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Materials and methods
[bookmark: _Hlk78397492]Chemicals and reagents
[bookmark: OLE_LINK225][bookmark: OLE_LINK224][bookmark: OLE_LINK281][bookmark: OLE_LINK280][bookmark: OLE_LINK230][bookmark: OLE_LINK231][bookmark: OLE_LINK269][bookmark: OLE_LINK267][bookmark: OLE_LINK268]Acetonitrile (ACN, MS grade), trifluoroacetic acid (TFA, MS grade), formic acid (FA, MS grade), PierceTM BCA Protein Assay Kit and HeLa Protein Digest Standard were purchased from Thermo Scientific (St. Louis, MO, USA). Culture media such as Dulbecco's Modified Eagle's Medium (DMEM), penicillin/streptomycin (P/S), fetal bovine serum (FBS) and trypsin-EDTA were from Gibco Life Technologies (New York, USA). The iST kit for proteomic sample preparation was purchased from PreOmics GmbH (Planegg, Germany). Deionized water used in the experiments was prepared by the Milli-Q50SP system (Millipore, Milford, MA).

Cell culture and collection
[bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK264][bookmark: OLE_LINK66][bookmark: OLE_LINK65][bookmark: OLE_LINK226][bookmark: OLE_LINK227][bookmark: OLE_LINK71][bookmark: OLE_LINK70]The human cervical cancer cell line, HeLa (ATCC, USA), was cultured at 37 °C and 5% CO2 in DMEM with 10% FBS and 1% penicillin/streptomycin. The culture medium was refreshed every 2 - 3 days. Cells were harvested at >80% confluency following treatment with 0.25% trypsin-EDTA solution to obtain a cell suspension. Cells were dispersed in growth medium, and the cell density was measured by an automated cell counter (Cellometer AutoT4, Nexcelom, USA). The defined number of cells was washed three times with ice-cold PBS and centrifuged at 1000 rpm for 10 min at 4 °C. Cells were then placed into 1.5-mL protein LoBind tubes (5 X 105 cells per tube) and stored at −80 °C for future analysis.

Sample preparation based on iST kit
[bookmark: OLE_LINK212][bookmark: OLE_LINK211][bookmark: OLE_LINK210][bookmark: OLE_LINK198][bookmark: OLE_LINK155][bookmark: OLE_LINK197][bookmark: OLE_LINK206][bookmark: OLE_LINK213][bookmark: OLE_LINK209][bookmark: OLE_LINK19][bookmark: OLE_LINK18][bookmark: OLE_LINK73][bookmark: OLE_LINK72][bookmark: OLE_LINK79][bookmark: OLE_LINK78][bookmark: OLE_LINK283][bookmark: OLE_LINK282][bookmark: OLE_LINK284][bookmark: OLE_LINK285][bookmark: OLE_LINK286][bookmark: OLE_LINK287][bookmark: OLE_LINK75][bookmark: OLE_LINK74][bookmark: OLE_LINK293][bookmark: OLE_LINK292][bookmark: OLE_LINK295][bookmark: OLE_LINK294][bookmark: OLE_LINK290][bookmark: OLE_LINK291][bookmark: OLE_LINK276][bookmark: OLE_LINK277][bookmark: OLE_LINK1272][bookmark: OLE_LINK1271][bookmark: OLE_LINK272][bookmark: OLE_LINK273][bookmark: OLE_LINK365][bookmark: OLE_LINK364][bookmark: OLE_LINK1274][bookmark: OLE_LINK1273][bookmark: OLE_LINK275][bookmark: OLE_LINK274][bookmark: OLE_LINK1275][bookmark: OLE_LINK1276][bookmark: _Hlk112143925]Tissue samples were cut and weighed, and 1 mg of each tissue sample was placed into a clean 1.5-mL protein LoBind tube followed by the addition of 100 μL of LYSE and incubation at 95 °C for 30 min with shaking (1000 rpm). HeLa cells for the experimental control were treated simultaneously. The sample was sheared using a sonicator (10 cycles; 30 sec ON/OFF), and protein concentration was determined using the PierceTM BCA Protein Assay Kit. An equal amount of protein (100 μg) for each sample was used for digestion. Then, 210 μL of RESUSPEND was added to DIGEST followed by shaking at room temperature for 10 min at 500 rpm. Then, 50 μL of DIGEST was added to the sample and heated using a pre-heated heating block at 37 °C for 3 h at 500 rpm. After digestion, 100 μL of STOP was added to the sample followed by shaking at room temperature for 10 min at 500 rpm. The sample was then centrifuged at 14,000 rpm for 1 min, and the sample was then serially washed with 200 μL of WASH 0, WASH 1, and WASH 2 for desalting. Then, 100 μL of ELUTE was added twice to elute peptides, and the peptides were lyophilized to dryness and stored at −20 °C or redissolved in 0.1% FA for nano-LC-MS/MS analysis.

Parameter settings for LC-MS/MS analysis
[bookmark: OLE_LINK1452][bookmark: OLE_LINK1451][bookmark: OLE_LINK1449][bookmark: OLE_LINK1450][bookmark: OLE_LINK297][bookmark: OLE_LINK296][bookmark: OLE_LINK301][bookmark: OLE_LINK299][bookmark: OLE_LINK298][bookmark: OLE_LINK300][bookmark: OLE_LINK1281][bookmark: OLE_LINK1282][bookmark: OLE_LINK318][bookmark: OLE_LINK319][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Peptides were acquired in the data-dependent acquisition mode (DDA). The following parameters on mass spectrometry were used: mass range, 100 to 1700 m/z; 1/K0 start at 0.7 V⋅s/cm2 and end at 1.3 V⋅s/cm2; capillary voltage, 1500 V; dry gas, 3 L/min; and dry temp, 180 °C. The PASEF settings were as follows: 4 MS/MS scans (total cycle time 0.53 sec); charge range, 0 – 5; active exclusion, 0.4 min; scheduling target intensity, 20000; intensity threshold, 2500; and CID collision energy started at 27 eV and ended at 45 eV.
[bookmark: OLE_LINK304][bookmark: OLE_LINK305][bookmark: OLE_LINK302][bookmark: OLE_LINK303][bookmark: OLE_LINK306][bookmark: OLE_LINK307][bookmark: OLE_LINK308][bookmark: OLE_LINK309][bookmark: OLE_LINK311][bookmark: OLE_LINK310][bookmark: OLE_LINK316][bookmark: OLE_LINK317][bookmark: OLE_LINK312][bookmark: OLE_LINK313][bookmark: OLE_LINK314][bookmark: OLE_LINK315]All raw data were analyzed by Peaks online (X build 1.7.2022-03-24_170623). The following parameters were used: MS 1 tolerance, 10 ppm; MS2 tolerance, 0.02 Da; and searched database, UniProt-human database (20,375 entries) for the tumor tissue as well as HeLa samples. A false discovery rate (FDR) lower than 1% was used as the cutoff value for the peptide, protein, and propensity score matching (PSM) identification based on the target decoy strategy. Carbamidomethylation of cysteine was considered a fixed modification, and protein N-terminal acetylation, oxidation of methionine, and deamidation of asparagine and glutamine were considered as variable modifications.

Parameters for machine learning
For machine learning, multivariate ROC curves were generated by Monte Carlo cross-validation (MCCV) using balanced sub-sampling (Xu and Liang, 2001). In each MCCV, two-thirds of the samples were used to evaluate the feature importance. The top 2, 3, 5, 10 ...100 (max) important features were then used to build classification models, which were validated using one-third of the remaining samples. The procedure was repeated multiple times to calculate the performance and confidence interval of each model. PLS-DA was used as the classification method, and the PLS-DA built-in was selected as the feature-ranking method with two latent variables (Worley and Powers, 2016). Feature selection was based on the ROC curve results, and the top 5, 10, 15, 25, 50, and 100 proteins were used for predictive accuracy assessment.
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[bookmark: _Hlk107170138][bookmark: OLE_LINK1616][bookmark: OLE_LINK1617][bookmark: OLE_LINK1619][bookmark: OLE_LINK1618][bookmark: OLE_LINK400][bookmark: OLE_LINK399][bookmark: OLE_LINK1621][bookmark: OLE_LINK1622][bookmark: OLE_LINK422][bookmark: OLE_LINK423][bookmark: OLE_LINK1623][bookmark: OLE_LINK1624]Fig. S1 Quality control for system-wide proteomic analysis. A Number of the protein group, peptide and propensity score matching (PSM) identifications in commercial HeLa digests (n = 4) for mass spectrometry quality control (QC). B The distribution of peptide intensities in four HeLa digests. Box plots represent the median and interquartile range, whiskers represent the min to max. C Proportional Venn diagram of quantified protein groups in three paralleled HeLa treatments (H) for experimental quality control. D Number of the protein group, peptide and PSM identifications in three HeLa samples. E Coefficient of variation (CV) of quantified proteins in HeLa cells. Label free quantification (LFQ) data were normalized by total ion current (TIC) and filtered for 50% valid intensity values across three samples. F Violin plot shows the distribution of peptide intensities in 3 HeLa samples. Dashed lines show the median; line limits indicate the 25th and 75th percentiles; whiskers extend 1.5 times the interquartile range from the 25th and 75th percentiles; polygons represent density estimates of data and extend to extreme values. G Pairwise Pearson correlation of LFQ protein intensities from three replicates of HeLa samples. H Percentage of missed cleavages in BrMs (n = 14) and gliomas (n = 13). Values above columns indicate average numbers of identification. Error bars indicate standard error of mean based on biological replicates.
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[bookmark: _Hlk107170189][bookmark: OLE_LINK609][bookmark: OLE_LINK608][bookmark: OLE_LINK614][bookmark: OLE_LINK438][bookmark: OLE_LINK449][bookmark: OLE_LINK613][bookmark: OLE_LINK612][bookmark: OLE_LINK615][bookmark: OLE_LINK616][bookmark: OLE_LINK610][bookmark: OLE_LINK611][bookmark: OLE_LINK496][bookmark: OLE_LINK495][bookmark: OLE_LINK1625][bookmark: OLE_LINK1626]Fig. S2 Functional enrichment of clustering proteins in BrMs. A Gene Set Enrichment Analysis (GSEA) of proteins in 3 clusters. Top 100 annotations of Gene Ontology of biological process (GO-BP), Reactome, WikiPathways, and KEGG pathways were visualized (Benjamini−Hochberg FDR method, adjusted P < 0.01). B Gene Circos of 3 clusters by annotated GSEA results (A). (C) Pearson correlation of 79 proteins in cluster 1. D Protein enrichment networks in cluster 1 based on the top-three functional enriched terms (WP2276, GO:0043254, and GO:0021762). 
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[bookmark: _Hlk107170233][bookmark: _Hlk112755058][bookmark: OLE_LINK625][bookmark: OLE_LINK624][bookmark: OLE_LINK1628][bookmark: OLE_LINK1627][bookmark: OLE_LINK450][bookmark: OLE_LINK458][bookmark: OLE_LINK717][bookmark: OLE_LINK716][bookmark: OLE_LINK972][bookmark: OLE_LINK971][bookmark: OLE_LINK1734][bookmark: OLE_LINK1733]Fig. S3 Proteomic analysis distinguishes different subtypes of gliomas. A Principal component analysis (PCA) of all glioma samples (n = 13) based on LFQ proteome profiles. And 95% confidence regions were displayed. B Unsupervised clustering of LFQ proteomic dataset through 13 samples of gliomas using Pearson correlation. C Volcano plot of the statistical significance between WHO grade IV (IV-Mut, n = 4) and II/III (II/III-Mut, n = 3) IDH1 mutant gliomas (two-tailed Student’s t-test, P < 0.05 and fold change > 2 or < 0.5). D Representation of the total intensity of selected proteins (PPIF, PRSS1, PTRHD1, and PDLIM2) of WHO grade IV (n = 4) and II/III (n = 3) IDH1 mutant gliomas measured by LC−MS/MS (two-tailed Student’s t-test, P < 0.05). Error bars indicate standard error of mean based on biological replicates. E Volcano plot of the statistical significance in GBMs with IDH1 mutation (IV-Mut, n = 4) versus wild type (IV-WT, n = 4). Two-tailed Student’s t-test, P < 0.05 and fold change > 2 or < 0.5. F Proportional Venn diagram of differentially expressed proteins (DEPs) in high-grade versus low-grade group (IV-Mut vs. II/III-Mut, 36 DEPs) and IDH1 mutant versus wild-type group (IV-Mut vs. IV-WT, 76 DEPs).
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[bookmark: _Hlk107170285][bookmark: OLE_LINK1598][bookmark: OLE_LINK1597][bookmark: OLE_LINK1599][bookmark: OLE_LINK1600]Fig. S4 Functional enrichment of differentially expressed proteins between primary and metastatic brain tumor. A Volcano plot of the statistical significance between BrMs (n = 14) and gliomas (n = 13) (two-tailed Student’s t-test, P < 0.01 and fold change > 2 or < 0.5). B Heatmap of 352 DEPs between BrMs (n = 14) and gliomas (n = 13). Ward’s method was performed for clustering and Pearson correlation was used for distance measurement. C Functional analysis of 93 upregulated proteins in BrMs (n = 14) versus gliomas (n = 13). Top 20 annotations of GO-BP, Reactome, WikiPathways, and KEGG pathways were visualized (Benjamini−Hochberg FDR method, adjusted P < 0.01). D Functional analysis of 259 downregulated proteins in BrMs (n = 14) versus gliomas (n = 13). Top 20 annotations of GO-BP, Reactome, WikiPathways, and KEGG pathways were visualized (Benjamini−Hochberg FDR method, adjusted P < 0.01).
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[bookmark: OLE_LINK1038][bookmark: OLE_LINK1039][bookmark: _Hlk112163491][bookmark: _Hlk112322590]Fig. S5 Proteomic differences between BrM (L.C) and glioma (IV) tumors. A Volcano plot of the statistical significance between BrM (L.C) (n = 10) and glioma (IV) (n = 10) (two-tailed Student’s t-test, P < 0.01 and fold change > 2 or < 0.5). B Enrichment network of 265 DEPs based on top 3 functional enriched terms (R-HSA-194315, GO: 0032970, and R-HSA-9716542) (Benjamini−Hochberg FDR method, adjusted P < 0.01). C Proportional Venn diagram of differentially expressed proteins (DEPs) in BrM versus glioma group (BrM vs. Glioma, 352 DEPs) and BrM (L.C) versus glioma (IV) group (BrM (L.C) vs. Glioma (IV), 265 DEPs). D GSEA results in two groups. Top 20 annotations of GO-BP, Reactome, WikiPathways, and KEGG pathways were visualized (Benjamini−Hochberg FDR method, adjusted P < 0.01).
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R-HSA-6798695: Neutrophil degranulation
G0:0048193: Golgi vesicle transport

G0:0072657: protein localization to membrane
G0:0006890: retrograde vesicle-mediated transport, Golgi to endoplasmic reticulum
R-HSA-6809371: Formation of the cornified envelope
G0:0032970: regulation of actin filament-based process
G0:0010035: response to inorganic substance
R-HSA-6811438: Intra-Golgi traffic

hsa04141: Protein processing in endoplasmic reticulum
G0:0060341: regulation of cellular localization
G0:0030336: neﬁative regulation of cell migration
R-HSA-381038: XBP1(S) activates chaperone genes
G0:0097190: apoptotic signaling pathway
G0:0009226: nucleotide-sugar biosynthetic process
R-HSA-432722: Golgi Associated Vesicle Biogenesis
G0:0043086: negative regulation of catalytic activity
G0:0030155: regulation of cell adhesion

G0:0042060: wound healing

G0:0010594: regulation of endothelial cell migration
G0:0046903: secretion

G0:0051493: regulation of cytoskeleton organization

R-HSA-109582: Hemostasis

R-HSA-194315: Signaling by Rho GTPases

G0:0031175: neuron projection development

G0:0120035: regulation of plasma membrane bounded cell projection organization
R-HSA-5653656: Vesicle-mediated transport

G0:0030029: actin filament-based process

R-HSA-422475: Axon guidance

hsa04730: Long-term depression

G0O:0060341: regulation of cellular localization

G0O:0050804: modulation of chemical synaptic transmission

hsa05131: Shigellosis

hsa04810: Regulation of actin cytoskeleton

G0O:0051495: positive regulation of cytoskeleton organization

G0:0120032: regulation of plasma membrane bounded cell projection assembly
G0:0060322: head development

G0:0034330: cell junction organization

R-HSA-9612973: Autophagy

G0:0007265: Ras protein signal transduction

GO:0001764: neuron migration
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G0:0048193: Golgi vesicle transport

G0:0072657: protein localization to membrane

R-HSA-199977: ER to Golgi Anterograde Transport

R-HSA-5663220: RHO GTPases Activate Formins

WP2032: Thyroid stimulating hormone (TSH) signaling pathway

GO:0043086: negative regulation of catalytic activity

R-HSA-194315: Signaling by Rho GTPases

G0:0030029: actin filament-based process

G0O:0060341: regulation of cellular localization

G0:0031175: neuron projection development

GO:0120035: regulation of plasma membrane bounded cell projection organization
R-HSA-6798695: Neutrophil degranulation

GO:0051272: positive regulation of cellular component movement
G0:0120032: regulation of plasma membrane bounded cell projection assembly
R-HSA-5653656: Vesicle-mediated transport

G0:0051493: regulation of cytoskeleton organization

R-HSA-109582: Hemostasis





image1.tiff
A 100000 B 30
QCA1 87819, 1eaaaiS7950
- 800004 "= QC-2 ]
8 = QC-3 =
8 600004 mm QC-4 g
g 46410,,,-4515445734 g 204
& 40000 E
ko] N [ A
‘S 6000\ 5623 5632 5651 5611 %
o) o
€ 40004 g__;1o-
Z g |
2000 -
0- 0 T T T T
Protein groups Peptides QC-1 QC-2 QC-3 QC+4
D 300000 E
H-1 21378 147226807 $ 1504
< 2000004 “* H-2 <
5] w H-3 S
] =
£ 1000004 2
< 49385 50635 52363 < 100
o N . ‘s
S 6000 5141 164 5289 <
B 2 = 682
£ 4000 &
3 o
z O 2
2000
0 - -
0 0 1000 2000 3000 4000 5000
Protein groups Peptides PSM Abundance rank
25 25 2
G R?=0.99505 R?=0.99465 R?=0.99513
=20 201 = 204
(7] (2] (7]
5 5 5
€ 154 € 159 € 159
O Gp o
L 10 < 10 < 104
) ) =)
S &l 3 S
C T T T T C T T T T 0 T T T T
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25

Log, (H-1 intensity)

Log, (H-1 intensity)

Log, (H-2 intensity)

n

Log, (Peptide intensity)

Missed cleavage (%)

N

BrM

Glioma




image2.tiff
=70
e}
S
S

SB0,
S5

gbeneranon of precursor metabolites and energy
: Cart tabolim
VEGFA-VEGFF? signaling pathway

738

A IT—| -Log,, (adjusted P)
0 2 6 10 20
06091:
|

o s

14;
RREA SEAT Untolded b cten Response (UPR)
GO:0051640: organelle localizat
301961314 re % o of negron deat
EHSA194315 Signaling by Rho $Res
GO:0010035: r stance
G0i0035956: respanse 4 mp'%g.caw moorrem protein
G0i0080135: regulation of cellular e (0 Stress
302001233 regulanon it apop(otlc Sfonaiing patmway
1 Prof endoplasmic reticulum
&8.0006403 RNATocaization

€0,9051058, requlation of bindn
RESA 97uozo Signaiing by ALK in cancer
60030162 requiation of profeolysis
838037400 nsiveeaanion lprolem modification process
60003204 protenn Toca lzation t0 nucieus
€0.9006446, regulation of ranslational ntiation
RiSA-T160 |sm el ol
RHSA-446 rqme N-linked glycosylaimn
s mtrace\lu ar profen tra
08417 regulation of trans|
095815 T ol e p\sx biogenesis
6793695 Ne.rophi degraniaton
5958554 Metabolism o RNA

1
8 T TO00T 008
hesal og
38 seERETen
E i)

Soskeleton- dependent intracelular transport
0087 doviion of alisrmative miNA splicing, via spliceosome
02° double-stra ai
02 Mogatns regulcton or Biomere maintenance
15 response o virus
1082322 SUMO B lgases SUMOyate target proteins
71407 cellular response to organic Gyclic compou
0020218 aciivaiion of innate imrmune response

5204 pto:
50042758 posome assem
SR 8623500 EaE 23 expression by JAKSTAT signaliy
P3959. DNA IR-doube strand breaks and Cellfar response via A
Sh.S61382 Chaperone Mediated Autoph
0046034: ATP metabolic
R-HSA-6803525: FGFR3 aliemative splicing
G0:0070934° CRD-mediated mRNA stabilization
$0,0000380,siternative mRNA splicing. via spiceosome
WP411: mRNA ing
GO 0051 301 ol anvsion
WP138: Androgen receptor signaling pathway
G0:0006414; franslational elongation
EHSA-37668 Neglycan timming in the ER and Calnexin/Calreticuli
Q8034108 colluar response to amino acd starvation
§Q0016197 endosomaltransport
€0,0001836; embryonic epithelial tube formation
0: Mitochondrial protein import
B000738 reabimioon of S F el A Phation
0025565 requlation of embryonic development
357 Cillary landscape:
A378726" Mitochondrial tRNA aminoacylation
36 Kiebs oydle disorders
A 8876725; Protein melhy\almn
006754 NADH metabolic pro
4162509 Late Phase of AV
548587 el e 1 unloiden pyof
22659 pleridine-centaining compound Blesypthetic proces:

PP TOZ DOTOOOOOZ FPRO

L O RO OOTAEEEVS
HOSOSS
ST
L2858

£52

|| 0641 %urarhs,\qalmns\ initiation
] 071: Fatty acid de I
 Sudden infant ealh syndrome (SIDS) susceptiblity pathways

: 1
1223 e o Sheskeleton organization

ferived neurdtrophic factor (BUNF) signaling pathway
043254 regulahon 9f profein-containing compléx assembly
03012, miscle
Semaphonn interaction:

0: Sen:
Ewtem Some
en

cylation

DIOOSOOSZ POVOO PO DS DN
008 TOOOOTOT T RO
3 80%0—\00(/:0(11

izatl
oxide biosyrhetic process

1699 cellar response [0 ntrogen compotng
bynapnc Vesicle cycle

b onse to toxIc Substance

8osltwe regulation of cellufer wmpcnen( movement
Interfero sanaiin

LT magame g oty o

ioert: neﬁatlve e5tiation of neuran pro]ecllon  development
72165 RCAM signaling or nenfs out grouth

fma\ cordinury
0322 A egulation of protein pobymerization
048578 response to cxon nju
el o i
021762 substantia mgra developmen(
32 Somanell |
545 re: o hor
67: muscle st Structure develo
32295 WiHC Mcla|ss i anugen presemamn
in
345" cellai respon Stokine stimulus
o

432 ST AISERT Toar drosmzaton
104: intermediate filament cytoskeleton organization

QRRTPR0Z 0S00=T00R00FaRRRINO0S
508 EFOOTLOOTOOB 6TOOL L0V
SO HE SN SN PO HS S HOSHHOSNDS,
LLESa: >>oc)oo>m>oo>> 352
BOUT T O8NS, DT I HONOT GG o N E
NN B
R S 5
53 3& Rk
S )
23 S g
85
£3
oE]
88>
a

SO0

| oSN
ZeIsnio
€ JeIsnio

after Interleukin-12 stimulation

cycle

0:
0: S
80 1874 positive regulation’ cﬁelcmerase RNA localization to Cajal body

rocessing 5 sound by inner hair cels of the cochlea

2973785 Bincing and Uptake of Ligands by Scavenger Receptors

I
-l

o

1
gmﬁa

.U

PM4

ICOL6A2

UBB4A

DCTN2

.PCMTI

ICOL6A3

ICOL6AL

o

O

TP6V1EL

NCAM1

] ICOL18A1

COL4A1

VIM




