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Identification of an autophagy-related 10-lncRNA-mRNA signature 
for distinguishing glioblastoma multiforme from  lower-grade glioma 
and prognosis prediction
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Abstract. Autophagy may provide the source of nutrients for tumor cells. We aim to develop an 
autophagy-related signature to predict the progression from lower-grade gliomas (LGG) to glioblas-
toma multiforme (GBM) and prognosis. Totally, 686 differentially expressed genes (DEGs) and 73 
long non-coding RNAs (DELs) were identified between GBM and LGG samples from the Chinese 
Glioma Genome Atlas (CGGA). Of them, 131 DEGs were intersected with autophagy genes from 
the Human Autophagy Database; while 54 DELs co-expressed with autophagy-related DEGs. Ten 
autophagy-related genes were associated with overall survival and could distinguish GBM from LGG, 
with the accuracy of 0.891 using CGGA dataset and 0.790 using The Cancer Genome Atlas (TCGA) 
dataset. The risk score was established based on these 10 genes. Patients with higher risk score were 
at an increased risk of developing GBM (49.7% vs. 21.3%; p < 0.001) and worse prognosis than 
those in low risk group. The prognostic accuracy was 0.840 and 0.744 for CGGA and TCGA dataset, 
respectively. Age, recurrence, isocitrate dehydrogenase mutation and risk score were independent 
prognostic factors and thus they were used to build a nomogram which showed the highest prognostic 
power. This established nomogram may aid the clinical decision making of personalized treatment. 
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Introduction 

Glioma is the most common category of primary central 
nervous system tumors (Almutrafi et al. 2020; Araghi et al. 
2020), accounting for approximately 35% of all burdens. 
Despite huge advance has been made in the diagnosis and 
treatment of glioma, the overall mortality is still high, which 
is especially obvious in the patients with high-grade gliomas 
(glioblastoma, GBM; 95%) relative to lower-grade gliomas 
(LGG, 50%) because of its aggressive and invasive nature 

(Ostrom et al. 2018). Therefore, it is necessary to early stratify 
the patients at a high risk of developing GBM to schedule 
individualized treatment and improve survival.

With the development of molecular biology and bioinfor-
matics, recent studies indicated there were obvious differences 
in gene expression profile between GBM and LGG (Wang and 
Ma 2019; Wang et al. 2019a, 2019b; Wu et al. 2019; Zhang et al. 
2019, 2020; Biterge-Sut 2020). Thus, identification of molecu-
lar biomarkers may be underlying approaches to distinguish 
GBM from LGG and predict the prognosis. This hypothesis 
has been demonstrated by several authors. For example, Wu 
et al. (2019) found lipid metabolism-related genes were dif-
ferentially expressed between GBM and LGG. Nine of them 
were identified to serve as a classifier for stratifying different 
grades. Also, this nine-gene established risk score showed 
strong prognostic power for glioma patients [the area under 
the receiver operating characteristic (ROC) curve (AUC) = 
0.86 for The Cancer Genome Atlas (TCGA) dataset; AUC = 
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0.82 for the Chinese Glioma Genome Atlas (CGGA) dataset 
(Wu et al. 2019). Wang et al. (2019a) observed the distribution 
of pseudogenes was significantly different between GBM and 
LGG samples. Five of them were shown to be associated with 
overall survival (OS) and used to construct the risk score. 
GBM had significantly higher risk scores than LGG and 
may be more frequently assigned into the high risk score to 
result in poor OS. The predictive accuracy of this risk score 
for 5-year OS in glioma patients was 0.876 and 0.912 using 
the training and validation dataset, respectively. The study 
of Wang and Ma (2019) revealed the gene expression pat-
terns of necrosis-related genes were significantly different 
between GBM and LGG. Seven genes were correlated with 
the outcome of GBM/LGG patients and integrated to gener-
ate the risk score. Survival analysis suggested that GBM/LGG 
patients in the high-risk group had worse OS than those in 
the low-risk. However, the predictors for stratifying GBM and 
LGG and their prognosis remain rarely reported.

Autophagy is a cellular process responsible for lysosomal 
degradation of damaged, denatured or aging proteins and 
organelles. In normal cells, the activation of autophagy 
protects cells against toxic injury and stress, and hereby 
dampens malignant transformation (Li et al. 2020). How-
ever, in tumor cells, the recycled proteins and organelles 
produced by autophagy may be the source of nutrients and 
energy for tumor growth, invasion and metastasis (Yang 
et al. 2019; Li et al. 2020). Theoretically, autophagy-related 
genes may represent promising biomarkers to predict the 
tumor progression (such as from LGG to GBM) and poor 
prognosis. This speculation has been verified in some 
studies. Jiang and colegue detected the expression levels 
of autophagic protein light chain 3 (LC3) B and p62 were 
higher in GBM than those in LGG tissues. High levels of 
LC3B and p62 protein were also associated with advanced 
tumor stages, worse relapse-free survival (RFS) and OS in 
glioma patients (Jiang and Wu 2018). The results of Pad-
makrishnan et al. (2019) showed autophagy proteins (LC3 
and beclin 1) were highly expressed in GBM compared 
with LGG. Patients with low LC3/beclin 1 expression had 
better progression free survival (PFS) than those with 
high expression of LC3/beclin 1. There were also several 
studies to investigate a  prognostic signature constituted 
by autophagy-related mRNAs (Wang et al. 2019c; 2020a; 
2020b; 2021) for glioma patients. Nevertheless, they either 
focused on the genes differentially expressed only between 
glioma and normal controls (Wang et al. 2019c, Wang et al. 
2021) or did not perform the differential analysis (Wang 
et al. 2020b; Wang et al. 2020c). No studies used the genes 
differentially expressed between GBM and LGG. In addi-
tion, Luan et al. (2019) suggested long non-coding RNAs 
(lncRNAs) that could co-express with autophagy-related 
genes also had prognostic potential for glioma, but in which 
lncRNAs and mRNAs were also not differentially expressed.

In present study, we aimed to develop a new autophagy-
related signature based on the differentially expressed genes 
(DEGs) and lncRNAs (DELs) between GBM and LGG. This 
signature may effectively diagnose GBM patients from LGG 
patients and predict the poor prognostic outcomes for high-
risk populations (including GBM and possibly progress to 
GBM). 

Materials and Methods

Data source 

The RNA-seq expression data (fragments mapped per kilobase 
of exon per million reads mapped, level 3) and clinical infor-
mation were collected from CGGA (http://www.cgga.org.cn) 
and TCGA (https://portal.gdc.cancer.gov) public databases. 
CGGA dataset (including 431 LGG and 237 GBM samples) 
was used as the training set; while TCGA dataset (containing 
520 LGG and 152 GBM samples) was set as the testing set (ID 
of each sample is shown in Supplementary material, Table S1).

Identification of autophagy‑related DEGs and DELs

The mRNAs and lncRNAs in CGGA and TCGA datasets were 
annotated by the HUGO Gene Nomenclature Committee 
(HGNC; http://www.genenames.org/) that assigns a unique 
symbol and name to 4,516 lncRNAs and 19,200 protein-coding 
genes (Povey et al. 2001). DEGs and DELs were identified 
between GBM and LGG using package limma of R (version 
3.34.7; https://bioconductor.org/packages/release/bioc/html/
limma.html) (Ritchie et al. 2015). False discovery rate (FDR) 
< 0.05 and |log2FC(fold change)| > 1 were set as the statistical 
threshold. Bidirectional hierarchical clustering was performed 
based on all differentially expressed RNAs (DERs) using pack-
age pheatmap of R (version: 1.0.8; https://cran.r-project.org/
web/packages/pheatmap). The autophagy-related gene lists 
were downloaded from the Human Autophagy Database 
(HADb, http://www.autophagy.lu/), which were then compared 
with the DEGs to screen the overlap (that is, autophagy-related 
DEGs). Pearson correlation coefficients (PCC) were calculated 
by cor.test function (https://stat.ethz.ch/R-manual/R-devel/
library/stats/html/cor.test.html) to explore the correlation 
between the DELs and autophagy-related DEGs. DELs with 
a PCC > 0.4 were defined as autophagy-related lncRNAs. The 
co-expression network was established based on the interaction 
pairs between DELs and DEGs and visualized using Cytoscape 
software (version 3.6.1; www.cytoscape.org/).

Function enrichment analysis 

The functions of autophagy-related DEGs in the co-
expression network were analyzed using the Database for 
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Annotation, Visualization and Integrated Discovery (DA-
VID) (version 6.8; http://david.abcc.ncifcrf.gov) (Dennis 
et al. 2003). Gene Ontology (GO) biological process terms 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathways were enriched. FDR < 0.05 was considered to be 
statistically significant.

Development of prognostic signature 

Based on the clinical prognosis information in 668 sam-
ples of CGGA, univariate Cox regression analysis was 
used to filter the DELs and DEGs of the co-expression 
network that were significantly associated with the OS. 
The DELs and DEGs with a  log-rank p  < 0.05 in uni-
variate analysis were entered into the multivariate Cox 
regression model for identifying independent prognostic 
genes. Logit regression model in glm function of R was 
further utilized on these independent prognostic genes to 
identify the feature genes that could effectively distinguish 

GBM from LGG. The risk score model was established for 
each patient by combining the expression of the feature 
prognostic signature and their prognostic coefficients in 
multivariate analysis.

The patients were divided into the high-risk group and the 
low-risk group by selecting the median risk score as the cut-off. 
The prognostic differences between the two groups were ana-
lyzed by plotting Kaplan-Meier survival curve and performing 
log-rank test. The predictive accuracy of the autophagy-related 
signature was assessed by drawing ROC curve and calculating 
AUC. These analyses were carried out for the training dataset 
(CGGA) and testing dataset (TCGA), respectively. 

To explore whether the risk score was independent of 
clinicopathological factors, univariate and multivariate 
Cox regression analyses were performed using the CGGA 
cohort. Stratification analysis was subsequently applied for 
clinical variables with p < 0.05 in multivariate analysis to 
further evaluate the prognostic significance of risk score. 
A nomogram comprising all the variables significant in the 
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Figure 1. Identification of autophagy-related dif-
ferentially expressed mRNAs in GBM and LGG 
samples of CGGA. A. Volcano plot of differentially 
expressed RNAs. B. Heat map of differentially ex-
pressed RNAs. Red, high expression; green, low 
expression. C. Venn diagram to display the over-
lap between differentially expressed mRNAs and 
autophagy-related genes obtained from Human 
Autophagy Database. FC, fold change; FDR, false 
discovery rate; GBM, glioblastoma multiforme; 
LGG, lower-grade glioma; CGGA, the Chinese 
Glioma Genome Atlas; TCGA, The Cancer Ge-
nome Atlas.

C



260 Wei et al.

multivariate Cox regression analysis was finally generated to 
predict the 3-year and 5-year OS. The predictive power of 
the nomogram was assessed in terms of AUC, concordance 
index (C-index) and calibration curve. 

Results 

Identification of autophagy‑related DERs 

HGNC analysis annotated 12,350 protein-encoding mRNAs 
and 803 lncRNAs shared in CGGA and TCGA databases. 
Through LIMMA analysis of CGGA dataset, 759 RNAs 
(including 686 DEGs and 73 DELs) were identified to be 
differentially expressed between GBM and LGG (Fig. 1A). 
Hierarchical clustering analysis showed that GBM and 
LGG samples could be distinctly grouped according to the 
expressions of the DERs (Fig. 1B). A total of 232 autophagy-
related genes were downloaded from HADb database. Venn 
diagrams showed 131 of them were intersected with DEGs, 
which were defined as autophagy-related DEGs for further 
analysis (Fig. 1C). After calculation of PCC, 54 DELs were 
considered to be co-expressed with 105 autophagy-related 
DEGs [such as TMEM72-AS1-ULK2 (unc-51 like autophagy 
activating kinase 2), WDFY3-AS2-SIRT1 (sirtuin 1)/FoxO3 
(forkhead box O3)/TSC1 (TSC complex subunit 1)/HIF1A 
(hypoxia-inducible factor 1-alpha)] (Fig. 2), suggesting they 
may be autophagy-related DELs. These 131 DEGs and 54 
DELs were considered as autophagy-related DERs and used 
for further analysis.

Function enrichment analysis for autophagy‑related DEGs

To confirm the autophagy-related functions and oth-
er possible roles of our identified autophagy-related 
genes, function analysis was performed for the au-
tophagy-related DEGs in the co-expression network. 
As expected, in 23 GO biological process terms en-
riched, 6 were directly involved in autophagy, including 
GO:0006914~autophagy [WIPI1 (WD repeat domain, 
phosphoinositide interacting 1), ULK2, MTOR (mechanistic 
target of rapamycin kinase)], GO:0016236~macroautophagy 
[WIPI1, MTOR, MLST8 (MTOR associated protein, 
LST8 homolog)], GO:0000422~mitophagy (WIPI1), 
GO:0000045~autophagosome assembly (WIPI1), 
GO:0016239~positive regulation of macroautophagy (ULK1, 
HIF1A), GO:0010506~regulation of autophagy (ULK1). 
Furthermore, these genes also regulated the apoptosis 
[GO:0006915~apoptotic process: NFKB1 (nuclear factor 
kappa B  subunit 1), PPP1R15A (protein phosphatase 1 
regulatory subunit 15A); GO:0043066~negative regulation of 
apoptotic process: MTOR, SIRT1; GO:0042981~regulation 
of apoptotic process: CTSB (cathepsin B)], cell cycle ar-

rest (GO:0007050: MLST8, MTOR, PPP1R15A) and 
cellular response to hypoxia (GO:0071456: NFKB1, 
SIRT1, FoxO3, HIF1A) (Fig. 3A; Table 1). Similar to GO 
terms, hsa04140:Regulation of autophagy (ULK2) and 
hsa04210:Apoptosis (NFKB1) KEGG pathways were also 
enriched for co-expression network genes. In addition, sev-
eral cancer signaling pathways [such as hsa05200:Pathways 
in cancer (NFKB1, MTOR, HIF1A), hsa04668:TNF signal-
ing pathway (NFKB1), hsa04066:HIF-1 signaling pathway 
(NFKB1, MTOR, HIF1A), hsa04150:mTOR signaling 
pathway (ULK2, MLST8, MTOR, TSC1), hsa04068:FoxO 
signaling pathway (FOXO3, SIRT1), hsa04151:PI3K-Akt 
signaling pathway (NFKB1, FOXO3, TSC1, BCL2, MTOR, 
MLST8) and hsa04012:ErbB signaling pathway (MTOR)] 
and metabolism-related pathway [hsa05231:Choline me-
tabolism in cancer (TSC1, MTOR, HIF1A)] were also 
obtained (Fig. 3B; Table 1). 

Development of autophagy‑related DERs‑based risk score

Univariate Cox regression analysis identified 132 autophagy-
related DERs (including 85 of 131 autophagy-related DEGs 
and 47 of 54 autophagy-related DELs) were significantly 
associated with OS (p < 0.05). Then, they were included as 
the variables for the multivariate Cox regression. The results 
showed 19 DERs (including 14 DEGs and 5 DELs) were 
independent prognostic factors. Logit regression model was 
used to further extract the feature genes that distinguished 
GBM and LGG from these 19 DERs. As a result, 10 genes 
(including 8 DEGs and 2 DELs) were obtained (Table 2). As 
shown in Figure 4, these 10 genes could obviously distinguish 
GBM from LGG, with the accuracy of 0.891 using CGGA 
dataset and 0.790 using TCGA dataset. Supplementary Table 
S2 summarized the proportion of variance of each principal 
component.

The risk score was calculated for each patient accord-
ing to the following formula: (−2.419 × expression of 
TMEM72-AS1) + (−0.1293 × expression of WDFY3-AS2) + 
(−0.0009808 × expression of CTSB) + [−0.0002811 × expres-
sion of eukaryotic translation elongation factor 2 (EEF2)] 
+ [−0.1031× expression of glutamate ionotropic receptor 
delta type subunit 2 (GRID2)] + (−0.01185 × expression 
of MLST8) + (0.04575 × expression of MTOR) + (−0.1039 
× expression of NFKB1) + (−0.01613 × expression of PP-
P1R15A) + (0.04084 × expression of WIPI1). The patients 
were divided to two groups (low-risk group and high-risk 
group) using the median as the cut-off. In CGGA training 
dataset, it was obviously observed that patients with higher 
risk scores were at an increased risk of developing GBM 
(166/334 (49.7%) vs. 71/334 (21.3%); Chi-square = 59.02, 
p < 0.001). Kaplan-Meier curve analysis showed that patients 
in the high risk group had a significantly poorer prognosis 
than those in the low risk group [hazard ratio (HR) = 2.582, 
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Table 1. Function enrichment results

Term p-value FDR Genes

Biology Process
GO:0006914~autophagy 1.53E−22 2.54E−19 GABARAPL2, GABARAPL1, BECN1, ITGB4, RGS19, FOXO1, 

SESN2, WIPI1, GABARAP, RAB33B, LAMP1, ATG4C, SQSTM1, 
SH3GLB1, ULK2, ATG4A, RB1CC1, RAB24, CTSD, MTOR, 
DRAM1

GO:0016236~macroautophagy 2.42E−17 4.01E−14 GABARAPL2, GABARAPL1, BECN1, PINK1, WIPI1, GABARAP, 
MAP1LC3A, SQSTM1, ULK1, NBR1, RB1CC1, MTOR, MLST8, 
ATG16L1, HDAC6

GO:0006915~apoptotic process 5.89E−15 9.75E−12 DLC1, FOXO1, NFKB1, PEA15, CASP3, CASP4, BAG1, SH3GLB1, 
SQSTM1, CXCR4, BCL2, CASP8, FAS, CASP1, CFLAR, BECN1, 
BIRC6, FADD, PRKCD, DDIT3, DAPK1, NCKAP1, BAX, MAPK3, 
PPP1R15A, DRAM1

GO:0000422~mitophagy 5.82E−13 9.64E−10 GABARAPL2, ATG9B, GABARAPL1, MAP1LC3A, ATG4C, 
SQSTM1, ATG4A, RB1CC1, PINK1, WIPI1

GO:0000045~autophagosome assembly 2.80E−12 4.64E−09 GABARAPL2, ATG9B, GABARAPL1, MAP1LC3A, ATG4C, 
BECN1, ATG4A, RB1CC1, ATG16L1, WIPI1

GO:0043066~negative regulation of 
apoptotic process

4.71E−12 7.80E−09 CFLAR, BECN1, SPHK1, BIRC6, FOXO1, NFKB1, SIRT1, CASP3, 
CDKN1A, CDKN1B, BAG1, HDAC1, SQSTM1, BCL2, VEGFA, 
BNIP3L, MAPK8, HSPA5, FAS, IKBKB, MYC

GO:0071456~cellular response to hypoxia 3.87E−10 6.42E−07 P4HB, EIF4EBP1, HIF1A, BCL2, VEGFA, BNIP3L, PINK1, FOXO3, 
MTOR, NFE2L2, SIRT1

GO:0016239~positive regulation of 
macroautophagy

4.52E−09 7.49E−06 HIF1A, ULK1, SQSTM1, BNIP3L, PINK1, SESN2, SIRT1

GO:0097192~extrinsic apoptotic signaling 
pathway in absence of ligand

5.70E−08 9.44E−05 BAK1, CASP3, BAX, BCL2, FADD, FAS, FOXO3

GO:0042981~regulation of apoptotic 
process

8.40E−08 1.39E−04 BID, CFLAR, PEA15, CASP4, BAX, CASP8, BNIP3L, FADD, FAS, 
CTSB, CASP1, DAPK1

GO:0008625~extrinsic apoptotic signaling 
pathway via death domain 
receptors

1.15E−07 1.90E−04 BID, BAX, BCL2, FADD, FAS, GABARAP, DAPK1

GO:0006468~protein phosphorylation 1.34E−07 2.21E−04 CCL2, ERBB2, BIRC6, PINK1, PRKCD, CAMKK2, DAPK1, IKBKE, 
SQSTM1, ULK1, MAPK3, ERN1, MAPK9, MAPK8, MTOR, IKBKB

GO:0007050~cell cycle arrest 2.24E−07 3.72E−04 CDKN1A, CDKN1B, TSC1, TSC2, ERN1, MLST8, MTOR, PP-
P1R15A, MYC, DDIT3

GO:0071260~cellular response to 
mechanical stimulus

2.74E−07 4.54E−04 BAK1, MAPK3, CASP8, NFKB1, MAPK8, FADD, FAS, CASP1

GO:1900034~regulation of cellular 
response to heat

4.01E−07 6.63E−04 HSP90AB1, BAG1, HSPB8, MAPK3, MLST8, DNAJB1, MTOR, 
SIRT1

GO:0006995~cellular response to nitrogen 
starvation

9.51E−07 1.58E−03 GABARAPL2, GABARAPL1, MAP1LC3A, BECN1, RB1CC1

GO:0043065~positive regulation of 
apoptotic process

2.52E−06 4.17E−03 BID, BAK1, SQSTM1, BAX, BNIP3L, FOXO1, MAPK8, FADD, 
FAS, FOXO3, SIRT1, ITGB1

GO:0097190~apoptotic signaling pathway 5.04E−06 8.35E−03 BAK1, CASP3, BAX, CASP8, FADD, FAS, DAPK1
GO:0001934~positive regulation of 

protein phosphorylation
1.39E−05 2.30E−02 SQSTM1, RB1CC1, ERBB2, MAPK3, VEGFA, PINK1, MTOR, 

SIRT1
GO:0010506~regulation of autophagy 1.40E−05 2.33E−02 ULK1, ULK2, CASP1, DRAM1, DAPK1, HDAC6
GO:0009636~response to toxic substance 1.44E−05 2.38E−02 FOS, CDKN1A, BAX, BCL2, MAPK3, FAS, HDAC6
GO:0050821~protein stabilization 2.16E−05 3.58E−02 HSP90AB1, LAMP1, LAMP2, CDKN1A, TSC1, PINK1, PRKCD, 

GAPDH
GO:0042149~cellular response to glucose 

starvation
2.93E−05 4.85E−02 BECN1, SH3GLB1, BCL2, HSPA5, NFE2L2
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Term p-value FDR Genes
KEGG Pathway

hsa05200:Pathways in cancer 4.22E−14 5.09E−11 BID, HSP90AB1, GNAI3, ERBB2, FOXO1, NFKB1, ITGB1, FOS, 
CASP3, CXCR4, BCL2, CASP8, FAS, MYC, ITGA3, FADD, DAPK1, 
CDKN1A, CDKN1B, HIF1A, HDAC1, BAX, VEGFA, MAPK3, 
MAPK9, MAPK8, MTOR, IKBKB

hsa04141:Protein processing in 
endoplasmic reticulum

1.30E−10 1.57E−07 HSP90AB1, P4HB, CANX, EDEM1, DDIT3, BAK1, BAG1, BAX, 
BCL2, ERN1, MAPK9, MAPK8, HSPA5, NFE2L2, DNAJB1, 
PPP1R15A, SAR1A

hsa05161:Hepatitis B 1.48E−10 1.79E−07 NFKB1, FADD, IKBKE, FOS, CDKN1A, CASP3, CDKN1B, BAX, 
BCL2, CASP8, MAPK3, MAPK9, MAPK8, FAS, IKBKB, MYC

hsa04140:Regulation of autophagy 3.22E−10 3.89E−07 GABARAPL2, GABARAPL1, ATG4C, BECN1, ULK1, ULK2, 
ATG4A, ATG16L1, GABARAP

hsa05142:Chagas disease (American 
trypanosomiasis)

4.10E−08 4.95E−05 CFLAR, FOS, GNAI3, CCL2, MAPK3, CASP8, MAPK9, NFKB1, 
MAPK8, FADD, FAS, IKBKB

hsa04210:Apoptosis 4.68E−08 5.65E−05 BID, CFLAR, CASP3, BAX, BCL2, CASP8, NFKB1, FADD, FAS, 
IKBKB

hsa04668:TNF signaling pathway 5.53E−08 6.67E−05 CFLAR, FOS, CASP3, CCL2, MAPK3, CASP8, MAPK9, NFKB1, 
MAPK8, FADD, FAS, IKBKB

hsa05152:Tuberculosis 1.78E−07 2.14E−04 BID, SPHK1, FADD, NFKB1, LAMP1, CASP3, LAMP2, BAX, 
BCL2, CASP8, MAPK3, CTSD, MAPK9, MAPK8

hsa04066:HIF−1 signaling pathway 2.05E−07 2.48E−04 EIF4EBP1, CDKN1A, CDKN1B, HIF1A, BCL2, ERBB2, MAPK3, 
VEGFA, NFKB1, MTOR, GAPDH

hsa04621:NOD−like receptor signaling 
pathway

3.11E−07 3.76E−04 HSP90AB1, CCL2, MAPK3, CASP8, MAPK9, NFKB1, MAPK8, 
IKBKB, CASP1

hsa04150:mTOR signaling pathway 4.12E−07 4.97E−04 EIF4EBP1, TSC1, ULK1, ULK2, TSC2, MAPK3, MLST8, MTOR, 
IKBKB

hsa04068:FoxO signaling pathway 5.62E−07 6.79E−04 GABARAPL2, GABARAPL1, CDKN1A, CDKN1B, MAPK3, 
FOXO1, MAPK9, MAPK8, FOXO3, IKBKB, SIRT1, GABARAP

hsa04151:PI3K−Akt signaling pathway 6.37E−07 7.69E−04 HSP90AB1, ITGB4, NFKB1, ITGA3, FOXO3, ITGB1, EIF4EBP1, 
CDKN1A, CDKN1B, TSC1, BCL2, VEGFA, MAPK3, TSC2, MTOR, 
MLST8, IKBKB, MYC

hsa04012:ErbB signaling pathway 9.24E−07 1.12E−03 EIF4EBP1, CDKN1A, CDKN1B, NRG3, ERBB2, MAPK3, MAPK9, 
MAPK8, MTOR, MYC

hsa05215:Prostate cancer 1.02E−06 1.23E−03 HSP90AB1, CDKN1A, CDKN1B, BCL2, ERBB2, MAPK3, FOXO1, 
NFKB1, MTOR, IKBKB

hsa05133:Pertussis 3.06E−06 3.70E−03 FOS, CASP3, GNAI3, MAPK3, MAPK9, NFKB1, MAPK8, CASP1, 
ITGB1

hsa05145:Toxoplasmosis 6.66E−06 8.04E−03 CASP3, GNAI3, BCL2, MAPK3, CASP8, MAPK9, NFKB1, MAPK8, 
IKBKB, ITGB1

hsa05210:Colorectal cancer 8.99E−06 1.09E−02 FOS, CASP3, BAX, BCL2, MAPK3, MAPK9, MAPK8, MYC
hsa04932:Non−alcoholic fatty liver disease 

(NAFLD)
1.32E−05 1.60E−02 BID, CASP3, BAX, CASP8, ERN1, MAPK9, NFKB1, MAPK8, FAS, 

IKBKB, DDIT3
hsa04071:Sphingolipid signaling pathway 1.36E−05 1.64E−02 BID, GNAI3, BAX, BCL2, MAPK3, SPHK1, MAPK9, CTSD, 

NFKB1, MAPK8
hsa04115:p53 signaling pathway 1.51E−05 1.83E−02 BID, CDKN1A, CASP3, BAX, TSC2, CASP8, FAS, SESN2
hsa05231:Choline metabolism in cancer 2.84E−05 3.43E−02 FOS, EIF4EBP1, HIF1A, TSC1, TSC2, MAPK3, MAPK9, MAPK8, 

MTOR
hsa04620:Toll−like receptor signaling 

pathway
4.03E−05 4.87E−02 IKBKE, FOS, MAPK3, CASP8, MAPK9, NFKB1, MAPK8, FADD, 

IKBKB
GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Table 1. Function enrichment results (continued)
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Figure 3. Function enrich-
ment analysis for genes in 
the co-expression network 
by DAVID. A. Gene ontol-
ogy (GO) biological process 
terms. B. Kyoto Encyclope-
dia of Genes and Genomes 
(KEGG).

95% confidence interval (CI) = 2.092–3.187, p = 2.00e−16] 
(Fig. 5A). ROC curve analysis further indicated this risk 
score had an excellent predictive ability for poor prognosis, 
with the AUC of 0.840 (Fig. 5C). TCGA dataset was used to 
further validate the predictive power of risk score identified 
in CGGA dataset. In line with the results derived from the 
CGGA dataset, patients with high risk scores were also seen 

to possess a shorter OS than those with low risk scores (HR 
= 1.630, 95%CI = 1.266–2.098, p = 1.344e−04) (Fig. 5B). The 
AUC was 0.744 (Fig. 5D).

Univariate and multivariate Cox regression analyses were 
then performed to evaluate the prognostic independence 
of the autophagy signature and various clinicopathologic 
parameters. Consequentially, age (Fig. 6A), recurrence status 

A

B
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(Fig. 6D), radio status, chemo status, IDH mutation status 
(Fig. 6G) and risk score status were found to be associated 
with OS in univariate analysis, while only age, recurrence sta-
tus, IDH mutation status and risk score status were identified 
as independent prognostic factors in multivariate analysis 
(Table 3). Furthermore, stratification analysis revealed that 
the risk score also could divide patients with the same age 
(≥ 45 years, p = 1.115e−09, Fig. 6B; < 45 years, p = 5.202e−09, 
Fig. 6C), recurrence status (without recurrence, p = 1.11e−16, 
Fig. 6E; recurrence, p = 2.532e−04, Fig. 6F) and IDH status 
(without mutation, p = 9.323e−03, Fig. 6H; with mutation, 
p = 3.675e−07, Fig. 6I) into the high-risk (shorter OS) and 
low-risk (longer OS), suggesting the prognostic performance 
of the risk score was better than those clinical factors. This 
conclusion was also validated by time-dependent ROC 
curve (risk score: AUC = 0.84 vs. 0.608, age; 0.599, recur-
rence status; 0.672, IDH mutation status) and C-index (risk 
score: 0.738 vs. 0.592, age; 0.596, recurrence status; 0.661, 
IDH mutation status) (Fig. 7A; Table 4). Thus, the risk score 
was suggested to be incorporated into the clinical factors for 
prognosis prediction in clinic, based on which a nomogram 
was built (Fig. 7B). The calibration curves showed that the 
predicted possibility of OS was similar to the actual OS (Fig. 
7C). The AUC (0.879) and C-index (0.773) of nomogram 
was also higher than age, recurrence status, IDH status and 
risk score (Fig. 7A).

Discussion

In the present study, we, for the first time, identified 
autophagy-related DERs between GBM and LGG and used 
them to construct the diagnostic and prognostic signature for 
glioma patients. As a result, 10 signature genes (TMEM72-
AS1, WDFY3-AS2, CTSB, EEF2, GRID2, MLST8, MTOR, 
NFKB1, PPP1R15A and WIPI1) were obtained. This sig-
nature could obviously distinguish GBM from LGG, with 
the accuracy of 0.891 using CGGA dataset and 0.790 using 
TCGA dataset. Its related risk score effectively screened the 
patients at an increased risk of developing GBM (49.7% vs. 
21.3%, p < 0.001) or ones (GBM and possibly progress to 
GBM) with poor OS. The prognostic accuracy was 0.840 
and 0.744 using CGGA and TCGA dataset, respectively. 
These results were comparable to other risk classification 
systems established by the lipid metabolism (Wu et al. 
2019), pseudogenes (Wang et al. 2019a), necrosis (Wang 
and Ma 2019) or module (Wang et al. 2019b) related genes 
that were differentially expressed between GBM and LGG. 
Furthermore, previous studies indicated mRNA signature 
outperformed the lncRNA-based signature (Gong et al. 
2020), while combined with lncRNAs (Liu Q 2020; Wang 
2020a) added the power in predicting prognosis. Thus, 
we screened the combined lncRNA-mRNA signature and 
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Figure 4. Logit regression model to identify the feature genes to distinguish GBM from LGG. Scatter plot for CGGA (A) and TCGA 
(B) dataset. Red, GBM samples; black, LGG samples; PC1, PC2, PC3, the first, second, third principal component. Receiver operator 
characteristic (ROC) curve for CGGA (C) and TCGA (D) dataset. AUC, area under the ROC curve. For more abbreviations, see Fig. 1.

A

C

B

D

compared the predictive performance of three classifiers. 
As expected, the AUC (0.84 vs. 0.809; 0.685) and C-index 
(0.738 vs. 0.696; 0.639) of lncRNA-mRNA signature were the 
highest compared with mRNA and lncRNA alone. In line 
with other signatures reported in glioma patients, the risk 
score generated in our study was also independent of other 
clinicopathologic factors (Wang et al. 2019b; Wang et al. 
2019c; Wang et al. 2020a) and even superior to the variables 
that were also independent in multivariate analysis [(risk 
score: AUC = 0.84 vs. 0.608, age; 0.599, recurrence status; 
0.672, IDH mutation status) and C-index (risk score: 0.738 
vs. 0.592, age; 0.596, recurrence status; 0.661, IDH muta-
tion status)] (Wang et al. 2021). These findings suggested 

our new risk score may be a promising biomarker for GBM 
diagnosis and prognosis. In order to obtain better predictive 
effects in clinic, recent studies recommended to creating 
a nomogram that integrated the molecular signature with 
clinical indicators (Wang et al. 2019a, 2019b; Wang et al. 
2019c; Wang et al. 2020c). Similarly, a nomogram based on 
the risk signature, age, recurrence status and IDH mutation 
status was established in the training cohort. The AUC and 
C-index reached 0.879 and 0.773, respectively. Calibration 
curves showed that there were good agreements between 
the predicted and observed 3- and 5-year OS. Accordingly, 
this nomogram may be a clinically simple-to-use tool for 
prognostic prediction in glioma patients. 



267Autophagy signature for glioblastoma multiforme

Table 3. Univariate and multivariate analyses of overall survival 

Variables CGGA
(n = 668)

Univariate analysis Multivariate analysis

HR 95%CI p−value HR 95%CI p−value
Age (years, mean ± SD) 43.36 ± 12.36 1.027 1.018–1.035 1.55E−09 1.009 1.001–1.018 4.83E−02
Gender (Male/Female) 380/288 1.012 0.826–1.241 9.07E−01 – – –
Recurrence (Yes/No/–) 259/409 2.089 1.702–2.564 1.74E−12 2.266 1.813–2.833 6.74E−13
Radio status (Yes/No/–) 505/110/53 1.431 1.058–1.935 1.53E−02 1.019 0.725–1.430 9.16E−01
Chemo status (Yes/No/–) 454/149/65 1.506 1.154–1.966 1.70E−03 0.741 0.542–1.015 6.17E−02
IDH mutation status
(Wildtype/Mutate/–) 277/343/48 0.309 0.249–0.382 2.00E−16 0.526 0.407–0.679 9.21E−07

Risk score status (High/Low) 380/288 2.582 2.092–3.187 2.00E−16 1.707 1.347–2.165 1.01E−05
HR, hazard ratio; CI, confidence interval; SD, standard deviation; IDH, isocitrate dehydrogenase; CGGA, The Chinese Glioma Genome 
Atlas.

Table 4. The performance of the nomogram assessed by different classifiers

Model AUC C-index p-value Specificity Sensitivity
Age model 0.608 0.592 3.513E−09 0.624 0.584
Recurrence model 0.599 0.596 8.549E−14 0.662 0.537
IDH mutation model 0.672 0.661 0 0.755 0.588
Clinical model 0.671 0.731 0 0.685 0.66
LncRNAs alone 0.685 0.639 0 0.525 0.793
mRNAs alone 0.809 0.696 0 0.65 0.834
multi-RNAs based model 0.84 0.738 0 0.743 0.795
multi-RNAs combined clinical model 0.879 0.773 0 0.918 0.685

AUC, area under the curve of receiver operating characteristic curve; C-index, concordance index; IDH, isocitrate dehydrogenase.

All these autophagy-related signature mRNAs (CTSB, 
EEF2, GRID2, MLST8, MTOR, NFKB1, PPP1R15A and 
WIPI1) had been demonstrated to be associated with the 
progression of glioma or other cancers. CTSB, which en-
codes lysosomal cysteine proteinase protein, was reported 
to be upregulated in GBM cancer cells and stem cell niches 
(Pucer et al. 2010; Jennewein et al. 2016; Breznik et al. 
2018). Overexpression of CTSB decreased chemothera-
peutic temozolomide drug-induced glioma cell death and 
promoted the mesenchymal transition (Ho et al. 2019); 
while knockdown of CTSB caused cell cycle arrested in 
G0/G1 phases and enhanced radiosensitivity (Zhang et al. 
2018). Elevated CTSB may, like cathepsin L, contributed to 
radio-resistance in human glioma cells by activation of its 
downstream NF-κB (Yang et al. 2015). The expression of 
NF-κB1 was revealed to be increased with the increasing de-
gree of malignancy in glioma (Yang et al. 2014). PI3K/Akt/
mTOR was a highly activated signaling pathway to induce 
autophagy for GBM cells (Li et al. 2016). When the PI3K/
Akt/mTOR pathway was blocked by using their correspond-
ing inhibitors, the migration and invasion of GBM U87 cells 
were shown to be suppressed (Huang et al. 2018). MLST8 
combined with mTOR, Rictor, mSin1 and Protor to form 

the autophagy inhibitor rapamycin-insensitive complex 
(mTORC2). Increased mTORC2 activity promoted glioma 
growth and cell motility (Masri et al. 2007). Disruption 
of the scaffolding function of MLST8 inhibited mTORC2 
assembly and its-dependent tumor growth (Hwang et al. 
2019). EEF-2 kinase was involved in autophagy by acting 
as a downstream member of the mTOR signaling pathway 
(Wu et al. 2009). RNA interference analysis showed silencing 
of EEF-2 markedly inhibited autophagy and decreased the 
viability, migration and invasion ability of GBM cells (Wu 
et al. 2009; Zhang et al. 2011; Liu et al. 2013). PPP1R15A 
(also known as GADD34) was found to be expressed fol-
lowing DNA damage, a major inducer in hypoxia to activate 
autophagy (Ito et al. 2015). Hypoxia was reported to up-
regulate PPP1R15A in glioma cells compared with control 
(Minchenko et al. 2016). Inhibition of PPP1R15A greatly 
suppressed anaplastic thyroid carcinoma cell growth (Cao 
et al. 2019) and potentiated tumor necrosis factor-related 
apoptosis-inducing ligand (TRAIL)-induced apoptosis of 
hepatocellular carcinoma cells (Song et al. 2019). Elevated 
expression of PPP1R15A was associated with poor clinical 
prognosis (Cao et al. 2019). WIPI1 was suggested to serve 
as an autophagy biomarker protein (Tsuyuki et al. 2014). It 



268 Wei et al.

was upregulated in clinical hepatocellular carcinoma (Shi 
et al. 2016) and melanoma samples (D’Arcangelo and Gi-
ampietri 2018). Wang et al. (2021) identified patients with 
high expression level of GRID2 may have a better prognosis 
than those with low expression levels. In line with these 
findings, we also found MTOR, NFKB1, PPP1R15A, WIPI1 
and CTSB were higher expressed, while GRID2 was lower 
expressed in GBM compared with LGG. These genes were 
enriched in autophagy, apoptosis and cell cycle biological 
processes or pathways. The expressions of EEF2 and MLST8 
were not upregulated as expected, which may be the pos-
sible difference between wet and dry experiments or their 
dual functions. 

There were studies to explore lncRNAs that play im-
portant roles in glioma by influencing autophagy and its 
related genes. Luan et al. (2019) used the CGAA dataset to 
identify 10 autophagy-associated lncRNAs with prognostic 
value (PCBP1-AS1, TP53TG1, DHRS4-AS1, ZNF674-AS1, 
GABPB1-AS1, DDX11-AS1, SBF2-AS1, MIR4453HG, 
MAPKAPK5-AS1 and COX10-AS1). Their established 
risk score could distinguish the OS between the low-risk 

group and high-risk group, which was also validated 
using the TCGA dataset. LncRNA MALAT1 activated 
autophagy and promoted cell proliferation of glioma cells 
by upregulating autophagy genes STMN1, RAB5A and 
ATG4D (Fu et al. 2017), while knockdown of MALAT1 
inhibited cell migration and invasion of glioma cells by sup-
pressing autophagy through regulation of autophagy gene 
GOLM1 (Ma et al. 2020). Elevated lncRNA AC023115.3 
and growth arrest-specific 5 (GAS5) in human GBM cells 
were demonstrated to promote cisplatin-induced apoptosis 
by inhibiting autophagy (Ma et al. 2017; Huo and Chen 
2019). However, autophagy-related lncRNAs remain rarely 
reported. In our study, we identified TMEM72-AS1 and 
WDFY3-AS2 may be important biomarkers for glioma 
patients to separate GBM from LGG and predict their 
prognosis. WDFY3-AS2 was previously reported in the 
study of Wu et al. (2018) who found WDFY3-AS2 was 
one downregulated lncRNA in GBM compared with LGG 
and patients with high WDFY3-AS2 expression had longer 
OS than the low expression ones. These conclusions were 
also demonstrated in our study. However, compared with 

Figure 5. The prognostic perfor-
mance of the autophagy-related risk 
score model for glioma patients. Ka-
plan-Meier survival curve analysis to 
show the overall survival difference 
of patients with high risk score and 
low-risk score in the CGGA (A) and 
TCGA (B) dataset. Receiver operator 
characteristic (ROC) to demonstrate 
the prognostic power of risk score for 
the overall survival of patients in the 
CGGA (C) and TCGA (D) dataset. 
HR, hazard ratio; AUC, area under 
the ROC curve. For more abbrevia-
tions, see Fig. 1.

A

C

B

D



269Autophagy signature for glioblastoma multiforme

Figure 6. Risk stratification model based on age, recurrence and IDH mutation for glioma patients. The association of age (A), recurrence 
(D) and IDH mutation (G) with overall survival. The prognosis of patients in the age range (below 45 years (B) and above 45 years (C)) 
according to the risk score. The prognosis of patients in the different recurrence status according to the risk score (E and F). The prognosis of 
patients without (H) and with (I) IDH mutation status according to the risk score. HR, hazard ratio; y, year; IDH, isocitrate dehydrogenase. 

A

D

G

B

E

H

C

F
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individual WDFY3-AS2 (Wu et al. 2018), our combined 
signature (including WDFY3-AS2 and other genes) may 
be more effective for clinical application of prognosis 
prediction (AUC = 0.840 vs. 0.796). More importantly, 
the study of Wu et al. (2018) did not provide the spe-

cific downstream target genes to explain the functions 
of WDFY3-AS2. Our study, for the first time, speculated 
WDFY3-AS2 may function by co-expressing with SIRT1, 
FoxO3a, TSC1 and HIF1A. These co-expressed genes 
have been demonstrated to act as suppressor genes for the 
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progression of GBM or other cancers. It was reported that 
SIRT1 hindered autophagy and GBM growth by mediat-
ing the deacetylation of p21-activated kinase  1 (PAK1) 
at K420 and suppressing the PAK1-ATG5 (autophagy 
related 5) pathway (Feng et al. 2021). FoxO3a was found 
to be a negative regulator of autophagy in multiple cancer 
cells (Zhu et al. 2014). Increased FOXO3a inhibited au-
tophagy and stimulated transcription of the pro-apoptotic 
BBC3/PUMA gene to cause apoptosis sensitization, thus 
reducing tumor burden (Fitzwalter et al. 2018). SIRT1 ex-
erted inhibitory activities on chemoresistance and cancer 
stemness of gastric cancer by initiating the transcription 
of FOXO3 (An et al. 2020). TSC1, a negative regulator of 
mTOR signaling, was downregulated in high-grade serous 
ovarian carcinoma compared with normal fimbria and low 
stage patients. Ectopic expression of TSC1 could block 
cell proliferation, migration and autophagy (Wang et al. 
2017). Hypoxia induced autophagy in glioma LN229 cells 
through upregulating the expression of HIF1A expression. 
Knockout of HIF1A inhibited cell motility and chemosen-

sitivity (Hu et al. 2012; Huang et al. 2019). Furthermore, 
it was observed that the concentrations of betaine, phos-
phocholine and choline were lowed in HIF1B-deficient 
hepatoma compared with wide type (Griffiths et al. 2002); 
while these choline metabolism products were elevated in 
glioma (Gillies et al. 1994) and targeted drugs may treat 
GBM by decreasing phosphocholine and choline kinase 
α (Venkatesh et al. 2012), suggesting HIF1A may also be 
involved in the glioma progression by influencing choline 
metabolism. In line with these studies, SIRT1, FoxO3a and 
TSC1 were also shown to be downregulated, while HIF1A 
was upregulated in GBM compared with LGG. These 
genes were not only autophagy-related, but also enriched 
in various pathways [hsa04066:HIF-1 signaling pathway 
(HIF1A), hsa04068:FoxO signaling pathway (FOXO3, 
SIRT1), hsa04150:mTOR signaling pathway (TSC1) and 
hsa05231:Choline metabolism in cancer (TSC1, HIF1A)]. 
The roles of TMEM72-AS1 had not been illustrated for any 
diseases. Our study, for the first time, predicted it may be 
one crucial lncRNA for malignant progression of glioma 

Figure 7. A prognostic nomogram to predict the survival probability of patients with glioma. A. Receiver operator characteristic curve to 
demonstrate the superiority of risk score for prognosis prediction to other clinical factors. B. A prognostic nomogram. C. Calibration curves. 

A

B C
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by regulating autophagy-related ULK2. The protein expres-
sion level of ULK2 was observed to be significantly lower 
in NSCLC cases (Cheng et al. 2019) and glioma (Shukla et 
al. 2014) compared with control. Overexpression of ULK2 
significantly inhibited the proliferation of A549 and H460 
cells and improved the chemosensitivity to cisplatin and 
etoposide. Overexpression of ULK2 also suppressed tumor 
volume in vivo (Cheng et al. 2019). Our expression level of 
ULK2 in GBM was consistent with the study of Cheng et 
al. (2019) and Shukla et al. (2014). However, unfortunately, 
several studies suggested ULK2 may also induce autophagy, 
not inhibit autophagy in cancer (John Shukla et al. 2014; 
Clotaire et al. 2016; Cheng et al. 2019). This may be, on 
one hand, attributed to the dual functions of autophagy; 
on the other hand, may be associated with the response 
loop (Wang et al. 2018). Thus, the combination treatment 
of ULK overexpression with autophagy inhibitors may po-
tentially be a more effective therapeutic strategy for GBM.

There were some limitations in this study. First, the 
proposed signature was established and validated using 
the public datasets. The newly hospitalized GBM and LGG 
patients in our hospital should be enrolled to further inves-
tigate the performance of the signature. Second, functional 
experiments should be performed to explore the relationship 
between our identified lncRNAs and mRNAs (TMEM72-
AS1-ULK2, WDFY3-AS2-SIRT1/FoxO3/TSC1) and their 
associations with progression of glioma.

Conclusion

Our study successfully developed a novel 10-gene signature 
constituted by 2 lncRNAs and 8 autophagy-related genes. 
This signature distinguished GBM from LGG and predicted 
OS in patients with glioma. The established nomogram that 
integrated the risk score and clinical parameters may be more 
effective to aid the clinical decision making of personalized 
treatment.
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CGGA_1513 TCGA-14-0871-01
CGGA_1786 TCGA-76-4931-01
CGGA_P446 TCGA-32-5222-01
CGGA_1747 TCGA-19-4065-01
CGGA_809 TCGA-06-5412-01
CGGA_P143 TCGA-06-5859-01
CGGA_1534 TCGA-28-5209-01
CGGA_1737 TCGA-15-0742-01
CGGA_1661 TCGA-12-5299-01
CGGA_799 TCGA-32-2634-01
CGGA_P364 TCGA-14-2554-01
CGGA_1536 TCGA-14-1823-01
CGGA_1641 TCGA-06-0168-01
CGGA_P16 TCGA-27-1832-01
CGGA_P314 TCGA-28-5207-01
CGGA_1169 TCGA-28-2509-01
CGGA_1087 TCGA-14-0817-01
CGGA_1723 TCGA-06-2563-01
CGGA_265 TCGA-06-2564-01
CGGA_1433 TCGA-14-1825-01
CGGA_P137 TCGA-06-2569-01
CGGA_P142 TCGA-26-5133-01
CGGA_1377 TCGA-12-0616-01
CGGA_1305 TCGA-27-2524-01
CGGA_1566 TCGA-06-0184-01
CGGA_1362 TCGA-06-2558-01
CGGA_1557 TCGA-28-5208-01
CGGA_D50 TCGA-19-1787-01
CGGA_1401 TCGA-27-2526-01
CGGA_1463 TCGA-02-2486-01
CGGA_1552 TCGA-14-1034-01
CGGA_1121 TCGA-27-1831-01
CGGA_165 TCGA-28-5220-01
CGGA_P633 TCGA-32-2632-01
CGGA_P356 TCGA-76-4932-01
CGGA_P103 TCGA-06-5408-01
CGGA_1882 TCGA-76-4929-01
CGGA_2079 TCGA-06-0644-01

Symbol Symbol
CGGA_1546 TCGA-14-0787-01
CGGA_1183 TCGA-HT-A74L-01
CGGA_1407 TCGA-FG-A4MX-01
CGGA_1644 TCGA-P5-A5F6-01
CGGA_1721 TCGA-HT-7873-01
CGGA_135 TCGA-S9-A89V-01
CGGA_P109 TCGA-FG-8186-01
CGGA_1689 TCGA-HT-7884-01
CGGA_1523 TCGA-E1-A7YW-01
CGGA_P173 TCGA-DB-A64R-01
CGGA_1152 TCGA-HT-7692-01
CGGA_P144 TCGA-E1-5318-01
CGGA_1037 TCGA-E1-A7YO-01
CGGA_1657 TCGA-HT-8564-01
CGGA_1630 TCGA-E1-A7YH-01
CGGA_1539 TCGA-FG-8185-01
CGGA_1488 TCGA-TQ-A7RG-01
CGGA_1658 TCGA-E1-A7YV-01
CGGA_1533 TCGA-S9-A7IY-01
CGGA_P15 TCGA-HT-8114-01
CGGA_901 TCGA-CS-6667-01
CGGA_P269 TCGA-RY-A840-01
CGGA_1181 TCGA-DH-A66F-01
CGGA_P286 TCGA-QH-A6X4-01
CGGA_1568 TCGA-TQ-A7RO-01
CGGA_634 TCGA-P5-A781-01
CGGA_P27 TCGA-HT-7693-01
CGGA_1728 TCGA-RY-A845-01
CGGA_1985 TCGA-S9-A7QZ-01
CGGA_1303 TCGA-TQ-A7RQ-01
CGGA_1256 TCGA-HT-7855-01
CGGA_1416 TCGA-TQ-A7RI-01
CGGA_2075 TCGA-HT-8012-01
CGGA_1731 TCGA-TQ-A7RR-01
CGGA_625 TCGA-HT-7480-01
CGGA_1212 TCGA-DU-A5TW-01
CGGA_1269 TCGA-S9-A7QY-01
CGGA_P604 TCGA-DH-A7UV-01
CGGA_1946 TCGA-S9-A7J2-01
CGGA_1814 TCGA-TQ-A8XE-01
CGGA_P508 TCGA-DB-A64S-01
CGGA_P298 TCGA-WY-A85D-01
CGGA_P110 TCGA-QH-A6CW-01
CGGA_1575 TCGA-HT-7877-01
CGGA_1819 TCGA-P5-A5F0-01
CGGA_288 TCGA-HT-7483-01
CGGA_1291 TCGA-HT-8108-01
CGGA_P93 TCGA-HT-7874-01
CGGA_1482 TCGA-DB-A4XC-01

Symbol Symbol
CGGA_108 TCGA-S9-A7J1-01
CGGA_P311 TCGA-F6-A8O3-01
CGGA_P182 TCGA-S9-A7R1-01
CGGA_1191 TCGA-HT-7469-01
CGGA_1655 TCGA-HT-7875-01
CGGA_P337 TCGA-E1-A7YU-01
CGGA_1345 TCGA-QH-A6CZ-01
CGGA_1663 TCGA-FG-7641-01
CGGA_1496 TCGA-CS-5393-01
CGGA_1392 TCGA-TQ-A7RN-01
CGGA_663 TCGA-CS-5394-01
CGGA_1875 TCGA-FG-8182-01
CGGA_194 TCGA-CS-6670-01
CGGA_P512 TCGA-S9-A6TZ-01
CGGA_881 TCGA-DB-5275-01
CGGA_1472 TCGA-DU-6396-01
CGGA_1404 TCGA-FG-A60K-01
CGGA_1510 TCGA-DB-A64U-01
CGGA_1771 TCGA-HW-7491-01
CGGA_1912 TCGA-RY-A83X-01
CGGA_1134 TCGA-HT-8107-01
CGGA_1238 TCGA-DB-A64Q-01
CGGA_1402 TCGA-E1-5304-01
CGGA_1524 TCGA-TQ-A7RV-01
CGGA_1718 TCGA-HW-8320-01
CGGA_1580 TCGA-R8-A6MK-01
CGGA_1899 TCGA-DU-7007-01
CGGA_1389 TCGA-HT-8113-01
CGGA_1714 TCGA-DU-7298-01
CGGA_P147 TCGA-VW-A7QS-01
CGGA_P328 TCGA-DH-5141-01
CGGA_1659 TCGA-S9-A7R8-01
CGGA_1586 TCGA-QH-A86X-01
CGGA_1286 TCGA-QH-A870-01
CGGA_1715 TCGA-HT-7688-01
CGGA_1587 TCGA-DB-A75L-01
CGGA_1427 TCGA-S9-A6WO-01
CGGA_P19 TCGA-TM-A84Q-01
CGGA_1626 TCGA-S9-A7QW-01
CGGA_279 TCGA-HT-7468-01
CGGA_P437 TCGA-DU-8164-01
CGGA_1571 TCGA-HW-7487-01
CGGA_1155 TCGA-DB-A4XG-01
CGGA_P411 TCGA-DH-A66G-01
CGGA_1318 TCGA-HW-8321-01
CGGA_1066 TCGA-P5-A77X-01
CGGA_1440 TCGA-DU-A6S2-01
CGGA_724 TCGA-TM-A84L-01
CGGA_1260 TCGA-VV-A829-01

Supplementary table S1. The sample ID of TCGA and CGGA (continued)
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Symbol Symbol
CGGA_1471 TCGA-DH-A7UT-01
CGGA_P310 TCGA-DU-A7TG-01
CGGA_1339 TCGA-DU-A6S6-01
CGGA_1880 TCGA-HT-7879-01
CGGA_1131 TCGA-DB-A4XD-01
CGGA_P438 TCGA-S9-A6TV-01
CGGA_1321 TCGA-DU-5849-01
CGGA_1162 TCGA-S9-A6TX-01
CGGA_1097 TCGA-S9-A7J3-01
CGGA_P179 TCGA-DU-5870-01
CGGA_1716 TCGA-HT-7681-01
CGGA_P28 TCGA-FG-7637-01
CGGA_1431 TCGA-HT-A618-01
CGGA_1620 TCGA-HW-8319-01
CGGA_P505 TCGA-DU-A76O-01
CGGA_P568 TCGA-HT-A61B-01
CGGA_1703 TCGA-WY-A85A-01
CGGA_1725 TCGA-TM-A84R-01
CGGA_621 TCGA-DU-A5TS-01
CGGA_1955 TCGA-FG-8189-01
CGGA_P5 TCGA-TQ-A7RH-01
CGGA_1594 TCGA-DU-8166-01
CGGA_1161 TCGA-HW-7495-01
CGGA_1041 TCGA-S9-A7R7-01
CGGA_1361 TCGA-RY-A83Y-01
CGGA_1688 TCGA-E1-5305-01
CGGA_1994 TCGA-VM-A8C8-01
CGGA_P439 TCGA-DH-A66B-01
CGGA_1501 TCGA-DU-8168-01
CGGA_721 TCGA-DU-7009-01
CGGA_1036 TCGA-E1-A7Z6-01
CGGA_1525 TCGA-TM-A84H-01
CGGA_1662 TCGA-S9-A6U8-01
CGGA_509 TCGA-W9-A837-01
CGGA_1452 TCGA-P5-A5F4-01
CGGA_1441 TCGA-TQ-A7RV-02
CGGA_1902 TCGA-P5-A730-01
CGGA_P199 TCGA-HT-7610-01
CGGA_1648 TCGA-P5-A780-01
CGGA_P151 TCGA-DU-A76R-01
CGGA_1207 TCGA-S9-A7IQ-01
CGGA_1690 TCGA-VM-A8CE-01
CGGA_P145 TCGA-DB-A75M-01
CGGA_1735 TCGA-S9-A6U2-01
CGGA_1739 TCGA-HT-7856-01
CGGA_P155 TCGA-HT-8109-01
CGGA_106 TCGA-CS-6666-01
CGGA_1508 TCGA-DH-A7US-01
CGGA_1671 TCGA-RY-A843-01

Symbol Symbol
CGGA_P315 TCGA-VM-A8CB-01
CGGA_P181 TCGA-HT-7482-01
CGGA_P501 TCGA-HT-7477-01
CGGA_P358 TCGA-HT-7609-01
CGGA_1417 TCGA-DB-A75K-01
CGGA_882 TCGA-VM-A8CF-01
CGGA_P335 TCGA-FN-7833-01
CGGA_1018 TCGA-E1-5307-01
CGGA_1850 TCGA-HT-7478-01
CGGA_1736 TCGA-E1-A7YE-01
CGGA_1398 TCGA-DU-A7T8-01
CGGA_1178 TCGA-E1-A7YS-01
CGGA_1857 TCGA-HT-7881-01
CGGA_P346 TCGA-DU-6542-01
CGGA_1527 TCGA-DU-7302-01
CGGA_1618 TCGA-DB-A4XF-01
CGGA_1492 TCGA-HT-8111-01
CGGA_1901 TCGA-HW-A5KJ-01
CGGA_1906 TCGA-DU-6408-01
CGGA_1487 TCGA-E1-5319-01
CGGA_1623 TCGA-S9-A6TS-01
CGGA_P185 TCGA-P5-A5EV-01
CGGA_1598 TCGA-FG-5965-01
CGGA_1686 TCGA-FG-A4MY-01
CGGA_P31 TCGA-FG-A70Y-01
CGGA_1854 TCGA-TQ-A7RW-01
CGGA_1410 TCGA-DU-A7TA-01
CGGA_1645 TCGA-TM-A84T-01
CGGA_P483 TCGA-E1-A7Z4-01
CGGA_P21 TCGA-HT-7880-01
CGGA_1058 TCGA-WY-A85B-01
CGGA_1565 TCGA-FG-6689-01
CGGA_1669 TCGA-HT-A5RB-01
CGGA_P83 TCGA-FG-8187-01
CGGA_P316 TCGA-TM-A84I-01
CGGA_1700 TCGA-P5-A5EZ-01
CGGA_1335 TCGA-FG-6690-01
CGGA_1591 TCGA-HT-7472-01
CGGA_730 TCGA-S9-A6U6-01
CGGA_1055 TCGA-QH-A6CY-01
CGGA_P20 TCGA-DU-6397-01
CGGA_1543 TCGA-EZ-7264-01
CGGA_867 TCGA-QH-A65V-01
CGGA_1535 TCGA-S9-A6U9-01
CGGA_1184 TCGA-TQ-A7RJ-01
CGGA_1727 TCGA-VM-A8CH-01
CGGA_1673 TCGA-DB-A4XB-01
CGGA_1132 TCGA-HT-7677-01
CGGA_P106 TCGA-R8-A6ML-01

Supplementary table S1. The sample ID of TCGA and CGGA (continued)

Symbol Symbol
CGGA_1126 TCGA-E1-A7YM-01
CGGA_457 TCGA-P5-A72X-01
CGGA_1505 TCGA-HT-7690-01
CGGA_1477 TCGA-DB-A64X-01
CGGA_521 TCGA-TQ-A7RF-01
CGGA_1589 TCGA-HT-7604-01
CGGA_P385 TCGA-HW-A5KL-01
CGGA_P510 TCGA-DB-5270-01
CGGA_1033 TCGA-WY-A858-01
CGGA_1159 TCGA-IK-8125-01
CGGA_1451 TCGA-CS-6669-01
CGGA_888 TCGA-S9-A6WD-01
CGGA_1826 TCGA-E1-5311-01
CGGA_P279 TCGA-TM-A84S-01
CGGA_1693 TCGA-HT-7473-01
CGGA_1017 TCGA-DU-7309-01
CGGA_P388 TCGA-HT-7694-01
CGGA_P98 TCGA-IK-7675-01
CGGA_1750 TCGA-TM-A84G-01
CGGA_1455 TCGA-TM-A7CF-01
CGGA_1434 TCGA-S9-A7IZ-01
CGGA_1579 TCGA-DU-A5TR-01
CGGA_705 TCGA-HT-A615-01
CGGA_2046 TCGA-HT-8013-01
CGGA_530 TCGA-WY-A859-01
CGGA_1597 TCGA-P5-A5F2-01
CGGA_1371 TCGA-TM-A84M-01
CGGA_1425 TCGA-WY-A85C-01
CGGA_1421 TCGA-HT-A5R7-01
CGGA_1403 TCGA-E1-5322-01
CGGA_482 TCGA-HT-7858-01
CGGA_P102 TCGA-R8-A73M-01
CGGA_1608 TCGA-DH-A66D-01
CGGA_1057 TCGA-DU-6400-01
CGGA_P157 TCGA-HT-A5R5-01
CGGA_1866 TCGA-S9-A6U1-01
CGGA_503 TCGA-DU-7304-01
CGGA_1106 TCGA-QH-A65Z-01
CGGA_1601 TCGA-FG-A710-01
CGGA_P326 TCGA-DU-5871-01
CGGA_P99 TCGA-HT-7481-01
CGGA_1664 TCGA-S9-A6TY-01
CGGA_1108 TCGA-DU-8163-01
CGGA_2008 TCGA-HT-7689-01
CGGA_1458 TCGA-HT-8105-01
CGGA_2002 TCGA-S9-A6WH-01
CGGA_P121 TCGA-DU-A7TI-01
CGGA_1606 TCGA-HT-A61A-01
CGGA_862 TCGA-HT-7474-01
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Symbol Symbol
CGGA_2078 TCGA-FG-7634-01
CGGA_1420 TCGA-DU-7019-01
CGGA_1687 TCGA-DB-5281-01
CGGA_1447 TCGA-HT-7601-01
CGGA_1621 TCGA-FG-8181-01
CGGA_1583 TCGA-VM-A8CA-01
CGGA_1680 TCGA-E1-A7YY-01
CGGA_1048 TCGA-E1-A7YK-01
CGGA_2006 TCGA-QH-A6X9-01
CGGA_1811 TCGA-S9-A6WI-01
CGGA_1148 TCGA-FG-8188-01
CGGA_703 TCGA-HT-8019-01
CGGA_1300 TCGA-E1-A7Z3-01
CGGA_107 TCGA-S9-A6WE-01
CGGA_P619 TCGA-HW-8322-01
CGGA_1317 TCGA-P5-A731-01
CGGA_1650 TCGA-DU-7015-01
CGGA_1467 TCGA-TM-A7CA-01
CGGA_1764 TCGA-DH-5143-01
CGGA_652 TCGA-DU-6401-01
CGGA_1605 TCGA-FG-6691-01
CGGA_1154 TCGA-P5-A5F1-01
CGGA_P295 TCGA-TM-A7CF-02
CGGA_1785 TCGA-S9-A7R3-01
CGGA_1135 TCGA-QH-A6CU-01
CGGA_1612 TCGA-DU-7011-01
CGGA_1157 TCGA-S9-A6TW-01
CGGA_1195 TCGA-DU-A7TC-01
CGGA_1776 TCGA-DB-A4X9-01
CGGA_2129 TCGA-HT-8010-01
CGGA_1567 TCGA-KT-A74X-01
CGGA_112 TCGA-TQ-A7RK-02
CGGA_P160 TCGA-DB-5279-01
CGGA_1972 TCGA-QH-A6X8-01
CGGA_1012 TCGA-DU-A5TU-01
CGGA_1356 TCGA-S9-A6U5-01
CGGA_1560 TCGA-HT-7605-01
CGGA_1204 TCGA-HT-A74J-01
CGGA_P594 TCGA-RY-A847-01
CGGA_889 TCGA-DU-A6S7-01
CGGA_D19 TCGA-P5-A737-01
CGGA_1435 TCGA-HT-7611-01
CGGA_1111 TCGA-DU-5855-01
CGGA_1334 TCGA-DU-7300-01
CGGA_1769 TCGA-DB-5280-01
CGGA_1660 TCGA-DB-A4XE-01
CGGA_1223 TCGA-VV-A86M-01
CGGA_P625 TCGA-DB-A64L-01
CGGA_1738 TCGA-TM-A84O-01

Symbol Symbol
CGGA_P153 TCGA-DU-7008-01
CGGA_1614 TCGA-P5-A5EX-01
CGGA_P11 TCGA-QH-A65S-01
CGGA_1840 TCGA-HT-7695-01
CGGA_780 TCGA-HT-7854-01
CGGA_P89 TCGA-CS-4944-01
CGGA_1833 TCGA-DU-5870-02
CGGA_J73 TCGA-FG-8191-01
CGGA_1295 TCGA-TM-A7C4-01
CGGA_P128 TCGA-DB-A64P-01
CGGA_1563 TCGA-P5-A5EW-01
CGGA_1541 TCGA-S9-A7QX-01
CGGA_1350 TCGA-S9-A6WQ-01
CGGA_861 TCGA-QH-A65R-01
CGGA_1697 TCGA-HT-7607-01
CGGA_1032 TCGA-DB-A4XA-01
CGGA_1507 TCGA-HT-A4DV-01
CGGA_1953 TCGA-DB-A64V-01
CGGA_1426 TCGA-HT-7620-01
CGGA_P112 TCGA-QH-A6XA-01
CGGA_1740 TCGA-FG-5962-01
CGGA_P30 TCGA-S9-A6WN-01
CGGA_1685 TCGA-HT-7475-01
CGGA_1613 TCGA-HT-7470-01
CGGA_1337 TCGA-HT-8558-01
CGGA_474 TCGA-HW-7493-01
CGGA_507 TCGA-E1-5303-01
CGGA_1862 TCGA-S9-A6WL-01
CGGA_P319 TCGA-DU-6395-01
CGGA_1886 TCGA-HT-A614-01
CGGA_1446 TCGA-HW-7490-01
CGGA_2024 TCGA-DU-7014-01
CGGA_P172 TCGA-E1-5302-01
CGGA_1610 TCGA-TM-A84F-01
CGGA_28 TCGA-TQ-A8XE-02
CGGA_831 TCGA-CS-6290-01
CGGA_1699 TCGA-HT-A616-01
CGGA_720 TCGA-FG-A4MT-01
CGGA_1391 TCGA-HT-7686-01
CGGA_P87 TCGA-DB-A64W-01
CGGA_P113 TCGA-FG-A713-01
CGGA_1670 TCGA-S9-A7R4-01
CGGA_1141 TCGA-DB-5278-01
CGGA_1544 TCGA-HT-7476-01
CGGA_1429 TCGA-DU-6393-01
CGGA_1130 TCGA-F6-A8O4-01
CGGA_P609 TCGA-HT-7902-01
CGGA_883 TCGA-DU-7299-01
CGGA_420 TCGA-DU-5872-01

Symbol Symbol
CGGA_P306 TCGA-FG-7638-01
CGGA_1457 TCGA-HW-7489-01
CGGA_1553 TCGA-DB-A4XH-01
CGGA_1491 TCGA-HT-8018-01
CGGA_568 TCGA-HT-7676-01
CGGA_1548 TCGA-DB-A75P-01
CGGA_1770 TCGA-DH-5142-01
CGGA_1694 TCGA-P5-A72W-01
CGGA_P164 TCGA-DU-7294-01
CGGA_1743 TCGA-HT-7606-01
CGGA_1607 TCGA-DU-8162-01
CGGA_358 TCGA-DU-5853-01
CGGA_1815 TCGA-DU-A6S3-01
CGGA_1870 TCGA-TQ-A7RK-01
CGGA_1624 TCGA-QH-A6X5-01
CGGA_1558 TCGA-DU-6403-01
CGGA_487 TCGA-FG-A4MT-02
CGGA_P100 TCGA-CS-5396-01
CGGA_1454 TCGA-HT-7479-01
CGGA_1702 TCGA-DH-A7UU-01
CGGA_825 TCGA-HT-8563-01
CGGA_2115 TCGA-P5-A735-01
CGGA_P22 TCGA-HT-7691-01
CGGA_P461 TCGA-HT-7680-01
CGGA_406 TCGA-RY-A83Z-01
CGGA_1228 TCGA-HT-7603-01
CGGA_1537 TCGA-DU-7010-01
CGGA_1390 TCGA-DB-A75O-01
CGGA_1359 TCGA-TM-A7C5-01
CGGA_1462 TCGA-HT-7467-01
CGGA_1619 TCGA-P5-A733-01
CGGA_2003 TCGA-HW-A5KM-01
CGGA_1459 TCGA-FG-7643-01
CGGA_1437 TCGA-HT-A74O-01
CGGA_1745 TCGA-HT-7485-01
CGGA_1588 TCGA-DU-6394-01
CGGA_1615 TCGA-FG-A60J-01
CGGA_1817 TCGA-FG-A60L-01
CGGA_1500 TCGA-S9-A6TU-01
CGGA_1538 TCGA-FG-A711-01
CGGA_2062 TCGA-HT-7608-01
CGGA_1908 TCGA-CS-6188-01
CGGA_1698 TCGA-S9-A6WG-01
CGGA_139 TCGA-FG-A6J1-01
CGGA_1469 TCGA-CS-4938-01
CGGA_1521 TCGA-CS-4942-01
CGGA_1474 TCGA-HT-7687-01
CGGA_1424 TCGA-P5-A5EY-01
CGGA_1729 TCGA-HW-7486-01

Supplementary table S1. The sample ID of TCGA and CGGA (continued)
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Symbol Symbol
CGGA_1529 TCGA-DU-8167-01
CGGA_777 TCGA-WH-A86K-01
CGGA_1865 TCGA-DH-5144-01
CGGA_P308 TCGA-HT-7471-01
CGGA_1829 TCGA-S9-A7J0-01
CGGA_1708 TCGA-QH-A6X3-01
CGGA_1382 TCGA-HT-8015-01
CGGA_846 TCGA-DU-6399-01
CGGA_763 TCGA-CS-6668-01
CGGA_1326 TCGA-E1-A7Z2-01
CGGA_369 TCGA-DU-6407-01
CGGA_1631 TCGA-WY-A85E-01
CGGA_1651 TCGA-HT-7602-01
CGGA_P280 TCGA-TM-A7C3-01
CGGA_619 TCGA-FG-7636-01
CGGA_1520 TCGA-DU-A5TP-01
CGGA_1758 TCGA-FG-5964-01
CGGA_887 TCGA-QH-A65X-01
CGGA_2053 TCGA-HT-7684-01
CGGA_P338 TCGA-S9-A89Z-01
CGGA_1809 TCGA-R8-A6MO-01
CGGA_1172 TCGA-DU-7306-01
CGGA_1572 TCGA-E1-A7YN-01
CGGA_1236 TCGA-DU-A76K-01
CGGA_1713 TCGA-DU-5872-02
CGGA_1596 TCGA-P5-A77W-01
CGGA_1418 TCGA-P5-A736-01
CGGA_P283 TCGA-DH-5140-01
CGGA_583 TCGA-DB-5273-01
CGGA_1682 TCGA-VM-A8CD-01
CGGA_1030 TCGA-DU-A7TD-01
CGGA_852 TCGA-S9-A6WP-01
CGGA_1226 TCGA-DU-A7TB-01
CGGA_P271 TCGA-DU-7292-01
CGGA_2013 TCGA-FG-A87Q-01
CGGA_1760 TCGA-DU-7301-01
CGGA_1518 TCGA-HT-A5RC-01
CGGA_2121 TCGA-DU-A6S8-01
CGGA_1002 TCGA-CS-4941-01
CGGA_863 TCGA-DU-6404-01
CGGA_1444 TCGA-FG-A4MU-01
CGGA_1014 TCGA-DU-8161-01
CGGA_1205 TCGA-DU-7018-01

Symbol Symbol
CGGA_1311 TCGA-FG-5965-02
CGGA_P108 TCGA-CS-5395-01
CGGA_1010 TCGA-S9-A7R2-01
CGGA_1791 TCGA-DU-6397-02
CGGA_1773 TCGA-DU-6407-02
CGGA_1478 TCGA-FG-A87N-01
CGGA_1142 TCGA-S9-A7IX-01
CGGA_1144 TCGA-TM-A84C-01
CGGA_1603 TCGA-HT-8110-01
CGGA_1051 TCGA-S9-A6UA-01
CGGA_1749 TCGA-HW-A5KK-01
CGGA_2056 TCGA-S9-A6UB-01
CGGA_1354 TCGA-HT-7860-01
CGGA_1419 TCGA-HT-A617-01
CGGA_1911 TCGA-DU-5854-01
CGGA_1635 TCGA-DU-6402-01
CGGA_P266 TCGA-HT-7882-01
CGGA_P158 TCGA-HT-A74K-01
CGGA_1075 TCGA-FG-A6IZ-01
CGGA_2106 TCGA-HT-A619-01
CGGA_1514 TCGA-DU-6392-01
CGGA_1257 TCGA-DB-5277-01
CGGA_1430 TCGA-TM-A84B-01
CGGA_1812 TCGA-DU-A5TT-01
CGGA_1461 TCGA-QH-A6CS-01
CGGA_P165 TCGA-CS-5397-01
CGGA_1100 TCGA-QH-A6CV-01
CGGA_1380 TCGA-QH-A6CX-01
CGGA_1681 TCGA-DU-7012-01
CGGA_1185 TCGA-DU-A5TY-01
CGGA_1248 TCGA-DU-6404-02
CGGA_1820 TCGA-TQ-A7RP-01
CGGA_P159 TCGA-E1-A7YD-01
CGGA_P104 TCGA-DU-7013-01
CGGA_1976 TCGA-HT-A4DS-01
CGGA_1365 TCGA-HT-8104-01
CGGA_1611 TCGA-FG-A70Z-01
CGGA_1387 TCGA-HT-A61C-01
CGGA_1542 TCGA-VM-A8C9-01
CGGA_1255 TCGA-KT-A7W1-01
CGGA_1497 TCGA-TM-A84J-01
CGGA_1137 TCGA-E1-A7YQ-01
CGGA_1138 TCGA-HT-8011-01

Symbol Symbol
CGGA_1476 TCGA-DU-5874-01
CGGA_1101 TCGA-DU-8158-01
CGGA_P178 TCGA-DU-7290-01
CGGA_1198 TCGA-HT-7857-01
CGGA_1353 TCGA-DU-A7TJ-01
CGGA_1481 TCGA-FG-5963-01
CGGA_1807 TCGA-HT-A5RA-01
CGGA_1262 TCGA-S9-A6WM-01
CGGA_1378 TCGA-DU-6410-01
CGGA_P29 TCGA-DB-A64O-01
CGGA_P25 TCGA-DH-A7UR-01
CGGA_1666 TCGA-CS-4943-01
CGGA_P115 TCGA-DU-6406-01
CGGA_P610 TCGA-FG-6688-01
CGGA_1120 TCGA-VW-A8FI-01
CGGA_1696 TCGA-HT-A74H-01
CGGA_1709 TCGA-E1-A7YJ-01
CGGA_1503 TCGA-DU-7006-01
CGGA_1656 TCGA-HT-7616-01
CGGA_1678 TCGA-S9-A6U0-01
CGGA_P175 TCGA-FG-A4MW-01
CGGA_P136 TCGA-DU-5847-01
CGGA_P116 TCGA-E1-A7YL-01
CGGA_120 TCGA-HT-A5R9-01
CGGA_1086 TCGA-TQ-A7RM-01
CGGA_1422 TCGA-DU-6405-01
CGGA_1445 TCGA-DB-5274-01
CGGA_P3 TCGA-FG-5963-02
CGGA_1494 TCGA-QH-A6XC-01
CGGA_1780 TCGA-DU-A7T6-01
CGGA_1722 TCGA-P5-A72Z-01
CGGA_1282 TCGA-CS-6186-01
CGGA_P265 TCGA-DU-5852-01
CGGA_P23 TCGA-P5-A72U-01
CGGA_1767 TCGA-E1-A7YI-01
CGGA_P180 TCGA-S9-A7IS-01
CGGA_1486 TCGA-DU-8165-01
CGGA_P205 TCGA-DU-A76L-01
CGGA_1564 TCGA-DU-7304-02

TCGA-DH-A669-01
TCGA-FG-6692-01
TCGA-FG-A6J3-01
TCGA-DH-A669-02

Supplementary table S1. The sample ID of TCGA and CGGA (continued)
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Supplementary table S2. PCA result

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10
CGGA Standard deviation 3.1428 0.24215 0.13171 0.11793 0.10335 0.08359 0.08156 0.06177 0.05141 0.04711

Proportion of Variance 0.9877 0.00586 0.00173 0.00139 0.00107 0.00070 0.00067 0.00038 0.00026 0.00022
Cumulative Proportion 0.9877 0.99357 0.99531 0.99670 0.99777 0.99847 0.99913 0.99951 0.99978 1.00000

TCGA Standard deviation 1.7676 1.4681 1.0854 0.91227 0.89266 0.7497 0.67143 0.6115 0.53706 0.48771
Proportion of Variance 0.3125 0.2155 0.1178 0.08322 0.07968 0.0562 0.04508 0.0374 0.02884 0.02379
Cumulative Proportion 0.8125 0.8280 0.8458 0.82900 0.90869 0.9149 0.92997 0.9474 0.97621 0.02379


