
++
+
+++++++

++

++

+
++++++++++

+
++

++
++

p = 0.29

Log−rank

0.00

0.25

0.50

0.75

1.00

0 400 800 1200 1600 2000 2400

S
ur

vi
va

l p
ro

ba
bi

lit
y

OPC−like in TCGA−GBM + +low high

76 29 10 3 1 1 0

76 35 8 4 1 1 1

0 400 800 1200 1600 2000 2400
Time since diagnosis (days)

Number at risk

A

+
+++++++

++

++

++

++
++++++++

+
++

++ ++

p = 0.93

Log−rank

0.00

0.25

0.50

0.75

1.00

0 400 800 1200 1600 2000 2400

S
ur

vi
va

l p
ro

ba
bi

lit
y

NPC−like in TCGA−GBM + +low high

76 33 10 3 1 1 0

76 31 8 4 1 1 1

0 400 800 1200 1600 2000 2400
Time since diagnosis (days)

Number at risk

B

+
+++++++++

++

++
+

+++

++
+
++++++

+++

+
+

p = 0.63

Log−rank

0.00

0.25

0.50

0.75

1.00

0 400 800 1200 1600 2000 2400

S
ur

vi
va

l p
ro

ba
bi

lit
y

AC−like in TCGA−GBM + +low high

76 27 10 3 1 1 1

76 37 8 4 1 1 0

0 400 800 1200 1600 2000 2400
Time since diagnosis (days)

Number at risk

C

++
+
++++

+++++++++ ++++ + ++++

+++

+
+++++++++++++ + +++ + ++ + + + +

p = 0.42

Log−rank

0.00

0.25

0.50

0.75

1.00

0 700 1400 2100 2800 3500 4200

S
ur

vi
va

l p
ro

ba
bi

lit
y

OPC−like in CGGA−GBM + +low high

187 47 18 7 0 0 0

187 51 16 11 5 3 1

0 700 1400 2100 2800 3500 4200
Time since diagnosis (days)

Number at risk

D

++
+
+
+++

++++++ ++++++ ++++ +

+
+

+
++++++++

++++++++++ + ++ ++ + + +

p = 0.26

Log−rank

0.00

0.25

0.50

0.75

1.00

0 700 1400 2100 2800 3500 4200

S
ur

vi
va

l p
ro

ba
bi

lit
y

NPC−like in CGGA−GBM + +low high

187 46 18 7 1 0 0

187 52 16 11 4 3 1

0 700 1400 2100 2800 3500 4200
Time since diagnosis (days)

Number at risk

E

+
+

+++
+++++ ++++++++ ++++++ + ++++ +

++
+

+
+
+++++

++++++ + + ++ + + +

p = 0.27

Log−rank

0.00

0.25

0.50

0.75

1.00

0 700 1400 2100 2800 3500 4200

S
ur

vi
va

l p
ro

ba
bi

lit
y

AC−like in CGGA−GBM + +low high

187 55 23 10 1 0 0

187 43 11 8 4 3 1

0 700 1400 2100 2800 3500 4200
Time since diagnosis (days)

Number at risk

F

Figure S1: Kaplan-Meier survival curves for patients stratified by OPC-like, NPC-like, and AC-like score levels. (A-F) Survival analysis, utilizing Kaplan-Meier curves,

was conducted for patients categorized by OPC-like, NPC-like, and AC-like score levels derived from the TCGA-GBM and CGGA-GBM cohorts. Patients were stratified

into high and low expression groups according to the median score.
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Figure S2: Determining the tumor evolution and hypoxia specificity of MES-like malignant cells by scRNA-seq a nalysis. (A) The UMAP plot presenting the results 

after BBKNN integration is shown. (B) The inferCNV results for cells other than tumor cells, with oligodendrocytes as a reference. (C) Graph of the proportion of each 

sample in each type of cell. (D) The proportion of normoxic cells and hypoxic cells in the tumor cells of each sample. (E-G) The correlation between the proportion of 

hypoxic cells and the proportion of OPC-like, NPC-like and AC-like cells in tumor cells from each sample.

37



−10

−5

0

5

10

−10 0 10 20
PC1 (66.2%)

P
C

2
 (

1
0

.4
%

)

groups M1high pseudo−bulk samples M1low pseudo−bulk samples

Figure S3: The PCA plot illustrates the drug sensitivity of pseudo-bulk samples characterized as M1high and M1low.

38



**** ** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** * **** **** **** **** **** **** ns ****

0

5

ACC
BLC

A
BRCA

CESC
CHOL

COAD
DLB

C
ESCA

GBM
HNSC

KICH
KIRC

KIRP
LA

ML
LG

G
LIH

C
LU

AD
LU

SC
MESO OV

PA
AD
PCPG

PRAD
READ

SARC
SKCM

STA
D
TGCT

THCA
THYM

UCEC
UCS

UVM

Ex
pr

es
sio

n

GROUP
GTEx_normal
TCGA_tumor

CEBPG RNA level Expression in PancancerA
0.0051

< 0.0001

0.0007
< 0.0001

0.0001

0.37

0.00

0.25

0.50

0.75

1.00

Brain Cancer

Uterine Cancer

Head and Neck Cancer

Liver Cancer

Lung Squamous Cell C
arcinoma

Lung Adenocarcinoma

Tu
m

or
 v

s 
No

rm
al

(lo
g2

 F
C)

CEBPG Protein Abundance from CPTACB

umap_1

um
ap

_2
um

ap
_2 Samples:

GBM3405(6219)
GBM2705(1790)
GBM3968(2433)

 nCells:10442
Integrated snATAC−seq

umap_1

um
ap

_2
um

ap
_2

MES−like−subtype

0.2
0.4
0.6

 nPos:10421, 99.8%

C

OPC−like−subtype
MES−like−subtype

AC−like−subtype
NPC−like−subtype

G
FA

P
M

LC
1

AD
M

CH
I3

L1
AN

G
PT

L4
DC

X
SO

X1
1

AL
CA

M
O

LI
G

1

Fraction of cells (%)

20 30 40 50 60 0.00 0.25 0.50 0.75 1.00

Mean expression

D

Figure S4: The transcription factor CEBPG is a crucial and specific regulator of the MES-like cells. (A) The box plot presents CEBPG expression across various cancer

types, utilizing data from the TCGA and GTEx databases. (B) The log2 fold-change in the protein abundance of CEBPG between normal and tumor tissues, across

a range of cancers, was analyzed using data obtained from the Clinical Proteomic Tumor Analysis Consortium (CPTAC). (C) UMAP plot of the integrated tumor cell

snATAC-seq data and MES sample scores. (D) Dot plot displays the represented markers for each major GBM cell subclusters.
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Figure S5: The transcription factor CEBPG is linked to the malignancy of GBM cells and supports resistance to hypoxia. The relevance graph demonstrates that CEBPG 

is associated with hypoxia (A), EMT (Epithelial-Mesenchymal Transition) (B), invasion (C), metastasis (D)and differentiation (E) in GBM. (F-G) The bar chart 

shows the expression levels of MES-like GBM markers (ADM and ANGPTL4) in cell lines (including U87-MG and U118-MG) related to the central nervous system. 

(H-I) The qRT-PCR results for the gene expression levels of MES-like GBM markers (ADM and ANGPTL4) in normal human astrocytes (NHA) and GBM cell lines 

(U87-MG and U118-MG).
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Figure S6: Quality control of single-cell RNA-seq. Violin plots show the number of genes (A), total count values (B), mitochondrial ratio (C), and hemoglobin ratio (D) 

in each cell of each sample after single-cell data quality control.
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Figure S7: (A) The expression of ADM and ANGPTL4, markers of the MES-like GBM, is presented alongside CEBPG expression and corresponding fluorescence 

intensity in samples from human GBM patients. (B) The cell viability and IC50 values of Dasatinib and Trametinib were measured in U87-MG and U118-MG cell lines 

at varying concentrations over 24 and 48 hours.
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