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Abstract.
BACKGROUND: WEE1 is a critical kinase in the DNA damage response pathway and has been shown to be effective in treating
serous uterine cancer. However, its role in gliomas, specifically low-grade glioma (LGG), remains unclear. The impact of DNA
methylation on WEE1 expression and its correlation with the immune landscape in gliomas also need further investigation.
METHODS: This study used data from The Cancer Genome Atlas (TCGA), Chinese Glioma Genome Atlas (CGGA), and Gene
Expression Omnibus (GEO) and utilized various bioinformatics tools to analyze gene expression, survival, gene correlation,
immune score, immune infiltration, genomic alterations, tumor mutation burden, microsatellite instability, clinical characteristics
of glioma patients, WEE1 DNA methylation, prognostic analysis, single-cell gene expression distribution in glioma tissue samples,
and immunotherapy response prediction based on WEE1 expression.
RESULTS: WEE1 was upregulated in LGG and glioblastoma (GBM), but it had a more significant prognostic impact in LGG
compared to other cancers. High WEE1 expression was associated with poorer prognosis in LGG, particularly when combined
with wild-type IDH. The WEE1 inhibitor MK-1775 effectively inhibited the proliferation and migration of LGG cell lines, which
were more sensitive to WEE1 inhibition. DNA methylation negatively regulated WEE1, and high DNA hypermethylation of
WEE1 was associated with better prognosis in LGG than in GBM. Combining WEE1 inhibition and DNA methyltransferase
inhibition showed a synergistic effect. Additionally, downregulation of WEE1 had favorable predictive value in immunotherapy
response. Co-expression network analysis identified key genes involved in WEE1-mediated regulation of immune landscape,
differentiation, and metastasis in LGG.
CONCLUSION: Our study shows that WEE1 is a promising indicator for targeted therapy and prognosis evaluation. Notably,
significant differences were observed in the role of WEE1 between LGG and GBM. Further investigation into WEE1 inhibition,
either in combination with DNA methyltransferase inhibition or immunotherapy, is warranted in the context of LGG.
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1. Introduction

Diffuse glioma is highly malignant, accounting for
about 80% of malignant brain tumors and are classified
into astrocytoma, oligodendroglioma, and GBM on the
basis of histological criteria (WHO Grade II-IV) [1,2].
Chinese Glioma Genome Atlas (CGGA) and The Can-
cer Genome Atlas (TCGA) databases consider gliomas
of grade II-III as LGG, and refer grade IV gliomas as
GBM [3]. Patients with IDH-mutant LGG often have
a good prognosis after surgical resection and chemora-
diotherapy, usually with a median survival more than
10 years, whereas the median survival of patients with
IDH-wildtype LGG is typically less than 5 years [4].
Due to the highly aggressive characteristic of some
LGG and the inability to be completely removed, resid-
ual tumors are susceptible to relapse and malignant pro-
gression to GBM which represents one of the deadli-
est and most relapsed-prone solid tumors and accounts
for 57% of all gliomas with a median survival under
2 years [5,6]. A few diagnostic/prognostic biomarkers
(e.g., mutation status of IDH/ATRX/TP53, the methyla-
tion of MGMT promoter, and 1p/19q codeletion status)
have been currently identified for LGG [7,8], but most
of them display limited potency. In addition, effective
medical treatment for LGG remains lacking, as LGG
with wildtype IDH are more malignant with limited
response to adjuvant therapies [5,9]. Thus, more valu-
able biomarkers and new efficient pharmacotherapies
are still needed for evaluating the prognostic outcomes
and treating patients with LGG.

When DNA replication is complete, the DDR path-
way regulates cell entry into mitosis and delays the ini-
tiation of mitosis in the presence of DNA damage. The
DDR pathway is strictly regulated to prevents cells from
suffering different kinds of DNA damage. In gliomas,
oncogenes and tumor suppressors (e.g., TP53, RB1,
ATRX) correlated with replication stress are usually
changed [1,2], and DDR components (e.g., CHK1,
WEE1, PARP, ATM) are frequently overexpressed [10,
11,12,13]. Inspiringly, ATM and PARP inhibitors have
been shown to cross the blood-brain barrier [14,15] and
are being studied as therapeutic options for numerous
cancer entities in several clinical trials, implying broad
prospects of DDR-related inhibitors in cancer treatment.

WEE1, an important G2/M checkpoint kinase that
regulates cell cycle progression mainly through phos-
phorylation and inhibition of CDK1 [16]. A number of
reports have shown that inhibition of WEE1 could sen-
sitize multiple tumors (e.g., osteosarcoma, ovarian and
colon cancers) to DNA damage induced by radiation

or topoisomerase inhibition [17]. AZD1775, a poten-
tial WEE1 inhibitor, has been tested in clinical studies
in multiple diseases, including GBM. It has been re-
ported that WEE1 expression is upregulated in pedi-
atric high-grade glioma [18], GBM [10,19] and diffuse
intrinsic pontine glioma (DIPG) [20], and activating
WEE1 makes GBM resistant to PI3K inhibitors [21]. It
is worth noting that WEE1 inhibition can enhance the
radiotherapy effect on GBM, wherase the monotherapy
of WEE1 inhibition has no obvious inhibition effect on
GBM [10] or DIPG, as shown by previous studies [20].
Nevertheless, the role and targeting value of WEE1 in
LGG are still unknown.

In this study, we compared the difference of WEE1
between LGG and GBM in many aspects, includ-
ing WEE1 expression, diagnostic/prognostic value and
methylation regulation, as well as the correlation with
genomic changes and immune infiltration. Our results
revealeded that WEE1 was associated with prognosis
of LGG but not GBM, and WEE1 had better diagnostic
value, and was positively correlated with immune infil-
tration in LGG. Moreover, WEE1 was negatively reg-
ulated by DNA methylation, and WEE1 DNA methy-
lation level was positively correlated with prognosis of
LGG patients and was negatively correlated with im-
mune infiltration. Taken together, our results indicate
that WEE1 may be a better prognostic predictor and a
potential target for LGG rather than GBM.

2. Materials and methods

2.1. Cell culture

LGG cell line SW1088 (grade III) and GBM cell
line U251 (grade IV) were obtained from American
Type Culture Collection (ATCC). Both of them were
grown in high-glucose DMEM medium (China, Pro-
cell, PM150210) with 10% fetal bovine serum (China,
Procell, 164210) and 1% antibiotic/antimycotic (China,
Procell, PB180120) and were cultured at 37◦C in a 5%
CO2 humidified atmosphere.

2.2. Reagents and antibodies

MK-1775 (USA, Selleck, S1525), 5-Azacytidine
(USA, Selleck, S1782) and temozolomide (USA, Sel-
leck, S1237) were dissolved in DMSO and stored
at −20◦C. Other reagents and antibodies used in-
cluded cell counting kit-8 (Japan, Dojindo, CK04),
anti-WEE1 (USA, CST, 13084), anti-phospho-CDK1
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(Tyr15) (USA, CST, 4539), anti-CDK1 (USA, Protein-
tech group, 19532-1-AP), anti-DNMT1 (USA, Protein-
tech group, 24206-1-AP) and anti-β-actin (USA, Pro-
teintech group, 23660-1-AP).

2.3. Protein extraction and western blotting

Total proteins from glioma cells were extracted
using RIPA buffer (China, Beyotime Biotechnology,
P0013B) and separated by electrophoresis on 10%
SDS-PAGE gels. The proteins were then transferred to
polyvinylidene difluoride membranes (USA, Milipore,
IPVH00010), blocked with 5% skimmed milk, and in-
cubated overnight at 4◦C with specific primary antibod-
ies. After incubation with HRP-conjugated secondary
antibodies, protein signals were detected by chemilu-
minescence reagent (China, Beyotime Biotechnology,
ECL) using high sensitivity chemiluminescence imag-
ing system (China, Tanon 5200) and quantitatively ana-
lyzed using its associated analytical software.

2.4. Cell viability analysis

To assess cell viability, the CCK-8 assay was per-
formed. Specifically, 3 × 103 U251 and SW1088 cells
were seeded in a 96-well plate on day 1 and treated with
either MK-1775, 5-Azacytidine or temozolomide on
day 2. After incubation for 47 hour at 37◦C, 10 µL of
CCK-8 solution was added to each well and cultured for
an additional hour. Finally, the absorbance at 450 nm
of each well was measured using a microplate reader
(Bio-Rad, iMark).

2.5. Wound healing assay

2 × 105 cells were seeded in a 12-well culture plate
overnight. After removing the medium, the cell mono-
layer was scratched with a 200 µL pipette tip and
washed gently twice with 1 x PBS. DMEM medium
supplemented with different concentrations of MK-
1775 was added (1 mL per well) and the cells were cul-
tured for an additional 24 hours. Scratch images were
captured at 0 and 24 hours after treatment. The distance
migrated by the cells into the wounded area during the
24-hour period was measured.

2.6. The criteria for the inclusion and exclusion of
patients

The patient cohort selected from the bioinformat-
ics databases was obtained based on specific criteria to
ensure representativeness and minimize selection bias.
Our inclusion/exclusion criteria were carefully defined

to maintain consistency across the cohort. To ensure
representativeness, we selected patients with glioma
based on standardized diagnostic criteria, such as tu-
mor grade and survival time. To explore differences
of WEE1 expression between tumor grades, all pa-
tients without tumor grades or WEE1 expression were
excluded. To explore differences of survival time be-
tween low- and high-WEE1 groups, all patients with-
out survival time or WEE1 expression were excluded.
We also considered clinical factors such as IDH mu-
tation, 1p/19q codeletion, WEE1 mutation and WEE1
methylation levels to clarify what we needed to address.

2.7. Analysis of WEE1 expression

WEE1 expression and clinical information of patients
with LGG or GBM from CGGA [3], TCGA (https://
portal.gdc.cancer.gov/), and GEO (https://www.ncbi.
nlm.nih.gov/geo/) databases were obtained and ana-
lyzed by SangerBox bioinformatics tool (http://sanger
box.com/), CGGA analysis tool (http://www.cgga.org.
cn/analyse/RNA-data.jsp) and the R2 Genomics Plat-
form (https://hgserver1.amc.nl/cgi-bin/r2/main.cgi), re-
spectively. Further, WEE1 expression was analyzed
based on tumor stage, IDH mutation status, 1p/19q
codeletion status, putative copy-number alterations,
molecular and immune subtypes, respectively.

2.8. Prognostic and diagnostic analysis

An analysis of gene expression and prognosis for all
cancers was performed using SangerBox bioinformat-
ics tool. GEPIA bioinformatics tool [22] was used to
perform overall survival (OS) and disease free survival
(DFS) analysis in LGG or GBM from TCGA database
based on WEE1 expression. Xiantao bioinformatics
tool (https://www.xiantao.love/) was utilized to conduct
disease special survival (DSS) progression free interval
(PFI) and diagnostic analysis (ROC curves) on patients
with LGG or GBM from TCGA database. Statistical
analysis and visualization of survival data were carried
out through “survival” and “survminer” packages of
R software (version: 3.6.3), respectively. ROC curves
analysis was performed using “pROC” or “timeROC”
package and visualized using “ggplot2” package. An
analysis of OS in LGG and GBM patients from three
datasets of the CGGA database was conducted using
WEE1 expression, IDH mutations, and 1p/19q codele-
tion status. OS of patients with LGG or GBM from
three datasets of GEO database was analyzed based on
WEE1 expression. We divided the samples into low-
and high-WEE1 groups base on the median expression
of WEE1.
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2.9. Immune infiltration analysis and WEE1
expression

A relationship between the expression of WEE1 and
immune score (proportion of immune ingredient), stro-
mal score (proportion of stromal component) and esti-
mate score (sum of the above two scores) on LGG or
GBM patients from TCGA database was analyzed by
the R packages “estimate” and “psych” using Sanger-
Box bioinformatics tool. An analysis of the spearman
correlation between WEE1 expression and abundance
of tumor-infiltrating lymphocytes (TILs) in LGG and
GBM from TCGA database was conducted using R-
4.2.2 or TISIDB bioinformatics tool [23]. Gene ex-
pression profiles were used to infer the relative abun-
dance of TILs using single-sample gene set enrich-
ment analysis (ssGSEA), which is based on the gene
set variation analysis (GSVA) package [24]. The cor-
relation between WEE1 expression and immune infil-
tration based on sincorBatch and pancorBatch analysis
was performed by GTBA bioinformatics tool (http://
guotosky.vip:13838/GTBA/). SincorBatch was used to
analyze genes associated with the input gene in a sin-
gle cancer, while pancorBatch was used to analyze
genes associated with the input gene in pan-cancers.
The spearman correlation between WEE1 and mark-
ers of immune cells in LGG and GBM from TCGA
database was analyzed by GEPIA bioinformatics tool.

3. DNA methylation and immune infiltration
analysis

MEXPRESS bioinformatics tool [25] was used to
analyzed and visualized the pearson correlation be-
tween WEE1 expression and its DNA methylation level
in LGG and GBM from TCGA database. The spear-
man correlation between WEE1 DNA methylation level
and TILs abundance in LGG and GBM from TCGA
database was analyzed using TISIDB bioinformatics
tool.

3.1. DNA methylation and prognosis analysis

OS analysis of patients with LGG or GBM from
TCGA database was performed using MethSurv bioin-
formatics tool [26] based on DNA methylation level of
WEE1 at different sites. OS of patients with LGG or
GBM from the Methyl_159 dataset of CGGA database
was analyzed based on WEE1 DNA methylation level.
A median value of DNA methylation level of WEE1
was utilized to divide the samples into two groups.

3.2. WEE1 genomic alterations

We explored WEE1 genomic alterations using cBio-
Portal bioinformatics tool [27,28] in LGG and GBM
from TCGA database. The alteration frequency was
counted. WEE1 expression in different types of ge-
nomic alterations were investigated.

3.3. The relationship between genomic variation or
common genetic mutations and WEE1 expression

Tumor mutational burden (TMB) and microsatellite
instability (MSI) data of patients with LGG or GBM
from TCGA database were obtained by using Assistant
for Clinical Bioinformatics (https://www.aclbi.com).
Spearman correlation between WEE1 expression and
TMB or MSI was analyzed using GraphPad Prism
7.04 software. Correlation between WEE1 expression
and common genetic mutations was performed using
SangerBox bioinformatics tool.

3.4. The relationship between clinical characteristics
and gene expression

The relationship between different clinical charac-
teristics and WEE1 expression in LGG and GBM from
TCGA database was analyzed with Xiantao bioinfor-
matics tool. The statistical significance was tested by
Fisher exact test or Chi-square test.

3.5. Single-cell RNA sequencing analysis

Twelve single cell datasets of primary gliomas with-
out treatment were collected in Tumor Immune Single-
cell Hub (TISCH) [29]. WEE1 expression in malignant
cells, immune cells, stromal cells and others was an-
alyzed and compared. Quality control, clustering and
cell-type annotation are carried out in turn by using
a uniform analysis pipeline – MAESTRO. The cell-
type annotation was curated at the level of malignancy,
major-lineage and minor-lineage after streamlined pro-
cessing. Dimension reduction, KNN, and Louvain al-
gorithm were performed by Principal component anal-
ysis (PCA) for clusters recognition. Further reduction
of dimension and visualization of the clustering results
were performed by Uniform manifold approximation
and projection (UMAP). For identification of the clus-
ters of malignant cells, the three combined methods
refer to the previous description [30,32].
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3.6. Immunotherapy response prediction

WEE1 expression was analyzed across mouse tu-
mor cell lines after treatment of different cytokines
and tumor tissues derived from transplanted mouse
tumor cells after ICB (immune checkpoint blockade)
treatment in TISMO database [33]. WEE1 expression
was also analyzed in response patients or non-response
patients after ICB therapy in ICBatlas database [34].
According to Response Evaluation Criteria in Solid
Tumors (RECIST) v1.1, response or not was deter-
mined. responders (Res) included partial response (PR)
and complete response (CR), while non-responders
(Non-res) included stable disease (SD) and progres-
sive disease (PD). Mouse tumor cell lines included are:
4T1 (Mammary cancer); LLC (Lung carcinoma); B16
(Melanoma); MOC1 (Head and neck squamous cell
carcinoma); KPC (Pancreatic ductal adenocarcinoma).
Mouse tumor models included were: 4T1, T11 and
KPB25L (mammary cancer); CT26 (colorectal carci-
noma); YTN16 (gastric adenocarcinoma); LLC (lung
carcinoma); B16 (melanoma). human tumor models in-
clued are: NSCLC (Non-small cell lung cancer); gastric
adenocarcinoma; RCC (renal cell carcinoma).

3.7. Statistical analysis

The bioinformatics tools mentioned above were used,
as well as version 7.0.4 of GraphPad Prism, to perform
statistical analyses. The presented data in this study
represent the mean ± SEM from at least three indepen-
dent replicates. A two-way ANOVA or unpaired stu-
dent’s t-test was performed to determine if differences
between groups were statistically significant. Data in
this research are shown as mean ± SEM. Univariate
analysis was conducted using the Log-rank test and the
Kaplan-Meier method to draw the survival curve. The
proportions of variables were compared between two
groups using the Chi-square test or Fisher’s exact test.
For the analysis of the correlation between the two vari-
ables, Spearman’s test was employed. P values below
0.05 are considered significant differences.

4. Results

4.1. WEE1 expression is upregulated in both LGG and
GBM, but it is more relevant to the prognosis of
LGG patients

We firstly focused on biomarkers with the top prog-
nostic value in LGG and found WEE1 to be one of them

(Fig. 1A). Pan-cancer analysis based on TCGA database
showed that WEE1 was most significantly associated
with OS of patients in LGG compared with other can-
cers (Fig. S1). WEE2 and MYT1, the other two mem-
bers of the WEE1 family, were not associated with the
prognosis of LGG patients (Fig. 1B). Consistent with
previous studies [10,19], WEE1 mRNA and protein
levels were upregulated in glioma tissues (LGG and
GBM) from TCGA, CGGA GEO and HPA databases,
compared with normal brain tissues (Figs 1C–E and
Fig. S2).

In the TCGA database, high WEE1 expression was
significantly related to shorter OS, DFS, DSS and PFI
in LGG patients, but not in GBM patients (Fig. S3A). In
both LGG and GBM, WEE1 expression showed good
diagnostic value in distinguishing tumor from normal
samples, but time-dependent receiver operating charac-
teristic (ROC) analysis suggested that WEE1 expression
had better diagnostic value at 1-, 2-, 3-, and 5-year OS,
DSS, and PFI of LGG patients, compared with GBM
patients (Fig. S3B). Moreover, the expression of WEE1
was associated with age, WHO grade, IDH mutation
status, 1p/19q codeletion staus, primary therapy out-
come, and OS/DSS/PFI event in LGG, but it was only
correlated with IDH status in GBM (Table S1). In three
datasets of the CGGA database, high WEE1 expression
was also significantly associated with shorter OS and
DFS of LGG but not GBM patients (Fig. S4A). Time-
dependent ROC analysis revealed that WEE1 had better
diagnostic value for LGG patients at 1-, 3-, and 5-year
OS, DSS, and PFI (Fig. S4B). In GSE16011 dataset
from GEO database, WEE1 expression was also corre-
lated with the OS of LGG rather than GBM (Fig. S5).

In summary, these findings imply that WEE1 has bet-
ter diagnostic and prognostic value in LGG compared
to GBM, and that WEE1 may make difference as an
oncogene in the development of LGG.

4.2. WEE1 is an independent prognostic predictor, and
the combination of high WEE1 expression and
wild-type IDH predicts worse prognosis of LGG
patients

As we know, mutations in IDH and 1p/19q codele-
tions are key markers of glioma classification [2,35].
Our results indicated that WEE1 expression was sig-
nificantly upregulated in LGG and GBM patients iden-
tified with wild-type IDH or non-codeletion 1p/19q in
the CGGA database (Fig. S6A). Previous studies have
found that glioma patients with wild-type IDH tend to
have poor prognosis [4,5], as evidenced by the shorter
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Fig. 1. Analysis of WEE1 expression in gliomas and its correlation with patient prognosis in multiple cancer types. (A) Analysis of top 500
significant survival-associated genes in LGG from TCGA database. (B) Pan-cancer survival analysis of WEE1 family members in TCGA database.
Mantel-Cox test was performed. (C) The expression of WEE1 in two types of gliomas (LGG and GBM) and normal brain tissue in TCGA and
GTEx database. (D–E) WEE1 expression in LGG and GBM from three datasets of CGGA database (D) and four datasets of GEO database (E).
Data are shown as mean ± SEM and unpaired Student’s t-test was carried out to detect significance (C–E). ∗P < 0.05; ∗∗∗P < 0.001.

OS of LGG patients with wild-type IDH in the three
CGGA datasets (Fig. 2). To our surprise, WEE1 had
predictive value of prognosis in all three groups of LGG
patients with wild-type IDH, mutated IDH and non-
codeletion 1p/19q, respectively, and high WEE1 ex-
pression was associated with shorter OS (Fig. 2), sug-
gesting that WEE1 could be an independent prognostic

predictor of LGG. Furthermore, high WEE1 expression
and wild-type IDH were combined to predict a shorter
median survival time in LGG patients (Fig. S6B). These
results suggest that WEE1 is an independent prognostic
biomarker, and the combination of high WEE1 expres-
sion and wild-type IDH is a more valuable indicator for
predicting worse prognosis of LGG patients.
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Fig. 2. Prognosis analysis of WEE1 expression according to IDH mutation or 1p/19q codeletion status in LGG. Survival curves were used
to analyze OS of patients with LGG from three datasets of CGGA database (Log-rank test). WT, wildtype; Mut, mutant; Codel, codeletion;
Non-codel, Non-codeletion.

4.3. Targeting WEE1 demonstrates a stronger
inhibitory effect on proliferation and migration of
LGG cell lines than GBM cell lines in vitro

Based on the above results, we hypothesized that
LGG cell lines would exhibit higher sensitivity to
WEE1 inhibition than GBM cell lines. To verify this,

we evaluated the inhibitory effect of WEE1 inhibitor
MK-1775 against LGG cell line SW1088 (Grade III)
and GBM cell line U251 (Grade IV). MK-1775 sig-
nificantly inhibited the phosphorylation of CDK1 pro-
tein downstream of WEE1, indicating its inhibitory ef-
fect on WEE1/CDK1 pathway (Fig. 3A). We subse-
quently found that MK-1775 inhibited the viability of
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Fig. 3. Analysis of the effects of WEE1 inhibition on proliferation and migration of LGG and GBM cell lines. (A) Confirm the effect of WEE1
inhibitor MK-1775 on WEE1/CDK1 signaling pathway. SW1088 and U251 cell lines were treated with 0.1, 0.2 and 0.4 µM MK-1775 for 36h,
respectively, and then subjected to western blotting. β-actin was used as an internal control. (B) Confirm the effect of WEE1 inhibitor MK-1775 on
the proliferation of LGG and GBM cell lines. SW1088 and U251 cells were treated with 0.05, 0.1, 0.2 and 0.4 µM MK-1775 for 48h, respectively,
and then subjected to CCK-8 assay. (C) Confirm the effect of WEE1 inhibitor MK-1775 on the proliferation of LGG and GBM cell lines by wound
healing assay. SW1088 and U251 cells were treated with 0.1, 0.2 and 0.4 µM MK-1775 for 24h after scratch, and then the distance the cells
migrated was measured. Scale bar, 200 µm. Ctrl, control.

LGG cell line SW1088 more strongly than GBM cell
line U251 (Fig. 3B). Further, we used wound healing
experiments to evaluate the effect of MK-1775 on the
migration ability of LGG and GBM cell lines, and the
results showed that MK-1775 had a stronger inhibitory
effect on the migration ability of SW1088 than U251
(Fig. 3C). These results suggest that LGG cell lines are
more sensitive to WEE1 inhibition than GBM cell lines.

4.4. WEE1 expression positively correlates with
immune infiltration in LGG but negatively
correlated in GBM

As WEE1 has not been studied in relation to glioma
immune landscape, so we focused on that First, We

found that high WEE1 expression in LGG was sig-
nificantly associated with higher TMB, but not MSI,
both of which are potential indicators of immunother-
apy effectiveness and as compared to GBM, LGG had a
higher correlation between WEE1 and TMB (Fig. S7A).
In addition, WEE1 expression in different molecular
subtypes [1] and immune subtypes of LGG was sig-
nificantly different from that of GBM (Fig. S7B), sug-
gesting that WEE1 might be related to immune land-
scape with differences between LGG and GBM. Actu-
ally, the association between WEE1 expression and im-
mune score was opposite in LGG and GBM. As shown,
LGG immune and stromal scores as well as estimated
scores showed positive correlations with WEE1 expres-
sion (Fig. S7C). Further, WEE1 expression was posi-
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Table 1
Spearman correlation analysis between levels of WEE1 and markers of immune cells in
LGG and GBM from TCGA database

Description Gene markers LGG GBM
Cor P Cor P

CD8+ T cell CD8A 0.13 ∗∗∗ −0.18 ∗

CD8B −0.068 0.12 −0.16 ∗

T cell (general) CD3D 0.26 ∗∗∗ −0.29 ∗∗∗

CD3E 0.28 ∗∗∗ −0.17 ∗

CD2 0.33 ∗∗∗ −0.19 ∗

B cell CD19 0.2 ∗∗∗ −0.19 ∗

CD79A 0.13 ∗∗ −0.1 0.2
Monocyte CD86 0.22 ∗∗∗ −0.15 0.051

CD115(CSF1R) 0.084 0.057 −0.089 0.26
TAM CCL2 0.14 ∗∗ −0.043 0.59

CD68 0.27 ∗∗∗ −0.071 0.37
IL10 0.2 ∗∗∗ −0.25 ∗∗

M1 Macrophage INOS (NOS2) 0.083 0.61 0.19 ∗

IRF5 0.2 ∗∗∗ −0.098 0.21
COX2(PTGS2) 0.12 ∗∗ 0.22 ∗∗

M2 Macrophage CD163 0.25 ∗∗∗ −0.035 0.66
VSIG4 0.15 ∗∗∗ −0.23 ∗∗

MS4A4A 0.22 ∗∗∗ −0.19 ∗

Neutrophils CD66b(CEACAM8) 0.029 0.51 0.016 0.84
CD11b (ITGAM) 0.15 ∗∗∗ 0.052 0.51
CCR7 0.27 ∗∗∗ −0.08 0.31

Natural killer cell KIR2DL1 0.13 ∗∗ −0.066 0.4
KIR2DL3 0.17 ∗∗∗ 0.012 0.88
KIR2DL4 0.17 ∗∗∗ −0.029 0.72
KIR3DL1 0.14 ∗∗ −0.051 0.52
KIR3DL2 0.08 0.067 −0.065 0.41
KIR3DL3 0.031 0.48 0.14 0.068
KIR2DS4 0.11 ∗ −0.1 0.19

Dendritic cell HLA-DPB1 0.31 ∗∗∗ −0.17 *
HLA-DQB1 0.23 ∗∗∗ −0.091 0.25
HLA-DRA 0.33 ∗∗∗ −0.25 ∗∗

HLA-DPA1 0.33 ∗∗∗ −0.14 0.066
BDCA-1(CD1C) 0.13 ∗∗ −0.031 0.69
BDCA-4(NRP1) 0.39 ∗∗∗ 0.28 ∗∗∗

CD11c(ITGAX) 0.18 ∗∗∗ 0.042 0.59
∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001.

tively related to infiltration infiltration of Act CD8, Act
CD4 Act DC Tgd, Th1, Th2, NK, NKT, MDSC, Treg,
Macrophage, Mast and Neutrophil cells in LGG, but
negatively or not significantly related to infiltration of
immune cells in GBM, according to pan-immune cell
analysis (Figs 4A–C). The sincorBatch tool was also
employed to analyze the TCGA data, and a positive
correlation was found between WEE1 expression and
immune infiltration in LGG, but a negative correlation
was found in GBM (Table S2). Furthermore, pan-cancer
analysis using the pancorBatch tool revealed that the
correlation of WEE1 expression and immune infiltra-
tion was both universal and unique. As displayed, the
expression of WEE1 was positively associated with Act
CD4, Th2, Tcm CD4 and Tcm CD8 infiltration in a va-
riety of cancers (Fig. S8). Consistent with the findings
above, a positive correlation existed between WEE1

levels and the expression of markers of T cells and other
immune cells in LGG, whereas the opposite was true in
GBM (Tables 1 and 2). These findings suggest that the
regulatory mechanisms of WEE1 which were involved
in immune landscape of LGG and GBM may be very
different, and the underlying cancer-promoting effects
of WEE1 in LGG may be related to immune landscape.

4.5. DNA methylation negatively regulates WEE1
expression, and high DNA methylation level of
WEE1 is associated with better prognosis of LGG

We are curious about why WEE1 expression is up-
regulated in glioma. Genomic variation is an impor-
tant factor in modulating gene expression As indicated
by results, WEE1 amplification was found in only 1%
of LGG, and WEE1 expression in these samples did
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Table 2
Spearman correlation analysis between levels of WEE1 and markers of different T cells
sutypes in LGG and GBM from TCGA database

Description Gene markers LGG GBM
Cor P Cor P

Th1 TBX21 0.37 ∗∗∗ 0.0049 0.95
STAT1 0.46 ∗∗∗ 0.31 ∗∗∗

STAT4 −0.048 0.27 −0.12 0.14
IFNG 0.16 ∗∗∗ −0.092 0.24
TNF −0.026 0.55 −0.25 ∗∗

IL12A −0.13 ∗∗ 0.31 ∗∗∗

IL12B 0.057 0.2 −0.15 ∗

Th1-like HAVCR2 0.25 ∗∗∗ −0.2 ∗

IFNG 0.16 ∗∗∗ −0.092 0.24
CXCR3 0.3 ∗∗∗ −0.098 0.21
BHLHE40 0.089 ∗ 0.46 ∗∗∗

CD4 0.23 ∗∗∗ −0.099 0.21
Th2 GATA3 0.32 ∗∗∗ 0.25 ∗∗

STAT6 0.15 ∗∗∗ 0.045 0.56
STAT5A 0.29 ∗∗∗ 0.18 ∗

IL13 0.11 ∗ 0.51 0.52
Th17 STAT3 0.53 ∗∗∗ 0.54 ∗∗∗

IL17A 0.08 0.68 −0.057 0.47
Tfh BCL6 0.18 ∗∗∗ 0.38 ∗∗∗

IL21 0.15 ∗∗∗ −0.018 0.82
Treg FOXP3 0.13 ∗∗ 0.15 0.053

CCR8 0.16 ∗∗∗ −0.0059 0.92
STAT5B 0.32 ∗∗∗ 0.45 ∗∗∗

TGFB1 0.21 ∗∗∗ 0.079 0.32
Resting Treg FOXP3 0.13 ∗∗ 0.15 0.053

IL2RA 0.29 ∗∗∗ −0.0035 0.96
Effector Treg T-cell FOXP3 0.13 ∗∗ 0.15 0.53

CCR8 0.16 ∗∗∗ −0.0059 0.94
TNFRSF9 0.27 ∗∗∗ 0.046 0.56

Effector T-cell CX3CR1 0.058 0.19 −0.082 0.3
FGFBP2 0.059 0.18 −0.04 0.61
FCGR3A 0.36 ∗∗∗ −0.12 0.12

Naive T-cell CCR7 0.27 ∗∗∗ −0.08 0.31
SELL −0.33 ∗∗∗ −0.11 0.16

Effector memory T-cell DUSP4 0.28 ∗∗∗ 0.39 ∗∗∗

GZMK 0.28 ∗∗∗ −0.17 ∗

GZMA 0.27 ∗∗∗ −0.26 ∗∗∗

Resident memory T-cell CD69 0.32 ∗∗∗ −0.15 0.05
CXCR6 −0.33 ∗∗∗ −0.23 ∗∗

MYADM 0.25 ∗∗∗ 0.41 ∗∗∗

General memory T-cell CCR7 0.27 ∗∗∗ −0.08 0.31
SELL 0.35 ∗∗∗ −0.11 0.16
IL7R 0.36 ∗∗∗ 0.023 0.7

Exhausted T-cell PDCD1 0.3 ∗∗∗ −0.076 0.34
CTLA4 0.21 ∗∗∗ −0.024 0.76
LAG3 0.26 ∗∗∗ −0.055 0.49
HAVCR2 0.25 ∗∗∗ −0.2 ∗

GZMB 0.21 ∗∗∗ −0.19 ∗

CXCL13 0.017 0.7 −0.12 0.13
LAYN 0.12 ∗∗ −0.18 ∗

∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001.

not increase significantly (Fig. S9), suggesting that ge-
nomic variation may be not the cause of WEE1 upreg-
ulation. Then, we analyzed the relationship between
WEE1 expression and common gene mutations, and
found that WEE1 expression was significantly corre-

lated with IDH1, CIC, TTN, EGFR, NFI, PTEN and
other common gene mutations in LGG, whereas it was
only correlated with HYDIN, FBN2, MROH2B and
SVOPL gene mutations in GBM (Fig. S10 and Ta-
ble S3).
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Fig. 4. Analysis of WEE1 expression in LGG and GBM in correlation with immune infiltration. (A) Comparison of the infiltration of 28 kinds
of immune cells between high and low WEE1 expression subpopulations in TCGA_LGG and TCGA_GBM databases. (B–C) The correlation
between the expression of WEE1 and the abundance of immune cells in LGG (B) and GBM (C) from TCGA database. Act CD4, Activated CD4 T
cell; Act CD8, Activated CD8 T cell; Act B, Activated B cell; Tgd, Gamma delta T cell; Th1, Type 1 T helper cell; Act DC, Activated dendritic
cell; Th2, Type 2 T helper cell; NK, Natural killer cell; MDSC, myeloid-derived suppressor cell; NKT, Natural killer T cell; Treg, Regulatory T
cell; Tcm CD8, Central memory CD8 T cell; Tem CD8, Central memory CD8 T cell; Tcm CD4, Central memory CD4 T cell; Tem CD4, Central
memory CD4 T cell; Tfh, T follicular helper cell; Th17, Type 17 T helper cell; CD56bright, CD56bright natural killer cell; CD56dim, CD56dim
natural killer cell; Mem B, Memory B cell; pDC, Plasmacytoid dendritic cell; iDC, Immature dendritic cell. ns, no significance; ∗P < 0.05;
∗∗P < 0.01; ∗∗∗P < 0.001; ∗∗∗∗P < 0.001.
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Fig. 5. Correlation between WEE1 expression and DNA methylation. (A) Correlation analysis between the expression of WEE1 and three
DNA methyltransferases in LGG and GBM from TCGA database. (B) Correlation analysis between WEE1 DNA methylation levels and WEE1
expression in LGG and GBM from TCGA database. Ten probes targeting methylation sites in the promoter region and nine probes targeting
methylation sites in the gene body region were marked. (C) The correlation between WEE1 DNA methylation levels and immune cells abundance
in LGG and GBM from TCGA database. ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001. DNMT1_exp, DNMT1 expression; DNMT3A_exp, DNMT3A
expression; DNMT3B_exp, DNMT3B expression; WEE1_exp, WEE1 expression.
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Fig. 6. Prognosis analysis of WEE1 DNA methylation in LGG and GBM. (A) Survival curves of patients with low- and high-methylation levels of
six representative WEE1 DNA methylation sites in LGG and GBM from TCGA database were determined. (B) WEE1 DNA methylation levels
in LGG and GBM from Methyl_159 dataset of CGGA database. (C) Survival curves of patients with low- and high-WEE1 DNA methylation
levels in LGG and GBM from Methyl_159 dataset of CGGA database. Log-rank test was conducted (A, C). Data are shown as mean ± SEM and
unpaired Student’s t-test was carried out to detect significance (B). ∗∗∗P < 0.001.
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DNA methylation is a common epigenetic modifi-
cation that regulates the expression of plentiful onco-
genes and tumor suppressors [36,37,38]. Here, the ex-
pression of WEE1 and three DNA methylated trans-
ferases, including DNMT1, DNMT3A and DNMT3B,
was positively correlated in LGG and GBM (Fig. 5A),
and indeed in almost all other cancers (Fig. S11A). The
expression of three methyltransferases was upregulated
with the increase of glioma grade from three datasets of
CGGA database (Fig. S11B). In addition, WEE1 DNA
methylation level was negatively correlated with WEE1
expression, especially in LGG. The methylation level
of WEE1-associated sites (cg26541003, cg16120811
cg10333041, cg08527546, cg25460059, cg16139011,
cg21932380, cg13365543, cg06136199, cg06127316
and cg14436861) correlated negatively with the expres-
sion of WEE1 in LGG, while the methylation level
of WEE1-associated sites (cg26541003, cg16120811
cg08691479, cg25460059, cg27268513, cg13365543
and cg06136199) correlated negatively with the expres-
sion of WEE1 in GBM (Fig. 5B). WEE1 DNA methy-
lation sites are distributed in the promoter and other
regions incuding 5’ UTR, gene body and 3’ UTR. In-
terestingly, consistent with the results mentioned above
that WEE1 expression was positively correlated with
immune infiltration in LGG, pan-immune cell analysis
revealed that a negative correlation existed between the
DNA methylation level of WEE1 and infiltration of Act
CD8, Act DC Tgd, NKT, MDSC, Treg and Neutrophil
cells in LGG but not in GBM (Fig. 5C). Crucially, in the
TCGA dataset, high DNA methylation level of five sites
(cg06136199, cg26541003, cg16120811, cg06127316
and cg25460059) of WEE1 correlated with the longer
OS of LGG patients, while only one site (cg22776767)
was correlated with OS of GBM patients (Fig. 6A and
Table S4). In the CGGA dataset, WEE1 DNA methyla-
tion was attenuated with the increase of glioma grade
(Fig. 6B), and the OS of LGG patients with high WEE1
DNA methylation level showed an increasing trend
(Fig. 6C). These results imply that the upregulation
of WEE1 expression may have relations with DNA
methyltransferase, and that WEE1 DNA methylation
negatively regulates its expression and makes difference
in the initiation and development of LGG.

In order to demonstrate the regulation of DNA
methylation on WEE1 expression, we treated SW1088
and U251 cell lines with DNA methyltransferase
inhibitor 5-Azacytidine in vitro, and found that 5-
Azacytidine could indeed up-regulate WEE1 protein
level (Fig. 7A). Since both WEE1 and DNA methyl-
transferase are up-regulated in glioma, we speculated

whether WEE1 inhibition and DNA methyltransferase
inhibitors have synergistic effects. To our surprise,
WEE1 inhibition and DNA methyltransferase inhibitor
5-Azacytidine synergistic inhibited the cell viability of
SW1088 and U251 cell lines (Fig. 7B). In addition, we
also found that the chemotherapeutic drug temozolo-
mide can enhance the inhibitory effect of MK-1775 on
SW1088 and U251 cell lines (Fig. 7C), indicating that
WEE1 inhibition shows great potential in drug combi-
nation.

4.6. Single cell analysis shows that WEE1 is mainly
expressed in tumor cells with low levels in
immune cells and other cells

Next, to clarify the expression of WEE1 in differ-
ent cell types of gliomas, we analyzed 12 single-cell
RNA sequencing datasets of gliomas from TISCH. Sin-
gle cell analysis showed higher WEE1 expression in
tumor cells, lower WEE1 expression in immune cells
and other cells, and lowest WEE1 expression in stromal
cells (Fig. 8A). Further analysis showed that WEE1
expression was higher in astrocyte-like malignant cells
among all tumor cell types. In immune cells, the ex-
pression of WEE1 was higher in monocytes and M1
macrophages (Figs 8B and S12). These results suggest
that WEE1 may mainly act on tumor cells, and also
have potential regulatory effects on monocytes and M1
macrophages.

4.7. WEE1 downregulation exhibits predictive value in
immunotherapy response

As our results show that WEE1 may be related to
immune infiltration, we speculate that WEE1 may have
predictive value in immunotherapy. We analyzed the
change of WEE1 expression in mouse tumor cell lines
after cytokine treatment. It was found that IFNγ treat-
ment significantly downregulated WEE1 expression in
B16, KPC, LLC and MOC1 cells, and TGFβ1 treat-
ment also significantly downregulated WEE1 expres-
sion in 4T1 cells, while TNFα treatment had opposite
effects on WEE1 expression in 4T1 cells (Fig. 9A). No
significant effects of IFN-β, IFN-γ, TGFβ1 and TNF-α
on WEE1 expression were found in other datasets (Ta-
ble S5). We further analyzed the difference of WEE1
expression in the response group or non-response group
after immune checkpoint blockade (ICB) treatment
across different different mouse tumors. WEE1 ex-
pression was significantly downregulated in the ICB-
responsive tumors derived from B16, CT26, KPB25L,
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Fig. 7. Synergistic effect of WEE1 inhibition and DNA methyltransferase inhibitor or temozolomide on glioma cells. (A) Effects of DNA
methyltransferase inhibitors on WEE1 expression. SW1088 and U251 cell lines were treated with 2, 5 and 10 µM 5-Azacytidine for 48h,
respectively, and then subjected to western blotting. β-actin was used as an internal control. The representation is on the left and the statistical
results are on the right. (B) Synergistic effect of WEE1 inhibition and DNA methyltransferase inhibitor on glioma cells. SW1088 and U251
cells were treated with MK-1775 and 5-Azacytidine for 48h, respectively, and then subjected to CCK-8 assay. (C) Synergistic effect of WEE1
inhibition and temozolomide on glioma cells. SW1088 and U251 cells were treated with MK-1775 and temozolomide for 48h, respectively, and
then subjected to CCK-8 assay. The differences between two groups were statistically evaluated by unpaired Student’s t-test. ns, no significance;
∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001. 5aza, 5-Azacytidine; MK, MK-1775.

LLC, T11 and YTN16 cells, whereas inconsistent in
the ICBnon-responsive tumors derived from 4T1, LLC
and T11 cells (Fig. 9B). In other datasets, no significant
difference in WEE1 expression was found in respon-
ders or non-responders after ICB treatment (Table S6).
Furthermore, we also analyzed the WEE1 expression
in the response group or non-response group of tumor
patients after ICB therapy. As shown, WEE1 expression
was significantly upregulated in the non-response group
of two non-small cell lung cancer after ICB therapy,
and downregulated in the non-response group in RCC
and gastric cancer after ICB therapy (Fig. 9C). In other
datasets no significant difference in WEE1 expression
was found in responders or non-responders after ICB
therapy (Table S7). The immunophenoscore (IPS) was
employed to explore the connection between WEE1
expression and immune response in the TCGA-LGG
cohort, as the IPS is acknowledged for determining tu-
mor immunogenicity and forecasting ICI therapy re-
sponse in various types of tumors. The high IPS group
had a significantly higher WEE1 expression compared

with the low IPS group (Fig. 9D). Together, these re-
sults reveal that tumors with high WEE1 expression
may have the potential to respond to immunotherapy,
and a decrease in WEE1 may indicate the effect of
immunotherapy.

4.8. The mechanism underlying WEE1-mediated
regulation of immune infiltration in LGG

Finally, we attempted to analyze the underlying
mechanism of WEE1 in regulating immunity. The in-
tersection of WEE1-co-expressed genes, the top 500
prognosis-associated genes in LGG and the differ-
entially expressed genes in tumor tissues revealed
24 WEE1-related core genes with prognostic value
(Fig. S13A and Table S8). GO enrichment analy-
sis of these 24 genes indicated that immune and
inflammation-related pathways, metastasis-related path-
ways and cell differentiation pathways were signifi-
cantly enriched. The regulation of WEE1 on these path-
ways may be related to key molecules such as MYD88,
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Fig. 8. Single-cell RNA-seq analysis of WEE1 expression in gliomas. (A) Heatmap of WEE1 expression in different cell types of gliomas from
twelve datasets. (B) Heatmap of WEE1 expression in various cell subtypes of gliomas from twelve datasets. The average expression level of WEE1
in each cell type was showed. CD8Tex, exhausted CD8 T Cells; M1, M1 macrophages; M2, M2 macrophages; AC-like Malignant, astrocyte-like
malignant cells; MES-like Malignant, mesenchymal-like malignant cells; OC-like Malignant, oligodendrocyte-like malignant cells; NPC-like
Malignant, neural-progenitor-like malignant Cells; OPC-like Malignant, oligodendrocyte-precursor-cell-like malignant cells.

FLNA and NOG (Fig. S13B and Table S9). Expres-
sion correlation analysis showed that WEE1 had a good
correlation with MYD88 and FLNA in most tumors
including LGG, while it only had a negative correla-
tion with NOG in LGG, which was very unexpected
(Fig. S13C). Prognostic analysis showed that MYD88,
FLNA and NOG were all very valuable prognostic

predictors, which had become our focus in the future
(Fig. S13D). The roles of IL-23 and Toll-like receptor
mediating immune and inflammatory pathways in the
initiation and development of cancer have been em-
phasized [39,40,41,43]. Our results suggest that WEE1
may regulate IL-23- and Toll-like receptor-mediated
immune and inflammatory responses through MYD88.
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Fig. 9. Analysis of predictive value of WEE1 in immunotherapy response. (A) Analysis of WEE1 expression in mouse tumor cell lines before and
after treatment with cytokines in vitro. (B) Analysis of WEE1 expression in the response group or non-response group after ICB treatment in
mouse tumors. (C) Analysis of WEE1 expression in tumors of the response or non-response patients after ICB therapy. (D) Distribution of WEE1
expression in high- or low- immunophenoscore (IPS) group. Violin plot representation of WEE1 expression in high- or low- immunophenoscore
(IPS) groups in TCGA-LGG cohort. Data are shown as mean ± SEM. The differences between two groups were statistically evaluated by unpaired
Student’s t-test. ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001. Abbreviations: Ctrl, baseline; Res, response. Non-res, non-response.
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Moreover, it was found that more genes were sig-
nificantly co-expressed with WEE1 in LGG than in
GBM (Fig. S14A and Table S10). The intersection of
genes positively or negatively correlated with WEE1
in LGG and GBM showed that about 50% of WEE1-
related genes in GBM appeared in LGG, while more
than 80% of WEE1-related genes in LGG did not ap-
pear in GBM (Fig. S14B). KEGG pathway enrichment
was conducted on genes positively or negatively corre-
lated with WEE1. We found that among the top 20 pos-
itively correlated pathways, except for “ECM-receptor
interaction”, “Homologous recombination” and “herpes
simplex virus 1 infertion”, all the other pathways were
different from each other in LGG and GBM. Among
the top 20 pathways negatively associated with WEE1,
“Synaptic vesicle cycle”, “GABAergic synapse”, “Glu-
tamatergic synapse”, and “Retrograde endocannabi-
noid” appeared in both LGG and GBM, but all other
pathways were different (Fig. S14C and Table S11).
These results suggest that the role and mechanism of
WEE1 in LGG and GBM are quite different.

5. Discussion

The mechanism of WEE1 regulating cell cycle G2/M
transition in response to DNA damage is universal.
WEE1 inhibition leads to aberrant mitosis, resulting
in mitotic catastrophe and cell death, which inhibits
the progression of various types of cancer [17,44,45,
46,47,48]. Meanwhile, studies have also shown that
WEE1 may be involved in the progression of GBM, and
WEE1 inhibition can increase the sensitivity of GBM
to radiotherapy [10]. However, the role and potential
mechanism of WEE1 in LGG remain unclear. Our study
shows that WEE1 is the marker most associated with
the prognosis of LGG patients among all tumors, and
it is also among the top five markers significantly cor-
related with OS of LGG. In all three groups of LGG
patients with wild-type IDH, mutated IDH and non-
codeletion 1p/19q, high WEE1 expression is associated
with poorer prognosis, suggesting that WEE1 may be
an independent prognostic predictor. Importantly, the
combination of high WEE1 expression and wild-type
IDH predicts worse prognosis of LGG patients. WEE1
inhibitor MK-1775 significantly inhibited proliferation
and migration of LGG cell lines in vitro, and LGG cell
lines were more sensitive to MK-1775 than GBM cell
lines.

WEE1 is a crucial target of the new generation of
DDRtargeted therapies which has a promising prospect

in the development of anti-tumor drug. At present, a
large number of inhibitor drugs targeting WEE1 have
been developed [47,48]. Among them, AZD1775, ZN-
c3 and IMP7068, the most promising drugs, are all in
the 1/2 clinical stage [49,50]. Excitingly, WEE1 in-
hibitors have shown significant results in the treatment
of serous uterine cancer (USC) in clinical studies [51]
However, unfortunately, there are no pre-clinical and
clinical studies targeting WEE1 in LGG, and our study
implies that WEE1 inhibition may have great potential
in the treatment of LGG.

At the same time, we also found that WEE1 had a
great difference in the correlation with prognosis be-
tween LGG and GBM, and the correlation with immune
infiltration also showed an opposite trend, suggesting
that the molecular and immune differences between
LGG and GBM may be caused by genes like WEE1. It
also indicates that the same targeting strategy may show
different effects on the treatment of LGG and GBM,
which should be paid more attention to. The 2016 and
2021 WHO classification of gliomas both announced
that the IDH mutation status should be considered, em-
phasizing that wildtype IDH is an important biomarker
of high-risk LGG. The molecular characteristics and
clinical manifestations of LGG with wild-type IDH are
similar to those of GBM. In the new guidelines, LGG
with wildtype IDH has been redefined as GBM [2,35].
Nevertheless, this study showed that WEE1 had good
prognostic value in LGG with wild-type IDH, but not
in GBM, suggesting that the molecular characteristics
and functions of LGG with wild-type IDH and GBM
were still different to some extent.

Recently, the relationship between WEE1 and im-
mune landscape has been highlighted. WEE1 inhibi-
tion could stimulate anti-tumor immune response in a
CD8+ T cell-dependent manner through the double-
stranded RNA (dsRNA) viral defense pathway and en-
hance the sensitivity to ICB in multiple tumor mod-
els [45]. Inhibition of WEE1 could also facilitate im-
mune response via CD8+ cytotoxic T cell infiltration
by simultaneously activating STING and STAT1 path-
ways in small cell lung cancers [46]. In addition, tar-
geting WEE1 and AKT simultaneously has been re-
ported to restore p53-dependent NK cell activation in
melanoma [52]. However, until now, the relationship
between WEE1 and immunity in glioma is still unclear.
Our results showed that LGG and GBM have different
correlations between WEE1 and immune infiltration,
with positive correlation in LGG but negative corre-
lation in GBM It suggests that the regulation mecha-
nism of WEE1-mediated immunity is completely op-
posite in LGG and GBM, and the effect of WEE1 inhi-
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bition combined with immunotherapy may also be very
different. Indeed, GBM shows an immunosuppressive
state [53,54,55,56]. We even found that the positive
correlation between WEE1 and activated CD8 T cell,
MDSC and Gamma delta T cell was only presented in
LGG through pan-cancer analysis, suggesting that the
correlation of WEE1 and immune infiltration is unique
in LGG and worthy of further study Our results are
consistent with previous reports on the involvement of
DDR signaling pathways in immune regulation. Chen
et al. found that a higher DDR signal was positively
correlated with immune infiltration [57]. Koch et al.
found that perturbing DDR signals with ATR inhibitors
could regulate the CAN-2409-associated immune cell
composition in glioma [58]. Of note, the study by Chen
and his colleagues did not distinguish between LGG
and GBM, and it is likely that the correlation between
DDR and immunity is reversed in LGG and GBM based
on our results. Combined with our findings, we believe
that it is worth further exploring the effect of WEE1
inhibition in combination with immunotherapy in LGG,
although it will take longer to conduct clinical trials of
immunotherapy in LGG [59]. Of course, the regulatory
effect of WEE1 on immune function in LGG also needs
to be further clarified in preclinical studies.

DNA methyltransferases (DNMTs) catalyze DNA
methylation to inhibit the expression of tumor suppres-
sors and targeting DNMTs has shown great potential
in the treatment of cancer, especially leukemia [60,61].
Accumulating evidence has revealed that DNMTs me-
diate transcriptional silencing in gliomas [62], but the
mechanism of DNMTs in glioma is far from clear. This
study found that the DNMT1, DNMT3A and DNMT3B
levels were positively associated with WEE1 expression
in gliomas. Accordingly, we consider that the upreg-
ulation of WEE1 expression might be related to these
DNMTs in gliomas. Unexpectedly, WEE1 inhibition
and DNA methyltransferase inhibition have synergistic
effects on glioma. However, it is very confusing that
the expression of three DNMTs was upregulated with
the increase of tumor grade in glioma, while WEE1
DNA methylation was attenuated. Is it possible that the
decrease of WEE1 DNA methylation level has nothing
to do with DNMT1, DNMT3A and DNMT3B, but is
regulated by other methylation-related genes? This is
the question that we’re going to focus on.

WEE1related genes showed great differences be-
tween LGG and GBM, suggesting that the function
mechanism of WEE1 in LGG and GBM is also differ-
ent. Molecules related to WEE1 and prognosis were
found in LGG, among which MYD88, FLNA and NOG

had great potential to mediate the effect of WEE1.
WEE1 may regulate biological processes such as im-
mune response, inflammation, metastasis and differen-
tiation through these key downstream molecules. Al-
though we do not have enough evidence at present, we
will further explore their regulatory mechanisms by in
vivo animal models and cell models, and finally clarify
the key mechanism of WEE1 function.

Despite the valuable insights provided by this study,
there are several limitations that should be acknowl-
edged. Firstly, in selecting LGG and GBM cell lines
for our in vitro experiments, we only chose one rep-
resentative cell line for each subtype. While this ap-
propriately addresses our research questions, it is im-
portant to supplement our findings with additional cell
lines to ensure a more comprehensive and robust study.
Secondly, although this study incorporated clinical data
and in vitro experiments, it lacks in vivo experiments
such as validation using animal models to confirm our
conclusions. Future research efforts will focus on ad-
dressing this limitation and incorporating in vivo exper-
iments to strengthen the translational relevance of our
findings. Lastly, further exploration of the downstream
mechanisms of WEE1 and the differences in its role
between LGG and GBM is needed. This study provides
valuable insights into the prognostic impact and thera-
peutic potential of WEE1, but a deeper understanding
of its downstream targets and specific molecular mech-
anisms in both tumor types would enhance our knowl-
edge of glioma biology and inform potential therapeutic
strategies.
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