Supplementary Figures
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Supplementary Figure 1. Generation of the GTMEI gene signature and functional annotation. A Consensus matrix of 796 GBM samples with K=3, displaying the stability of the GTMEI clusters using 1000 iterations of hierarchical clustering. B Venn diagram showing the number of DEGs among the three GTMEI clusters. (C) Bar graph of enriched terms colored by P value and (D) summary of the PaGenBase enrichment analysis of DEGs among the three GTMEI clusters. E Bar graph of the enriched terms across the 135 most representative DEGs among the three GTMEI clusters colored by P value. F Consensus matrixes of the 796 GBM samples with K=3, displaying the stability of the GTMEI gene clusters using 1000 iterations of hierarchical clustering. G Consensus matrixes of the 796 GBM samples with K=4, 5 and 6.
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Supplementary Figure 2 Molecular subtypes tumor somatic mutations associated with the GTMEIscore. Differences in the GTMEIscore between different GBM molecular subtypes in the (A) Gravendeel dataset and (B) Wang dataset. The Kruskal-Wallis test was used to determine the significance of differences between the three GBM molecular subtypes. E Waterfall plot of the tumor somatic mutation landscape in the low GTMEIscore (left) and high GTMEIscore (right) groups in the Wang dataset. Each bar represents the mutation information for an individual patient. The top bar plot shows TMB, and the numbers on the right indicate the mutation frequency of each gene. The bar plot on the right shows the proportion of each mutation type. GSEA with the (F) CORDENONSI_YAP_CONSERVED_SIGNATURE signature and (G) mesenchymal signature showed that GBM samples with a high GTMEIscore were enriched in the MES-subtype group compared to GBM samples with a low GTMEIscore group. NES, normalized enrichment score; FDR, false discovery rate.
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Supplementary Figure 3 Correlation between the GTMEIscore and proteomic characteristics. A Bar graph of enriched terms across proteins with a significant positive association with the GTMEIscore colored by P value. B Forest plot showing proteins with prognostic significance. An HR > 1.0 indicates that the protein is a prognostic risk biomarker. C Heatmap showing the protein expression of genes upregulated in the nmf2-subtype group in the Wang dataset.
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Supplementary Figure 4 Correlation between the GTMEIscore and protein phosphorylation and acetylation. A Bar graph of enrichment terms for proteins with significantly downregulated phosphorylation levels in the high GTMEIscore group colored by P value. B Heatmap showing the expression of EGFR protein and its downstream protein phosphorylation sites. C KEGG and GO BP enrichment analysis of proteins with significantly different acetylation levels. D Kaplan-Meier curves for the OS of Wang dataset GBM patients with (left) high CREBBP and low CREBBP expression (log-rank test P = 0.005), (Middle) high BRD3 and low BRD3 expression (log-rank test P = 0.028), and (right) high HDAC10 and low HDAC10 expression (log-rank test P = 0.021).
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Supplementary Figure 5 Correlation between the GTMEIscore and metabolomic and lipidomic characteristics. A Kaplan-Meier curves for the OS of Wang dataset GBM patients with (left) high L-leucine and low L-leucine levels (log-rank test P = 0.002) and (right) high DL-2-aminoadipic acid (spectral match) and low DL-2-aminoadipic acid (spectral match) levels (log-rank test P = 0.030). B Spearman analysis of the correlation of the GTMEIscore with 29 metabolic regulatory genes associated with GBM prognosis. Colors indicate correlation coefficients, with yellow indicating a negative correlation and red indicating a positive correlation. Asterisks indicate statistically significant P values calculated using Spearman correlation analysis. *P < 0.05; **P < 0.01; ***P < 0.001. C Kaplan-Meier curves of the OS of GBM patients based on their protein levels of six genes, ALDH3A1, PSME1, RUFY1, CHD9, PON1 and PON3l, in the Wang dataset.


[image: ]
Supplementary Figure 6 Differences in the GTMEIscore between different immune subtypes. A Heatmap and table of the distribution of six immune molecular subtypes between the high and low GTMEIscore groups, chi-square test showed P=0.001. B Consensus matrix of TCGA pan-cancer samples with K=3, displaying the stability of the subtypes using 1000 iterations of hierarchical clustering. C Unsupervised clustering of 23 immune cell types in TCGA pan-cancer samples. A heatmap was used to visualize immune cell infiltration. Red represents high immune cell abundance, white represents moderate immune cell abundance, and blue represents low immune cell abundance.
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Supplementary Figure 7 Pan-cancer and cancer-specific Kaplan–Meier survival curves of tumor patients between TISIhigh and TISIlow groups. The P-value was calculated by the log-rank test. 
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Supplementary Figure 8 Correlation of the GTMEIscore with drug sensitivity in otner 32 cancer types. A Heatmap showing each compound (perturbagen) from the CMap that shares mechanisms of action (rows) and sorted by descending number of compound with shared mechanisms of action. 

image5.tiff
L-leucine = high = low

DL-2-Aminoadipic acid & high 5 low
(spectral matoh)

1.00- 1.0
i E 0.50.
H 0.50- g 5
5025 000 ©O0% po030
o0 3 om
G 3 g 0
Time(years) . Time(years)
. §s
EREHEY & & 9 £ ol & £ & 4
F g IE
5 B Time(years)
Time(years) 1
B Coexpression across GBM datasets
WanglL 2 = T AT ST ST T A T ]
TCGA e 5 = A A AGATAGA A = Z = =
PO = = S A °
caanz [ 12 5 A A A A A A A A A A A A A A B
= ~ — ¥ - @ o= D ® L - T T = 8 - 8 ¥ o - F f 9~
r 283 n 38 ns 30788 mkz2Zuepa>ai 3
LT g N o< 0OD@ X =0y gaqoe€ J®0 S 00 =0 X I L E 2 T
g 0o ko dg IO T <« 0 < QO X adadopo W o 2
T <o $aw<t o b3 2 a0 o 75 © x < 2
< 5 [z} F % < o
c ALDH3A1 Shigh = low PSME1 [ high [ low RUFY1 [#=high 32 low
1.00 1.00 o0
= ®075 T075
2075 = 2
2050 % 0.50 3 0.50
5 3 2
S 5025
O0251 o024 ©0251 o013 p=0.051
000 000 o 0 1 2 3
0 1 3 3
0 ! fimetyears) 3 Time(years) Time(years)
< p} 5 high 5
£ high =515 4 2 P sE 3 % 9
\ 3
El a [ A 2 3 = 0 1 2 3
< 0 1 3 Time(years) Time(years)
Time(years)
CHD9 == high== low PON1 =~ high == low PON3 = high == low
1.00
1.00 1.00
_ T075
T 0.75 g 0.75 s
; ; E 0.50
2050 2050 ]
T [ 2
g 2 5025
3 025 p=0.080
©0251 0028 © p=0.086
0.00
0.00 0.00 0 1 2 3
0 1 2 3 0 1 3 Time(years)
Time(years) Time(years) -
= z 4 2 14 1
8 h\ghi 81 47 23 1 z h\gh1 19 14 8 1 o f‘gm 52 2; 10 0
I low {16 8 1 0 O low {78 41 16 0 a
© 0 1 2 3 & 0 1 2 3 0 1Tme( em)z 3
Time(years) Time(years) ¥e




image6.jpeg
A €——8815TCGA patients —m X X > B Consensus matrix k=3

GTMElscore
groups

low 1522 1109 1336 799 373
(n=5148) WEIERL)] (22%) (26%) (16%) (7%)

785 1351 1029 333 3
(21%)  (37%) (28%) (9%) (0%)

" GTMElscore-low " GTMElscore-high

BN N IRNNINN Cancer Type

Subtype Subtype

immune-excluded

I] CDS56dim natural killer cell immune-inflamed
immune-desert

Type 17 T helper cell

Monocyte

CD56bright natural killer cell

Natural killer cell

‘ T follicular helper cell Cancer Type
W Acc
Immature dendritic cell BLCA
BRCA
‘ Plasmacytoid dendritic cell CESC
CHOL
Activated CD4 T cell COAD
«{ . DLBC
Type 2 T helper cell ESCA
i . GBM
— Activated CD8 T cell HNSG
P KICH
Activated B cell KIRG
{ 0 KIRP
Immature B cell L
-2 LGG
- LIHC
— Macrophage =
e A i LUAD
— ” LUSC
MESO
Regulatory T cell B
egulatory T cel DAt
PCPG
— Activated dendritic cell .
READ
Natural killer T cell i
{ SKCM
Type 1 T helper cell STAD
TGCT
Eosinophil THCA
THYM
‘ Mast cell UCEC
ucs
E ‘ Gamma delta T cell UM

‘ Neutrophil




image7.tiff
BLCA CHoOL ESCA HNSC
GTMEIscors =100 GTMElsoore Z1.00 GTMEIscore g
3 = Low (n=178) H  Low (n=18) E = Low (n=143) ] GTMElscore
Zo.75 = High (n=225) 5075 = High (n=18) 8075 = High (n=18) 5075, = Low (n=166)
g & s s  High (n=335)
5050 Tos0 Tos0 Sos0
H g g 5
#025| Bo2s 025 P25 o
0.00 000 .00 0.00
6 3 4 6 8 10 12'1a 16 18 20
G 1234566788 101112131415 6 1 3 3 & 8 LR R S Time{years)
Time(years)
KICH KIRC KIRP LAML
w GTMElscore 2100 2100
: ﬁ Clowesen 2 H GTMElscore
80.75. Bo7s §075 go7s )
Tos0 GTMElscore To.50 Toso Zoso
: < Low (n=20) H £ H
= - 3 &
3025 002 Hgh (v=44)  B025| g 00¢ 3025 o 025
0.00 0 0.00
012345667866 n0N12 6123456789011 0433456788 1oi1i2istarsio 23
Time(years) Time(years) Time(years) Time(years)
Lee 2100 LiHe Lusc 2100 MESO
GTMElscore GTMElscore H
3 - GTMEIscore H
5 = Low (n=439) e ooty g
Sors = High gy ow (=350 So7s
g g “ High (n=143) g
Toso . Tos0
o001 P02 om ©025) poofs
0.00 0.00 i i 0.00 0.00
G 2 4 6 6 10721416 1820 012345678610 G12345867809101112131415 O 42 epd g6 78
Time(years) Time{(years) Timeyears) ime(years)
ov PGPG .
£ 2100 PAAD 2100 1.00 READ o biscore
H H | ee— 2 = Low (v=142)
Sors GTMEIscare Zo7s Bo7s5 So7s)  High (n=16)
& = Low (n=307) |3 3 GTMElscore s i
Zo.50 * = 3 STMIEL T - 3
: High (n=71) goso Slowins) goso i:rh((n 15)5) Foso
@025 3 3 3
e P02 pe0020 P02 poger
LU S L —— X\ 0.00 0.00)
01234567 8910111213141 6 i 2 a4 5 6 8 0°2746°8 {012 14 16 {830 2234 76 2 3 45678 910
Time(years) Time(yedrs) Timeyears) Time(years)
H AR rvEiscore E SKem 2100 STAD 2100 Al
2 42) 2 GTMElscore GTMElscore £
g075 Zots “lown=on)  Rgo6 GTMElscore
Soso = +High (n=253) £ = Low (n=83)
g Zos0 k]
z H Soso
B0.25 3 H
P00 ?025 p0002 CLES] ——
0.00 : 00 000
01234867809 1011121311516 02 4 6 8 10121416 18202224762630
Fireyen) A LRERERE RES- B LB 67374 6 8 f0 12 14 16 18 20
THCA UCEC uvm
GTMEIscore
H = Low (n=454)
3 GTMElscore g
Toso Sleintiey  To50
a “High (n=61) @ 55
PO s peo007
.00 0.00

0123456785 TR

0724 6 8 0 i2 14 16 18 20
Time(years)

3riméedrs) ©




image8.tiff
inhibitors

B

pathway

o
" 1]
2 £ e 8
) N 3 <
2 5 R To N & ©
c S o E © c
5o 0,8 28 ES5R £48 2. % 00 0§
S< €982 5 9088 £ 8ct cc O
ETCEERSR5Ecac;uds 5205 L5
B cgET B G ONCE 5550262252828 %
e NS o g S oEEL 202800285 EE5800 g2
8888580 ESoRSEEECERgSEa85083s
2ES=8 0580505 0002825585 2E8EG
CGoTVrs ODEXVEEEEQ0GGSRRELEERES
mechanism of action
count
R0 o ° Dopamine receptor antagonist
() L Adrenergic receptor antagonist
(] () Histamine receptor antagonist
L (] HSP inhibitor
L L) Phosphodiesterase inhibitor
e o Protein synthesis inhibitor C
(] 5-alpha reductase inhibitor L]
L AKT inhibitor []
(] Antihistamine (]
() Bacterial 30S ribosomal subunit inhibitor L]
L Bacterial cell wall synthesis inhibitor L]
L Calcium channel blocker L]
® Carnitine palmitoyltransferase inhibitor H
(] Chelating agent (]
° DNA inhibitor, Antiprotozoal L]
° Glucocorticoid receptor agonist, Mineralocorticoid receptor agonist H
[ Glutamate receptor antagonist L
@ HDAC inhibitor H
o Opioid receptor agonist L
L] Serine protease inhibitor L]
L Sodium channel blocker Ll
Unclassified - L3 L]
Protein stability and degradation - .
Other, kinases - =
Other - .
Mitosis - . . =
microtubules - . E——
IGF1R signaling - -
Genome integrity - -
I
DNA replication - . -
DNA and protein synthesis - . S
Chromatin other - | 1
Chromatin histone acetylation - . —
Cell oycle - . . [—
Apoptosis regulation - E—

ABL signaling - -
jefussasissssiiiisiiiciifessdssiisdiiiiinigs 0 ;
S5RRABEE2EgET 288 BisELERERTEc R g0 8aNE count
8290080053 282588 ey £38¢9835> e Drug sensitivity

LES8E05 o £ES z SE3REQ x3 | |
<% 4444425505283 LEEEE §e828556 Sc¥8
H ©° 6"z gorrT ] [l Drug resistance

Drug name





image1.jpeg
0 10 20 30 4o
-og10(P)

4
-0g10(P)

R-HSA-6798695: Neutrophil degranulation

R-HSA-109582: Hemostasis

hsa04142: Lysosome

GO:0010878: cholesterol storage

GO:0019221: cytokine-mediated signaling pathway

WP5083: Neuroinflammation and glutamatergic signaling

G0:0009311: oligosaccharide metabolic process

WP3945: TYROBP causal network in microglia

G0:0009100: glycoprotein metabolic process

GO:1901136: carbohydrate derivative catabolic process

GO:0045165: cell fate commitment

G0:0006643: membrane lipid metabolic process

R-HSA-1566948: Elastic fibre formation

GO:0015849: organic acid transport

G0:0002831: regulation of response to biotic stimulus

GO:001056¢ jon of glycoprotein biosynthetic process

GO:0030855: epi ifferentiation

k004380: Osteoclast differentiation

G0:0043086: negative regulation of catalytic activity

R-HSA-8950505: Gene and protein expression by
— o+ 4 JAK-STAT signaling after Interleukin-12 stimulation

GO:0046649: lymphocyte activation Tissue-specific: Blood
WP3945: TYROBP causal network in microglia Tissue-specific: spleen
R-HSA-6798695: Neutrophil degranulation Tissue-specific: bone marrow
GO:0001817: regulation of cytokine production Tissue-specific: thymus
R-HSA-1280215: Cytokine Signaling in Immune system Cell-specific: HL6O

R-HSA-1280218: Adaptive Immune System
G0:0002252: immune effector process
GO:0050778: positive regulation of immune response

Cell-specific: CD14+ Monocytes
Cell-specific: A204

G0:0002274: myeloid leukocyte activation Cell-specific: BDCA4+ Dentritic Cells
(G0:0032103: positive regulation of response to external stimulus. Tissue-specific: Cerebellum
GO:1903047: mitotic cell cycle process Cell-specific: Lymphoma burkitts Daudi
R-HSA-109582: Hemostasis Cell-specific: RS11846

GO:0006281: DNA repair Cell-specific: Lymphoma burkitts Raji
GO:0050900: leukocyte migration Cell-specific: CD33+ Myeloid
G0:0051129: negative regulation of cellular component organization Cell-specific: MOLT4

G0:0010942: positive regulation of cell death &
G0:0002683: negative regulation of immune system process gz::z"zz:x ulé\sc
R-HSA-9716542: Signaling by Rho GTPases, Miro GTPases and RHOBTB3 P

RHSA.1640170: Cel Cydle Cell-specific: Cardiac Myocytes
G0:0019221: cytokine-mediated signaling pathway Cell-specific: RL7

0 10 20 30 40 50
-log10(P)

consensus matrix k=3

G consensus matrix k=4 consensus matrix k=5 sonsensus matrix k=5

moom





image2.tiff
Gravendeel dataset

A subtype B8 PN BB CLES MES B E3 PNER
p<222e-16 60

1.6e-07
10 I—
11e-14 %
Adeld,

*‘P

20

GTMElscore
o
GTMElscore

)

-20

Wang dataset
CL ES MES B IDH mutant
1.6e=15
0.05
6.6e-07
037

9.1e-16
011

b

E Low GTMElscore group
767

0
TP53
TIN

muc4
EGFR
IDHT
Atrx Wl
FLG

PIK3CA
ARHGAPS
onar11 il |
LRP2 [ |
MUC16
OBSCN L (N |
OR10T2 | |
RYR2 [ |
RYR3 ||
anarcr _ |
cnort il { |
COL4A4
COL5A3 I
DNAH14
onaHo il
DTD2
IGF28P3
meaL1 B M [ |
muct7 |
MUCsB [ | [ |
ikt
pcro | BN |

Enrichment plot:

Altered in 33 (91.67%) of 36 samples.

33%
28%
25%
22%
19%
17%
14%
14%
14%

H11%
1%
1%
1%
11%
1%
| BERRITA
8%
8%
8%
8%
8%
{ | 8%

8%

8%

8%

8%
LA

8%

8%

CORDENONSI_YAP_CONSERVED_SIGNATURE

£ NES=1.88

%o FDR<0.001

5?” GTMEIscoreM i Low
High e reaerg ettt

s000 7.800
Rank in Ordered Dataset

2500

Ranked I

10000

12500

[— Enrichment profile — Hits

Ranking metric scores

C Gravendeel dataset D Wang dataset

100 100
= 75! z 75.
) o
g 2 subtype
z subtype = cL
& cL g 50- IDH mutant
g% 5 MES
& o HPN
25 25
[ L—
Low _ High Low _ High
GTMEIscore GTMEIscore
High GTMEIscore grou
128 o group
Altered in 59 (96.72%) of 61 samples.

it ki

P53
PTEN
NF1
EGFR
mucs
v A
re1 A 1%
BRAF 10%
pikaca | 10%
XPOT 10%
ATRX 8%
DOCK6 8%
FNDCT 8%
HMCN1 8%
MUC16 8%
PIK3R1 8%
RYR2 8%
AGL 7%
ARHGAPS 7%
CALN1 7%
ceociss | 7%
DNHD1 7%
FBN3 7%
Hent 7%
LT8P4 7%
MAGECT 7%
MSH4 7%
MxrA5 1l 7%
PARPA 7%
PLCZ1 7%

33%
31%
21%
16%
16%
16%

Enrichment plot: MESENCHYMAL

™
E 07
§or NES=1.98
5o FDR<0.001
Eoa
oo

o
g ]
£ o= GTMElscore
£ oo | Zerooross 8525 Low
£ == | High
B
3 o7 'Low (negatively comelated)
5

Rank in Ordered Dataset

— Enrichment profile — Hits Ranking metric scores





image3.tiff
R-I1

R-HSA-5653656: Vesicle-mediated

11SA-1474244: T
WP3888: VEGFA-VEG
hsa04610: Complement

:0050778: positive regulation

G0:0006897: endocytosis
G0:000227.
R-HS.
G0:0006909: phagoeyt

is

R-1ISA-1280218: Adapt
G0:0050900: leukocyte migration
e
~1logl0 (P)
‘ Cc
Gene  Hazard ratio | pvalue
VSIG4 1.597(1.197-2.131) | ———1 0.001
CD44 1632(1.198-2.222) : —_ 0.002
SPP1 1485(1.128-1.955) | ——— 0.005
CLIC4 1847(1.136-3.003) ' +——M———— 0013
HSPB1 1696(1.109-2.594) : — 0.015
ITGB1 1651(1.083-2.516) '+———M—— 0.020
CD163 1.300(1.037-1629) —M— 0023
S100A11 1.412(1.030-1934) ———1 0032
EFEMP1 1.426(1.030-1.973) :»—.—« 0032
FTL 1.249(1.018-1.533) il 0.033
CHIBL2 1.379(1.022-1.861) :»—.—c 0.036
IGFBP3 1.394(0.998-1.949) +—M——1 0.042
CHIBLT 1.203(1.003-1.443) - 0.046

Tt T T T

0.0

1.0
Hazard ratio

20

3.0

A-6798695: Neutrophil degranulation

R-HSA-1799339: SRP-dependent cotranslational protein targeting to membrane
G0:0002252: immme effector process

G0:0009611: response Lo wounding

G0:0030036: actin cytoskeleton organization

transport

acellular matrix organization
FR2 signaling pathway

and coagulation cascades
G0:0001817: regulation of cytokine production
G0:0031347: regulation of defense response

ol immunc responsc

G0:0030155: regulation of cell adhesion
G0:0030162: regulation of proteolysis

: myeloid leukocyte activation
A-1280215: Cytokine Signaling in Tmmune system

> Tmmune System

group group
S —— GTMES score[” High
coLsA1~ [MLow
MICALLZ GTMES score
ITGA3 | &
LSt

-20

Genes
known as
MES

GBM marker




image4.tiff
GO:0099537: trans-synaptic signaling

G0:0048812: neuron projection morphogenesis

R-HSA-112316: Neuronal System

G0:0034330: cell junction organization

G0:0120035: regulation of plasma membrane bounded cell projection organization
G0:0030029: actin filament-based process

R-HSA-194315: Signaling by Rho GTPases

GO:0051129: negative regulation of cellular component organization
G0:0043269: regulation of ion transport

G0:0060322: head development

G0:0051668: localization within membrane

G0:0007610: behavior

GO:0007264: small GTPase mediated signal transduction
R-HSA-9675108: Nervous system development

G0:0000226: microtubule cytoskeleton organization
R-HSA-6794362: Protein-protein interactions at synapses

0 10

B

20 30
-0g10(P)

40 50 60 70

G0:0051640: organelle localization
G0:1903047: mitotic cell cycle process
WP4549: Fragile X syndrome
R-HSA-199991: Membrane Trafficking

c

O group "qu% Glycolysis / Gluconeogenesis A
-
GTMEIscore  GrumEiscore Complement and coagulation cascades A count
EGFR | B Citrate o B
:yole (TCA cycle) P
1 1 I I EGFR_$1104
EGFR7S1045 20 Ferroptosis .

1 | 1 \ I 1 | Egrr509s N @ 100
|| [ II 1 EGFR_T1041,81042.1 Galactose metabolism ®
"l Bt ety | e g, neutoph mediated mmunty .

EGFR_Y998 myeloid leukocyte mediated immunit .
Tk | . | - || | EGFR_st070v1002 | 2 4 Ve mediate y
| EGFR Y1110 o HIF-1 signaling pathway A ~log10(pvalue)
I | h EGFR Y1172 Cholesterol metabolism B
| ESFR VI ) Glutathione metabolism a 20
1 i Ll ' i Egiiiﬁéfrs'm Antigen processing and presentation A 15
| I EGFR T693:8695 Focal adhesion A 10
|| I EgrR e PPAR signaling pathway{ 4 s
1 | |EGFR_T693
1 EOFR 81045:T1046 leukocyte mediated immunity .
1 Egg;,glgg; 4 Protein processing in endoplasmic reticulum &
| EGFR_51064.1 Leukocyte transendothelial migration 4 class
L EGFR-S1038 cellular response to cytokine stimulus  *
I EGFR_T1046 ivati * GO_BP
] EGFR-Liose leukocyte activation{ ~ ®
1 | EGFR_51166 immune response{ ® 4 KEGG
1 1 I 1! EGFR'S1153
| 1 i 1 II I EGFR_S1026 Metabolic pathways
EGFR_51039:51042
- 004 008 012 0.16

CREBBP & high = low

o =
3 5
& 8

Overall survival
°
o
3

BRD3: high = low

1.00.

o
S
a

Overall survival
o
o
2

HDAC10 == high = low

o -
3 3
o 8

Overall survival
°
o
3

0250 p=0.005 025 po.028 | 025 p-0.021
0.00- 0.00- 0.00
5 i 3 3 T — 3 v T 7 3
. Time(years! Time(years) o ime(years)
& 3 8.
3

2058 ® ¥ 3 g 8 % § g 8 4 9
° 0 Timelyears’ 3 Time(years) Time(years)




