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Abstract: In recent years, studies have shown that TIMELESS, as an oncogene, is involved in progression of cancers. 
However, its relationship with prognosis in glioma patients is rarely reported. Our purpose was to explore the role of 
TIMELESS in glioma. Based on 1814 glioma samples from multiple databases such as The Cancer Genome Atlas 
(TCGA), The Chinese Glioma Genome Atlas (CGGA), and The Gene Expression Omnibus (GEO), we use a variety of 
bioinformatics methods to verify the mechanism of action of TIMELESS in glioma from mRNA to protein, from ap-
pearance to mechanism analysis, from clinical features to prognosis. Then, the connectivity map (CMap) tool was 
used to predict drugs that inhibit the expression of TIMELESS. First, we found TIMELESS is highly expressed in 
glioma at mRNA and protein levels. Second, TIMELESS is an independent risk factor in prognosis and has suitable 
clinical diagnostic value in glioma. It was also positively correlated with World Health Organization (WHO) grade, 
age, and histology, and negatively correlated with isocitrate dehydrogenase (IDH) 1 mutation and 1p19q codeletion. 
Third, base excision, cell cycle, and mismatch repair pathway were activated by TIMELESS in glioma. We predict 
small molecules to inhibit TIMELESS such as 8-azaguanine, gw8510, 6-thioguanosine, and ursodeoxycholic acid. 
This study is the first comprehensive analysis of TIMELESS, revealing a relationship between this novel oncogene, 
clinical characteristics of patients with glioma, and a mechanism leading to poor prognosis. It also provides a 
biomarker for diagnosis and treatment of glioma and reveal the pathologic progress of glioma at the genetic level.
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Introduction

Glioma is a primary malignant tumor derived 
from neuroepithelial cells [1]. Its annual inci-
dence rate is 1.6% of systemic tumors, but its 
mortality is 2.5% of systemic tumors [2]. 
Computed tomography and magnetic reso-
nance imaging are currently the main adjuncts 
for the diagnosis of glioma [3, 4]. Patients with 
glioma in the middle and late stage often have 
typical imaging changes and a series of dys-
functions [4]. Surgical treatment and adjuvant 
radio-chemotherapy are the main means of 
clinical treatment. However, most patients after 
treatment have neurological dysfunction, and 
poor prognosis brings huge economic and psy-

chologic burdens to society and families [5]. 
With the remarkable effect of chimeric antigen 
receptor T-cell immunotherapy in treating leu-
kemia, molecular targeted therapy has rekin-
dled hope [6]. Therefore, in order to improve the 
treatment of glioma patients, it is urgent to find 
new effective molecular markers.

At present, special molecular markers discov-
ered by scientists have been widely used in the 
early diagnosis of glioma and personalized 
treatment. For instance, with IDH1, in low-grade 
glioma, the prognosis of IDH mutant is bett- 
er than that of wild type [7]. Next, O6-methyl- 
guanine-DNA methyltransferase (MGMT) can 
promote the successful escape of tumor cells 
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from alkylated chemotherapeutic drugs, result-
ing in patients being insensitive to drugs and 
having poor therapeutic effect [8]. In addition, 
epidermal growth factor receptor (EGFR) par-
ticipates in the formation of tumors through 
various channels, often related to the progno-
sis of glioblastoma [9, 10]. However, due to the 
diversity of glioma formation and the complexi-
ty of the tumor microenvironment, existing the-
ories do not fully reveal the specific pathogen-
esis of glioma [11]. Therefore, discovery of new 
molecular markers will help to reveal the mech-
anism and provide molecular targets for prog-
nosis and discovering therapeutic drugs.

Cytogenetic and molecular genetic studies 
have shown that tumor development is a com-
plex process with multiple factors and stages 
[12, 13]. Genomic instability is considered a 
driving force in all stages of tumorigenesis [14]. 
TIMELESS participates in the maintenance of 
genome stability through multiple channels.  
For example, Anthony et al. found that 
TIMELESS can compile a conserved protein 
and gather it in the replication site of the  
nucleus, thereby contributing to DNA replica-
tion efficiency by combining Tipin [15]. Lauren 
and Si et al. found that TIMELESS migrated to 
DNA loss sites in a PARP1-dependent manner, 
and participated in the DNA repair process,  
and homologous recombination [16, 17]. 
Further research found that TIMELESS can also 
promote the malignant behavior and poor prog-
nosis of tumors. TIMELESS promotes the in- 
sensitivity of nasopharyngeal carcinoma to cis-
platin through Wnt/β-catenin signaling path-
way, thereby promoting tumor epithelial cell 
metastasis [18]. TIMELESS overexpression pro-
motes the proliferation of colorectal cancer 
cells [19]. Qiu et al. found that overexpression 
of TIMELESS correlates with poor prognosis in 
kidney and liver cancer [20]. However, there is 
little research about the role and mechanism of 
TIMELESS in glioma. 

In this study, large samples from multiple data-
bases were used for the first time to find a cor-
relation between the expression of Timeless 
and clinical features, and further explore the 
molecular mechanism of Timeless involvement 
in tumor formation and development. We 
strongly believe that TIMELESS can be used as 
a molecular marker for clinical diagnosis and 
treatment and provides a new direction for 
revealing the pathological mechanism of 
glioma.

Materials and methods

Data sources

GEPIA (http://gepia.cancer-pku.cn/) is a well-
known online tool for visual analysis of TCGA 
and GTEx data. Because of its simple interface, 
simple operation, and effective analysis, it is 
popular with researchers. Our study investigat-
ed the expression level of TIMELESS in various 
human tumor tissues and corresponding nor-
mal samples from this database. These include 
163 GBM samples, 518 LGG samples, and 207 
normal brain tissues.

CGGA (http://www.cgga.org.cn/) is an open 
database that has been published for several 
years, is especially used for glioma research, 
and provides a platform for researchers to ana-
lyze clinical information, data expression, gene 
copy number, and methylation [21]. Apart  
from missing data such as survival time, gen-
der, and so on, our study obtained the RNA-seq 
of 748 glioma tissue samples and mRNA chip 
data of 268 glioma tissue samples, for further 
analysis and processing. The filtered informa-
tion is shown in Tables S1 and S2.

TCGA (http://cancergenome.nih.gov/) is a land-
mark public free database of cancer genomics, 
which contains many types of data such as 
genome, epigenome, transcriptome, and pro-
teome. It has improved our ability to diagnose, 
treat, and prevent cancer and is made available 
to anyone in the research community [22]. After 
the deletion of missing clinical information 
data, we finally collected information on 653 
tumor samples, see Table S3.

GEO (https://www.ncbi.nlm.nih.gov/geo/) is an 
open database serving the public, character-
ized by containing gene sequencing and chip 
data of multiple organisms based on multiple 
platforms [23]. It can provide a continuous data 
set so that researchers can systematically 
study the direction of interest. GSE4290 in- 
cluded 77 glioma and 23 normal brain tissue 
samples; GSE116520 included 34 glioma  
and 8 normal brain tissue samples; and 
GSE50161 included 34 glioma and 13 normal 
brain tissue samples. We use the limma pack-
age in the R (version 3.6.1) language to analyze 
TIMELESS expression in glioma tissue and nor-
mal brain tissue [24] (Fold Change value of 
(|log2FC|) >1 and p-value <0.05). 
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The Human Protein Atlas (HPA) (http://www.
proteinatlas.org/) is an open and free web tool 
that contains high-resolution images of millions 
of normal human tissues, cancer tissues, and 
human cell line proteins [25]. In order to obtain 
the differences in TIMELESS protein levels, we 
downloaded the TIMELESS immunohistochemi-
cal results from the database and divided them 
into a normal group, high-grade glioma group, 
and low-grade glioma group.

Gene set enrichment analysis

Gene Set Enrichment Analysis (GSEA) is used 
to evaluate the distribution trend of genes in a 
pre-defined gene set in the gene table sorted 
by phenotype correlation, so as to judge their 
contribution to phenotype [26]. We first stan-
dardized the processing of the original data 
from multiple databases (CGGA RNA-seq, CGGA 
microarray, and TCGA RNA-seq), and then divi-
ded the genes into two groups (high expression 
group, low expression group) according to the 
level of TIMELESS. GSEA 4.0.2 jar software  
was used in this study. The number of permuta-
tions was adjusted to 1000, and the genome 
database was changed to the KEGG cell signa-
ling pathway.

CMap

CMap (https://cmap.ihmc.us/) helps us under-
stand human diseases and accelerate the dis-
covery of new therapies by creating and analyz-
ing large perturbation data sets. We first used 
correlation analysis to obtain 10 genes posi-
tively related to TIMELESS and 10 genes nega-
tively related. Then, we used the GPL570 plat-
form to convert related genes into probe 
information, and then uploaded it to the CMap 
tool to analyze potential inhibitors of TIMELESS 
(P<0.05 and enrichment <-0.88).

Statistical analysis

The original data in this study were analyzed by 
Perl and R software. Wilcoxon test was used to 
assess the expression of TIMELESS between 
tumor tissue and non-tumor tissue. We used 
the R software to calculate the relationship bet-
ween TIMELESS and the survival time of glioma 
patients through the Cox regression and 
Kaplan-Meier method and drew a survival 
curve. Then, univariate and multivariate analy-
sis revealed whether high expression of 
TIMELESS was an independent factor for pati-

ents’ poor prognosis. Cox regression evaluated 
the value of TIMELESS as an independent fac-
tor. We discuss the relationship between clini-
cal data and TIMELESS expression in glioma by 
using Wilcoxon or Kruskal-Wallis test.

Results 

Abnormally high expression of TIMELESS in 
glioma

First, we analyzed the expression of TIMELESS 
in a variety of tumors and corresponding nor-
mal tissues through the GEPIA tool, and found 
that TIMELESS had high expression in bladder 
urothelial carcinoma (BLCA), breast invasive 
carcinoma (BRCA), cervical squamous cell car-
cinoma and endocervical adenocarcinoma 
(CESC), colon adenocarcinoma (COAD), lym- 
phoid neoplasm diffuse large B-cell lymphoma 
(DLBC), glioblastoma multiforme (GBM), brain 
lower grade glioma (LGG), lung squamous cell 
carcinoma (LUSC), ovarian serous cystade-
nocarcinoma (OV), rectum adenocarcinoma 
(READ), skin cutaneous melanoma (SKCM), sto-
mach adenocarcinoma (STAD), testicular germ 
cell tumors (TGCT), thymoma (THYM), uterine 
corpus endometrial carcinoma (UCEC), and ute-
rine carcinosarcoma (UCS), but had low expres-
sion in acute myeloid leukemia (AML) (Figure 
1A).

To further study the mechanism of TIMELESS in 
tumors, we chose glioma. Through GSE4290 
(77 glioma tissue samples and 23 normal brain 
tissue samples), GSE50161 (34 glioma tissue 
samples and 13 normal brain tissue samples), 
and GSE11652 (34 glioma tissue samples and 
8 normal brain tissue samples) put through 
database analysis, we again verified that 
TIMELESS was highly expressed in glioma 
(Figure 1B-D, P<0.001). Through the mutual 
verification by multiple data sets, we could 
effectively improve the credibility of our results. 
This study will lay a foundation for further study 
of the mechanism of TIMELESS in glioma.

High expression of TIMELESS is an unfavor-
able factor for prognosis of glioma 

In order to evaluate the relationship between 
the high expression of TIMELESS and progno-
sis of glioma patients, the original data from 
the CGGA RNA-seq, CGGA microarray, and 
TCGA RNA-seq databases were divided into a 
high expression group and a low expression 
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group according to the expression of TIME- 
LESS. First, compared with the low expression 
group of TIMELESS in 376 glioma patients 
through the Kaplan-Meier method, the high 
expression of TIMELESS in 372 glioma pa- 
tients showed a survival time that was signifi-
cantly less than in the low expression group 
based on CGGA RNA-seq (Figure 2A). Second, 
compared with the low expression group in  
134 glioma patients through the Kaplan-Meier 
method, the high expression of TIMELESS in 
134 glioma patients showed that TIMELESS 
can also reduce the survival time of glioma 
patients based on the CGGA microarray (Figure 
2B). Finally, in order to test the effect high 
TIMELESS expression in different ethnic gro- 
ups on prognosis, we further verified this by 
using TCGA RNA-seq: this dataset mainly con-
tains American race, whereas CGGA database 
contains data from Chinese race. It was found 
that the increased expression level of TIME- 
LESS could significantly reduce the overall sur-
vival of 653 glioma patients (Figure 2C). The 
results were surprisingly consistent with the 
CGGA database. However, whether high expres-
sion of TIMELESS is an independent factor for 
poor prognosis requires further study.

TIMELESS high expression has prognostic 
value 

To explore whether the high expression of 
TIMELESS has value for the prognosis of glio-
ma, we analyzed the above three sets of data 
and by Cox regression. The high expression of 
TIMELESS was an independent factor for glio-
ma patients with a poor prognosis and had 
diagnostic value at 1 year, 3 years, and 5 years 
from CGGA RNA-seq (Figure 2D), CGGA mic-CGGA mic-
roarray (Figure 2E), and TCGA RNA-seq (Figure 
2F). The results suggest that TIMELESS can be 
used as a biomarker for the diagnosis and indi-
vidualized treatment of glioma.

High expression of TIMELESS is an indepen-
dent factor for poor prognosis of glioma 

We used univariate and multivariate analysis to 
analyze the relationship between clinical sam-
ple information and the survival status of glio-

ma patients. From the analysis of the common 
results in the above three databases, we found 
that TIMELESS expression and glioma grade 
were closely related to the prognosis of glioma 
patients (Figure 3A-F). Detailed results are as 
follows: by univariate analysis, TIMELESS ex- 
pression and patient survival time had signifi-
cant statistical significance in CGGA RNA-seq 
(HR: 1.733, 95% CI: 1.587-1.892, P<0.001, 
Figure 3A), CGGA microarray (HR: 1.902, 95% 
CI: 1.636-2.212, P<0.001, Figure 3C) and 
TCGA RNA-seq (HR: 1.087, 95% CI: 1.064-
1.109, P<0.001, Figure 3E). By multivariate 
analysis, it also has statistical significance in 
CGGA RNA-seq (HR: 1.252, 95% CI: 1.137-
1.379, P<0.001, Figure 3B), CGGA microarray 
(HR: 1.483, 95% CI: 1.234-1.783, P<0.001, 
Figure 3D), and TCGA RNA-seq (HR: 1.034, 
95% CI: 1.004-1.065, P<0.05, Figure 3F). At 
the same time, by univariate analysis, glioma 
grade and patient survival time had significant 
statistical significance in CGGA RNA-seq (HR: 
2.883, 95% CI: 2.526-3.291, P<0.001, Figure 
3A), CGGA microarray (HR: 2.567, 95% CI: 
2.125-3.100, P<0.001, Figure 3C), and TCGA 
RNA-seq (HR: 4.634, 95% CI: 3.727-5.760, 
P<0.001, Figure 3E). By multivariate analysis, it 
also had statistical significance in CGGA RNA-
seq (HR: 2.506, 95% CI: 1.825-3.441, P< 
0.001, Figure 3B), CGGA microarray (HR:  
2.402, 95% CI: 1.389-4.155, P<0.005, Figure 
3D) and TCGA RNA-seq (HR: 3.044, 95% CI: 
2.401-3.860, P<0.001, Figure 3F). But, due to 
incomplete clinical data in the TCGA RNA-seq 
database, HR value of the age crossed the 
invalid line in the CGGA microarray multivariate 
analysis. Thus, whether post-resuscitation syn-
drome (PRS) type and age are an independent 
factor for glioma patients requires further anal-
ysis. In conclusion, TIMELESS high expression 
is an independent factor for poor prognosis in 
glioma.

Relationship between TIMELESS and clinical 
features of poor prognosis in glioma

The results of Wilcoxon or Kruskal-Wallis test 
correlation analysis showed that abnormally 
high expression of TIMELESS was positively 

Figure 1. Expression level changes of TIMELESS in glioma. A. TIMELESS is widely expressed in a variety of tumors: 
red indicates cancer with up-regulation of TIMELESS, while green indicates a decrease in the expression of TIME-
LESS in malignant tissues. B-D. TIMELESS expression is higher in glioma than normal brain tissues from GEO 
(GSE4290, GSE50161, GSE116520, P<0.001).
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Figure 2. Correlation analysis of TIMELESS and survival time of patients based on multiple databases. A, D. In CGGA RNA-seq; B, E. In CGGA microarray. C, F. In 
TCGA RNA-seq. P<0.05.
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Figure 3. TIMELESS is an independent factor for poor prognosis in glioma by univariate and multivariate analysis. A, C, E. Univariate analysis from CGGA RNA-seq, 
CGGA microarray and TCGA RNA-seq. B, D, F. Multivariate analysis from CGGA RNA-seq, CGGA microarray, and TCGA RNA-seq.
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correlated with WHO grade, PRS type, chemo 
status, and histology (Figure 4A, 4C, 4D, 4G, 
P<0.001), but IDH1 mutation and 1p19q  
codeletion states were negatively correlated 
(Figure 4E, 4F, P<0.001) in the data of CGGA 
RNA-seq. It was positively correlated with WHO 
grade and histology, and negatively correlated 
with IDH1 mutation (Figure 4A, 4E, 4G, 
P<0.001) in CGGA microarray. Finally, it also 
was positively correlated with WHO grade and 
age in the data of TCGA RNA-seq (Figure 4A, 
4B, P<0.001). By analyzing the above three 
databases, we found that low expression of 
TIMELESS was closely related to low tumor 
grade, 1p19q joint deletion, and IDH1 muta-
tion. As clinicaldata show, 1p19q joint dele- 
tion, and IDH1 mutations often occur in low-
grade glioma, and patients often have a rela-
tively good prognosis. Therefore, this further 
indirectly supports that TIMELESS is a carcino-
genic gene in glioma. However, the mechanism 
by which TIMELESS participates in the malig-
nant behavior of glioma requires more work to 
reveal.

Cell signaling pathways of TIMELESS in glioma

We divided the tissue samples into a high 
expression group and low expression group 
based on the expression level of TIMELESS. 
Then, GSEA analysis was used to reveal the 
activation of cancer-related cell signaling path-
ways caused by high expression of TIMELESS. 
Potential cellular molecular pathways were 
selected out by the consistent results of three 
databases enriched together (Table 1). 
TIMELESS high expression may participate in 
tumor development by activating cell cycle, 
mismatch repair, and DNA replication cell sig-
naling pathways (Figure 5A-C).

Abnormally high expression of TIMELESS pro-
tein levels in glioma 

We have verified the abnormally high expres-
sion of TIMELESS in glioma based on mRNA. 
However, the level of TIMELESS protein was 
unclear. We downloaded the immunohisto-
chemical film of TIMELESS protein expression 
in glioma tissue and normal brain tissue from 
The Human Protein Atlas website. Then we 
divided into three groups according to tumor 
grade, including a normal group, low-grade 
group, high-grade group. We found that 
TIMELESS protein expression level was mark-

edly higher in both the low-level group and the 
high-level group than the normal group (Figure 
6).

Drugs that may inhibit TIMELESS

To find drugs that may inhibit expression of 
TIMELESS, we first performed a correlation 
analysis between TIMELESS and other differen-
tially expressed genes. We selected 10 posi-
tively related genes and 10 negatively related 
genes and drew a circle diagram (Figure 7). 
Next, we uploaded these 20 related genes to 
the CMap website and screened out 4 small 
molecule compounds that may inhibit 
TIMELESS, such as 8-azaguanine, gw8510, 
6-Thioguanosine, and ursodeoxycholic acid 
(Figure 8; Table 2). Some of these drugs have 
been found to have clear anti-tumor effects in 
other studies. This supports our predictions.

Discussion

In recent years, many studies have shown that 
TIMELESS can affect the process of tumor for-
mation through proliferation, migration, and 
inhibition of apoptosis [19, 27, 28]. However, 
the effect of TIMELESS on the prognosis of gli-
oma patients and its molecular mechanism 
has not been elucidated. We used the advan-
tage of large samples to reveal the role of 
TIMELESS in glioma. From mRNA to protein lev-
els, we found that TIMELESS was highly 
expressed in glioma relative to normal brain  
tissue (Figures 1, 6). At the same time, our con-
clusions were verified by previous studies. For 
example, Bianco et al. found that TIMELESS 
was abnormally highly expressed in non-small-
cell lung cancers and breast cancers [29].  
Zhou et al. confirmed TIMELESS expression 
was higher in cervical cancer from both public 
databases and clinical samples [30]. Wang 
also verified that TIMELESS was highly 
expressed in glioma [31]. However, the study 
did not elaborate on the relationship between 
TIMELESS and the clinical characteristics of 
glioma patients, or the underlying molecular me- 
chanism.

We first found TIMELESS was associated with 
prognosis in glioma patients. As described in 
Figures 2, 3, high expression of TIMELESS was 
an independent risk factor for the prognosis of 
glioma patients and had clinical diagnostic 
value. In other tumors, we also found that 
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Figure 4. Correlation analysis of TIMELESS and clinical features in CGGA RNA-seq, CGGA microarray, and TCGA RNA-seq datasets. A. WHO grade. B. Age. C. PRS type. 
D. Chemo status. E. IDH mutation status. F. 1p19q codeletion status. G. Histology.
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TIMELESS was closely related to clinical prog-
nosis. For instance, TIMELESS in lung cancer 
promotes the malignant characteristics of 
tumors and leads to a poor prognosis for 
patients [32]. Zhang et al. found that TIMEL- 
ESS promotes the malignant progression of 
tumors and poor prognosis in cervical carcino-
ma [33]. JuAs in Figure 4, it indicates that the 
expression level of TIMELESS was positively 
correlated with the age of patients and the 
grade of glioma. As we all know, grades III-IV 
glioma show diffuse infiltrating growth with  
high heterogeneity. The tumor resists postop-
erative radiotherapy and chemotherapy, and 
prognosis is less than ideal [34]. This is com-
pletely consistent with findings. Therefore, we 
speculate that the high expression of TIMEL- 
ESS is mainly involved in the malignant behav-
ior at a late stage of the tumor, which provides 
a direction for the next step to explore the spe-
cific molecular mechanism of TIMELESS.

We used GSEA to analyze the three databas- 
es and found that the high expression of 
TIMELESS may participate in the malignant  
progression of the tumor through the cell cycle, 
mismatch repair, and DNA replication cell sig-
naling pathways. GSEA and enrichment analy-
sis are two commonly used to predict the 
molecular mechanism of participation. Enri- 
chment analysis often focuses on a part of  
significantly different gene groups, which 
makes it easy to miss some genes that are not 
significantly differentially expressed but have 
important biologic significance [33]. GSEA  
does not need to set the threshold of differen-
tial genes in advance and analyze several 
genes from the expression profile level accord-
ing to the overall trend of actual data [35]. In 
addition, our predicted pathway has been 
reported to be associated with tumorigenicity. 
Emmanuel et al. found that mismatch repair 
genes mutations in ovarian cancer can pro-
mote the growth of tumor cells to a distance 

and worsen the clinical physiology of patients 
[36]. Kristin et al. discovered that the excision 
repair system was abnormally high in the early 
stage of many tumor cells and promotes tumor 
malignant progression [37]. Evan et al. found 
that the process of tumor formation was 
diverse, but the cell cycle played a role that 
cannot be ignored [38]. Therefore, through the 
above description, we can conclude that the 
abnormal increase of TIMELESS in glioma may 
lead to poor prognosis through a variety of cell 
signaling pathways.

Using the advantage of public databases, we 
have demonstrated that the high expression of 
TIMELESS was closely related to the malignant 
behavior of high-grade glioma. However, there 
are some flaws in this experiment. First, the 
clinical information of some samples in the 
database was incomplete, the treatment plan 
was not clear, and the database also was 
regional. We used a combination of multiple 
databases to expand the sample size to make 
up for this problem and avoid sample bias. 
Second, the cell signaling pathway of GSEA 
analysis was not proven with traditional experi-
ments. However, the GSEA method has been 
reported in many studies and has certain feasi-
bility. TIMELESS may have other effects and 
this article cannot specifically reveal all their 
pathogenesis. 

In conclusion, in this study, we found that the 
high expression of TIMELESS was closed relat-
ed to the prognosis of glioma patients and was 
an independent prognostic factor. We believe 
that TIMELESS can also be a molecular marker 
for screening for glioma and may be a target for 
gene therapy.
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Figure 5. Enrichment results of GSEA based on different datasets. A. Cell-cycle. B. Mismatch-repair. C. Base excision repair. GSEA: gene set enrichment analysis.



TIMELESS is a biomarker of glioma

952 Int J Clin Exp Pathol 2021;14(9):938-955

Figure 6. Expression of TIMELESS protein from glioma tissue and normal brain tissue. A, B. In normal brain tissue. 
C, D. In low grade glioma tissue. E, F. In high grade glioma tissue. M: male, F: female. ID from ATLAS.

Figure 7. Correlation analysis between TIMELESS and other differential genes. A, B. Screened out the top 10 dif-
ferential genes with positive and negative correlations.
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Figure 8. Small molecule compounds may inhibit TIMELESS expression. A. Gw8510. B. 8-azaguanine. C. 6-thioguanosine. D. Ursodeoxycholic acid.
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Table S1. Characteristics of patients with glioma based on CGGA RNA-seq data
Characteristics Number of cases Percentages (%)
Gender Male 306 40.91

Female 442 59.09
Age ≤41 341 45.59

>41 407 54.41
Grade WHO II 218 29.14

WHO III 240 32.09
WHO IV 290 38.77

PRS type Primary 501 66.98
Recurrent 222 29.68
Secondary 25 3.34

Radio status Yes 625 83.56
No 123 16.44

Chemo status Yes 520 69.52
No 228 30.48

Histology Astrocytoma 55 7.35
Anaplastic astrocytoma 39 5.21
Anaplastic oligodendroglioma 22 2.94
Anaplastic oligoastrocytoma 80 10.70
Glioblastoma 175 23.40
Oligodendroglioma 35 4.68
Oligoastrocytoma 95 12.70
Relapse astrocytoma 20 2.67
Relapse anaplastic astrocytoma 36 4.81
Relapse anaplastic oligodendroglioma 15 2.01
Relapse anaplastic oligoastrocytoma 48 6.42
Relapse glioblastoma 90 12.03
Relapse oligodendroglioma 4 0.53
Relapse oligoastrocytoma 9 1.20
Secondary relapse glioblastoma 25 3.34

IDH mutation status Mutant 409 54.68
Wildtype 339 45.32

1p19q codeletion status Codeletion 155 20.72
Non-codeletion 593 79.28
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Table S2. Characteristics of patients with glioma based on CGGA microarray data
Characteristics Number of cases Percentages (%)
Gender Male 153 57.09 

Female 115 42.91 
Age ≤42 138 51.49 

>42 130 48.51 
Grade WHO II 100 37.31 

WHO III 52 19.40 
WHO IV 116 43.28 

PRS type Primary 238 88.81 
Recurrent 20 7.46 
Secondary 10 3.73 

Radio status Yes 240 89.55 
No 28 10.45 

Chemo status Yes 145 54.10 
No 123 45.90 

Histology Astrocytoma 63 23.51 
Anaplastic astrocytoma 25 9.33 
Anaplastic oligodendroglioma 10 3.73 
Anaplastic oligoastrocytoma 4 1.49 
Glioblastoma 102 38.06 
Oligodendroglioma 21 7.84 
Oligoastrocytoma 13 4.85 
Relapse astrocytoma 3 1.12 
Relapse anaplastic astrocytoma 9 3.36 
Relapse anaplastic oligodendroglioma 4 1.49 
Relapse glioblastoma 4 1.49 
Secondary relapse glioblastoma 10 3.73 

IDH mutation status Mutant 121 45.15 
Wildtype 147 54.85 

Table S3. Characteristics of patients with glioma based on TCGA RNA-seq data
Characteristics Number of cases Percentages (%)
Gender Male 377 57.73

Female 276 42.27
Age ≤51 394 60.34

>51 259 39.66
Grade WHO II 238 36.45

WHO III 256 39.20
WHO IV 159 24.35


