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Supplementary Figure 1: Expression level and difference in survival rate of RUNX
family.
a, Relative expression level of pan-RUNX to GAPDH for normal brain and each grade
of glioma. Data were retrieved from GSE 111260. The box shows interquartile range.
Upper border shows the upper quartile, middle line shows the median and lower border
shows the lower quartile. Top and bottom lines show maximum and minimum values. P
values were analysed by one-way ANOVA.
b-d, Survival curve based on glioblastoma pan-RUNX (b), RUNX2 (¢) and RUNX3 (d)
expression levels.
Numbers of subjects in the pan-RUNX high (top one-third) and low (bottom one-third)

groups are 55 and 55, and numbers in RUNX2 and RUNX3 high (top half) and low



(bottom half) groups are 83 and 84, respectively. P-values were calculated by log-rank

testing. Data were retrieved from The Cancer Genome Atlas (TCGA). The datasets are

available in GDC TCGA Glioblastoma repository, https://gdc-hub.s3.us-east-

1.amazonaws.com/latest TCGA-GBM.htseq fpkm.tsv.gz.
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Supplementary Figure 2: Anti-tumour effects of Chb-M'.

a, Growth curves of GBM cells treated with Chb-M’ 0.5 uM and Chb-S 0.5 uM. N = 3.

b, Representative figures for apoptosis status as determined from A172, KALS-1,

LN229 and T98G cell lines cultured in the presence of 5 uM of Chb-M' for 48 h.

c-d, Cell cycle arrest caused by Chb-M'. A172, KALS-1, LN229 and T98G cell lines

were cultured as in b. C shows the percentage cell count for each cell cycle and d is the

representative figure. n = 3.

e, Expression levels of genes associated with cell cycle arrest detected by

immunoblotting. Cells were treated with 0.5 uM or 1 uM of Chb-M' or DMSO for 48 h,

then cell lysates were prepared and immunoblotted.

Data represent mean + 95%CIL. *p < 0.05, **p < 0.01, ***p < 0.001, by two-tailed

Student’s t-test.
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Supplementary Figure 3: Selection of genes that fluctuate in relation to Chb-M'.

a-c, Relative densitometric quantification of apoptosis array spots in Chb-M'-treated

GBM cells compared to the control (b: A172, KALS-1 and LN229; ¢: T98G). Cells

were treated with DMSO or 1 uM Chb-M' for 48 h, then lysed for the apoptosis array.

Each receptor was spotted in duplicate. A shows the immunoblot image. Blue, red and

green squares indicate spots of BIRCS, p21 and Bcl-x, respectively.

d, Immunoblotting of each GBM cell line treated with 0.5 uM or 1 uM Chb-M' or

DMSO for 48 h. The numbers under the blot are normalized values for GAPDH and

DMSO-treated cells.

e, Protein expression levels of the immunoblotting were quantitatively measured and

corrected with GAPDH. Values are normalized to DMSO-treated cells. Cells were

treated as in d. n = 3.

f, Gene expression levels of real-time RT-PCR. LN229 cells were treated with 1 uM of

Chb-M’ 1 uM of Chb-S or DMSO for 3, 9 h, then total RNA was prepared. Values of

Chb-M’ and Chb-S are normalized to DMSO-treated cells. n = 3.

g, Gene expression levels of real-time RT-PCR. Cells were treated with 1 uM of Chb-

M’ or 1 uM of Chb-S or DMSO for 48 h, then total RNA was prepared. Values of Chb-

M’ and Chb-S are normalized to DMSO-treated cells. KALS-1 treated Chb-M’: N =4,



other samples: n = 3.

Data represent mean + 95% confidence interval (CI). *p < 0.05, **p < 0.01, ***p <

0.001, by Welch’s t-test (e), two-tailed Student’s t-test (f, g).
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Supplementary Figure 4: Apoptosis and cell cycle arrest are induced by decreased
expression of RUNXI1.
a, Representative figures of apoptosis status determined in four glioblastoma cell lines

transduced with control or RUNX1 shRNAs. Cells were treated with 5 uM of



doxycycline for 4 days (LN229 and T98G) or 6 days (A172 and LN229).

b, Representative figures of cell cycle assay determined in four glioblastoma cell lines

transduced with control or RUNX1 shRNAs. All cells were treated with 5 uM of

doxycycline for 4 days.

c-d, Immunoblotting of each GBM cell line transduced with RUNX1 shRNAs.

Sh_RUNXI cells were cultured in the presence of 5 uM of doxycycline and control cells

were cultured in the absence of doxycycline. The numbers under the blot are normalized

values for GAPDH and control cells.

e, Protein expression levels of the immunoblotting were quantitatively measured and

corrected with GAPDH. Values are normalized to doxycycline-untreated cells. Cells

were treated as in ¢ and d. n = 3.

f, Immunoblotting of each GBM cell line transduced with control or RUNXI shRNAs.

Cells were cultured in the presence of 5 uM of doxycycline.

Data represent mean + 95%CI. *p < 0.05, **p <0.01, by Welch’s t-test.
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Supplementary Figure 5: Genes involved in apoptosis and cell cycle arrest are
altered by Chb-M".

a, Microarray results for 1 uM of Chb-M' against DMSO are shown in a volcano plot.
BIRCS and p21 are indicated by red dots. n = 3.

b-¢, Microarray results were subsequently analysed by GSEA. B shows Chb-M'-treated

samples were enriched in p53 and apoptosis-related genes. C shows Chb-M'-treated

samples depleted for G2/M cell cycle-related genes.
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Supplementary Figure 6: Apoptosis and cell cycle arrest are induced by decreased

expression of BIRCS



a, Relative expression levels of BIRCS normalized to GAPDH for normal brain and

each grade of glioma. Data were retrieved from GSE 111260. The box shows

interquartile range. Upper border shows the upper quartile, middle line shows the

median and lower border shows the lower quartile. Top and bottom lines indicate

maximum and minimum values.

b, Clustering analysis to assess correlations between the RUNX family and BIRCS. The

upper belt shows the grade of glioma. Data were retrieved from GSE 111260 microarray

datasets.

¢, Immunoblotting of each GBM cell line transduced with control or BIRC5 shRNAs.

Control (sh_Luc) and sh_ BIRCS cells were cultured in the presence of 5 uM of

doxycycline.

d, Dose-response curves of A172 and KALS-1 cell lines after treatment with YM155 at

72 h. ICso values of YM155 are shown in table S3. ICso values were fit to data

calculated using GraphPad Prism 5 software. n = 3.

e, BIRCS depression induces apoptosis. Non-depressed and BIRC5-depressed A172 and

KALS-1 cell lines were treated in the presence of 5 uM of doxycycline for 4 days. Left

shows the percentage of Annexin V+ cells. Right shows a representative figure of

apoptosis status. The line in the centre of the rhombus indicates the mean value, and the



vertical width indicates the 95%CI. n = 3.

f, BIRCS depression induces G2/M arrest. Left shows the percentage of cells in each

cell cycle. Right shows a representative figure. Non-depressed and BIRC5-depressed

A172 and KALS-1 cells were treated as in e. n = 3.

g, Immunoblotting of RUNXI-depleted A172 cells with restored BIRCS expression. The

indicated cells were cultured in the presence of 5 uM of doxycycline.

h, Protein expression levels of the immunoblotting were quantitatively measured and

corrected with GAPDH. Values are normalized to doxycycline-untreated cells. Non-

depressed and BIRC5-depressed cells were cultured in the presence of 5 uM of

doxycycline for 5 days. n = 3.

Data represent mean + 95%CI. **p < 0.01, ***p <0.001, by one-way ANOVA (a),

two-tailed Student’s t-test (e and f), Welch’s t-test. (h).
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Supplementary Figure 7: Apoptosis and cell cycle arrest are induced by
overexpression of p21 or suppressed PIF1.
a, Growth curves (left) and immunoblotting (right) of A172 and KALS-1 cell lines

transduced with control (Empty vector) or with p2/ overexpression in the presence of 5



uM of doxycycline. n = 3.

b, Immunoblotting (left) and relative protein expression levels (right) of p27/

overexpression cells. Expressions of the RUNX family, BIRC5 and PIF1 were

unaffected by p21 overexpression. Non-depressed and BIRC5-depressed cells were

cultured in the presence of 5 uM of doxycycline for 4 days. The numbers under the blot

are normalized values for GAPDH and cells cultured without doxycycline. Protein

expression levels were quantitatively measured and corrected with GAPDH. Values are

normalized to doxycycline-untreated cells.

¢, Immunoblotting for RUNXI- or BIRC5-depleted A172 cells suppressed p21

expression. The indicated cells were cultured in the presence of 5 uM of doxycycline.

d, Overexpression of p21 induced G2/M arrest. Non-overexpressing and p21-

overexpressing A172 and KALS-1 lines were treated in the presence of 5 pM of

doxycycline for 6 days. Left shows percentages of cells in each cell cycle. Right shows

a representative figure. n = 3.

e, Microarray results were subsequently analysed by GSEA. Chb-M'-treated samples

depleted for DNA replication-related genes.

f, Expression levels of genes when PIF1 was repressed as detected by RT-PCR. PIF1

inhibition did not change CHK1 expression levels in A172 or KALS-1 cell lines. Cells



were cultured in the presence of PIF I siRNA for 3 days. n = 4.

Data represent mean + 95%CIL. *p < 0.05, **p < 0.01, ***p < 0.001, by two-tailed

Student’s t-test (a, d), Welch’s t-test (b, f).
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Supplementary Figure 8: Chb-M' is effective for intracranial tumour in vivo.

a, Schematic representation of treatment schedule in xenotransplanted mice.



b, Pathological samples of normal brain and intracranial tumour treated with FITC-

labelled Chb-M' and DMSO immunostained with isotype-matched control antibody.

Scale bars: 50 um.

¢, Pathological samples of subcutaneous tumour treated with FITC-labelled Chb-M' and

DMSO immunostained with goat anti-FITC antibody (upper) and isotype-matched

control antibody (middle). Scale bars: 50 um. HE; Hematoxylin Eosin

d,e, Pathological samples of intracranial tumour(d) and subcutaneous tumour(e) treated

with FITC-labelled Chb-M' and DMSO immunostained with cleaved caspase3 antibody

(upper), TUNEL assay (middle) and Ki-67 antibody (lower). Scale bars: 50 um.



Supplementary Figure 9 (Unedited Gels)
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Fig.1g, Supplementary Figure 3d
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Fig.1g, Supplementary Figure 3d
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Supplementary Figure 2e
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Fig. 2a, Fig. 3a, Supplementary Figure 4c,d,f
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Fig. 2a, Fig. 3a, Supplementary Figure 4c.d
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Supplementary Figure 4f
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Fig. 2a, Supplementary Figure 4 c,d,f
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Fig. 2a, Supplementary Figure 4 c,d.f
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Supplementary Figure 6 ¢
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Fig. 3g
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Supplementary Figure 7b
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Supplementary Table 1. TP53 mutations in GBM cell lines

Cell line Exon 4 Exon 6 Exon 7 Exon 10 Exon 11
c.215 C>G
Al172 p.P72R - - - -
COSM3766190
c.722C>T
KALS-1 - - p.S241F - -
COSM10812
c.293 C>T
LN229 p.P98L - - - -
COSM44681
c.711G>A
T98G . . p.M2371 i i

COSM10834




Supplementary Table 2. Half maximal inhibitory concentration (ICs¢) values for

chlorambucil (Chb), Chb-M' and Chb-S and chlorambucil (Chb)

Al172
ICso (uM) 48 h 72 h 96 h
Chb 29.35 >50 > 50
Chb-M' 25.71 2.47 0.85
Chb-S 25.73 17.75 2.51
KALS-1
ICso (UM) 48 h 72 h 96 h
Chb > 50 > 50 > 50
Chb-M' 14.88 1.49 0.15
Chb-S 26.67 2.48 2.63
LN229
ICso (UM) 48 h 72 h 96 h
Chb 29.35 >50 > 50
Chb-M' 11.13 3.35 1.39
Chb-S > 50 > 50 > 50

T98G



ICso (UM) 48 h 72 h 96 h
Chb > 50 > 50 > 50
Chb-M' 1.96 0.85 0.34
Chb-S >50 25.60 >50




Supplementary Table 3. ICso of YM155

ICso M)  48h 72 h 96 h

Al172 420.3 102.0 66.3

KALS-1 103.0 50.9 51.9




Supplementary Table 4. Target sequences for shRNA.)-knockdown experiments

shRNA Forward (5' — 3

sh RUNXI #1  AGCTTCACTCTGACCATCA
sh RUNXI #2 AACCTCGAAGACATCGGCA
sh BIRCS ACGTGTGCTGTCCGT

sh Luc CGTACGCGGAATACTTCGA

a)ShRNA; short hairpin RNA



Supplementary Table 5. PCR and sequencing primer for Sanger sequence

PCR primers Forward (5' — 3') Reverse (3' — 5')

TP53 exon 24 CAGGAGTGCTTGGGTTGTGG  CGGCATAGGGGGACGTAAAGA

TP53 exon 5-9 TGCCCTGACTTTCAACTCTG ACCGAGGACCAACATCGATTG

TP53 exon 10-11  ATGCATGTTGCTTTTGTACCG TATCCACACGCAGTCTTGT

Sequencing primers Forward (5' — 3')

TP53 exon 6 CTACTGCTCACCCGGAGG

TP53 exon 7 AGGCCTCCCCTGCTTGCC




Supplementary Table 6. PCR primers used for RT-qPCR

PCR primers Forward (5' — 3') Reverse (3' — 5')
RUNXI AGTCATTTCCTTCGTACCCACA TGGCATCGTGGACGTCTCTA
RUNX2 GCCTTCAAGGTGGTAGCCC AAGGTGAAACTCTTGCCTCGTC
BIRCS CAGATTTGAATCGCGGGACCC CCAGAGTCTGGCTCGTTCTCAG
p53 ACAGCACATGACGGAGGTTG CACACGCAAATTTCCTTCCA
p21 CGACTGTGATGCGCTAATGG CTCCAGTGGTGTCTCGGTGA
Bel-xL GGTTCCCTTTCCTTCCATCC GGAGTCCTGGTCCTTGCATC
PIF1 CCAGGTGATGCTGGTGAAAA CTGCCTCGAACCCAACTACC
CHK1 TGGGATACCAGCCCCTCATA GATCCTGGGGTGCCAAGTAA

GAPDH CATGTTCGTCATGGGGTGAACCA AGTGATGGCATGGACTGTGGTCAT




Supplementary Table 7. PCR primers used for ChIP

PCR primers Forward (5' — 3') Reverse (3' — 5')

BIRCS CCAGCCTGGCAAACATGG CTGCAACCTCCTCCCCGC

PIF] GAACCTGGACAACTTTCAGTCATC AAACATTGAACCCAGATTACCTGC




