications not
observed with either LSD1 or HDAC inhibitors alone. DIPG growth inhibition due to Corin
treatment coincides with striking increases in H3K27me3, H3K27ac and H3K4mel marks as
well as many other covalent modifications such as, H2A.Zac, and H4K20me3 whose functional
consequences in DIPG are yet to be determined. By ChlIP-seq, we observe thousands of genomic
regions where Corin increases both H3K27ac and H3K4mel levels, which are associated with
the activation of gene expression driven by both enhancers and promoters. These data are
consistent with previous studies characterizing roles for LSD1 in enhancer regulation in hESCs
(Whyte et al., 2012) and leukemic cells (Sugino et al., 2017), and suggest that co-inhibition of
both H3K27ac deacetylation by HDACs and H3K4mel demethylation by LSD1 with Corin can
synergistically alter chromatin to change the pattern of promoter and enhancer regulation in
DIPG.

Paradoxically, inhibitors decreasing either H3K27ac (i.e., BRDA4i) or residual H3K27me3
(i.e., EZH2i) correlate with reduced DIPG growth in some contexts (Mohammad et al., 2017;
Nagaraja et al., 2017; Piunti et al., 2017). Moreover, H3K27M mutant histones have been
associated with localized increases in H3K27ac levels in a previous study (Piunti et al., 2017).
These results suggesting that decreased H3K27ac and H3K27me3 might lead to slowed DIPG

growth appear initially at odds with our observation that robust increases in H3K27ac and
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H3K27me3 due to Corin treatment similarly correspond with reduced DIPG growth. One
possible explanation for this discrepancy is that Corin might induce H3K27ac- and H3K27me3-
modified chromatin at unique regions of the genome. Indeed, Corin induces strong increases in
H3K4mel and H3K27ac at many regions lowly bound by H3K27M mutant histones, but induces
only minor increase in H3K27ac and H3K4mel at regions with high levels of H3K27M binding.
Interestingly, the Corin-activated chromatin regions tend to be associated with genes involved in
cellular differentiation and neurogenesis. This correlation is in contrast to the regions exhibiting
potentially reduced H3K27ac and H3K27me3 due to panobinostat and EZH2i treatment in
previous studies, which were associated with genes involved in stem cell maintenance and
proliferation (Mohammad et al., 2017; Nagaraja et al., 2017). These findings suggest that
targeting different classes of chromatin modifying complexes in DIPG may lead to distinct
changes in chromatin modification patterns and raises the possibility that several unique
strategies of targeting the epigenome might be developed to treat DIPG.

Our further analyses reveal that Corin treatment results in increased H3K4mel and
H3K27ac at genomic regions enriched in binding sites for transcription factors like REST, which
plays an important role in silencing neuronal genes in non-neuronal cells (Chong et al., 1995;
Laurent et al., 2015; Lee et al., 2005; Schoenherr et al., 1996; Sun et al., 2010). We hypothesize
that dual targeting of both histone acetylation and methylation with Corin may allow for more
comprehensive and sustained inhibition of transcriptional silencing complexes associated with
REST and other transcription factors than either HDAC or LSD1 inhibitors alone. In support of
this model, we find that Corin treatment induces many unique transcriptional changes not
observed due to treatment with either LSD1 or HDAC inhibitors alone, including the up-

regulation of genes involved in neurogenesis and the down-regulation of genes involved in cell
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cycle progression. Consistently, recent work shows that REST is overexpressed in a subset of
DIPGs and that loss of REST suppresses the growth of DIPG xenografts (Shaik et al., 2018).
Together, these studies suggest that co-targeting LSD1 and HDACs might be applied to relieve
REST-mediated gene repression and induce therapeutic differentiation in DIPG, a treatment
strategy that has shown promise in neuroblastoma, leukemia and lung cancer (Matthay et al.,
2009; Mohammad et al., 2015; Schenk et al., 2012; Westerlund et al., 2017).

Previous studies suggest multifaceted roles for REST in regulating diverse developmental
processes including the maintenance of both neural and embryonic stem cell pools, the fine-
tuning of gene expression during neuronal and glial differentiation, and the preservation of
genome integrity (Abrajano et al., 2010; Gao et al., 2011; Johnson et al., 2008; Nechiporuk et al.,
2016). In stem cells, REST often acts to repress target genes via the recruitment of co-repressor
complexes (Ballas and Mandel, 2005; Lunyak and Rosenfeld, 2005). In contrast, stimulating
cellular differentiation can either expel REST from chromatin, or alter REST protein complex
composition by increasing the binding of enzymes like p300/CBP and TET3 (Ballas et al.,
2005b; Gao et al., 2011; Kuwabara et al., 2004; Perera et al., 2015), which promote gene
transcription by increasing histone acetylation and DNA 5-hydroxymethylcytosine (5hmC),
respectively. The exact consequences of dual LSD1/HDAC1 inhibition on REST DNA binding
dynamics and on REST-associated protein complexes remain to be determined. Moreover, given
that only a subset of the sites where Corin induces simultaneous H3K27ac and H3K4mel or
H3K27me3 enrichment harbor REST binding elements, future research may also shed light on if
and how LSD1 and HDACSs might regulate transcription factor networks in DIPG more broadly.

Finally, our analyses of clinical datasets profiling the transcriptomes of DIPG patient

samples reveal that Corin induces a gene signature more closely correlated with gene expression
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patterns observed in normal brain tissue compared to DIPG samples. Intriguingly, these Corin-
dependent gene expression patterns also correspond with increased patient survival time in a
DIPG patient cohort. Further studies will be necessary to confirm whether alterations in the
expression of Corin-target genes in patient samples reflect a true change in the transcriptional
regulation of the DIPG tumor cells, or simply a change in tumor composition. Regardless, our
finding that Corin treatment can induce robust histone modification and gene expression changes
in DIPG cells grown in vitro and in vivo provides a proof of principle that it may be possible to
co-target LSD1 and HDAC:s to reduce the aggressive growth of DIPG cells. Ultimately, this
study demonstrates that simultaneously targeting two chromatin-modifying enzymes results in
synergistic changes in chromatin state resulting in striking phenotypes not observed when only
one class of enzyme is inhibited, and suggests that combinatorial targeting of chromatin

modifiers could be developed as a more general strategy for the treatment of cancers.
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STARXMETHODS

CONTACT FOR REAGENT AND RESOURCE SHARING
Further information and requests for resources and reagents should be directed to and will be

fulfilled by the Lead Contacts, Yang Shi (yang_shi@hms.harvard.edu) and Mariella Filbin

(mfilbin@broadinstitute.orq).

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Cell culture

Primary DIPG cells (SU-DIPGXIII, SU-DIPGVI, SU-DIPGIV, SU-DIPGXIIIP*, HSJD-
DIPG007, BT869, BT245), and mouse neural stem cells (MNSCs tp53™) were grown as
neurospheres in glioma stem cell media consisting of a 50:50 mixture of DMEM F12 and
Neurobasal A medium containing 20 pg/mL hEGF, 20 pg/mL hFGF-154, 10 pg/mL hPDGFAA,
10 ng/mL hPDGFBB, B27 without vitamin A, and 0.02% heparin sulfate, that was supplemented
with 1 mM sodium pyruvate, 10 mM HEPES buffer, 1x GlutaMAX, and 1x Antibiotic-
Antimycotic. Cells were fed every three to four days with fresh media and drugs where indicated
and passaged approximately once per week using TrypLE Express Enzyme to dissociate
spheroids to obtain a single cell suspension. NHA-hTERT, BJ fibroblasts and HEK293T cells
were maintained in high glucose DMEM containing 10% FBS and 1% penicillin-streptomycin as

adherent culture and passaged approximately once every 3 days.

Immunocompromised mice

Five week old female NSG mice (NOD.Cg-Prkdc*®® 112rg™"/SzJ, The Jackson Laboratory, Bar
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Harbor, ME) were used in these studies. All animal studies were performed according to Dana-
Farber Cancer Institute Institutional Animal Care and Use Committee (IACUC)-approved

protocols.

METHOD DETAILS

Viral production and generation of Cas9-expressing stable cell lines

To generate lentiviral particles, HEK293T cells were grown to 80% confluence in 10 cm plates
and transfected with 8 pg of pPCMV-dR8.2-dvpr, 1 pug of pCMV-VSVG-QM2 and 8 ug of
transfer plasmid using 25,000 MW polyethylenimine (PEI). The following morning, fresh media
was added and viral supernatants were collected at 48 and 72 hours post-transfection and filtered
through a 0.45 pm filter. Lentiviral particles from HEK293T supernatants were precipitated
overnight at 4°C with 8,000 MW polyethylene glycol (PEG) added to a concentration of 10%
wi/v followed by centrifugation at 271 RCF for 20 minutes and re-suspension in appropriate
media.

To generate stable Cas9(+) DIPG cell lines, SU-DIPGVI, SU-DIPGXIIP*, and HSJD-
DIPGOOQ7 cells were spin infected by first dissociating spheroids with TrypLE™ Express
Enzyme, and then centrifuging ~2x10° cells in each of 12xwells of a 12-well plate in the
presence of lentivirus for 90 minutes at 271 RCF. After centrifuging, infected cells were re-
suspended and re-plated in T75 suspension culture flasks the presence of lentivirus overnight.
The following morning, cells were switched to fresh growth medium, and 48 hours post-
infection they were selected with 2-4 pg/mL blasticidin for 7 days to generate stable cell lines.
To determine the Cas9 activity, SU-DIPGVI+Cas9 or parental SU-DIPGVI cells were infected

with pXPR_011, which contains both a GFP reporter and a SgRNA targeting GFP. The levels of
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GFP in these cell lines was determined by flow cytometry on a FACSDiva (BD Biosciences)
followed by analysis using FloJo (https://www.flowjo.com/) 1-3 weeks after infection.

To generate polyclonal LSD1 knockout cells, SU-DIPGVI+Cas9 and HSJD-
DIPGO007+Cas9 cells were spin infected as described above with
pLenti_SpsmB1_sgRNA_Hygro containing an LSD1 or control sgRNA targeting sequence and
then selected with 300 pg/mL hygromycin for 7 days. HSJD-DIPG007 and SU-DIPGXIIP* cell
lines were similarly spin infected with pHIV-Luc-ZsGreen and then sorted based on the ZsGreen
signal using a FACSDiva cytometer (BD Biosciences) to generate luciferase-expressing cell
lines to be used in xenograft experiments. Finally, NHA-hTERT and mNSCs tp53™ expressing
various flag-tagged histones were generated by infecting these cells with lentiviruses with wild
type H3.3 and K27M mutant H3.3 cloned into a pCDH backbone (pCDH-flag-H3.3), which
were kind gifts from Dr. Laura Banaszynski (University of Texas Southwestern). Infected
mNSCs tp53” and NHA-hTERTS were then selected by treatment with 600 pg/mL or 1000

pg/mL of G-418 (Research Products International, 108321-42-2), respectively.

Cell viability assays and compound screening.

For cell viability assays, cells were plated in 96-well plates at densities of 15,000 cells per well
(SU-DIPGXIII, SU-DIPGVI, SU-DIPGIV, BT245, BT869, and HSJD-DIPGO0O07 cells), 10,000
cells per well (NHA-hTERT, mNSCs), or 5,000 cells per well (BJ fibroblasts). Corin and other
epigenetic inhibitors were re-suspended in DMSO to generate stocks of 10-50 mM and serially
diluted in DMSO in order to generate the various dose response curves. Cells were treated with
different doses of inhibitors for 6-8 days, and cell viability was determined using the CellTiter-

Glo assay according to manufacturer’s protocol, which measures ATP as a proxy for cell number
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(Promega).

CRISPR Screening

SU-DIPGVI cells expressing Cas9 were infected with a chromatin-focused sgRNA lentiviral
library at a coverage of 1,500 cells per sgRNA in triplicate. Two days after infection, cells were
selected for 3 days with 2 ug/mL puromycin (Gold Biotechnology) and then allowed to grow for
an additional three days. At this point, reference samples were collected to quantify the initial
sgRNA abundance. The remaining infected SU-DIPGV!I cells were then passaged into either
control media or media containing 1.25 nM panobinostat with triplicate flasks for each condition
and grown for an additional three weeks, feeding the cells every 3-4 days with fresh media and
panobinostat. After outgrowth for ~5 doublings, surviving cells were harvested, genomic DNA
was isolated from all samples and the sgRNA sequences were amplified by PCR before
sequencing on a HiSeq2500 sequencer (Illumina). STARS was used to score depleted genes
under each condition relative to the reference samples

(https://portals.broadinstitute.org/gpp/public/software/stars).

Cell death assays

For Trypan Blue staining, 500,000 SU-DIPGVI or SU-DIPGXIII cells were plated and treated
with DMSO, 0.5 uM compound 7, 0.5 uM etinostat, or 0.5 uM Corin for 24, or 48 hours. After
treatment, neurospheres were centrifuged and media was removed. 30 uL of TrypLE was used to
dissolve the neurospheres, then 270 pL of ice cold 1xPBS and 100 pL of Trypan Blue (Thermo
Fisher Scientific, 15250061) were added for a final concentration of 0.1%. Total cells and

Trypan Blue positive cells were determined by manual counting on a hemocytometer. For
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TUNEL staining, SU-DIPGV!I cells were plated on laminin coated coverslips and the treated for
two days with 0.5 uM of the various compounds before fixing for 20 minutes in 4% para-
formaldehyde (PFA), followed by TUNEL staining using the DeadEnd™ Fluorometric TUNEL

System (Promega, G3250) following the manufacturer’s protocol.

Intracranial xenotransplantation

To establish DIPG tumors in vivo either SU-DIPGXIII cells, HSID-DIPGOO07 cells expressing
luciferase/Zs-green, or SU-DIPGXIIIP* cells expressing luciferase/Zs-green were injected
stereotactically into the right pons of five week old female NSG mice (NOD.Cg-Prkdc®™
112rg™"i/SzJ, The Jackson Laboratory, Bar Harbor, ME). For the SU-DIPGXII1 and HSJD-
DIPGO007 models, 200,000 cells were injected, while 150,000-300,000 cells were injected for the
SU-DIPGXIIP* model. Specifically, 150,000 SU-DIPGXIIIP* cells were injected for
comparisons of luciferase signal as a proxy for tumor size after drug treatment and for post-

mortem histology, and 300,000 cells were injected before analysis of histone modifications and

Corin target genes by immunofluorescence staining.

To prepare for the intracranial injection procedure, animals were injected
intraperitoneally with the analgesic buprenorphine 0.05 mg/kg and then anesthetized with 2—-3%
isoflurane mixed with medical air and placed on a stereotactic frame. The skull of the mouse was
then exposed through a small skin incision, and a small burr hole was made using a 25-gauge
needle at the selected stereotactic coordinates zeroed on lambda: -1.0 mm X, -0.8 mm Y and 5.0
mm Z for pontine injections. For the injections, DIPG cells were then re-suspended in 4-6 ulL
PBS and loaded on a 33-gauge Hamilton syringe, and injected at rate of 1 pL/min with use of an
infusion pump. Upon completing an injection, the needle was left in place for another minute,
then withdrawn slowly to help reduce cell reflux. After closing the scalp with suture and staple,
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mice were returned to their cages placed on a warming pad and visually monitored until full
recovery. Mice were then checked daily for signs of distress, including seizures, weight loss, and
tremors, and euthanized as they developed neurological symptoms, including head tilt, seizures,
sudden weight loss, loss of balance, and/or ataxia. All animal studies were performed according
to Dana-Farber Cancer Institute Institutional Animal Care and Use Committee (IACUC)-

approved protocols.

Drug Injection by Convection-Enhanced Delivery (CED)

Mice harboring pontine DIPG xenografts were treated with either Corin or vehicle (DMSO) at
the tumor site by CED injection. Before the CED procedure, animals were injected
subcutaneously with the analgesic buprenorphine (0.05 mg/kg) and then anesthetized with 2.5—
3% isoflurane mixed with medical air. After placing the animals on a stereotactic frame, the skull
of the mouse was exposed through a small skin incision, and a small burr hole was made using a
25-gauge needle at lambda: -1.0 mm X, -0.8 mm Y and 5.0 mm Z. The mice were injected with 3
ML of Corin dissolved in normal saline with 5% DMSO at a concentration of 0.02 mg/uL by
infusion using an autoinjector at a 0.5 pL/min rate for a total dose of 0.03 mg of Corin. Vehicle-
treated animals were treated with saline/DMSO following the same procedure. Upon infusion,
the needle was left in place for another 1-2 minutes, then withdrawn slowly to help reduce reflux.
Animals were returned to their cages to recover and resumed normal active behavior within 3-12

hours.
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Bioluminescence imaging (BL1I)

Tumor growth was monitored using the IVIS Spectrum In Vivo Imaging System (PerkinElmer),
starting at day 7 post-cell injections. Briefly, mice were injected subcutaneously with 75 mg/kg
D-luciferin potassium salt (Promega, E1605) in sterile PBS, and anesthetized with 2% isoflurane
in medical air. Serial bioluminescence images were acquired using the automated exposure set-
up. The peak bioluminescence signal intensity within selected regions of interest (ROI) was
quantified using the Living Image Software (PerkinElmer), and expressed as photon flux
(p/sec/cm?/sr). Representative planar bioluminescence images are displayed with indicated

adjusted minimal and maximal thresholds.

Analysis of xenografts and mouse brain tissues by immunofluorescence and using histological
stains

For immunofluorescence staining for histones and differentiation markers, mice xenografted
with SU-DIPGXIIIP* cells were perfused with formalin prior to brain collection. Collected
brains were then allowed to equilibrate in 30% sucrose/PBS solution for 24-48 hours. The brains
were then embedded in TissueTek (Sakura) and frozen in a bath of ethanol chilled with dry ice.
12 um sections were obtained on a cryostat. For staining, slides were permeabilized with 0.25%
Triton-X-100 in PBS for 20 minutes, blocked with 4% Bovine Serum Albumin (BSA) in PBS
plus 0.1% Tween-20 for 45 minutes, and then stained overnight with primary antibodies:
H3K27ac (Active Motif, #39135), 1:2000), H3K27me3 (Millipore, 07-449, 1:1000), SYNII/11/1I
(Biolegend al17080a, 1:1000), or NP2 (1:500, Santa Cruz Biotechnology, sc-166035). The
following morning, slides were washed extensively with PBS containing 0.1% Tween-20 (PBST,

4x5 minutes), then incubated for 30 minutes with fluorescent secondary antibodies (Thermo
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Fisher Scientific), before washing with PBST again (4x5 minutes), and then incubating the slides
with Hoechst diluted in water to 2 pg/mL for 10 minutes to counterstain DNA. For H3K27ac and
H3K27me3 quantification, at least 8 images were taken and the level of immunofluorescence
signal was determined via CellProfiler (Carpenter et al., 2006) using the Hoechst stain to first
segment nuclei and then measuring the signal for H3K27ac and H3K27me3 within the nuclei.

For Hematoxylin and Eosin (HE), Hoechst, cleaved Caspase3, and Ki67 staining mice
were also perfused with formalin before their brains were collected and subjected to an
additional 24 hour post-fix in formalin. After a brief storage in 70% ethanol, the fixed brains
were then embedded in paraffin and sectioned. Prior to staining, brain tumor slides were de-
paraffinized with xylenes (3x5 minutes), and then re-hydrated through graded ethanol washes
(2x5 minutes 100% ethanol, 2x5 minutes 95% ethanol, 2x5 minutes 80% ethanol, 2x5 minutes
water). Antigen retrieval was achieved by boiling in 10 mM trisodium citrate buffer (pH 6.0) for
twenty minutes. After blocking in phosphate buffered saline (PBS) with 10% normal goat serum
and 1% BSA slides were stained with Hoechst diluted in water to 2 pg/mL for 10 minutes to
counterstain DNA before mounting. HE staining was carried out at the Harvard Rodent
Histopathology Core using standard protocols and cleaved Caspase3 (antibody #GB11009) and
Ki67 (antibody #GB13030-2) staining was performed by ServiceBio (Boston, MA).

To score the percent of SU-DIPGXIII tumor nuclei by the Hoechst stain, at least ten
different 20x fields were taken randomly from sections of the hindbrains of xenografted mice.
Tumor and non-tumor nuclei were manually scored based on their irregular morphology and lack
of defined heterochromatin organization characteristic of normal mouse brain cells. The identity
of transplanted cell nuclei was further confirmed by staining with an antibody to detect a human

specific nucleolar antigen (Abcam, ab190710 1, data not shown). All slides were blinded before
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imaging and scoring to prevent bias. At least 5,000 nuclei were scored per mouse to calculate the

average percent SU-DIPGXIII nuclei.

Analysis of histone modifications by mass spectrometry and Western blotting

To analyze histone modification patterns SU-DIPGVI, or SU-DIPGXIII cells were treated for 7
days with either DMSO, compound 7, etinostat, or Corin at a concentration of 0.5 uM. For
Western blots, cells were counted, and collected in Laemmli buffer. Alternatively, SU-
DIPGXIIP* and HSID-DIPGOO7 cells were treated with increasing doses of Corin for 2 or 6
days with DMSO, 0.125 puM, 0.25, 0.5, or 1.0 uM Corin before counting and lysing. After
collection, these protein samples were resolved in 15% SDS-PAGE gels. After transferring to
nitrocellulose, and blocking with 4% milk dissolved in PBS with 0.1% Tween-20, Westerns were
performed using various histone antibodies (see Key Resource Table).

To analyze histone modifications by mass spectrometry, histones were isolated by acid
extraction. Briefly, DIPG neurospheres were first dissociated to obtain single cells which were
pelleted by centrifugation. Cell pellets were re-suspended in swelling buffer (25 mM Tris-HCI
(pH 8.0), 1.5 mM MgCl,, 10 mM KCI. 0.2% NP40) containing protease and phosphatase
inhibitors and 10 mM sodium butyrate. Nuclei were then isolated by centrifugation at 464 RCF.
After washing the collected nuclei once with swelling buffer, they were re-suspended in 0.2N
HCI also containing butyrate, and protease and phosphatase inhibitors and extracted overnight at
4°C on a rotator. The following morning, samples were cleared by centrifugation at 21,130 RCF
for 30 minutes and supernatants containing extracted histones were removed to fresh microfuge
tubes. Trichloroacetic acid was added to these supernatants containing the acid-extracted proteins

to a concentration of 30% wi/v and proteins were precipitated on ice for one hour before
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centrifugation at 21,130 RCF RCF for 30 minutes. Protein pellets were washed with 100% ice
cold acetone and then allowed to dry before re-suspension in 50 mM ammonium bicarbonate (pH
8.0). After determining the quality of the samples on an SDS-PAGE gel stained with Coomassie
blue, histones were analyzed by mass spectrometry. Histones were derivatized with propionic
anhydride (1:3 propionic anhydride:isopropanol prepared prior to use), both before and following
trypsin digestion (1:20 trypsin:histone, 50 mM ammonium bicarbonate, 4-6 hours at 37°C);
derivatized peptides were then desalted with in-house constructed C18 STAGE tips and analyzed
by liquid chromatography-mass spectrometry (LC-MS). Modified peptides were then quantified

by chromatographic peak integration as described previously (Zee et al., 2016).

Native ChIP for histones

For native histone ChIP, SU-DIPGXIII neurospheres amounting to 5.0x10° cells were treated
with 0.5 pM Corin or DMSO for 7 days prior to disassociation with TrypL-Express and isolation
of nuclei using a hypotonic buffer (25 mM Tris (pH 8.0), 1.5 mM MgCl, 0.2% NP40, 10 mM
KCI). Isolated nuclei were washed in buffer A (0.34 M sucrose, 4 mM MgCl, 60 mM KCI, 50
mM HEPES (pH 7.4), and digested with using 0.1 pl Micrococcal Nuclease | (New England
Biotechnology) per 1x10° cells to obtain mono- and di-nucleosomes. Micrococcal nuclease
reactions were stopped by the addition of EGTA to 10 mM final concentration. Nuclei were then
pelleted and chromatin was extracted in 10 mM EDTA with protease and phosphatase inhibitors
and 10 mM sodium butyrate added for one hour at 4°C followed by the addition of NaCl to 500
mM and continued incubation at 4°C for an additional hour. After centrifugation at 21,130 RCF
at 4°C for 15 minutes, soluble chromatin fractions were removed to fresh tubes and diluted to

100 ng/ul in a buffer containing 20 mM Tris-HCI (ph 8.0), 5 mM EDTA, 500 mM NacCl, and
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0.1% Tween-20. Aliquots of diluted chromatin were then incubated overnight at 4°C with 5 ug
of the following antibodies: H3K27ac (Active Motif, #39135), H3K4mel (Abcam, ab8895), or
H3K27me3 (Millipore, 07-449). Antibody-chromatin complexes were retrieved using protein G
magnetic beads (EMD Millipore), followed by extensive washing and elution in a buffer
containing 1% SDS, 50 mM Tris HCI (pH 7.0), and 1 mM EDTA and elution in a buffer
containing 50 mM TrisHCI (pH 7.0), 1% SDS, and 1 mM EDTA. Eluted DNA samples were
treated with 1 pl of 10 mg/mL RNaseA (Thermo Fisher Scientific) and incubated for 4 hours at
56°C on a thermomixer and then with 5 pl of 20 mg/mL proteinase K (Sigma) and incubated at
55°C overnight. ChIP samples were further purified by phenol-chloroform extraction followed
by precipitation by adding ethanol to 67% v/v, sodium acetate to 0.3 M, and 20 pg of glycogen
(Roche, 10901393001) and centrifugation at 4°C and 21,130 RCF for 30 minutes. Precipitated
ChlPed DNA was re-suspended in water and libraries for sequencing were prepared using the
NEBNext library preparation kit (New England Biotechnology) and sequenced on an Illumina

HiSeq2500 to a length of 50 base pairs.

Crosslinking chIP for H3K27M

SU-DIPGXIII cells were crosslinked with 1% formaldehyde added directly to the media for 10
minutes at 37°C before quenching with glycine added to a concentration of 0.11 mM. After
pelleting and washing cells twice with PBS, cells were re-suspended in lysis buffer (50 mM Tris-
HCI, 1% SDS, 0.25% sodium deoxycholate) with protease inhibitors added and lysed for 10
minutes on ice. After lysis, samples were diluted 1:2.33 with ChIP dilution buffer (50 mM Tris-
HCI pH 7.4, 0.01% SDS, 15 0mM NacCl, and 1% Triton-X) and then sonicated to 200-3000 base

pair fragments. After sonication, samples were diluted another 10 fold in ChIP dilution buffer
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and H3K27M immunoprecipitation was done overnight using 5 pug of antibody
(Millipore, ABE419) followed by retrieval of immunoprecipitated proteins and DNA with
magnetic protein G beads on a rotator at 4°C for 2 hours. Protein G beads were then washed with
1 mL RIPA wash buffer (0.1% SDS, 0.1% sodium deoxycholate 1% Triton X100, 1 mM EDTA,
10 mM Tris-HCI (pH 8.1), 150 mM NacCl), followed by 1 mL of RIPA wash buffer with the
NaCl concentration increased to 500 mM, and 1 mL LiCl wash buffer (10 mM Tris-HCI (pH
8.1), 250 mM LiCl, 0.5% TritonX-100, 0.5% sodium deoxycholate), and 1 mL of 10 mM Tris-
HCI (pH 8.5). ChIP samples were eluted with a solution of 50 mM Tris-HCI (pH 8.0), 0.1%
SDS, 150 mM NaCl and 5 mM dithiotreitol (DTT) at 65° C for 1 hour. Eluates were then
subjected to treatment RNAse (Roche, 11119915001) at 37°C for 30 minutes followed by
treatment with Proteinase K (Sigma, G1508) added to 0.25 mg/mL at 63°C for 3 hours. DNA
was then isolated by double sided SPRI bead purification using AMPure XP beads following the
manufacturer’s protocol (Beckman-Coulter).

Libraries were constructed by first conducting DNA end repair reactions using the End-It
DNA End-Repair Kit (Epicenter, ER0720) followed by AMPure XP bead purification and the
addition of an adenine base to the 3’ end of the end-repaired DNA fragments using Klenow (3’-
5’ exo-) (New England Biolabs, M0212L). DNA ligase (New England Biolabs, M2200S) was
then used to ligate adapter sequences to the libraries, which were then PCR amplified in order to
add index sequences using PFU ULTRA Il Hotstart 2X PCR master mix (Agilent, 600850).
After a final round of size selecting using AMPure XP purification to remove un-incorporated
primers and small DNA fragments libraries were then quantified and subjected to high-

throughput paired end sequencing to a length of 40 base pairs.
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RNA-seq and RT-PCR

For RNA-seq analysis of gene expression, 1x10° SU-DIPGXIII cells were treated for 7 days in
0.5 uM DMSO, compound 7, etinostat, or Corin, followed by RNA purification and analysis. For
RT-PCR analysis of gene expression SU-DIPGXIII, SU-DIPGVI, SU-DIPGXIIIP*, BT86,
BT245, or HSJD-DIPGO0O7 cells were treated for 6-8 days with 0.25-0.5 uM of compound 7,
etinostat, or Corin. For RT-PCR experiments, RNA extraction and purification was performed
using 1 mL of TRIzol® following the manufacturer’s protocol (Thermo Fisher Scientific).
cDNAs were generated using the PrimeScriptTM Reverse Transcriptase Kit (Clontech, RR037B)
using both oligoDT and random hexamers in the reaction mixes. RT-PCR standards were
generated by PCR-amplification of cDNA using Platinum® PCR SuperMix (Thermo Fisher
Scientific, 11306016), and purified by gel extraction using a QIAquick Gel Extraction Kit
(Qiagen, 28706) before quantification and serial dilution to generate standard curves. RT-PCR
reactions containing 2 ng of cDNA or PCR standards ranging from 100 to 1x10° copies, along
with SYBR Green | Master mix and primers to quantify different transcripts of interest and were
run on a LightCycler® 480 (Roche). Transcript numbers were quantified by comparison to the
standard curve using the absolute quantification method and relative expression was determined
by comparing to a housekeeping gene, ACTB.

For RNA-seq, total RNA was purified using TRIzol® and mRNAs were isolated using
the NEBNext Poly(A) mRNA isolation module (New England Biotechnology, E7490L). mRNAS
were fragmented by heating to 95°C for ten minutes in a thermocycler and then libraries were
generated using the NEBNext® Ultra™ Directional RNA Library Prep Kit for [llumina® (New
England Biotechnology, E7420L). Multiplexed libraries were pooled in equimolar ratios and

were purified from a 2% TAE-agarose gel prior to sequencing to a length of 50 bases using an
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Illumina HiSeq2500. Triplicate samples were analyzed for each drug treatment and analyzed as

described in the Bioinformatics section.

Immunofluorescence, BrdU labelling, TUNEL staining and microscopy

SU-DIPGXIII or SU-DIPGVI cells were plated on laminin coated coverslips, treated with
DMSO, compound 7, etinosat, or Corin for 6-8 days, fixed with 4% PFA for 10 minutes prior to
staining. After washing in PBST (PBS + 0.1% Tween20) to remove excess fixative, cells were
then permeabilized with 0.25% TritonX-100 in PBS for 30 minutes and blocked in PBST
containing 10% serum and 1% BSA. Coverslips were then incubated in block containing
dilutions of the following primary antibodies overnight at 4°C: LSD1 (1:500, Abcam, ab17721)
NP2 (1:500, Santa Cruz Biotechnology, sc-166035), Ki67 (1:1000, DAKO, M7240), O4 (1:100,
a kind gift from Dr. Stefanie Giera), CALB1 (1:500), or Anti-B-Tubulin, clone AA2 (1:1,000,
EMD Millipore, 05-661). After washing extensively in PBST, the coverslips were incubated with
Alexa-fluor conjugated secondary antibodies (Thermo Fisher Scientific) for 30 minutes at room
temperature, and then washed extensively in PBS with 0.1% Tween-20 before counterstaining
DNA with Hoechst and mounting with Prolong Gold (Thermo Fisher Scientific, P36390) on
glass slides. For BrdU staining, 200,000 SU-DIPGV1 or SU-DIPGXIII cells were plated on
laminin-coated coverslips in 12-wells and treated with DMSO, or 0.5 uM compound 7, etinostat,
or Corin for three days. 0.03 mg/mL BrdU diluted in growth medium was introduced for 30
minutes before the cells were fixed with 100% ice cold methanol and stained with mouse anti-
BrdU (1:1000, Bu20A, Cell Signaling Technology) using HCI to denature the DNA and

following the protocol provided by the manufacturer.
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Flow cytometry analysis of cell cycle

One million DIPGXIII cells were treated with DMSO, or 0.5 uM compound 7, etinostat, or
Corin for 3 days. Neurospheres were disassociated, washed in ice cold PBS, and re-suspended in
PBS containing RNAase and Propidium iodide (Sigma, P4170) before analyzing DNA content
on a FACSCanto Analyzer (BD Biosciences). Cell cycle analysis was conducted with FlowJo

using the Dean-Jett Fox Model.

Analysis of ChlP-seq and RNA-seq datasets

ChlIP-seq experiments to determine changes in chromatin modification in response to the two
treatments (DMSO and Corin) were performed in duplicate for each of the analyzed histone
marks (H3K4mel, H3K27ac, and H3K27me3) and sequenced using the Illumina platform.
FASTQ files were trimmed using Trimmomatic or TrimGalore! (Bolger et al., 2014,
http://lwww.bioinformatics.babraham.ac.uk/projects/trim_galore/) and then aligned to hg19 using
Bowtie2 (Langmead and Salzberg, 2012). Peaks were called using MACS2 (Zhang et al., 2008)
using the “narrow peaks” setting for H3K4mel (FDR < 0.05) and the “broad peaks” setting for
H3K27ac, H3K27me3, and H3K27M (FDR<0.1). ChIP peaks that were significantly increased
or decreased in the presence of Corin for both replicates were then identified using the DiffBind
package in R (Rory Stark<Rory.Stark@Cruk.Cam.Ac.Uk>, 2017). To visualize ChlIP-seq data,
aligned BAMs from replicate ChIP experiments were combined using the MergeSamPFiles tool
using the Picard package (http://broadinstitute.github.io/picard/). The bamCoverage function in
deepTools (Ramirez et al., 2016) was then used to generate bigwig files for visualization
normalizing to 1x coverage of hgl9 ignoring PCR duplicates and representative track diagrams

were generated using Integrated Genomics Viewer software (Robinson et al., 2011). Silenced
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and activated chromatin clusters were identified using kmeans clustering analysis in deepTools
with an input peak set consisting of all of the differential H3K4mel, H3K27ac, and H3K27me3
peaks identified as described above.

Regions in either the “Corin-silenced” or “Corin-activated” chromatin clusters were
associated with different genomic elements using the Cis-regulatory Element Annotation System
(CEAS) (Ji etal., 2006) in the Cistrome data analysis pipeline (Liu et al., 2011), defining a
promoter as up to 2000 base pairs upstream from the transcription start site and a downstream
region up to 1000 base pairs 3' to the transcription end site. Enriched transcription factor motifs
were identified using PSCANChHIP (Zambelli et al., 2013). REST binding sites were derived
from published U87 ChlIP-seq data as described in the Key Resource Table. To identify super
enhancer-like elements with high H3K27me3 and H3K27ac in the Corin treated samples we first
combined the aligned BAM files from H3K27me3 and H3K27ac chIP duplicates using Samtools
merge function (Li et al., 2009). We then used the Ranking of Super Enhancers program (ROSE)
to first identify distal peaks, then merge adjacent peaks, and finally rank them by their level of
H3K27ac or H3K27me3 signal (Whyte et al., 2013). The two nearest genes to each of these
enhancer-like elements within 100 kilobases were obtained using the Genomic Regions
Enrichment of Annotations Tool (GREAT) (McLean et al., 2010).

To analyze RNA-seq data, raw RNA-seq reads were selected for quality and length using
Trimmomatic (Bolger et al., 2014) and then aligned to hg19 using STAR (Dobin et al., 2013).
Count tables were generated using featureCounts in the Subread package (Liao et al., 2014) and
the resulting count tables were analyzed in R using DESeq2 to identify differentially expressed
genes. Genes that were up- or down-regulated at least two fold with an FDR<0.01 were

considered differentially expressed for downstream analysis. PCA analysis was performed using
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the DESeq2 package in R. After identifying differentially expressed genes, we performed Gene
Ontology analyses (Ashburner et al., 2000) using the Bonferroni correction for multiple
hypothesis testing to identify gene categories that were up- and down-regulated by the various

treatments limiting the outputs shown in the paper to gene sets containing less than 2,500 genes.

Analysis of patient RNA-seq and microarray data
To determine whether Corin-dependent gene expression changes were associated with genes
differentially expressed in normal brain and DIPG samples, we first curated a set of gene
expression signatures associated with DIPG from the literature (Pathania et al., 2017; Paugh et
al., 2011; Saratsis et al., 2014) (GSE95277 and GSE26576), identified genes that where over- or
under-expressed in DIPG versus normal brain samples where necessary. We then performed
gene set enrichment analyses (GSEA) (Subramanian et al., 2005) in order to compare a pre-
ranked list of genes that were differentially expressed in Corin- versus DMSO-treated SU-
DIPGXIII cells to the gene sets that were up- or down-regulated in DIPG samples compared to
normal brain.

To assess whether any gene signatures related to LSD1/HDAC inhibition correlated with

DIPG patient survival, we analyzed RNA-seq data from a cohort of primary DIPG tumors

(EGAD00001000793). Raw RNA-seq reads were selected for quality and length using
TrimGalore! and then aligned to hg19 using the STAR (Dobin et al., 2013). We then generated
count tables using featureCounts in the Subread package (Liao et al., 2014). When multiple
sequencing samples were available from the same donor they were considered as individual
replicates in the downstream analyses and not averaged. To determine if any genes were

differentially expressed in tumors expressing “high” and “low” levels of LSD1 transcripts we
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first divided these tumors based on the mean normalized counts for LSD1 (KDM1A) and then
identified differentially expressed genes using DeSEQ2 in R (FDR<0.01, fold change 2). When
then used gene ontology analysis to find if any gene categories were up- or down-regulated in the
RNAseq datasets based on LSD1 “high” and “low” expression status.

To determine whether the Corin-dependent gene signature correlated with survival time,
we first divided the DIPG tumor samples based on the mean survival time and generated Kaplan
Meier curves in Graphpad Prism. We then used a log rank test to confirm the statistically
significant difference in survival time in the “increased survival” and “decreased survival”
groups. As described above, we again used DESeq?2 in R to identify genes that were
differentially expressed based on survival group (FDR<0.05 and fold change 2). Finally, we
performed a pre-ranked GSEA analysis to ask whether the genes that were differentially
expressed in the Corin-treated SU-DIPGXIII cells correlated with the genes that were over- or
under-expressed in the increased and decreased survival groups. Heatmaps showing the relative
differences in gene expression under different conditions were generated in R using the

pheatmap package.

QUANTIFICATION AND STATISTICAL ANALYSIS

Sample size for experiments was not pre-determined. Cell viability curves for the different
inhibitors were calculated from at least two independent experiments with biological triplicates
for each condition. For mouse experiments, animals were randomized into Corin and vehicle
treatment groups. Graphs showing changes in Trypan Blue positive cells, TUNEL positive cells,
and cells stained with various immunofluorescent markers summarize at least three independent

experiments with at least 200 cells scored per condition per stain. Data showing quantification of
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transcripts by RT-PCR were similarly derived from at least two independent experiments.
Statistical significance was determined by ANOVA, Student’s T tests, or the log rank test using

Graphpad Prism, or R as described in the figure legends.

DATA AND SOFTWARE AVAILABILITY

Software tools used in this study and links to previously published datasets can be found in the
Key Resource Table. Unprocessed mass spectrometry files (RAW format) for histone PTM

analysis are deposited in Harvard Dataverse (https://dataverse.harvard.edu/) with the identifier:

doi:10.7910/DVN/HCIXPN and available to download. ChIP-seq and RNA-seq data can be
found in the Gene Expression Omnibus at NCBI (GSE110572,

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE110572) and then entering the token:

crelmksghtitfqv.
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FIGURE LEGENDS

Figure 1: The bifunctional LSD1i and HDACI, Corin inhibits DIPG growth and induces
global changes in covalent histone modifications.

(A) Heatmap summarizing the 1c50 values calculated after treating NHA-hTERT, SU-DIPGIV,
SU-DIPGXIII, or SU-DIPGVI cells with increasing doses of small molecule inhibitors targeting
various epigenetic regulators with n/a indicating conditions where an 1c50 could not be
determined.

(B)-(E) Average percent cell viability of (B), SU-DIPGVI, (C), SU-DIPGXIII, (D), BT869 and
(E), NHA-hTERT cells following treatment with dose curves of compound 7 (LSD1i), etinostat
(HDACI), or the dual inhibitor, Corin showing further growth inhibition when HDACs and
LSD1 are co-inhibited in K27M mutant SU-DIPGVI, SU-DIPGXIII, and BT869 cells but not in
non-transformed NHA-TERTS.

(F) Average cell viability of non-transformed BJ fibroblasts (black curve) compared to H3K27M
mutant DIPG cell lines (HSJD-DIPGO007 and BT245, purple curves). Data in panels (B)-(F) are
from at least two independent experiments with biological triplicates with error bars indicating
the S.E.M.

(G)-(J) Histograms summarizing the fold change in abundance of various histone tail peptides
purified from SU-DIPGXIII cells treated with 0.5 uM compound 7, etinostat, or Corin compared
to DMSO. Error bars indicate the standard deviation calculated from three experiments
comparing Corin and DMSO-treated samples and statistical significance was determined using

an un-paired Student’s T test with *p<0.05, **p<0.001, and ***p<0.0001.
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(K) Western blots of SU-DIPGXIII lysates collected 7 days after beginning treatment with 0.5
MM of the indicated compounds incubated with antibodies to detect covalent histone
modifications.

(L)-(N) Analysis of HSJD-DIPGO0O07 response to Corin treatment for either 2 or 6 days to assess
the levels of histone marks by Western blotting (H3K4mel, H3K27ac, H3K27me3) compared to
loading controls (ACTIN and total H3), (L), the corresponding percent Trypan Blue (+) dead or
dying cells, (M), and the overall number of viable cells, (N). Due to inconsistent lysate quality
resulting from poor cell viability, corresponding Western blots are not available from DIPG007
cells treated with 1.0 uM Corin for 6 days. In (M)-(N) statistical significance was determined
using a one way ANOVA comparing all column means to DMSO with *p<0.05, **p<0.01, and

*#%1<0.001.

Figure 2: Dual inhibition of LSD1 and HDAC: alters the chromatin landscape in DIPG.
(A) Heatmaps of ChIP-seq profiles from SU-DIPGXIII cells showing the top 5,000 H3K27M
peaks (top panel), or the regions where treatment with 0.5 uM Corin induced a more activated
chromatin signature marked by increased H3K4mel and H3K27ac (“Corin-activated,” middle
panels), or where Corin induced a more “silenced” chromatin profile marked by increased
H3K27me3 (“Corin-silenced,” bottom panel).

(B) Average ChiIP-seq signal for H3K27M (first column), H3K27ac (second column), H3K4mel
(third column), and H3K27me3 (fourth column) centered around the K27M-bound, the “Corin-

activated,” and the “Corin-silenced” peak sets shown in panel, (A).
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(C) Pie charts showing the overlap between Corin-activated genomic regions (increased
H3K27ac and H3K4me1l), Corin-silenced chromatin regions (increased H3K27me3), and K27M-
bound regions and various genomic elements.

(D) Heatmap showing the —log10 p-values for the enrichment of various transcription factor
binding motifs in Corin-activated and Corin-silenced chromatin regions from panels (A) and (B).
(E) REST transcription factor binding motif found to be enriched in the set of genomic regions
where Corin induced an activated chromatin state.

(F) Integrated genomics viewer screenshot of the CELSR1 gene locus showing mapped
sequencing reads from chromatin immunoprecipitated with antibodies targeting H3K27M,
H3K4mel, H3K27ac, and H3K27me3 from DMSO- and Corin-treated SU-DIPGXIII cells

showing localized increases in H3K27ac and H3K4mel at REST motifs.

Figure 3: Dual inhibition of LSD1 and HDACs with Corin synergistically alters gene
expression in DIPG.

(A)-(C) Volcano plots showing the —log10 (p-values) and log2 fold change for transcripts
detected by RNA-seq from SU-DIPGXIII cells treated for 7 days with (A), 0.5 uM Compound 7,
(B), 0.5 uM etinostat, or (C), 0.5 uM Corin. Significant genes (adj p<0.01) with at least a 2 fold
change over DMSO are marked in magenta (up-regulated), or blue (down-regulated).

(D) PCA analysis of RNA-seq datasets generated from SU-DIPG-XIII cells treated with the
different compounds at 0.5 uM.

(E)-(F) Venn diagrams illustrating the overlap between genes that were either up-, (E), or down-
regulated, (F), in response to drug treatment, revealing a large number of transcripts uniquely

regulated by Corin.
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(G) Metagene plots showing the average ChIP signal for H3K4mel, H3K27ac, and H3K27me3
for all of the Corin up-regulated genes (left panels), and down-regulated genes (right panels).
(H)-(1) Ranking of H3K27ac and H3K27me3 ChlP peaks that were increased in the presence of
Corin to identify strongly activated, and strongly inhibited enhancer elements, respectively.
Select genes that were up- or down-regulated by Corin found within 100 Kb are labelled with
asterisks.

(J) Representative Western blots analyzing lysates from SU-DIPGXIII cells that were treated
with either vehicle for 24 or 48 hours or with 0.5 uM Corin for 1, 2, 4, 8, 24, or 48 hours to
monitor the level of H3K27ac over a short time course with an actin blot serving as a loading
control.

(K)-(L) RT-PCR analysis of two Corin-target genes (NEFL and SEMA3C) in cDNA generated
from SU-DIPGXIII samples collected after treatment with a time course of Corin corresponding

with the Western blots in panel, (J).

Figure 4: Dual inhibition of LSD1 and HDACs with Corin induces differentiation in DIPG.
(A) Gene ontology analysis of genes up-regulated in SU-DIPGXIII cells due to treatment with
the various inhibitors revealing an enrichment in genes associated with neuronal differentiation
and developmental processes in the Corin-treated samples.

(B)-(C) Summary of quantitative RT-PCR results confirming the up-regulation of markers
associated with neural differentiation, (B), or the down-regulation of transcripts associated with
neuronal and oligodendrocyte progenitors, (C), after SU-DIPGXIII cells were treated with 0.5

MM compound 7, etinostat or Corin for 7 days. Statistical significance was determined using a
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one-way ANOVA comparing all means to DMSO with *p<0.05, **p<0.01 and ***p<0.001, and
n.s. indicating non-significant results.

(D)-(F) Summary of RT-PCR data analyzing changes in the expression of differentiation
markers, (D)-(E), or the progenitor marker, CSPG4, (F), in additional DIPG cells that were
treated with 0.25 uM Corin for 6 days (HSJD-DIPGO007, BT869, SU-DIPGXIIIP*), or for 8 days
(BT245). In panels (D)-(F) statistical significance was determined using an un-paired Student’s
T test with *p<0.05, **p<0.01 and ***p<0.001, and n.s. indicating non-significant results.

(G) Representative immunofluorescence images of SU-DIPGXIII cells that were plated on
laminin, and treated with either DMSO or Corin for 7 days before staining with antibodies to the
Corin-targets, NP2 (left panels), and CALB1 (right panels). Scale bars are 50 pm.

(H) Immunofluorescence images of SU-DIPGXIII cells grown on laminin in the presence of the
indicated compounds prior to staining them with anti-p-tubulin to reveal neurite-like extensions
(marked by white arrowheads). Scale bar is 20 um.

(1) Bright field images of SU-DIPGVI neurospheres treated with various compounds showing the
induction of neurites in spheroids treated with etinostat or Corin, with a more pronounced

phenotype observed in the Corin-treated cells. Scale bar is 100 pm.

Figure 5: Dual inhibition of LSD1 and HDACSs results in cell cycle arrest in DIPG.

(A) Summary of top enriched GO categories in gene sets that were down-regulated in SU-
DIPGXIII cells due to treatment with different inhibitors, suggesting that Corin inhibits the
expression of genes involved in cell cycle progression.

(B)-(C) Average expression of two cell cycle regulators (CCNB1 and AURKB) in SU-DIPGXIII

and SU-DIPGVI cells after one-week treatment with the indicated compounds.
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(D) Analysis of AURKB and CCNBL1 expression in additional DIPG cell lines (BT245, BT869,
HSJD-DIPGO007, and SU-DIPGXIIIP*) after 6-8 days treatment with 0.25 puM Corin or DMSO.
In panels (B)-(D) error bars show S.E.M. and statistical significance was determined using an
un-paired Student’s T test with *p<0.05, **p<0.01 and ***p<0.001, and n.s. indicating non-
significant results. Scale bars are 20 pum.

(E)-(F) Representative images of SU-DIPGVI cells on laminin coated plates that were pulsed
with BrdU for 30 minutes and then stained with anti-BrdU to detect S-phase nuclei (red), (E),
which were quantified in (F), which also includes data from SU-DIPGXII cells. Scale bars are 20
pm.

(G)-(H) Representative images of Ki67-stained SU-DIPGXIII cells, (G), and quantification, (H)
after 7 days treatment with 0.5 uM Corin, or DMSO. In panels (F) and (H) statistical significance

was determined using a Student’s T-test with *p<0.05, ***p<0.001.

Figure 6: Corin treatment reduces DIPG xenograft size and alters tumor phenotypes.

(A) Representative bioluminescent images of mice xenografted with HSJD-
DIPGO07+luciferase/Zs-green cells immediately prior to, or 7 days after treatment with 0.03 mg
Corin or saline control administered by CED.

(B) Average luciferase signal (BLI) from HSJD-DIPGO007 xenografts taken either prior to
treatment or 7 days after treatment with either saline or Corin.

(C) Average BLI signal from SU-DIPGXIIIP* xenografts taken at various time points before and
after CED (teal arrow) with either 0.03 mg Corin or DMSO. In (B)-(C) error bars show S.E.M.
and statistical significance was determined by ANOVA using the Benjamini, Krieger and

Yekutieli method to correct or multiple comparisons.
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(D) Hematoxylin-eosin (H&E) stained sections at the level of the pons showing growth of high-
grade glioma at the site of injection of patient-derived SU-DIPGXIIIP* cells (top left, x20)
characterized by palisading necrosis, marked atypia and mitoses (bottom left, x400). There is
almost complete necrosis (geographic pattern) of the tumor at the site of Corin injection,
surrounded by degenerating tumor cells with nuclear debris (top right panels, x20). Intermingled
occasional tumor cells are seen surrounding the area of necrosis, but these are at a significantly
lower density than in the untreated tumors (bottom right panel, x400).

(E) Representative images of mouse brains harboring SU-DIPGXIIIP* pontine xenografts
collected 3 days after treatment with either vehicle or Corin that were stained with antibodies to
monitor H3K27ac and H3K27me3 levels. The top panels show images of normal mouse brain in
the pons adjacent to the tumors and the bottom panels show regions of the SU-DIPGXIIIP*
xenograft tumors. Scale bar is 50 pm.

(F) Representative images of sections of SU-DIPGXIIIP* xenografts after treatment with either
vehicle (left) or Corin (right) after staining with antibodies to detect the Corin-targets, NP2 (top
panels), and SYNI/1I/I (bottom panels). Scale bar is 20 pum.

(G) Representative immunohistochemistry for Ki67 to mark proliferative cells (top two panels)
and cleaved Caspase-3 to mark apoptotic cells (cCaspase3, bottom panels) in SU-DIPGXIIIP*

xenografts from vehicle- and Corin-treated mice. Scale bars are 20 pm.
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Figure 7: Corin-dependent gene signatures are associated with favorable prognosis in
DIPG patient datasets.

(A) Scatter plot of LSD1 expression in patient DIPG tumors from the St. Jude cohort (see STAR
methods) divided into “low” and “high” subgroups based on the median expression of LSD1.
***p<0.001 by Student’s T-test.

(B) Summary of —log 10 Bonferonni corrected p-values associated with the top six most-
enriched GO categories in the LSD1 high-expressing compared to the LSD1 low-expressing
DIPG tumor subsets from panel, (A) revealing an enrichment in gene sets associated with cell
division and mitosis in DIPG samples with “high” LSD1 expression.

(C) Pre-ranked GSEA analysis of Corin-dependent gene expression changes in SU-DIPGXIII
RNAseq datasets compared to genes that are over- (leftmost three panels) or under-expressed
(rightmost two panels) in DIPG tumor samples compared to normal brain.

(D) Kaplan Meier survival curves generated from RNA-seq data from the St. Jude patient cohort
who were diagnosed with DIPG separated into decreased and increased survival groups.
Statistically significant differences in survival were determined using a log-rank test.

(E) Pre-ranked GSEA analysis of Corin-dependent gene expression changes in SU-DIPGXIII
RNAseq datsets revealing that Corin results in a significant up-regulation of genes associated
with increased survival in DIPG in the St. Jude cohort.

(F) Heatmaps summarizing the log2 fold change in expression for genes that were up-regulated
in DIPG tumor samples from patients with increased survival (right panel), or that were similarly

up-regulated in SU-DIPGXIII cells treated with Corin (left panel).
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Figure S1, related to Figure 1

A CRISPR/Cas9 dropout screen identifies modulators of SU-DIPGVI sensitivity to HDAC
inhibition.

(A) Schematic of CRISPR screen to find HDACI synergizers in DIPG.

(B) Histograms summarizing flow cytometry-based analysis of parental SU-DIPGVI (left) or
Cas9-transduced (SU-DIPGVI) cells expressing a GFP-based reporter of Cas9-dependent gene
editing. The percent of GFP+ cells (indicative of failed Cas9-dependent gene editing) was
decreased by ~60% in the Cas9-expressing SU-DIPG-VI cells three weeks post-infection
(compare top and bottom panels).

(C) Growth curves of SU-DIPGVI cells grown in either regular media, media containing DMSO
(vehicle control), or increasing doses of panobinostat.

(D)-(E) Scatter plots showing statistically significant correlations in sgRNA abundance
determined by next generation sequencing from biological replicates of SU-DIPGVI cells grown
for (D), 3 additional weeks after the reference samples were taken in control media, or (E), 3
additional weeks after the reference samples were taken in media containing 1.25 nM
panobinostat.

(F) Scatter plot summarizing —log 10 p-values for each of the genes in the CRISPR screen with
hits shown in purple.

(G)-(J) Representative immunofluorescent images of endogenous LSD1 levels in SU-
DIPGVI+Cas9 cells, (G), or HSJD-DIPG007+Ca9 cells, (1), that were infected with Control or
LSD1 sgRNAs prior to treatment with etinostat, panobinostat, or Corin. Cell nuclei with low/un-
detectable levels of LSD1 are indicated by white arrowheads and quantified in panel, (H) for SU-

DIPGVI cells and panel, (J) for HSJD-DIPGO0O07 cells.
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Figure S2, related to Figure 1

Co-treatment with HDAC and LSD1 inhibitors synergistically reduces DIPG viability.
(A) Chemical structures of the LSD1i, compound 7, the dual LSD1 and HDACs1-3 inhibitor,
Corin, and compound 9, a Corin analog that cannot inhibit LSD1.

(B) Average cell viability determined using Cell TiterGlo of SU-DIPG-XIII (left), SU-DIPGVI
(center), and NHA-hTERT (right) cells following treatment with combinations of compound 7,
and panobinostat.

(C) Heatmaps showing the percent growth inhibition of SU-DIPGVI (left) and SU-DIPGXIII
cells treated with increasing doses of compound 7 and etinostat suggesting a synergistic
relationship between these compounds with BLISS scores of 9.36 and 2.00, respectively.

(D) Contour plot used to calculate synergy by BLISS analysis of SU-DIPGVI responses to
combinations of etinostat and compound 7.

(E) Average viability of BT245 and HSJD-DIPGOO07 cells after one week treatment with the
indicated compounds suggesting stronger inhibition of growth with the dual LSD1/HDAC
inhibitor Corin than individual HDAC and LSD1 inhibitors (etinostat, and compound 7), but no
advantage provided by a Corin-analog that cannot inhibit LSD1 (compound 9) over the HDACI
alone.

(F) Average cell viability of SU-DIPGXIII cells after treatment with various compound
combinations for one week showing a similar extent of growth inhibition with Corin treatment or
with equimolar levels of compound 7 and etinostat.

(G) Number of viable SU-DIPGVI+Cas9 cells expressing either Control sgRNA (white bars) or

LSD1 sgRNA (black bars) following treatment with the indicated compounds.
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(H) Average percent trypan blue (+) SU-DIPGVI cells (left) after 24 hours of treatment with a 1
1M dose of the indicated compounds, or percent Trypan Blue (+) SU-DIPGXIII cells (right)
after treatment with an 0.5 uM dose of the indicated compounds determined from three
independent experiments.

(1) Representative fluorescent images of SU-DIPGVI cells that were plated on laminin-coated
coverslips prior to treatment with either DMSO or 1 uM of Corin for 24 hours prior to TUNEL
staining. Scale bar is 10 pum.

(J) Quantification of the average number of TUNEL+ SU-DIPGVI cells as in, (H) as an indicator
of apoptosis. Statistical significance in panels (H) and (J) was determined using an un-paired
Student’s T test, while statistical significance in panel (G) was determined using a one-way

ANOVA comparing all the means with p<0.05*, **p<0.01, ***p<0.001.

Figure S3, related to Figure 1 and 2.

Corin treatment results in global changes in the covalent modification of DIPG chromatin.
(A) Histogram summarizing the log2 fold change in the abundance of various modified histone
peptides from SU-DIPGXIII cells treated for 7 days with DMSO, compound 7 (red dots),
etinostat (blue dots), or Corin (lavender columns). Statistical significance was determined using a
Student’s T test with p<0.05*, **p<0.01, ***p<0.001.

(B) Heatmap summarizing the log2 fold change in the abundance of various modified histone
peptides from SU-DIPGVI or SU-DIPGXIII cells treated with 0.5 uM of the

indicated compounds.

(C)-(E) Analysis of SU-DIPGXIIIP* cell response to Corin treatment for either 2 or 6 days to

assess the levels of histone marks by Western blotting (H3K4mel, H3K27ac, H3K27me3)
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compared to loading controls (ACTIN and total H3), (C), the corresponding percent Trypan Blue
(+) dead or dying cells, (D), and the overall number of viable cells, (E). Due to inconsistent
lysate quality resulting from poor cell viability, corresponding Western blots are not available
from SU-DIPGXIIIP* cells treated with 1.0 uM Corin for 6 days. In (D)-(E) statistical
significance was determined using a one way ANOVA comparing all column means to DMSO
with *p<0.05, **p<0.01, and ***p<0.001.

(F) Average SU-DIPGXIII ChIP-seq profiles for H3K4mel, H3K27ac, and H3K27me3 centered
around REST binding sites from ENCODE REST ChIP-seq data generated from U87-MG

human glioblastoma cells (Gene expression omnibus, GSM803372).

Figure S4, related to Figure 1 and 2.

Histone mutation status is not sufficient to predict sensitivity to Corin.

(A) Western blots of lysates from NHA-hTERT (right panels) and tp53” murine neural stem
cells (MNSCs tp53™) (left panels) overexpressing either flag-H3.3 WT or flag-H3.3 K27M
mutant histones probed to detect flag, H3K27me3, total H3 and ACTIN.

(B)-(C) Average viability of NHA-hTERT, (C), and mNSCs tp53” expressing various flag-

tagged histone proteins after one week treatment with increasing doses of Corin.
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Figure S5, related to Figure 6.

Analysis of SU-DIPGXI1I xenografts treated with vehicle or Corin by convection enhanced
delivery.

(A) Hematoxylin-eosin (H&E) stained sections images of hindbrain sections from mice
xenografted with HSJD-DIPGO007+luciferase/Zs-green cells that were treated with DMSO or
0.03 mg of Corin by CED.

(B) Hematoxylin-eosin (H&E) stained sections of hindbrain (top) and midbrain (bottom) sections
from mice xenografted with SU-DIPGXI1IP*+luciferase/Zs-green cells showing a large tumor
mass in the pons at the site of injection (top panel) as well as extensive leptomeningeal spread. In
(A)-(B) scale bars are 1 mm.

(C) Representative Hoechst-stained sections of mouse hindbrains that were xenografted with SU-
DIPGXIII cells (yellow arrowheads) in the pons collected two weeks after convection enhanced
delivery of either vehicle control (left), or 0.03 mg Corin (right).

(D) Quantification of the percent of tumor nuclei in mice xenografted with SU-DIPGXIII cells in
the pons, treated with vehicle or Corin. A Student’s T-test with Welch’s correction was used to
determine statistical significance with *p<0.05.

(E)-(F) Quantification of the mean intensity of H3K27ac, (E), and H3K27me3, (F) staining as
shown in Figure 6E. Staining intensity was determined within nuclei as defined by Hoechst
staining using CellProfiler.

(G) Representative images of vehicle-treated (top panels) and Corin-treated SU-DIPGXIIIP*
xenografts stained to detect H3K27ac (left panels) and H3K27me3 (right panels) either the tumor
core (center panels) or towards the tumor periphery (bottom panels) away from the putative site

of Corin injection. Scale bar is 50 pum.
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Table S1: 1c50 values for epigenetic inhibitors in DIPG cell lines and NHA-hTERTS.

Table S2: Summary of gene hits from CRISPR screen for factors that synergize with
panobinostat in SU-DIPGVI cells.

Table S3: Summary of proteomics datasets analyzing changes in histone modifications.

Table S4: Summary of gene expression changes from RNAseq analysis of SU-DIPGXIII cells.
Table S5: Summary of gene expression differences in primary DIPG tumors grouped by survival
status and LSD1 expression group.

Table S6: List of primers and sgRNA sequences used in this study.
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Key Resource Table

KEY RESOURCES TABLE

Genomics Consortium

REAGENT or RESOURCE \ SOURCE \ IDENTIFIER

Antibodies

Mouse a-Human Nucleoli antibody Abcam ab190710 1

Rabbit a-H3K4me2 Millipore 07-030

Rabbit a-H3K27me3 Millipore 07-449

Rabbit a-H4 pan-acetyl Abcam ab10807

Rabbit a-H3K27ac Active Motif 39135

Rabbit a-H3K4mel Abcam ab8895

Rabbit a-Histone H3 Abcam abl1791

Mouse a-CALB1 In house Dr. Stefanie Giera

Mouse a-NP2 (G-9) Santa Cruz sc-166035
Biotechnology

Mouse a-Ki67 DAKO M7240

Mouse a-BrdU (Bu20a) Cell Signaling 5292S
Technology

Mouse a-SYNI/II/II Biolegend #801202

c-Caspase 3 ServiceBio GB11009

Ki67 (IHC) ServiceBio GB13030-2

Rabbit a-KDM1 (LSD1) Abcam ab17721

Rabbit a-H3K27M EMD Millipore ABE419

Anti-B-Tubulin, clone AA2 EMD Millipore 05-661

Bacterial and Virus Strains

One Shot® StbI3™ Chemically Competent E. coli Life Technologies C737303
(Invitrogen)

Biological Samples

Chemicals, Peptides, and Recombinant Proteins

Corin Dr. Phil Cole n/a

Compound 7 Dr. Phil Cole n/a

MS275 Dr. Phil Cole n/a

JQ1 The Structural n/a
Genomics Consortium

Bromosporin (BSP) The Structural n/a
Genomics Consortium

IBET-151 The Structural n/a
Genomics Consortium

PFI-1 The Structural n/a
Genomics Consortium

UNCO0642 The Structural n/a
Genomics Consortium

UNCO0638 The Structural n/a
Genomics Consortium

PFI-3 The Structural n/a




I0X2 The Structural n/a
Genomics Consortium

GSK-2801 The Structural n/a
Genomics Consortium

ICBP-112 The Structural n/a
Genomics Consortium

Cl-994 The Structural n/a
Genomics Consortium

LAQ824 The Structural n/a
Genomics Consortium

Panobinostat (LBH589) Selleck Chemicals S1030

GSK-LSD1 The Structural n/a
Genomics Consortium

IOX1 The Structural n/a
Genomics Consortium

LLY507 The Structural n/a
Genomics Consortium

OICR9429 The Structural n/a
Genomics Consortium

UNC1999 The Structural n/a
Genomics Consortium

SGC-0946 The Structural n/a
Genomics Consortium

PFI-2 The Structural n/a
Genomics Consortium

UNC1215 The Structural n/a
Genomics Consortium

Human EGF Shenandoah 100-26-500ug
Biotechnology Inc.

Human PDGF-BB Shenandoah 100-18-100ug
Biotechnology Inc.

Human PDGF-AA Shenandoah 100-16-100ug
Biotechnology Inc.

Recombinant Human FGF-basic (154 a.a.) Shenandoah 100-18B
Biotechnology Inc.

0.2% Heparin Sodium Salt in PBS STEMCELL 07980
Technologies

Neurobasal®-A Medium Thermo Fisher 10888022
Scientific

DMEM/F-12, HEPES Thermo Fisher 11330057
Scientific

DMEM Thermo Fisher 11995073
Scientific

GlutaMAX™ Supplement Thermo Fisher 35050-061
Scientific

Antibiotic-Antimycotic Solution (100X) Caisson Labs ABLO02-100ml

Penicillin-Streptomycin Solution (100x) Thermo Fisher 15140122
Scientific

Fetal Bovine Serum Gemini Bioproducts 900-108

Sodium Pyruvate Solution

Caisson Laboratories

PYLO1-100ML

Non-Essential Amino Acids Solution (100x)

Caisson Laboratories

NALO3-100ML

Polybrene

Millipore Sigma

TR-1003-G




HEPES Solution 1M solution (228.3 g/L HEPES) in
purified water.

Caisson Laboratories

HOLO06-100ML

Polyethylenemine 25,000 MW Polysciences Inc. 239-68-3
Polyethylene glycol (PEG) 8000 MW Amresco 25322-68-3
Electron Microscopy 15710

16% Paraformaldehyde (formaldehyde) aqueous
solution

Sciences

Blasticidin S Hydrochloride

Research Products
International

B12200-0.025

Puromycin Dihydrochloride Gold Biotechnology P-600-500

Trypan Blue Solution, 0.4% Thermo Fisher 15250061
Scientific

TrypLE™ Express Enzyme (1X), no phenol red Thermo Fisher 12604013
Scientific

RNase A, DNase and protease-free (10 mg/mL) Thermo Fisher ENO0531
Scientific

Micrococcal Nuclease New England M0247S
Biotechnology

Proteinase K Sigma G1508

RNAse Roche 11119915001

DNA ligase New England Biolabs M2200S

PFU ULTRA Il Hotstart 2X PCR master mix Agilent 600850

PureProteome Protein G Magnetic Beads EMD Millipore LSKMAGGO02

TRIzol Reagent Thermo Fisher 15596018
Scientific

D-luciferin potassium salt Promega E1605

G-418 sodium salt Research Products 108321-42-2
International

Glycogen Roche 10901393001

Propidium lodide Sigma P4170

Critical Commercial Assays

CellTiter-Glo Luminescent Cell Viability Assay Promega G7572

DeadEnd™ Fluorometric TUNEL System Promega G3250

NEBNext® Ultra™ DNA Library Prep Kit for lllumina® New England Biolabs E7370L

NEBNext® Multiplex Oligos for lllumina® (Index Primers | New England Biolabs E7335L

Setl

NEBlzlext Poly(A) mRNA isolation module New England Biolabs E7490L

Virtual Kit: LightCycler® 480 SYBR Green | Master Roche 06649416001

PrimeScript™ Reverse Transcriptase Kit Clonetech RRO37B

Platinum® PCR SuperMix Thermo Fisher 11306016
Scientific

QIAquick Gel Extraction Kit Qiagen 28706

End-It DNA End-Repair Kit Epicenter ERO0720

Deposited Data

Unprocessed mass spectrometry files (.RAW format)

https://dataverse.harv
ard.edu/

doi:10.7910/DVN/HC
IXPN

chlP-seq with H3K4me1l, H3K27ac, H3K27me3, and
H3K27M in SU-DIPGXIII cells

link

GEO series
GSE110572



https://urldefense.proofpoint.com/v2/url?u=https-3A__dataverse.harvard.edu_&d=DwMFaQ&c=qS4goWBT7poplM69zy_3xhKwEW14JZMSdioCoppxeFU&r=1yZQxt-4a5tJnT3sqHrRXT30Hq26kxBmB3JwKJc5m5yQdyX0uKgzBKU0hh-7on5l&m=TyFjdRBIpc1OluztPySzGhXA7V5y1ez1l_jmivk2EgA&s=amky-DOy2njlIvgkr6jDaqo0XdLPXL9P3-a13FDkg9Q&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__dataverse.harvard.edu_&d=DwMFaQ&c=qS4goWBT7poplM69zy_3xhKwEW14JZMSdioCoppxeFU&r=1yZQxt-4a5tJnT3sqHrRXT30Hq26kxBmB3JwKJc5m5yQdyX0uKgzBKU0hh-7on5l&m=TyFjdRBIpc1OluztPySzGhXA7V5y1ez1l_jmivk2EgA&s=amky-DOy2njlIvgkr6jDaqo0XdLPXL9P3-a13FDkg9Q&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.ncbi.nlm.nih.gov_geo_info_linking.html&d=DwIEAg&c=qS4goWBT7poplM69zy_3xhKwEW14JZMSdioCoppxeFU&r=1yZQxt-4a5tJnT3sqHrRXT30Hq26kxBmB3JwKJc5m5yQdyX0uKgzBKU0hh-7on5l&m=rLyXrrE5KyiGYgroErFoVLabr2vd_RtiC0G2v7zF5Xo&s=jSZev0v5p_WLaBZeXMWskIoTstP7GAbY6mzFhF9ZVg8&e=.

REST ChiIPseq in U87 cells https://www.ncbi.nim.n | GEO series
ih.gov/geo/query/acc.c | GSM803372
gi?acc=GSM803372

RNA-seq in SU-DIPGXIII cells treated with DMSO, link GEO series

compound 7, MS-275, or Corin. GSE110572

Somatic Histone H3 Mutations in Diffuse Intrinsic https://www.ebi.ac.uk/ | EGAD00001000793

Pontine Gliomas and Non-Brainstem Paediatric ega/datasets/EGADOO

Glioblastomas 001000793

Genome-wide Analyses of Diffuse Intrinsic Pontine https://www.ncbi.nim.n | GEO series

Gliomas (Paugh et al. 2011) ih.gov/geo/query/acc.c | GSE26576
gi?acc=GSE26576
https://www.ncbi.nlm.n | GEO series

H3.3K27M cooperates with p53 loss and Pdgfra gain in ih.gov/geo/query/acc.c | GSE95277

mouse embryonic neural progenitor cells to induce gi?acc=GSE95277

invasive high-grade gliomas [Human RNA-Seq]

(Pathania et al. 2017)

Experimental Models: Cell Lines

SU-DIPGXIII Dr. Michelle Monje n/a

SU-DIPGVI Dr. Michelle Monje n/a

SU-DIPGIV Dr. Michelle Monje n/a

BT869 Dr. Keith Ligon n/a

BT245 Dr. Keith Ligon n/a

NHA-hTERT Dr. Nada Jabado n/a

HSJD-DIPGO007 Dr.’s Jaume Mora and | n/a
Angel Montero
Carcaboso

HEK293T ATCC CRL-3216™

BJ normal human fibroblasts ATCC CRL-2522™

MNSCs -/- tp53 Dr. Hongwu Zheng n/a

Experimental Models: Organisms/Strains

NOD.Cg-Prkdcscd [12rgtmiWil/SzJ The Jackson Strain# 005557
Laboratory

Oligonucleotides

Please see Table S5.

Recombinant DNA

pCMV-dR8.2 dvpr Addgene Plasmid #8455

pCMV-VSV-G Addgene Plasmid #8454

lentiCas9-Blast Addgene Plasmid #52962

pXPR_011 David Root Addgene plasmid#

59702
pLenti SpBsmBI sgRNA Hygro Addgene Plasmid #62205
pHIV-Luc-ZsGreen Addgene Plasmid #39196

pCDH-flag-H3.3_wt

Dr. Laura Banaszynski

pCDH-flag-H3.3_K27M

Dr. Laura Banaszynski



https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM803372
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM803372
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM803372
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.ncbi.nlm.nih.gov_geo_info_linking.html&d=DwIEAg&c=qS4goWBT7poplM69zy_3xhKwEW14JZMSdioCoppxeFU&r=1yZQxt-4a5tJnT3sqHrRXT30Hq26kxBmB3JwKJc5m5yQdyX0uKgzBKU0hh-7on5l&m=rLyXrrE5KyiGYgroErFoVLabr2vd_RtiC0G2v7zF5Xo&s=jSZev0v5p_WLaBZeXMWskIoTstP7GAbY6mzFhF9ZVg8&e=.
https://www.ebi.ac.uk/ega/datasets/EGAD00001000793
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE26576
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE26576
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE26576
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE95277
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE95277
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE95277
https://www.atcc.org/Products/All/CRL-3216.aspx
https://www.atcc.org/Products/All/CRL-2522.aspx

Software and Algorithms

R

R Development Core
Team, 2010

https://mww.r-
project.org/

STARS Broad Institute https://portals.broadi
Genetic Perturbation nstitute.org/gpp/publi
Platform c/software/stars

GraphPad Prism version 7 https://www.graphpa

d.com/scientific-
software/prism/

Cytoscape Shannon et. al 2003 http://www.cytoscap
e.org/
Bowtie2 Langmead and http://bowtie-

Salzberg, 2012

bio.sourceforge.net/
bowtie2/index.shtml

Trimmomatic

Bolger et al., 2014

http://www.usadellab
.org/cms/?page=trim
momatic

Trim Galore!

https://www.bioinfor
matics.babraham.ac.
uk/projects/trim_galo
re/

Subread package

Liao et al., 2014

http://subread.sourc
eforge.net/

DeSEQ2

Love et. al 2014

https://bioconductor.
org/packages/releas
e/bioc/html/DESeq2.
html

pheatmap

Kolde, 2014

https://cran.r-
project.org/web/pack
ages/pheatmap/inde
x.html

CEAS

Jietal., 2006

http://liulab.dfci.harv
ard.edu/CEAS/

Cistrome

Liu et al., 2011

http://cistrome.org/a
p/root

GlioVis

Bowman et al., 2016

http://gliovis.bioinfo.c
nio.es/

deepTools

Ramirez et al., 2016

https://deeptools.rea
dthedocs.io/en/latest
/

DiffBind

Stark, 2012

http://bioconductor.o

rg/packages/release/
bioc/htmlI/DiffBind.ht

ml

Picard Tools

Broad Institute

http://broadinstitute.g
ithub.io/picard/

Integrated Genomics Viewer (IGV)

Robinson et al., 2011

http://software.broadi
nstitute.org/software/
igv/

Gene Ontology Analysis

The Gene Ontology
Consortium, 2017

http://www.geneontol
ogy.org/

UCSC Table Browser

Karolchik et al., 2004

https://genome.ucsc.
edu/cgi-bin/hgTables




FlowJo https://www.flowjo.co
m/

MACS2 Zhang et al., 2008 https://github.com/ta
oliu/MACS

Genomic Regions Enrichment of Annotations Tool McLean et al., 2010 http://great.stanford.

(GREAT) edu/public/html/

STAR Dobin et al., 2013 https://github.com/al
exdobin/STAR

PSCANChIP Zambelli et al. 2013 http://www.beaconla

b.it/pscan_chip_dev/

MEME suite and FIMO

Grant et al. 2011

http://meme-
suite.org/tools/fimo

CellProfiler

Carpenter et al. 2006

https://cellprofiler.org
/

SAMtools

Li et al. 2009

http://samtools.sourc
eforge.net/

ROSE (Rank Ordering of Super Enhancers)

Whyte et al. 2013

http://younglab.wi.mi
t.edu/super_enhanc
er_code.html




Figures 1-7

Figure 1
[ cell line | B C
< >
Q8 & O - -
A & \QC"\ \QOA \ch" _120- SU-DIPGVI _120, SU-DIPGXIII
SO O © =100 =
drug: & o o o target: 5100 =100
LAQs24 HDAC S 80 esSorin . m € so - _Corin
panobianstQa1t ggﬁc 2 60 - etim;statp ; 1090 = 0275 UM
Q 1 d ti tat
GSK-J4 [n/a KDM6A/B lc50=0.627yM & 60 1c50 = 1,08 uM
IBET151 BRD S 40 = gompound7 T 4 -= compound 7
bromosgorin BRD £ 1c50 = n/a £ Ic50 = n/a
Fl-1 BRD o 20+ o 5 20-
e e : §
LLxgggH Hglﬂ;l%% 15 1.0 05 0.0 05 1.0 ‘_’1 5 40 -05 00 05 10
a . . i . . .
UNC06387 GLP/G9a log10[drug (uM)]
s m=iiicti D B oomnam
120- BT869
UNC0642 GLP/G9a > ;
GSK-2801 GSK-2801  E100- 120 NHA-hTERT
C64 CBP/P300 3 ) £00-
OlCR %o BAD, > 807 Tes020502um 2 .
n/a PHD C e = 80- -e- Corin
SGC-0946 n/a DOTIL 2 60- - etinostat 2 Ic50 = 1.17 pM
I0X1|n/a || n/a 2-OGdep. N 1c50 =2.03 uM @ 60 - etinostat
GSK-LSD1 LSD1 T 40 -+ compound7 N 1c50 = 1.24 pM
PFI-3 n/a || n/a SMARCA4 ¢ 1c50 = n/a < 40 - compound 7
PFI-2 n/a SETD7 5 20- E Ic50 = 874 UM
UNC1215[n/a_|[n/a |[n/al[n/a |L3MBTL3 £ S 20
Ic50 (uM) ] 0 : : : : ‘
(u )0 5 10 15 20 -1.5 1.0 -05 0.0 05 10 15 ?1_5 10 05 00 05 1.0
F 120; e BJ Fib. (WT) |°g10[dru9 (MM)] log10[drug (MM)]
Ic50 = 1.647 uM ]
2100 ~ BT245 (K27M) G H3.3K27ac Y H4ks.k16) acetylation
£ o0 Ic50 = 0.605 uM 91 . 51 *h
2“7 ~ HSJD-DIPG007 (K27M) o 4
2 1c50 = 0.495 uM 3 2
> 60 = 61 S 3
3 8 5
E 40- ) N § 2 *k
© Qo o
g 20, N *kk H
2 0 OO o 0 ONAD OALD ONDD SN
T T T {b K
15 10 -05 00 05 1.0 @‘?’Qoboé"oo‘\ VP Vbl Vel Ol
log10[Corin (uM)] 2&0&0 DMSO Corin etinostatcompound 7
(o)
< HSJD-DIPG007
H3K27m —
I ,13Kamet J oKaTmes K sioren L Day2 _Day6
T >
o) o S o
22 £: CLb
[a] a
E § Q 00 é (&)
o 1] o 17 . H4-ac ——— — - % e H3K4me1
03 A A A x “* @ H3K27ac — - - H3K27ac
S 05 XA WIS HK2Tmes Dt
SRFST g . S O Hokz7med
Qe Qe .
oo& oo& o o» a» @=» total H3 total H3
12 3 4 1 2345 67289
M - HSJD-DIPG007
100, HSJD-DIPG007 N HSJD-DIPG007 or.
E o 1.5x 1006+ day 2 » 1.25x1097 day 6
o 801 8 1.3x100- S 1ooxt0] T
= 2 @
= 801 g 1:0x10% S 7.50x100
— -— - x 7
8 40 > 7.5x1005 >
E‘ . Kok [e] O 5.00x1096
% 20 5 5.0x10% 5
Q2 e} _
0 £ 2.5x10% g 2:50x10%
. =
uM:© I O P05, O P05, O
2 days 6 days o\&%&{%‘} QNS &‘@QQQ‘} QNS
[Corin] uM [Corin] uM




A

activated K27M

silenced

| H3K27ac || H3K4me1 |H3K27me3|
K27M DMSO CORIN DMSO CORIN DMSO CORIN
= =

—

{hnf

SRR

-4.004.0-4004.0-4004.0-4004.0-4.004.0-400 4.0-4.00 4.0
(Kb) (Kb) (Kb) (Kb) (Kb) (Kb) (Kb)

e

04 8120 2 4602 4602 4602 460 3 6 0 3 6

D -Io§10 ﬁvalue

W

|Corin-silenced |[Corin-activated] [top 5000 K27M |

Figure 2

K27M K27ac K4me1 K27me3
DMSO DMSO
8- 51— Corin 3.51— (Dzyrlsr? 1— Corin
4- 3.0 5
o 61 2.5 4-
g 4 3 20--—-/"‘/\“‘ 34
g 2 1.51
2] 1.0 27
N 0.51 1
0 T 1 0 T 0.0 T 1 0 T J
-4000 0 4000 -4000 0 4000 -4000 0 4000 -4000 0 4000
DMSO
8- 5, Corin 3.5- DMSO 6- DMSO
97— Corin — Corin
4- 3.0 5
6' 2 5.
Q . _)\ 4
O, 31 2.0 3]
2 24 1.5
2l o~ 1.0 27
R 0.51 11
c T 1 c T 1 0.3 T 1 c T 1
-4000 0 4000 -4000 0 4000 -4000 0 4000 -4000 0 4000
DMSO DMSO DMSO
81 57— Corin 3.57— Corin 67— Corin
4 3.01 5
I9) 61 2.5 4
O, 31 2.0 3
e 24 1.5
2 10 s 2
o 054 11
0 T 1 0 T 0.0 T 1 0 T J
-4000 0 4000 -4000 0 4000 -4000 0 4000 -4000 0 4000

distance (bp)

1.3% 1

ACTIVATED

42.4% @ 51%

0 5 10 BB intergenic WM 5'UTR ; oo
REST: MA0138.2 3@ promoter [ exon 0= downstream
Ar: MA0007.3
»|  PPARG:MA0066.1 E
(4
|smAD2/3/4: MA0513.1 REST:
= PBX3: MA1114.1 2
o MITF: MA0620.2 .
o TP53: MA0106.3 3 TCA c AC
N : (:
. TP73: MA0861.1 - c Vaox n c._c¥
<| ZSCAN4: MA1155.1 TesrfEREsRR s ERRRE
& Hnfda: MA0114.3
< NR3C1: MA0113.3 fhf22 ;
ASCL1: MA1 1 00-1 |- 46,85‘0 kb 46,88‘0 kb 46,990 kb ‘ﬂ“kb 45,92‘0 kb | 46,94‘0 kb 46,95‘0 kb | |
NR3C2: MA0727.1 = ‘ , : — === CELSR1 ,
MAFG: MA0659.1 REST REST REST REST __ REST REST REST
K27ac T
Corin
kit M‘Mh;mhm MA.MMMMMW i Mn
Veh.
K4me1 ﬁ.)uugh“l i Lo ol .Jul..lu.um n.hIlUIumthnJ J‘hlm alhdiudthy Jl.u.nl..JlllM bikiw nh]'u.u‘lmauu Ml ke u‘llu P
mr ..‘m.tmmm il
Veh. I“
K27me3 [0“-“2‘%]A v i bk tars doe atudillin oot il L o il b & e bk bt b e b e s ks SRR TUY ¥ 1% SORRPRE TR TP
Corin
o s ethieers ot it ke s o et e Lk 02 sa s s o o b st uM&..‘..._.“............u.u-dn_h_... e kb
K27M bsitin b sl .....a.u..ﬂu.au... B T T 1T TV PO YA YT PR T ¥ VU JTRRTT S PRTY (TVF Y SOOI .m...wi‘u.....m




A B C Corin/DMSO Figure 3
i orin
300- compound 7/DMSO 300- etinostat/DMSO - 300- .
§ § - . 3
S 200 S 200 .
é é . ... o.’ ’ ’ &
e ° w  Mwe 2
= 100+ = 100- o o
Ey i % M. F
0 T I"h‘l T 1 0- " 0-
6 4 2 0 2 4 6 6 4 2 0 2 4 6 6 4 -2 0 2 4 6
log2(fold change) log2(fold change) log2(fold change)
® DMSO : .
D ® compound 7 8 ?:tcl)rl‘-i(:\Stat Corin UP (2937) Corin DOWN (2070)
o 20 ® compound / compound 7
Q
7 UP (6 DOWN (9
§ 104 (6) 8( )
S 0-
- 8
S -10-
2 etinostat
S -20-
e etinostat UP D(Ozvg:l)
5 301 O® (1178)
% 40 —_— _ _
10 5 0 5 10 H activated enhancers I silenced enhancers
TMEM189*
PC2 (7% of variance 90000+ « 180000+ OR2Z, ZNF558
( ) 80000- CEBPB® ™ . 1600001 ™~
G + 70000+ . o 3 140000-
up-regulated down regulated 360000 TCF20,NFAM1:_g Q0000
:'c DMSO = CORIN DMSO = CORIN T 50000 Cforf191, SSBP3* o5 100000+ TAC4, DLX4
o 35 3.51 “; 40000+ . CEJ 80000-
S8 5 o, 2
2.5] 2.5, 1 . . )
X &2 o &2 0. 100004 UP-regulated NPTX2 200004 doWn-regulated TLE3
or . by Corin by Corin
I 15- 15-’/% 0.‘ o.‘
0 10 0 5000 10000 0 1000 2000 3000
2K TSS500 TESHK 2'62K TSS500 TESHK RANK RANK
2.0 . . )
- DMSO — CORIN DMSO = CORIN J time(hours): ,, 1 2 4_ 8 24 48 48
Q . 15 treatment: veh Corin veh Corin
o151 01.5] _
g 2 F\J\g % ACTIN —" e e e AU —
[ 2
5 " o H3K27ac ceesaes -a»
- 05 05 _ . 1 2 3 456 7 8
2k Tss500 TEs+ik -2k Tsssoo TEs+ik K L
DMSO DMSO = CORIN 8+ ok 50- .
‘3 3 — CORIN| 3] 2 ] 5 e
1
S & S - 22 w o = 30
1_ 1_...-0.‘» B mmattEitan (™4 e 4- 3 e
o = = c
XL N T T = 20
0 — T 0 — - = 0 @o
2K TSS500 TES+1K -2K TSS500 TES+1 gL, =Q
° £ 104
c - = 3
0- c 0-

time (hours): 24,1 2 4 8 24,48 48
treatment: & 0.25 uM Corin & N
& K\ §

time (hours):24,1 2 4 8 24,48 48
treatment:A & 025uM Corin & §
Lo




A

|up-regu|ated transcripts

-log10(p-value)

posit

0 10 20
anatomical structure morphogenesis

nervous system development

movement of cell or subcellular component
regulation of developmental process
neurogenesis

regulation of cell differentiation

ive regulation of multicellular organismal process
positive regulation of developmental process
anatomical structure formation in morphogenesis
blood vessel development

vasculature development

cardiovascular system development

Figure 4

vy

KCNC3 SEMA3C SYT1
O 6 . O 50- 0 12
2 2 = 2
= = g
5 & 301 &
5 5 S
£ .| £ 20 £
(8] o (8]
i) T 1 5]
o) o] o
L= L= L=

t lul tri izati . .
extracellular structure organization \@0(5‘ 258 \@0@‘ Ui
circulatory system development Q O‘).’é‘o Y Q 00%00 o
C Q&Q () Q&Q ()
() ()
PAX6 OLIG2 .
o 1.2- o e o 1.2 810 S,X*N1 SYT4 NEFL KCNC3
(7] ns.»m (7] S g O bMsoO .
= 1.01 = = 1.01 o @8 0.25 uM Corin
Q Q a )
P) 0.8+ P) P) 0.8 *k o)) 6- LA ** pwk _ -
2 0.6 4 2 0.6 & ns
© . © © . = 4_. *kk .. *kk
G 0.41 S S 0.4 S
-c 'c 'c *kk —
S 0.21 s S 0.21 o
Y Y Y
00 0.0 F
'b - 0 -
RIS AN
O M O
c’O c’O
E | NP2/Hoechst (| CALB1/Hoechst |
SEMA3C DMSO DMSO Corin
o 801 I:*kl DMSO @@ Corin §
2 O
=
g 60 o
3 g
2 40- - i )
% (/2]
° 20+ H
L
0 e & | R-tubulin/Hoechst | ]
cell q?‘ P &
line: & & ch\' < DMSO compound 7
P ] | SU-DIPGVI - 2 days treatment |
&
F c
o
CSPG4 £
=)
1293 pmsom® corin |
o n.s. [
n 1.0 -
E n.s. 7))
g 0.8 -§
c 06 T | o|etinostat Corin
% 04 e kel =I
- =
502 ‘>§
008 & & & o S
cell o o® .‘b\\q 0°°QG\ o
line: &% Q" oF & ' o
LS n
I
&




C

A
& B
NS
A -log10(p-value) Qo\:é?(‘ CCNB1
T Soe 3.0-SU-DIPGXIIl SU-DIPGVI
down-regulated | 0 10 20 30 40 ¢ © o :
transcripts cell cycle process
mitotic cell cycle
mitotic cell cycle process
cell division
chromosome segregation
chromosome organization
sister chromatid segregation
DNA replication
nuclear chromosome segregation
nervous system development
homophilic cell adhesion via plasma membrane
cell-cell adhesion via plasma-membrane
cell adhesion
synaptic signaling
AURKB CCNB1 Bsdlt'/Dl_l'PG‘:" t
1.27 CJ DMSO B 0.25 uM Corin r 0€CcNSL _ +
8 - H DMSO Corin 2
= 1.01 ns 2
(=] (a1]
D 0-8| |+ * c
o Fd Lewedd [*FH .2
c 0.6- *kk prer
m %% N o
S5 0.4- S
T
= 0.2
'49 -
cell H O o Q D O L Q
0 L. O 7 .00 & O
line: (V@4 " V@SS P
QO GLg O 9L Q
KR To°
& & G SU-DIPGXII H
Ki67/Hoechst

DMSO Corin

Figure 5

AURKB

1.8- SU-DIPGXIII SU-DIPGVI

§ 1.5-
512
$0.9-
c
£0.61
(8]
T 0.3-
Ke)

0.0-

% % %

4 [su-pIPGVI|[su-DIPGXIII

0.3+
0.2
0.1
0'(o OO&Q
SU-DIPGXII
40- wohk
30+

%Ki67(+)
N
e

DMSO Corin



Figure 6

HSJD-DIPGO007/luciferase B
vehicle Corin SU-DIPGXIIIP* xenograft
; DMSO Corin
} ; . . E
°> % 4x10%Y b
g | i s :
%_ %3x10°z N
g = o
; —2)(1001 Z
[T |
g m =
| § 1x10°Y n.s. -S
~ £
> S 0 +% T T 8
8 3 £3 < E
[} [} o
a3 © 3 0 %2
o & ‘ Day0 Day7 @

C D vehicle Corin G
aj-e:-.*' : y - 7

LU -/
SU-DIPGXIIIP* p i - o e H”‘: _ -y -y w
luciferase/Zsgreen " ?‘J’ e "% —— 4 DM‘,§O A
3.5x107- F ; Lo "y 8 2
® vehicle n=11 4 Y : b .5 N
3.0x10°"4 e Corin | h s L
2.5x10°7 p=0.0%8 ' C e imwpe
‘%2 ox1007]  CED Corin or A- N o @
e vehicle . P -
E 1.5x10°7 ‘ { KE{*%E&,%:«‘:%:{E};% i T . .
1.0x10°7 L STt ol o Ky sl N
. i n= 9 o ﬂﬂgﬁ :‘e'{$ E - 3 4 W
5.0x 100+ 5 ; Corin v 8
0+ "’_. T 1 s ; > -
-10 -5 days 0 5 g
.H
L

I
I
1

H3K27ac/Hoechst H3K27me3/Hoechst —
vehicle Corin vehicle Corin DMSO.
2 . ..
o
c
o
o |
G 2
l .
= 71 L
= 3} o R A
by BN LN &
PR SR bl
g ol e
= "\.:l : X '.'I{.f. J_‘I.'-
R R o '
pt




A St. Jude DIPG cohort B Figure 7

m15000- *kk
£ UP in LSD1 high
3 cell cycle
10000+ e y
Q mitotic cell cycle process
‘3 mitotic cell cycle
° cell cycle process
& 5000 ot
N DNA replication
£ nuclear division
g 0 5 10 15 20 25
low _high -log10 pvalue
C LSD1 expression group
Saratsis (2014) Paugh (2011) Pathania (2017) Paugh (2011) Pathania (2017)
DIPG UP DIPG UP Top 100 DIPG UP DIPG DOWN Top 100 DIPG DOWN
R o i .
~ NES:-1.89 - “ NES: -2.5 "/NES: 217
« g=0.0 2 q=0.0 = % q=0.0
.DIPG"~ | normal normal | :. DIPG™ ‘?H normal " DIPG | normal DIPG
I e e L o o T I N e

O
M

| decreased survival increased survival |

SJHGG045_A
SJHGGO59_A

SJHGG004_D

SJHGG009_A

SJHGG047_A

SJHGG050_A

SJHGG052_A

SJHGG057_A

SJHGG060_A

SJHGG101_A

SJHGG102_D

St. Jude DIPG

SJHGG003_A
SJHGG007_A
SJHGG062_A
SJHGG066_A
SJHGG070_A
SJHGG144_A
SJHGG002_A
SJHGG002_D
SJHGG005_A
SJHGG008_A
SJHGG048_A
SJHGG049_A
SJHGG058_A
SJHGG064_A
SJHGGO073_A
SJHGG143_A

<I
—-100+ ¢
© 3
2 increased ] “IIIALOX5
< survival n ﬁ{gg&ﬁpso
a log2 C1orf38
2 50l - decreased  fold "]
c survival 2
)
3]
o 1
[
o

p < 0.0001
0 L] T 1

0 1 2 3 =
Survival(years)

St. Jude DIPG: upregulated
increased survival group

045
0.40
035
0.30
025
0.20

osit NES: 1.65

0.10

=) q=0.005

0.00

LAI
. LOC100506334
LOC283875

Enrichment score (ES)

50 ['na_pos' (positivly mrri\ateq)

survival time4 !survival timel

Z670 Cros$ ar 10973

50 *ha_neg' (negatively correlated)
0 2500 5000 7500 10,000 12500 15000 17,500 20,000
Rank in Ordered Dataset

— Enrichment profile — Hits —— Ranking metric scores SU-DIPGXIII patient tumor RNAseq
RNAseq

TMEM119
_ TNFRSF1B
LI TYMP

Ranked list metric (PreRanked)
5




Figures S1-S5

C|ICk here to access/download;Supplemental Text a

ﬁgﬁpéeq\-ﬂgureSLSS-

B - SU-DIPGVI QERG 389 |abelled. pdf
0
Ca59+ "g 150 400 C 5510 06-
SU-DIPGVI s
O 004 FP+ w3007
rod Infect with pooled - g - o 4x1006-
3 ngNAIibrary = e 3
Q| =7 © 06
1 week puro g 107 ] 3x107°4
0 0 S
[ . O i o
control 1300 genes 100 01 2 2 1 4 105 10 101 1()2 103 104 1()5 Ne) 2)( 1 006-
panobinostat — Comb-FITC-A Comp-FITC-A S
media =)
3 weeks 0|50 80 € 4141006
growth c
3 | 400
) 0
? 300 £ GFR+ 0 T T T 1
) & 401 a1 0 5 10 15 20
4 200 -
W% W% s days
O 11001 207
quantification of 2 ‘
L1 0] 0 —
sgRNA abundance T T T T SU-DIPGVI |
D E Gome-FITC-A Como-FITC-A G 0.125 pM 0.125 uM 10 nM
— DMSO etinostat Corin panob.
Q 12- 9 12- ) ., .
3 3 §% .o 2
:o’ ; 104 ey . L.S.D1@ . ® : E E
E g 8- ‘&) 2’ : ) [ .l.. oo .. -: E
] @ < ¢ R IR 0|0
° S 67 ('[_) I.'....\.".....'....'. .5.'. ...... . ...... 8 ©
§ § 4' ; 1 b %H' :. .:}. L] ....i ° ,. E
14 %7 - - .::‘ .. ..:. .l"‘.: LY .'3. -
& » 2- S Tl "."o"’é‘- o ';_‘.. Q| g
x N R?=0.8694 ~ % o N| -
2 2 of T T . 0 =la !
= 0 5 10 15— 0 5 10 15 0 100 200 300 400 500 ~— 4 4 v
log2 sgRNA control (rep2) log2 sgRNA panob. (rep2) sgRNAs ¥
| HSJD-DIPG007 |
H SU-DIPGVI | 0.5 M fonM - HSJD-DIPG007
etinostat panob. 75-
75+ 5 Eggt{olsg __ ] @B Controlsg
B B 0 2 8 i 3 LSD1sg
g n.s. ! ‘.‘;; 3 g
2 50 2|5 £ 507
- xx ¥ ol§ >
= (]
@ 25 I ® 25
- i - - i
R 0lo v 2 »
()
0" S g ' é T Al 078 & a &
@ ) - o AT o
& @ Qo"”&r& Q{\“ o' % & P Nt
e & & & i


https://www.editorialmanager.com/cancer-cell/download.aspx?id=691338&guid=512dfab2-208f-4316-b79f-e42b4e76b145&scheme=1
https://www.editorialmanager.com/cancer-cell/download.aspx?id=691338&guid=512dfab2-208f-4316-b79f-e42b4e76b145&scheme=1

A

B

compound 7

Figure S2

NH2
% J’\N/A SU-DIPGXIlI SU-DIPGVI NHA-hTERT
S >‘120 120 120
<j\ o Corln . %100 100 100
= o ]/A 'S 80 80 80
NH, H ij\ \)L /E, Eso 60 60
com ound 9 Fw 40 40
@ JJ\-/\ P A 'g' 20 20 20
H  [compound 7] (1M)jveh | 0.16]0.31]0.63] 1.25] 2.5/ |veh [0.16]0.31]0.63] 1.25] 2.5| |veh |0.16]0.31]0.63 1.25] 2.5
C [Panobinostat] (uM)iveh | 0.02| 0.03] 0.06] 0.13] 0.25 |veh | 0.02] 0.03] 0.06] 0.13| 0.25| |veh [0.02] 0.03]0.06]0.13]0.25
@ Compound 7 @@ Panobinostat [ Panob.+Compound 7
s SU-DIPGVI s SU-DIPGXIII
= 4.0 2 4.0 2 D Bliss synergy score 9.363
= 20 = 20 5 50 25 0 25 50
'§ 0.5 g 0.5 2 o0
8_0.125 8_0.125 g' g
€ 0 E 0 C 2000
8 © 0O ®mMWII O 8 © 0O ®mIWII OO :
= Segdd8adw - = SR B N T ~
E © o oo © o oo 2
[etinostat] (uM) [etinostat] (M) g 560
1409 _1407 HSJD-DIPG007 53
=120 =120 . o '®
3 3 } o etinostat o
‘©100- ‘©100 e Corin =
_; 80- _; 80- e compound 9 0
Q Q e compound 7 0 78 156 312 6251250 2500 5000 10000
N 60 N 60 [etinostat] (nM)
g 40- £ 40-
S 20- S 20-
c c
0 T T i | 0 T T
1.0 -05 00 05 1.0 10 -05 00 05 1.0
log10[compound(pM)] log10[compound(uM)] SU'BiPGVI Su-DIPGXill
60- 40- L
F B compound 7 M compound 7 + etinostat e
B etinostat Corin 5 3
120 =} *k =}
5 407 e
0100 P =
2 g g
5% £ 2] 3
2 60 2 R
§ 40
> 20
& &
> 0] \2) ) \2) ) N\
SO RO I . o
@ & N
Q Q
G [each drug(pM)] I J 10- SU-DIPGVI
6x1005- 1 | O3 Controlsg EE LSD1sg DMSO SU-DIPGVI *
g DMSO Corin 8-
— - +
€ 41005 2 1
c 3] W 6-
3 g 5
o = =
@ 2x1005- — -
3 z S
.; E 2-
0
o) Q \& 0-
° SR \" .
N Uty 'j’oi“‘ DMSO Corin
R )



A

H4K20un

H3K9un -
H4K5K8K12K16un
H3.3K36me1
H3K9me1+

H3K36me1
H3K18K23un
H3K9me2-
H3K9me3 -
H3K27K36un
H2AzK4K7K11K15un
H4K20me1

H3K4un
H4K5K8K12K16ac1 -
H3K36me2-
H3.3K27K36un-
H3K79un -

H3K27me1
H3.3K27me1K36me1 -
H3.3K27me1
H3K9K14ac1
H3K27ac+
H3K27me1K36me1
H3K79me1
H4K20me2
H3K9me1K14ac
H2AzK4K7K11K15ac1
H3K27me1K36me2
H3K27me2
H3K18K23ac1
H4K5K8K12K16ac2
H3K27me2K36me1
H3K27me1K36me3
H3K27me3
H3K4me1-
H3K79me2-
H2AzK4K7K11K15ac2
H3K27me3K36me1
H3.3K27acK36me1-
H4K5K8K12K16ac3
H4K20me3
H3.3K27ac
H3K9K14ac2
H3K18K23ac2
H2AzK4K7K11K15ac3
H2AzK4K7K11K15ac4

H4K5K8K12K16ac4

B

— Corin
e comp.7
* etinostat

e o 0 ©
.
*

-4

T
-2

0 2 4 6

log2fold drug/DMSO

[
== 0]

| e i N Oy e NN e PO G Qe W X D 0 IR O Myl WD 1) PN R M S NN D P A I G es SN R D R R A i i e G SR e e A T Gt T e i s it i e e i

.E_,Aﬁ
ql

ql
ql
q|
ql
al

jeysouns ||

g uHod ||

O uuo) 1|

uo9
VvV uuo) ||

Jpunodwon|i

un
K8K12K16ac1

(O L A= L I AP —
3 oW
()]
@3>
NI
N

m
e?K14ac
KAK7K11K15ac4
KBK12K16ac4
27me2
27Tme3K36me1

me2
TmezZK36mel

xxa§§%§§§ﬁx:¢uxﬁxmﬂxxﬁ

27me1K36me1
K14ac1
me1K1dac
27me2K36me1
8K23ac1
K8K12K16ac2
AzKAKTK11K15ac1
K27me1K36me3
me2

CRRCIFR
=
LA
L

o

IR A1 1K1 5ac3
l 4

2

0

2

I

number of viable cells

SU-DIPGXIIIP*

2 days

6 days

100+

%trypan blue+
&8 8 8

N
i

. . RN 9%
[Corin] pM: Q.Q Q." Q?’ Q?’ A 09 Q.’\{Lgﬂ' Q.‘*’

e ACTIN

= == w»» H3K4me1

we o s e H3K27ac

e ammass {otal H3

SU-DIPGXIIIP*

*kk

[Corin] @‘bo >, Q‘Jf’ NN ;@0 ,(f’gw Q2 \®
wm):|O_ N I
2 days 6 days
SU-DIPGXIIIP* SU-DIPGXIIIP*
1.25x10 9+ day2 6.0x100- day 6
1y
8 i
1.00x10%4 1 - _g 25100
7.50x1005 2
T 3.0x100°
5.00)(1005- O .
2 06
2.50%105 S 1.5x10%
>
0 T T 0 T T
A O b > 5, O
YO\ W2V NS

[Corin] (M)

[Corin] (uM)

Figure S3

H3K27ac

2.5-
1.5' DMSO
0.5 —;Corm
-2 RESTsite 2
H3K4me1
2.0
1.51
1.0
DMSO
0.54= Corinl
-2 RESTsite 2
H3K27me3
2.0-
1.5 §q
1.0
DMSQ
0.5 — Corln;
-2 RESTsite 2



A
mNSCs NHA-
tp53" hTERT
& FgH.3. Fg-H3.
& & R
] & « «
02 0S¢
¥ Flag (Fg)
— » o
i e . H3K27Tme3
e e total H3
——— ~ B-ACTIN
1 234 5 67

normalized viability

C

normalized viability

120+
100-

N A O ©
e e

(=)

Figure S4

MNSCs tp53~

> -»- un-infected

- GFP
Fg-H3.3 WT
- Fg-H3.3 K27M

1
N

120+
100-
80+
60-
40-
20-

-1 0 1 2
log10([Corin] (uM))

NHA-hTERT
-~ un-infected
=_ Fg-H3.3 WT

LIPS i Fg-H3.3 K27M

0
-2

log10([Corin] (uM))



Figure S5
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