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Abstract

Background: Cell cycle regulation plays important role in maintaining cellular homeostasis. Dysregulation of the
cell cycle is a hallmark of various diseases including cancer. In this study, the focus was to investigate expression
profile of a major cell cycle related gene (CDK1) in colorectal cancer tissues and its active role in cell life.
Methods: Tissue samples were collected from the patients diagnosed with colorectal cancer. Total RNA was
extracted and gene expression levels were quantified via quantitative real-time PCR. Relative expression levels
were estimated using AACt Livak method. Curated interaction pathway of CDK1 was generated using the NDEx
Integrated Query platform to highlight the associated signaling networks.

Results: CDK1 showed significant deregulation in the clinical samples compared to matched normal mucosa
tissues. Overexpression of CDK1 was observed in the cases as compared to base level in control tissues. On
average, a consistent induction was observed in stage I (2.6fold), stage II (4.7fold), stage III (3.5fold) and stage
IV (3.99fold) cancerous tissues. Bioinformatic approach reflected the involvement of CDK1 in key cellular functions
including G2 phase arrest, DNA replication, DNA repair, G1/S phase transition and mitotic activity, thereby
indicating potential contribution to cancer progression and tumor development.

Conclusion: The findings reflect clear induction of CDK1 gene in colorectal cancer tissues and may serve as a
potential biomarker for prognosis. However, validation in a larger cohort is needed to explore its utility in

prognostic and therapeutic domains.
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INTRODUCTION

Cyclin-dependent kinase 1 (CDK1) is a conserved
serine/threonine kinase and works as major regulator
of cell cycle progression [1]. Being a catalytic subunit
of cyclin/CDK complexes, CDK1 manipulates temporal
route of cell cycle transitions, particularly entry into
mitosis [2]. CDK1 integrates the regulatory signals
with downstream phosphorylation events to monitor
and ensure accurate DNA replication and cell division
[3]. CDK1 activity is controlled at multiple levels
starting from cyclin binding to phosphorylation and
subcellular localization. Association with the cyclins,
primarily cyclin B, imposes a conformational change
which in turn activates the kinase working [4].
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Multilayered regulation of CDK1 ensures that the
activation occurs after completion of DNA replication
while following the response to specific checkpoint
signaling [5]. Dysregulation of CDK1 has substantial
pathological implications including oncogenesis [6].
Aberrant CDK1 activation and altered expression leads
to uncontrolled proliferation, resistance to cell cycle
checkpoints and chromosomal instability [7].
Consequently, it has earned considerable attention as
potential therapeutic target in cancer biology leading
to the efforts on developing selective inhibitors to
exploit tumor-specific dependency on the cell cycle
machinery [8]. Elucidating molecular mechanisms
controlling CDK1 regulation and substrate selection
provides deeper insight into the cell cycle control
leading to the development of targeted therapeutic
strategies. In the normal cells, CDK1 activity is highly
controlled through association with the regulatory
cyclins and reversible phosphorylation to ensure
accurate DNA replication followed by the chromosome
segregation. However, in cancer cells, regulatory
framework is often disrupted causing aberrant CDK1
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activation which contributes towards uncontrolled
proliferation and genomic instability [9].

Cancer cells often exhibit higher CDK1 expression
leading to hyperactivation and dysregulation of
upstream regulators, functioning of cyclins and
checkpoint proteins [10]. Overexpression of cyclin B
or loss of inhibitory kinases can cause sustained CDK1
activity which enables the cells to bypass critical cell
cycle checkpoints. Aberrant signaling promotes fast
G2/M transition even in presence of damaged DNA or
incomplete replication. This in turn facilitates mutation
accumulation and chromosomal instability which are
key hallmarks of tumor progression [11]. Importantly,
cancer cells often display a delicate dependency on
CDK1 activity as compared to normal tissues, offering
a potential therapeutic vulnerability [12]. Inhibition of
CDK1 has shown induction of mitotic catastrophe,
senescence or apoptosis in various malignancies [13].
Consequently, CDK1 has emerged as promising drug
target as a single agent or in combination with other
agents [14]. Given its central role at the intersection
of cell cycle regulation and genome maintenance,
CDK1 represents critical check in cancer cell survival
and progression. Further understanding of the CDK1
mediated signaling in the tumor contexts is essential
for refining therapeutic approaches to aim targeted
interventions.

Colorectal cancer is one of the leading causes of
cancer-related deaths worldwide. This cancer is
characterized by the progressive accumulation of
genetic changes that drive uncontrolled proliferation,
and metastatic dissemination [15]. Among molecular
determinants, dysregulation of cell cycle machinery is
fundamental hallmark of the colorectal tumorigenesis
[16]. Among these, CDK1 plays a pivotal regulator of
G2/M transition and mitotic progression. It has
emerged as critical contributor towards colorectal
cancer development and progression. Colorectal
cancer cells may exhibit high dependency on the
CDK1-mediated signaling, suggesting the potential
therapeutic  wvulnerability [17]. Pharmacological
targeting of CDK1 has shown induction of mitotic
catastrophe and apoptotic events in the preclinical
models. These findings make CDK1 a prognostic
biomarker and a therapeutic target in colorectal
cancer [18].
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METHODS

Clinical Sampling and Expression Analysis
Cancerous tissues (35) along with normal mucosa
(10) were collected from the colorecta cancer patients
after informed consent and were stored immediately.
Afterwards, total RNA was extracted from the frozen
cancer tissue samples and normal mucosa specimens
using a commercially available RNA extraction kit
(RNeasy Mini Kit, Qiagen). RNA concentrations were
measured with nanodrop technology. cDNA was
synthesized by using commercially available kit with
200ng of RNA per reaction (RevertAid, Thermo
Scientific). Prepared cDNA samples were checked and
verified by using conventional PCR with amplification
of a reference gene before further procedures.

Real Time PCR

Primers for CDK1 (CATCTCAGTCCTTATGGCAGTTT,
CAACATGGCAAGAAACTGATG) were designed by using
online tools and optimized by using gradient PCR
method. Validated cDNA samples were utilized with
gene-specific primers to evaluate the expression
profile of CDK1 gene. Each sample was amplified in
triplicate using SYBR Green Master Mix (Thermo
Scientific) along with AriaMax Real-Time PCR system.
Obtained Cq values were analyzed to determine
relative fold changes using the Livak (2-AACt)
method. Data normalization was performed using Cq
values of the housekeeping gene GAPDH, followed by
comparative analysis between healthy control samples
and the samples of four stages of colorectal cancer.
Graphical analyses and visualizations were generated
using GraphPad Prism version 10.5.

Bioinformatics Analysis

To investigate the interaction profile of CDK1 and its
associated proteins, a protein—protein interaction
network was constructed using the STRING database
and visualized in Cytoscape software. For this, the
target gene/protein was queried in the STRING
software v.12 to identify known and predicted protein
interactions. Sources included experimental evidence,
database annotations co-expression were selected for
Homo sapiens. A high confidence interaction score
threshold (=0.7) was applied to ensure reliability of
the predicted associations. The generated protein—
protein interaction network was exported from
STRING into Cytoscpae software, v.3.10 for network
visualization and topological analysis. The nodes
represented proteins, while the edges represented
functional or physical interactions between proteins.
Network analysis was performed using the built-in
Network Analyzer tool in Cytoscape to evaluate
topological parameters, including node degree,
clustering coefficient, while hub genes/proteins were
identified based on high degree connectivity and
centrality scores.
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Table 1: Demographic details of the patient cohort

Gender

Age

Numbers

Normal Tissues Male/Females: 07/03

Cancer Tissues Male/Females: 22/13

Average: 61.3Y

Average: 58.7Y

10

Stage I Patients: 07
Stage II Patients:12
Stage III Patients: 08
Stage IV Patients: 08

RESULTS

Cyclin-Dependent Kinase 1 High Expression in
Colorectal Cancer

Quantitative real-time PCR analysis was conducted to
assess the transcriptomic expression of CDK1 gene in
healthy individuals and colorectal cancer patients
across different disease stages. The study included 10
healthy controls and 35 colorectal cancer tissues, who
were classified according to cancer stage (Stage I-
IV). Relative CDK1 expression levels were compared
among all groups. The analysis revealed substantial
variation in CDK1 expression among the study
participants. In healthy matched tissues, the mean
expression level was 0.35-fold, reflecting basal gene
expression. Control samples showed variable patterns,
ranging from the maximum upregulation of 2.6-fold to
maximum downregulation of -2.5-fold. In contrast,
elevated CDK1 expression was noticed in colorectal
cancer patients across all the disease stages. Stage I
patients (n=7) demonstrated an average expression
level of 2.6fold. Within group, highest upregulation
was observed to be 5.2fold, while there was only one
sample demonstrating the downregulation with value
of -1.8fold. In stage II patients (n=12), a mean CDK1
expression of 4.7fold was noticed. The maximum
induction was recorded in stage II group which was
11.4fold, while the lowest induction was 1.9fold. More
importantly, all stage II samples showed upregulation
of the CDK1 levels. Likewise, in stage III patients
(n=8), consistent CDK1 overexpression with a mean
expression level of 3.5fold was withessed. Maximum
upregulation detected in stage III group was 8.3fold,
while downregulation was not observed in any of the
stage III sample. This indicated a uniform gene
induction pattern among these patients. In stage IV
patients (n=8), mean expression level was found to
be 3.99fold. Highest upregulation was 9.1fold, while
minimum detected induction was 1.2fold. Like stage II
and III, none of the stage IV samples demonstrated
downregulation when compared to healthy controls.
Overall, findings demonstrate a consistent trend of
upregulation of CDK1 gene in the colorectal cancer
tissues as compared to healthy matched samples.
Elevated expressions were observed across all the
cancer stages, which in turn suggests that CDK1 may
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play important role in colorectal cancer progression. It
further highlights potential of CDK1 as a biomarker for
disease development and progression (Figure 1).

Role of Cyclin-Dependent Kinase 1 in Central
Cell Machinery

To further explore the molecular role of CDK1 in
colorectal cancer, curated interaction pathway was
generated by using NDEx Integrated Query platform
while using CDK1 as a central gene. The analysis was
performed to discover potential interacting partners;
associated pathways and the functional relationships
associated with CDK1 in colorectal cancer. Curated
pathway revealed complex interaction network with
multiple cell cycle regulatory partners, checkpoint
components and molecules associated with tumor
proliferation and progression. Functional analysis
based on interactions indicated that CDK1 is involved
in critical cellular processes, including G2 phase arrest
regulation, DNA repair mechanisms, replication and
G1/S phase transition. The interconnected pathways
highlighted central role of the CDK1 in maintaining cell
cycle progression and genomic stability. Observed
molecular associations further supported involvement
in pathogenesis and advancement of cancer while
emphasizing its potential as a promising prognostic
biomarker and therapeutic target (Figure 2).
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Figure 1: Expression levels of CDK1 gene in colorectal cancer tissues. The cancerous tissues and healthy mucosa were
analyzed. Total RNA was extracted from the tissues and CDK1 gene expression was measured using real-time PCR method.
Relative fold changes were calculated using Livak method and were compared among the groups.
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Figure 2: Curated interaction pathway of CDK1. The signaling network was generated using NDEx Integrated Query platform
showing molecular interactions and the associated signaling networks. The network highlights involvement of CDK1 in critical
processes including DNA repair, DNA replication, G2 phase arrest and G1/S phase transition. The analysis supporting potential
role of CDK1 in cancer progression and tumor development.
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DISCUSSION

Colorectal cancer is leading cause of cancer related
deaths worldwide. Progression of colorectal cancer is
strongly associated with the dysregulation of cell cycle
machinery. Among the main players, CDK1 has gained
attention as it plays central role in regulating the cell
cycle including mitotic entry and genome stability
[19]. The current study was designed to investigate
the transcriptomic expression of CDK1 in colorectal
cancer tissues of different stages and were compared
with heathy mucosa. Furthermore, we explored the
molecular interaction network by using bioinformatic
pathway analysis. Findings demonstrated consistent
upregulation of CDK1 gene in the colorectal cancer
tissues as compared to healthy controls. This shows
and supports the hypothesis that CDK1 contributes
substantially towards colorectal tumorigenesis and
progression.

The gRT-PCR analysis showed elevated expression of
CDK1 in all stages of colorectal cancer including stage
I, II, III, and IV patients. In contrast, healthy tissues
exhibited relatively low basal expression with minor
degree of individual variability. The observed high
expression of CDK1 in cancer tissues is biologically
plausible as CDK1 is a critical regulator gene for the
G2/M transition and mitotic progression. Activation of
CDK1, therefore contributes towards uncontrolled
cellular proliferation, a central hallmark feature of the
malignant transformation [20]. Findings of this study
are also in agreement with the several previous
investigations reporting increased CDK1 levels in lung,
liver, and gastric cancers. Elevated CDK1 expression is
associated with enhanced tumor aggressiveness,
reduced overall survival and poor prognosis [21-24].
Present data demonstrated that cancerous tissues
showed consistent higher mean expression values of
CDK1. This finding indicates that CDK1 activation
occurring during the tumor progression plays a
significant role in promoting cellular proliferation in
developmental and metastatic dissemination.
Furthermore, absence of CDK1 downregulation in
patients suggests persistent activation of this gene
throughout the disease development. This continuous
overexpression may contribute to sustained mitotic
signaling, cellular division and resistance towards
normal cell cycle checkpoints. On clinical grounds,
consistent upregulation of CDK1 in this study hints the
potential utility as a prognostic biomarker for
colorectal cancer. Increased expression in all disease
stages highlights that CDK1 serves as an early
molecular indicator for tumor development. Moreover,
as the CDK1 expression was elevated in advanced
stages, it may also possess prognostic marker for
monitoring the disease progression and therapeutic
responses. In this context, several experimental
studies have shown that CDK1 inhibitors can be
instrumental anticancer agents.
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Molecular pathway analysis strengthened the view
about the biological significance of CDK1 in colorectal
cancer. Curated interaction network generated by
using NDEx Integrated Query platform showed that
CDK1 interacts with the multiple partner proteins
involved in cell cycle regulation, DNA replication,
mitotic checkpoint control and genome maintenance.
These findings support established role of the CDK1
as master regulator during the cell division [25].
Functional associations identified during the analysis
highlighted that the involvement of CDK1 in critical
cellular phases including DNA repair and replication,
G1/S phase transition and mitotic activity [26].
Involvement of CDK1 in the DNA repair mechanisms is
principally important in the context of cancer
development. Cancer cells frequently accumulate
genomic instability due to the defects in DNA repair
machinery [27]. CDK1 has shown its ability to regulate
proteins involved in homologous recombination and
DNA damage responses, thereby influencing cell
survival following genomic injury [28]. Dysregulation
of the CDK1 may therefore contribute to both
uncontrolled proliferation and faulty genome
maintenance, which ultimately facilitate the tumor
progression and mutation accumulation. At the same
time, association of CDK1 with the G2 phase arrest
and mitotic checkpoints suggests its role in controlling
the transition phase including DNA synthesis to
mitosis. Under normal physiological conditions,
checkpoints of G2/M prevent the cells with damaged
DNA from entering mitosis phase. However, activation
of CDK1 may override these checkpoints, thus
allowing genetically unstable cells to carry the
proliferating state [29]. This explains the need for
persistent overexpression of CDK1 observed during
the advanced cancer stages in this study.

Pathway analysis also demonstrated that the
involvement of CDK1 in DNA replication and G1/S
transition processes. CDK1 is traditionally known for
its role in the G2/M transition, however emerging
evidence suggests that it can balance other cyclin
dependent kinases and help in earlier phases of cell
cycle [30]. High CDK1 activity may therefore increase
overall cell cycle progression leading to rapid tumor
cell proliferation. The findings collectively indicate the
possibility that CDK1 acts as multidimensional
regulator influencing several interconnected pathways
in cancer. Protein—protein interaction analysis using
STRING and Cytoscape software further showed
extensive connectivity of CDK1 in cellular regulatory
networks. High confidence interactions with the
proteins responsible for mitotic spindle formation,
chromosomal segregation and checkpoint signaling
indicates that CDK1 carries a central hub position
within tumor associated networks [31]. Hub genes are
considered as critical determinants of the disease
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progression as they are involved in regulating multiple
downstream pathways at the same time. Thus,
targeting CDK1 as a hub gene may deliver therapeutic
benefits by targeting several oncogenic routes at
once.

To conclude, present study showed significant
upregulation of CDK1 in the colorectal cancer tissues
of all disease stages. Furthermore, we identified the
extensive involvement of CDK1 in key cellular
pathways related to the tumor progression. Combined
experimental and bioinformatic approach indicated the
central role of CDK1 in tumor development, regulating
cell cycle progression and mitotic activity in colorectal
cancer. Despite these significant findings and
interpretations, limitations of the study should also be
considered. Most important one is the sample size
which was relatively small and may influence
generalizability of the observed results. Furthermore,
focus was on transcriptomic expression while
evaluating protein level expression of CDK1 is equally
important to be explored. Future studies with larger
patient cohorts, protein profiling, and necessary
functional assays are required to provide a more
comprehensive understanding about the biological
importance of CDK1 in colorectal cancer. Lastly,
considering clinical outcomes including patient survival
and treatment responses will be helpful to establish
prognostic significance of CDK1 in colorectal cancer.
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