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Abstract. Glioblastoma (GBM) is a common malignant 
tumour in the human brain, but its molecular mechanisms 
have not been systematically evaluated. The aim of this study 
was to identify potential key oncogenes associated with the 
progression of GBM and to elucidate their mechanisms. 
The gene expression profile of GSE50161, selected from the 
Gene Expression Omnibus database, was analysed to find 
cancer-associated genes and gene functions in GBM. In total, 
486 differentially expressed genes, including 128 upregulated 
genes, were identified. The function and pathway enrichment 
of these genes were analysed through Gene Ontology and 
Kyoto Encyclopedia of Genes and Genomes analyses. Survival 
analysis for three selected partially upregulated genes, CDK1, 
CCNB1 and CDC20, showed that their high expression was 
significantly associated with poor survival in GBM. CDK1 
was selected for validation of its function and molecular mech-
anism in GBM. This gene was significantly overexpressed in 
GBM cancer tissues and cells compared with normal control 
cells. In addition, knockdown of CDK1 clearly inhibited GBM 
cell proliferation. Notably, we demonstrated that CDK1 was 
involved in the Akt signalling pathway, where it promotes the 
process involved in GBM malignancy.

Introduction

Glioblastoma (GBM) is an aggressive cancer of glial cells 
and accounts for 80% of all adult primary malignant brain 
tumours (1). Despite advances in surgical techniques, 
radiotherapy and chemotherapy for its treatment, the prog-
nosis of GBM patients remains poor dut to its complex 
patho genesis (2,3). There is substantial evidence that many 

oncogenes or tumour-suppressor genes are involved in the 
progression of GBM and that the effects of these genes 
often depend on the level of their transcription, which can 
be regulated by gene mutations, epigenetic modifications 
or non‑coding RNAs (4‑6). However, the dysregulated 
gene networks and pathways that lead to GBM progression 
remain unclear, and the molecular mechanisms underlying 
GBM have not yet been elucidated. Thus, the identification 
of new oncogenes and establishing the underlying molecular 
mechanisms for GBM are critically important and highly 
needed.

Microarray technology has now become an important tool 
for revealing global gene expression changes to identify the 
genes involved in carcinogenesis, including GBM. The wide-
spread application of gene chips has produced large amounts 
of microarray data, which have been deposited and stored 
in public databases such as the Gene Expression Omnibus 
(GEO) database (https://www.ncbi.nlm.nih.gov/geo/) hosted 
by the US National Center for Biotechnology Information. 
This database serves as a public genetic expression profile 
repository for a wide range of microarray data. In the present 
study, we downloaded the mRNA expression profile of 
GSE50161 from the GEO database and used bioinformatics 
methods to compare GBM and normal brain samples to 
identify the differentially expressed genes (DEGs). Gene 
ontology (GO) and pathway enrichment analyses were applied 
to these DEGs using the DAVID bioinformatics resource 
(https://david.ncifcrf.gov/).

Cyclin-dependent kinases (CDKs), including three inter-
phase CDKs (CDK2, CDK4 and CDK6) and a mitotic CDK 
(CDK1), are important regulators of cell cycle progression 
and cell cycle regulation (7). Deregulation of this family of 
proteins is a hallmark of several diseases, including cancer, 
and emerging evidence has demonstrated that specific inter-
phase CDKs are required for tumour cell proliferation (8). 
CDK1 is activated by type A cyclin at the metaphase to 
promote mitogenesis, and it has been shown that, among the 
cell cycle CDKs, CDK1 is sufficient for driving the cell cycle 
of all cell types, indicating its master role in cell proliferation 
regulation (8). It has been reported that CDK1 is overexpressed 
in several human cancers and that it is associated with poor 
survival or the malignancy processes of those cancers (9-11). 
However, the role and mechanism of CDK1 in GBM and its 
development have not been fully elucidated.
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Materials and methods

Microarray data. We extracted the gene expression profile of 
GSE50161 from the GEO database. GSE50161 was submitted 
by Griesinger et al (12) and was based on the platform of 
GPL570 (Affymetrix Human Genome U133 Plus 2.0 Array; 
Affymetrix Inc., Santa Clara, CA, USA). The GSE50161 dataset 
contains 130 samples, including 34 GBM and 13 normal brain 
tissues.

Data preprocessing and differentially expressed gene 
analysis. The probe‑level data in CEL files were converted 
into expression measures; then, using the default parameters 
in the R Affy package (http://www.bioconductor.org/pack-
ages/release/bioc/html/affy.html), a robust multiple array 
averaging (RMA) algorithm was applied to background 
correct and quartile normalise the data (13). The significance 
of DEGs were evaluated with R statistical software (version 
3.4.1; https://www.r-project.org/) and Bioconductor analysis 
tools (http://www.bioconductor.org/). The limma package 
in R was used to identify the genes that were differentially 
expressed between GBM and normal samples (14). To 
circumvent the multi-test problem, resulting in too many 
false-positive results, the raw P-values of the genes were 
adjusted with the Benjamin and Hochberg method. The genes 
with adjusted P<0.05 and |logFC|>2 were considered to be 
differentially expressed.

GO and pathway enrichment analysis of the DEGs. GO 
analysis is commonly used in functional studies of large-scale 
transcriptomic or genomic data (15), with the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) knowledge 
database used to identify functional and metabolic path-
ways. In this study, we divided the DEGs into upregulated 
and downregulated groups and then used the Database for 
Annotation, Visualization and Integrated Discovery (DAVID) 
to perform functional enrichment analysis for the identified 
DEGs with a threshold of FDR <0.05. Pathway analysis based 
on the KEGG database was performed with a threshold value 
of adjusted P<0.05.

Cell culture. The malignant glioma cell lines U-87MG, 
U‑251MG and SHG44 were purchased from the Chinese 
Academy of Sciences (Shanghai, China) and STR profiles were 
presented for all cell lines used. The malignant glioma cell 
line U‑138MG and the human normal brain glial cells HEB 
were sourced from the American Type Culture Collection 
(ATCC, Manassas, VA, USA). The cells were maintained in 
high‑glucose DMEM medium (Hyclone Laboratories, Logan, 
UT, USA) containing 10% fetal bovine serum (FBS; Gibco, 
Grand Island, NY, USA) and were cultured at 37˚C in humidi-
fied air with 5% CO2.

RNA extraction and quantitative real‑time polymerase chain 
reaction (RT‑qPCR). Total RNA was extracted from GBM 
cells using TRIzol reagent (Takara Biotechnology, Co., Ltd., 
Dalian, China), following the manufacturer's protocol. cDNA 
was synthesised using PrimeScript™ RT Master Mix (Takara 
Biotechnology), according to the manufacturer's instructions. 
The sequences of primers were as follows: CDK1 forward, 

5'-CAG TCA GAC CAA AAT ACC TAC TGG GT-3' and reverse, 
5'-ACA CCA ACC AGC TGC AGC ATC TTC TT-3'. RT-qPCR 
assays were performed with SYBR Green Master Mix kit 
(Takara Biotechnology) using a Real-Time PCR System 
(Applied Biosystems, Foster City, CA, USA). Reaction steps 
were as follows: 95˚C for 30 sec, 40 cycles with 95˚C for 5 sec, 
60˚C for 30 sec, and 95˚C for 10 sec, 65˚C for 5 sec, end of 
95˚C to 10.5˚C. GAPDH was used as internal control and 
the 2-ΔCq (or 2-ΔΔCt) method was used to analyse the relative 
quantitation of gene expression levels.

Protein extraction and western blot analysis. Total protein 
was extracted from GBM cells using RIPA (Beyotime Institute 
of Biotechnology, Shanghai, China). Protein samples were 
separated by electrophoresis on SDS-PAGE gel of 10% and 
transferred onto polyvinylidene fluoride (PVDF) membranes. 
The membranes were blocked in 5% skim milk at room 
temperature for 2 h, and then incubated at 4˚C overnight with 
primary antibodies CDK1 (1:2,000 dilution; cat. no. ab18; 
Abcam, Cambridge, UK), p-AKT (1:1,000 dilution; cat. 
no. 4060; Cell Signalling Technology, Danvers, MA, USA), 
cyclin A (1:1,000 dilution; cat. no. 4656; Cell Signalling 
Technology), cyclin B (1:1,000 dilution; cat. no. 4138; Cell 
Signalling Technology) and β-actin (1:3,000 dilution; cat. 
no. 3700; Cell Signalling Technology). The membranes 
were washed with TBST buffer and incubated in secondary 
antibodies with horseradish peroxidase (1:3,000 dilution; cat. 
no. 14709; Cell Signalling Technology) at room temperature 
for 2 h. Finally, the expression of proteins was visualised with 
an ECL reagent (Bio-Rad Laboratories, Shanghai, China). 
β-actin was used as the internal control, and the experiments 
were performed in triplicate. Quantitation of proteins expres-
sion was analysed by Quantity One 4.6.2 software (Bio‑Rad 
Laboratories, Foster City, CA, USA).

Transfection and stably transfected cells. CDK1‑specific small 
hairpin RNA (shRNA) sequence and the overexpression 
sequence of CDK1 were constructed using a lentiviral tech-
nique from Shanghai GeneChem Co. (Shanghai, China). The 
CDK1 shRNA sequences were as follows: shRNA1, 5'-CAC 
CGG TTC CTA GTA CTG CAA TTC GCG AAC GAA TTGCAGT 
AC TAG GAA CC -3'; shRNA2, 5'-CAC CGG ATG TGC TTA 
TGC AGG ATT CCG AAG AAT CCT GCA TAA GCA CAT CC-3'; 
shRNA3, 5'-CAC CGC AGG ATT CCA GGT TAT ATC TCG 
AAA GAT ATA ACC TGG AAT CCT GC-3'. U-87MG and 
U-251MG cells were transfected with lentiviral diluent and 
selected with 3 µg/ml puromycin (Sigma-Aldrich; Merck 
KGaA, Darmstadt, Germany) for one week. The knockdown 
efficiency of CDK1 was identified by RT‑qPCR and western 
blot assays.

Cell proliferation assays. Cell Counting Kit-8 (CCK-8; 
Dojindo Laboratories, Kumamoto, Japan) was used to detected 
cell proliferation. The cells were seeded into 96‑well plates, 
with 0.5x104 cells/well. CCK‑8 reagent (at a final concentration 
up to 10%) was added to each well at 0, 24, 48 and 72 h after 
complete cell adherence. The reaction system was incubated 
at 37˚C for 1.5 h, and the absorbance was measured at 450 nm 
with a microplate reader (BioTek Instruments, Inc., Winnoski, 
VT, USA). The experiments were conducted in triplicate.
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Colony formation assays. In brief, cells were seeded into 
6‑well plates, at 0.1x104 cells per well, and maintained for 
two weeks in a medium containing 10% FBS. When the 
clones exceeded 50 cells, the cells were fixed with 4% para-
formaldehyde and stained with 1% crystal violet. Finally, the 
colonies were imaged by scanner (Samsung, Gyeonggi-do, 
Korea) and counted by the counting tool of Photoshop 6.0 
(Adobe Photoshop, San Jose, CA, USA). The experiment was 
conducted in triplicate.

Statistical analysis. The overall survival analysis used 
Kaplan-Meier curves based on data from the GEO and The 
Cancer Genome Atlas (TCGA) databases. Hazard ratios 
(HRs) with 95% confidence intervals were calculated, and 
the log-rank test was used to assess P-values, and these are 
displayed on the plot. Data are presented as the mean ± standard 
deviation (SD) from triplicate independent experiments, and 
were analysed with Student's t-test for two group compari-
sons, and were analysed by analysis of variance (ANOVA) 
followed by Dunnett or Bonferroni post hoc test for multiple 
comparisons. A two-tailed P-value <0.05 was considered to 
indicate a statistically significant difference. The data analysis 
was performed using SPSS version 20.0 (IBM Corp., Armonk, 
NY, USA).

Results

Identification of DEGs. We downloaded the GSE50161 gene 
expression dataset from the GEO database. Following careful 
inspection, we extracted 45 microarrays based on the GPL570 

platform, including 34 GBM samples and 13 normal brain 
samples. Based on the cut-off criteria of adjusted P<0.05 and 
|logFC|>2, a total of 486 DEGs were identified, of which 128 
were upregulated and 358 were downregulated. Fig. 1 displays 
the top 50 upregulated genes as a heat map, and Table I lists 
details of the top 20 upregulated DEGs.

Functional and pathway enrichment analysis of DEGs. 
DAVID was used to identify highly enriched GO categories 
and KEGG pathways from all the upregulated DEGs. The 
GO analysis identified 57 significant enrichments of upregu-
lated DEGs, which were classified into three GO categories: 
Biological processes, cellular components, and molecular 
functions (Fig. 2A). In the biological process category, 
the upregulated DEGs were particularly enriched in cell 
division, mitotic nuclear division and cell proliferation. In 
the cellular components category, the upregulated DEGs 
were enriched in midbodies, nucleoplasm, cytoplasm and 
nuclei. The GO molecular functions analysis also showed 
that the upregulated DEGs were significantly enriched in 
protein binding, identical protein binding, ATP binding and 
protein kinase binding. In addition, the pathway enrich-
ment analysis showed that a total of 8 KEGG pathways 
were enriched, with cell cycle the most highly enriched 
pathway (Fig. 2B).

Partial upregulated genes were significantly associated with 
poor survival. The upregulated DEGs involved in the cell 
cycle signalling pathway were CDK1, CCNB1, TTK, BUB1B, 
CDC20, MCM2, CDK4, CCNA2 and WEE1. Among these, 

Table I. Top 20 upregulated DEGs in GBM compared with normal brain tissues.

Gene symbol Gene name  logFC Adjusted P-value

RRM2 Ribonucleotide reductase regulatory subunit M2 4.453419652 5.51E‑18
PBK PDZ binding kinase 4.83243913 1.00E-17
CKLF‑CMTM1 CKLF‑CMTM1 readthrough 2.037217181 8.61E‑17
TSPAN6 Tetraspanin 6 2.238197957 2.42E‑16
TOP2A Topoisomerase (DNA) II α 3.649973973 2.69E‑16
GPX7 Glutathione peroxidase 7 2.299383845 3.04E‑16
PRDX4 Peroxiredoxin 4 2.006805339 3.34E‑16
TYMS Thymidylate synthetase 2.217762746 2.29E‑15
KIF11 Kinesin family member 11 3.25308997 2.41E-15
KIAA0101 KIAA0101 2.434042313 2.42E-15
ACTL6A Actin like 6A 2.334230872 2.71E‑15
NDC80 Kinetochore complex component 3.801758823 3.73E-15
BUB1B BUB1 mitotic checkpoint serine/threonine kinase B 3.326136589 4.61E‑15
KIF4A Kinesin family member 4A 3.186827599 5.43E‑15
CDK1 Cyclin dependent kinase 1 2.632518398 8.08E‑15
UHRF1 Ubiquitin like with PHD and ring finger domains 1 3.829808433 8.68E‑15
WEE1 WEE1 G2 checkpoint kinase 2.605771805 1.09E‑14
CDCA7L Cell division cycle associated 7 like 2.502772251 1.46E‑14
EZH2 Enhancer of zeste 2 polycomb repressive complex 2 subunit 3.33804613 3.34E‑14
RAD51AP1 RAD51 associated protein 1 2.586126911 3.59E‑14

DEGs, differentially expressed genes; GBM, glioblastoma.
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CDK1, CCNB1 and CDC20 were also enriched in the most 
significant function of GO. Therefore, we selected these three 
DEGs and evaluated the relationship between their expression 
and the survival prognosis of patients with GBM. Gene expres-
sion data and clinical information from the GEO and TCGA 
databases were used to investigate the prognostic significance 
of these genes. The result showed that high expression of 
CDK1 (Fig. 3A and B), CDC20 (Fig. 3C and D), and CCNB1 

(Fig. 3E and F) was associated with a significantly poorer 
overall survival.

CDK1 is overexpressed in GBM tissues and cell lines. 
CDK1 mRNA expression in GBM and normal brain tissues 
was evaluated from GEO and TCGA databases, showing 
that CDK1 was significantly overexpressed in GBM tissues, 
as compared to that noted in the normal brain tissues 

Figure 1. Heat map of the top 50 DEGs that were significantly upregulated or downregulated in samples from patients with GBM compared to normal brain 
samples. DEGs, differentially expressed genes; GBM, glioblastoma.
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(Fig. 4A and B). Its expression was similarly examined in 
glioma cell lines. CDK1 expression was much higher in glioma 
cells than that in normal human brain glial cell line (HEB), 
especially in GBM cells U-87MG and U-251MG (Fig. 4C 
and D).

Knockdown of CDK1 significantly inhibits the proliferation 
of GBM cells. To study the role of CDK1 in the progression 
of GBM, we knocked down CDK1 expression in U-87MG 
and U-251MG cells using a lentiviral shRNA technique. 
The knockdown efficiency was evaluated using RT-qPCR 
and western blot analysis. The results showed significantly 
lower CDK1 mRNA and protein expression in U-87MG cells 
transfected with shRNA1, shRNA2 and shRNA3 than in cells 
transfected with control shRNA (Fig. 5A and B). Similar results 

were found in U-251MG cells (Fig. 5C and D). The effect of 
CDK1 on the proliferation of GBM cells was assessed using 
CCK-8 cell proliferation and colony formation assays, which 
showed that knockdown of CDK1 significantly inhibited GBM 
cell proliferation (Fig. 5E and F). Similarly, the colony forma-
tion assays demonstrated a lower colony formation ability in 
the cells transfected with CDK1 shRNA than this ability noted 
in the control group (Fig. 5G and H). These findings indicated 
that CDK1 plays a vital role in the proliferation of GBM cells.

CDK1 is involved in the Akt signalling pathway, promoting the 
GBM malignancy process. It has been shown the dysregulation 
of the Akt signalling pathway is associated with tumorigen-
esis and the development of GBM (16). Previous study have 
reported that CDK1 could be a downstream molecule in the 

Figure 2. The gene ontology (GO) function and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. (A) GO analysis and the top 
10 significant enriched GO terms of upregulated differentially expressed genes (DEGs) in the molecular function, biological process and cellular component 
categories. (B) Significantly enriched KEGG pathway terms of the upregulated DEGs.
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Akt signalling pathway (17). In the present study, we found 
that knockdown of CDK1 significantly inhibited the prolifera-
tion of GBM cells. To further demonstrate the involvement of 
CDK1 in the Akt signalling pathway-promoting GBM malig-
nancy process, we treated U-87MG cells with IGF-1, an Akt 
signalling pathway agonist. p-Akt, proliferation-promoting 
factors, including cyclin A and cyclin B, and CDK1 were 
significantly increased in the cells treated with IGF‑1 when 
compared with levels noted in the untreated cells; this effect 
was observed in the negative control cells and in the CDK1 

shRNA cells (Fig. 6A and B). We next inhibited the Akt 
signalling pathway in U-87MG cells by using a potent inhib-
itor of PI3K named GDC-0491. Western blot assays showed 
that p‑Akt and CDK1 were significantly decreased in CDK1 
overexpressed cells and negative control cells which were 
treated with GDC-0491, when compared with these levels 
in the untreated cells (Fig. 6C and D). These results indicate 
that CDK1 is a downstream molecule of the Akt signalling 
pathway. Finally, treatment with GDC-0491 obviously inhib-
ited the proliferation of U-87MG cell, which could be reversed 

Figure 3. Kaplan-Meier analysis of the partial upregulated differentially expressed genes in patients with GBM. (A) Relationship between CDK1 expression 
and the survival of GBM patients analysed with the GEO databases. (B) Relationship between CDK1 expression and the survival of GBM patients analysed 
with The Cancer Genome Atlas (TCGA) databases. (C) Relationship between CDC20 expression and the survival of GBM patients analysed with GEO 
databases. (D) Relationship between CDC20 expression and the survival of GBM patients analysed with TCGA databases. (E) Relationship between CCNB1 
expression and the survival of GBM patients analysed with GEO databases. (F) Relationship between CCNB1 expression and the survival of GBM patients 
analysed with TCGA databases. GBM, glioblastoma; GEO, Gene Expression Omnibus.
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by the overexpression of CDK1 (Fig. 6E). In accordance with 
expectations, the CCK-8 assays showed that treatment with 
IGF-1 clearly promoted the proliferation of U-87MG cells, and 
that this was partially attenuated by the knockdown of CDK1 
(Fig. 6F). In summary, this evidence demonstrated that CDK1 
was involved in the Akt signalling pathway to promote GBM 
malignancy process.

Discussion

GBM is the most common malignant primary brain tumour in 
adults (18). Despite improvements in standard therapy, patients 
with GBM still have a poor prognosis, with a median survival 
of only about 15 months (19). Understanding the dysregulated 
gene networks and pathways leading to GBM is therefore 
necessary and urgent. In the present study, 486 DEGs were 
screened, including 128 upregulated genes and 358 downregu-
lated genes. To obtain a fuller understanding of these DEGs, 
we performed GO function and KEGG pathway analyses. 
The GO analysis showed that the upregulated DEGs were 
primarily related to cell division, cell proliferation, midbodies, 
nucleoplasm, protein binding and protein kinase binding. The 
main KEGG pathways of the upregulated DEGs included 
the cell cycle, the p53 signalling pathway, complement and 
coagulation cascades and pathways in cancer. These analyses 

may provide new insights and a better understanding of the 
oncology of GBM.

CDK1, also known as cell division cycle protein 2 homolog, 
is a highly conserved protein that functions as a serine/threo-
nine kinase. During cell proliferation, it plays a key role in 
G1/S and G2/M phase transitions, which promote the M-phase 
process. It has been reported that CDK1 is involved in cancer 
tumourigenesis and development in various ways (20-22). In 
the present analysis, CDK1 was identified as an upregulated 
gene involved in cell division, cell proliferation and apoptotic 
processes, and was shown to be downstream of the cell cycle 
and p53 signalling pathways by GO and KEGG analysis. 
In addition, the high expression of CDK1 was significantly 
associated with poor overall survival in patients with GBM. 
Thus, CDK1 may play a vital role in the progression of GBM. 
Knockdown of CDK1 significantly inhibited GBM cell 
proliferation, confirming this hypothesis. This finding was 
also consistent with previous research into the role of CDK1 
in other cancers, which showed that cancer cells with high 
CDK1 expression appeared to have greater cell proliferation 
capability (23-25).

 Since its initial discovery as a proto-oncogene, Akt has 
attracted much attention due to its critical role in the regulation 
of diverse cellular functions, including metabolism, growth, 
proliferation, survival, transcription and protein synthesis (26). 

Figure 4. CDK1 was overexpressed in glioblastoma (GBM) tissues and cell lines. (A) CDK1 mRNA expression was analysed in the GEO databases. (B) CDK1 
mRNA expression was collected from The Cancer Genome Atlas (TCGA) databases. (C) CDK1 mRNA expression was detected in glioma cells using 
qRT-PCR assays, *P<0.05, **P<0.01, ***P<0.0001. (D) CDK1 protein expression was detected in glioma cells using western blot analysis. GBM, glioblastoma; 
GEO, Gene Expression Omnibus.
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Deregulation of the Akt signalling pathway contributes to the 
development and progression of multiple solid tumours, including 
GBM (27,28). In GBM, the pathway is regulated by multiple 
genetic events, mutations, amplifications, and deletions (29), and 

the activation of Akt seems to be a consequence of changes to 
its upstream molecules, such as PTEN, EGFR and PDK1 (16). 
However, its downstream in GBM is complex and has not yet 
been completely elucidated. In the present study, we activated 

Figure 5. Knockdown of CDK1 significantly inhibited the proliferation of glioblastoma (GBM) cells. (A and B) The knockdown efficiency of CDK1 in 
U-87MG cell was examined by qRT-PCR and western blotting, ***P<0.0001. (C and D) The knockdown efficiency of CDK1 in U‑251MG cell was examined 
by qRT-PCR and western blotting, **P<0.01. (E and F) The effect of CDK1 on GBM cell proliferation was detected by CCK-8 assays, *P<0.05, ***P<0.0001. 
(G and H) The effect of CDK1 on GBM cell clone formation was detected by a clone formation assay, **P<0.01.
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the Akt signalling pathway with IGF-1. This clearly promoted 
the cell proliferation of GBM, indicating that the pathway 
was associated with the progression of GBM. In addition, 
CDK1 expression was upregulated in cells treated with IGF-1 
compared with in untreated cells and was downregulated in 
cells treated with GDC-0491 suggesting that CDK1 could be 
a downstream molecule of this signalling pathway in GBM. 
Importantly, the promotion of GBM proliferation by activation 
of the Akt signalling pathway was attenuated by the knockdown 
of CDK1 partially, and the inhibition effect of the inhibitor of 

this pathway was reversed by the overexpression of CDK1. These 
results indicated that CDK1 was involved in the Akt signalling 
pathway, where it promoted the GBM malignancy process. It is 
known that the Akt signalling pathway can promote cell cycle 
via inhibiting the activation of p21 (30), and that p21 binds to and 
inhibits cyclin-dependent kinase activity, preventing the phos-
phorylation of critical cyclin-dependent kinase substrates and 
blocking cell cycle progression (31). Our finding demonstrated 
that Akt promoted tumour cell proliferation, regulating not 
only the activity of the proliferation-promoting protein CDK1, 

Figure 6. CDK1 was involved in the Akt signalling pathway, promoting the GBM malignancy process. (A and B) The protein level of p‑Akt, cyclin A, cyclin B 
and CDK1 in the negative control cells and CDK1- shRNA cells, with or without the treatment of IGF-1. Protein derived from serum-starved cells treated with 
IGF-1 (Sigma-Aldrich; Merck KGaA) for 8 h. *P<0.05, **P<0.01. (C and D) The protein level of p-Akt and CDK1 in CDK1 overexpressed cells and negative 
control cells,treated with GDC‑0491 (Selleckchem, Munich, Germany) or untreated. For up to 96 h treatment with 0.6 µM GDC‑0941, cells were collected 
and protein was extracted. *P<0.05, **P<0.01, ***P<0.0001. (E) Treatment with GDC-0491 (GDC) markedly inhibited the proliferation of GBM cells, which 
was reversed by the overexpression of CDK1, ***P<0.0001. GBM, glioblastoma. (F) The treatment of IGF-1 clearly promoted GBM cell proliferation; this was 
partially attenuated by the knockdown of CDK1, ***P<0.0001.
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but also its expression level. A previous study showed that the 
CDK1‑mediated phosphorylation and stabilisation of HIF‑1α 
played a much more important role in promoting the oncogenic 
effects of HIF‑1 in normoxic conditions than in hypoxic condi-
tions, where CDK1 is aberrantly activated (32). Our results 
showed that activation of the Akt signalling pathway increased 
CDK1 expression. Thus, we present the Akt/CDK1/HIF‑1α 
signalling axis, and we propose that the aberrant activation of 
Akt is a high frequency event in GBM, which could explain 
the elevated HIF‑1 activity observed in primary and metastatic 
tumours, independent of hypoxia.

 In summary, using microarray datasets and bioinformatic 
analysis, we identified 486 DEGs, including 128 upregulated 
genes, that may be involved in GBM. GO function and KEGG 
pathway analyses showed that these upregulated DEGs may 
be associated with the development and progression of GBM. 
Upregulated genes, including CDK1, CCNB1 and CDC20, were 
significantly associated with the poor prognosis of patients with 
GBM. We focused on the relationship between the upregulated 
DEG CDK1 and the GBM malignancy process. The knock-
down of CDK1 clearly suppressed the proliferation of GBM 
cells, indicating that CDK1 was involved in the Akt signalling 
pathway, where it promoted the GBM malignancy process. 
These findings improve our understanding of the fundamental 
mechanisms leading to GBM and may guide further research 
into the diagnosis and treatment of this disease.
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