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Introduction

Pancreatic cancer is a highly malignant tumor of 
the digestive system and one of the most com-
mon malignant tumors worldwide, ranking 7th 
in cancer-related mortality [1]. Due to its subtle 
early symptoms, most patients are diagnosed 
at an advanced stage, making treatment chal-
lenging and the prognosis poor. Statistics show 
that pancreatic cancer was responsible for 
466,003 deaths in 2020, making it the seventh 
leading cause of cancer-related deaths, with a 
5-year survival rate of only 10% [2]. Projections 
suggest that by 2030, pancreatic cancer will 
become the second leading cause of cancer-re-
lated deaths [3, 4].

The biological clock is an internal rhythm 
developed over evolutionary time, allowing 

organisms to adapt to periodic environmental 
changes such as temperature and light. It coor-
dinates physiological, biochemical processes, 
and the metabolism of materials and energy 
across tissues, organs, cells, and molecules. 
In mammals, the biological clock consists of 
a central clock in the suprachiasmatic nucle-
us (SCN) of the hypothalamus and peripheral 
clocks distributed throughout various organs, 
including the brain, muscle, adipose tissue, 
liver, colon, and pancreas. The SCN detects the 
24-hour light-dark cycle through the retina and 
transmits synchronized signals to peripheral 
clocks via neural, hormonal, and body tempera-
ture cues, maintaining bodily homeostasis [5, 
6]. This biological clock is especially important 
for the endocrine system, as its function relies 
on the precise timing of communication among 
organs to ensure proper responses to environ-

Research progress of the biological clock gene in 
pancreatic cancer

Haoran Huang1, Ge Yu2, Rong Wan1,2*

1University of Shanghai for Science and Technology, Shanghai 200093, China. 2Department of Gastroenterology, 
Shanghai General Hospital, Shanghai Jiaotong University School of Medicine, Shanghai 200080, China.

Corresponding author: Rong Wan. 

Declaration of conflict of interest: None.

Received May 20, 2025; Accepted August 4, 2025; Published December 31, 2025

Abstract
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Highlights
● Biological clock genes play a crucial roles in pancreatic cancer progression.
● Abnormal expression of biological clock genes is closely associated with malignant proliferation, invasion, me-
   tastasis, and resistance to chemotherapy.
● Multiple biological clock genes promote pancreatic cancer progression by modulating key signaling pathways.
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mental changes or stressors [7]. Biological 
clock genes regulate circadian rhythms and 
processes such as cell metabolism and pro-
liferation, and their dysregulation is closely 
linked to the occurrence, development, me-
tastasis, and treatment resistance of many 
diseases, including cancers (Figure 1) [8-10].

As one of the organs most significantly affected 
by the biological clock system, the pancreas 
not only possesses its own intrinsic clock but 
also maintains normal physiological functions 
through regulation by the SCN and non-light 
signals. Given that pancreatic function is close-
ly linked to the endocrine system, dysregulation 
of biological clock genes may greatly impact its 
physiological functions [11]. Based on this un-
derstanding, clinical trials have focused on opti-
mizing treatment timing to enhance pancreatic 
function and improve therapeutic outcomes 
[12, 13].

The role of biological clock genes in pancreatic 
cancer is gradually being uncovered. This re-
view focuses on the relationship between the 
biological clock system and the cell cycle, as 
well as the involvement of tumor suppressor 
genes and oncogenes in cancer development. 
Additionally, the latest research progress on 
biological clock disorders and their implications 
in pancreatic cancer are summarized, which 
may help discover new treatment strategies.

Molecular mechanisms of the biological clock 
gene

The mammalian biological clock primarily oper-
ates through a Transcription-Translation Feed-
back Loop, which regulates circadian rhythm 
and involves multiple key molecular genetic 
networks. The core transcription factors, CLOCK 
and BMAL1 form complexes that bind to the 
promoters of target genes, playing a positive 
regulatory role [14]. At the onset of the inactive 
phase, this complex induces the expression 
of inhibitory factors, including Period (PER1-3) 
and Cryptochrome (CRY1, CRY2). During this 
phase, other two core transcription factors, PER 
and CRY proteins form a complex that prevents 
the CLOCK: BMAL1 complex from entering the 
nucleus, inhibiting the transcriptional activity of 
their target genes and thus creating a feedback 
loop. At the end of the inactive phase, the ex-
pression levels of the target genes regulated by 
BMAL1/CLOCK reach their peak (Figure 2A).

Another feedback mechanism involves the 
retinoic acid receptor-related orphan receptor 
α (RORα) and the heme-regulated nuclear re-
ceptor α/β (Reverse Erythroblastosis Virus α/
β [Rev-Erbα/β]), which regulate BMAL1 expres-
sion by binding to ROR response elements [15]. 
The CLOCK: BMAL1 heterodimer promotes the 
transcription of Rev-Erbα, which then enters 
the nucleus and inhibits BMAL1 production by 
blocking its transcription. Meanwhile, the PER: 

Figure 1. Biological clock regulatory network. SCN, Suprachiasmatic nucleus; GC, Glucocorticoid; ATCH, Adreno-
corticotropic hormone; ANS, Autonomic nervous system.
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CRY protein complex also inhibits the transcrip-
tion of Rev-Erbα. At the end of the night phase, 
RORα binds to the BMAL1 promoter, promoting 
BMAL1 expression and creating favorable con-
ditions for the cycle to restart. These molecular 
mechanisms oscillate over a roughly 24-hour 
period (Figure 2B) [16].

Under normal circumstances, biological clock 
genes support regular cell growth and metabol-
ic functions. However, when the biological clock 
is disrupted, cell growth and metabolism may 
be adversely affected, potentially leading to tu-
mor formation and progression [17]. Increasing 
evidence from studies shows that disruptions 
in the biological clock are closely linked to the 
development of pancreatic cancer [18, 19]. 
Abnormal expression of biological clock genes 
in pancreatic cancer tissues may disrupt tumor 
metabolism, alter the immune microenviron-
ment, and promote tumor growth. For instance, 
the downregulation of the biological clock gene 
BMAL1 in pancreatic cancer tissues has been 
associated with the malignant progression of 
the disease [20]. Additionally, biological clock 
genes may influence pancreatic cancer devel-
opment by regulating key signaling pathways, 
including the p53 tumor suppressor pathway 
and the transforming growth factor β (TGF-β)/
MAD4 pathway [21, 22].

Research progress on the role of biological 
clock genes in pancreatic cancer

Abnormal expression of biological clock genes: 

Alterations in core biological clock gene ex-
pression in pancreatic cancer tissues

Significant alterations in the expression of core 
biological clock genes have been observed in 
pancreatic cancer tissues. An analysis based 
on The Cancer Genome Atlas database re-
vealed that the expression of multiple biological 
clock genes (e.g., CRY1, BTRC, CLOCK, CUL1, 
FBXL3, PER2, PER3, PRKAA1, PRKAA2, NR1D1, 
NR1D2, RRB, and NFIL3) was significantly high-
er in pancreatic cancer samples compared to 
normal samples [23]. Conversely, genes such 
as DBP, CSNK1D, ARNTL, CSNK1E, SKP1, and 
RORA were expressed at lower levels, while 
CRY2 showed no significant difference between 
normal samples and tumor samples. Addition-
ally, research found that the expression of the 
BMAL1 gene was downregulated in pancreatic 
cancer tissues, acting as a tumor suppressor 
gene, with its expression correlating with clin-
icopathological characteristics of the disease 
[24]. Another study reported that the biological 
clock genes PER1 and PER2 were downregulat-
ed in human pancreatic cancer SW1990 cells, 
and the silencing of Epithelial Cell Transfor-
mation Sequence 2 via siRNA inhibited cancer 
cell proliferation and induced apoptosis by pro-
moting the expression of PER1 and PER2 [25]. 
Moreover, the expression levels of biological 
clock genes such as PER1, PER2, PER3, CRY1, 
CRY2, TIPIN, TIM, CK1β, BMAL-ARNTL, and 
ClOCK in pancreatic cancer tissues were sig-
nificantly lower than those in matched adjacent 
tissues [26]. These changes in the expression 

Figure 2. Molecular regulatory mechanisms of the biological clock. (A) Molecular mechanisms of Transcription/
Translation Feedback Loop regulation; (B) Regulation of BMAL1 expression.
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of biological clock genes may be closely related 
to the occurrence and development of pancre-
atic cancer. Abnormal expression of these bio-
logical clock genes may lead to metabolic dis-
turbances within the tumor, alterations in the 
immune microenvironment, and other changes 
that accelerate cancer progression.

Biological clock genes and key signaling path-
ways in pancreatic cancer

Biological clock genes play a crucial role in the 
occurrence and development of pancreatic can-
cer, regulating the disease through multiple key 
signaling pathways. A prominent pathway is the 
p53 tumor suppressor pathway, which governs 
cell proliferation, survival, and metabolism [27]. 
Abnormal expression of biological clock genes, 
such as BMAL1, may impact the activity of this 
pathway. The study confirmed that overexpres-
sion of BMAL1 significantly inhibits the prolif-
eration and invasion of pancreatic cancer cells 
while inducing G2/M phase cell cycle arrest 
[28]. The mechanism involves BMAL1 directly 
binding to the p53 gene promoter, promoting its 
transcription and activating downstream tumor 
suppressor pathways in a p53-dependent man-
ner, thereby exerting anti-tumor effects. This 
interaction not only reveals a novel function of 
biological clock genes in pancreatic cancer but 
also provides a theoretical basis for developing 
new therapeutic strategies targeting this path-
way (Figure 3).

The TGF-β/SMAD4 signaling pathway is also in-
volved in regulating pancreatic cancer through 
biological clock genes. SMAD4 is a crucial 
component of the TGF-β signaling pathway, par-
ticipating in the regulation of processes such 
as cell growth, differentiation, and apoptosis. 
SMAD4 mutation in pancreatic cancer disrupts 
normal TGF-β signaling, resulting in increased 
proliferation, migration, and invasion of pan-
creatic cancer cells. These mutations are sig-
nificantly linked to local infiltration and distant 
metastasis of pancreatic cancer. In a study by Li 
et al., the interaction between circadian rhythm 
and the classical TGF-β signaling pathway was 
explored in SMAD4-positive and SMAD4-nega-
tive pancreatic ductal adenocarcinoma models 
[22]. They found that in SMAD4-positive pancre-
atic ductal adenocarcinoma cells, the expres-
sion of TGFβ1, SMAD3, SMAD4, and SMAD7 
oscillates according to circadian rhythm pattern. 
Disruption of the biological clock altered the 
mRNA dynamics of these genes. Additionally, 
the expression of circadian clock genes such 
as DEC1, DEC2, and CRY1 also depends on the 
status of SMAD4. Activation of the TGF-β path-
way leads to changes in the biological clock, 

resulting in cell cycle arrest, accelerated apop-
tosis, increased invasiveness, and enhanced 
sensitivity to chemotherapy. The influence 
of TGF-β on the biological clock depends on 
SMAD4.

The miR-135b-BMAL1-YY1 signaling regulatory 
circuit also plays a key role in the development 
of pancreatic cancer. This pathway influences 
tumorigenesis and progression by regulating 
key processes like cell self-renewal, prolifer-
ation, and differentiation [29]. Studies have 
shown that miR-135b directly targets the 3’ 
untranslated region of BMAL1, thereby disrupt-
ing the pancreatic biological clock [30]. This 
desynchronization between miR-135b and 
BMAL1 expression undermines the control of 
local circadian rhythm over tumor suppression, 
significantly promoting tumor growth in pancre-
atic cancer cells. YY1, a transcription factor, ac-
tivates miR-135b and forms a feedback regula-
tory loop with BMAL1, creating a pathway with 
considerable predictive and prognostic value in 
patients with pancreatic cancer.

Therefore, biological clock genes play a com-
plex role in regulating the occurrence and 
development of pancreatic cancer through 
multiple key signaling pathways, including the 
p53 tumor suppressor pathway, the miR-135b-
BMAL1-YY1 signaling regulatory circuit, and 
the TGF-β/SMAD4 signaling pathway. These 
findings provide new ideas and targets for the 
precise diagnosis and treatment of pancreatic 
cancer.

Disruption of the biological clock and prognos-
tic outlook in patients with pancreatic cancer 

Abnormal expression of biological clock genes 
is closely linked to tumor invasiveness, chemo-
therapy resistance, and survival rates in pan-
creatic cancer patients. Recent studies have 
increasingly focused on the role of biological 
clock genes in predicting pancreatic cancer 
prognosis. BMAL1 promotes the proliferation of 
pancreatic cancer cells in vitro by binding to the 
p53 gene promoter. Research by Jiang et al. 
demonstrates that silencing BMAL1 in pancre-
atic cancer BXPC-3 cells induces anti-apoptotic 
and growth-promoting transcriptomic changes. 
Conversely, upregulation of BMAL1 inhibits the 
proliferation and invasion of pancreatic cancer 
cells, promotes apoptosis, and induces cell 
cycle arrest at the G2/M phase [24]. Subcuta-
neous tumor formation in nude mice confirmed 
that BMAL1 also suppresses the proliferation 
and invasion of pancreatic cancer cells in vivo 
[24].
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The abnormal expression of biological clock 
genes also plays a significant role in che-
motherapy resistance. A study showed that 
down-regulation of the BMAL1 gene significant-
ly suppressed the expression of tumor suppres-
sor genes such as p53, p16, RB1, BRCA1, and 
PTEN in pancreatic cancer cells. This suppres-
sion promoted proliferation, migration, and in-
vasion of pancreatic cancer cells and enhanced 
chemotherapy resistance to gemcitabine [30]. 
This finding has important implications for pan-
creatic cancer treatment strategies, suggesting 
that monitoring the status of biological clock 
genes could help optimize chemotherapy regi-

mens and improve treatment outcomes.

The abnormal expression of biological clock 
genes is also closely associated with the surviv-
al rate of patients with pancreatic cancer (Table 
1). A study confirmed that the expression levels 
of PER1, PER2, PER3, CRY2, Tipin, and CK1β in 
tumor tissues from pancreatic cancer patients 
was significantly downregulated compared to 
benign lesion tissues [26]. Low expression lev-
els of PER1, PER2, PER3, CRY2, TIPIN, CK1β, 
ClOCK, and Bmal-ARNTL in tumors were sig-
nificantly linked to decreased survival rates in 
these patients. Another study indicated that 

Figure 3. Biological clock genes and key signaling pathways in pancreatic cancer. (A) The p53 tumor suppressor 
pathway; (B) The TGF-β/Smad4 signaling pathway. TGF-β, transforming growth factor β.
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variations in the CLOCK gene, including CLOCK-
Gain and CLOCKLoss, were associated with 
tumor suppression and promotion, respectively. 
Among them, pancreatic cancer patients with 
high expression of the oncogene CLOCK had 
worse survival outcomes [33]. Zhang et al. in-
vestigated the relationship between abnormal 
expression of clock gene and the prognosis of 
common abdominal malignancies and found 
that high expression of the CRY2 gene and low 
expression of the DEC1 gene were linked to 
better prognosis, clinical stage, and tumor dif-
ferentiation in patients with pancreatic cancer 
[32]. These findings underscore the crucial role 
of biological clock genes in the prognosis as-
sessment of pancreatic cancer.

By constructing prognostic models based on 
the expression of biological clock genes, the 
survival rate of pancreatic cancer patients can 
be predicted more accurately, facilitating the 
development of personalized treatment plans. 
Zhang et al. analyzed clinical data and biolog-
ical clock gene expression from 260 patients 
with pancreatic cancer in The Cancer Genome 
Atlas database and the International Cancer 
Genome Consortium database [33]. They 
identified 19 differentially expressed biological 
clock genes between pancreatic cancer tissues 
and normal tissues. Through LASSO regression 
analysis, 10 differentially expressed biological 
clock genes were identified as independent 
prognostic predictors for pancreatic cancer 
patients, leading to the development of a prog-
nostic risk scoring model. A prognostic nomo-
gram was then created, integrating clinicopath-
ological features (e.g., pathological stage) and 
the risk score, demonstrating high accuracy in 
predicting the prognosis of pancreatic cancer 
patients.

Therefore, the abnormal expression of bio-
logical clock genes plays an important role in 
various aspects of pancreatic cancer, including 
tumor invasiveness, chemotherapy resistance, 
and patient survival rates. The development of 
prognostic models provides more accurate pre-

dictive tools, aiding in the optimization of treat-
ment plans and improving both outcomes and 
prognosis for patients with pancreatic cancer.

Prospects for the clinical application of biologi-
cal clock genes

As diagnostic and prognostic markers

Circadian rhythm genes have the potential to 
serve as both diagnostic and prognostic bio-
markers for pancreatic cancer. Although the 
field remains in its early stages, next-generation 
sequencing technology offers a powerful tool 
for the rapid and accurate analysis of circadian 
rhythm biomarkers associated with the occur-
rence, prognosis, and therapeutic response of 
pancreatic cancer. Dagmura et al. investigated 
the association between PER2/PER3 gene 
tandem repeat polymorphisms (VNTR) and the 
susceptibility and clinical characteristics of pan-
creatic cancer. The results showed that the fre-
quency of 4R/3R, 3R/3R genotypes, 3R alleles, 
and the combined genotype PER2/PER3 VNTR 
4/5-4R/3R in peripheral blood mononuclear 
cells of pancreatic cancer patients was signifi-
cantly higher than in healthy volunteers [34]. 
The PER2 VNTR 4/5 genotype was associated 
with peripheral nerve infiltration in pancreatic 
cancer patients. Additionally, the PER2 VNTR 
3R allele may play a crucial role in the devel-
opment of the disease and could serve as a 
key biomarker for predicting pancreatic cancer. 
In a separate study, Zhang et al. screened ten 
differentially expressed biological clock genes 
between pancreatic cancer tissues and normal 
tissues using The Cancer Genome Atlas and 
International Cancer Genome Consortium data-
bases. A prognostic risk scoring model was de-
veloped and showed excellent predictive ability 
and discrimination for the prognosis of pancre-
atic cancer patients [32].

As a therapeutic target

Currently, the most effective treatment for 
pancreatic cancer combines surgical resection 

Table 1. Summary of representative studies
Gene and/or model 
system

Finding Reference

Kras-mutant mice Chronic jet lag accelerated the development of pancreatic cancer precursor 
lesions and lesion grade. Non-cell-autonomous clock dysfunction was respon-
sible for the expedited tumor development.

[31]

Bmal1 knockout mice Knockout of the core clock gene Bmal1 in pancreatic cancer cells led to fast-
er tumor growth, worse survival in mice, and enhanced chemotherapeutic 
resistance to standard chemotherapy agents used in the treatment of pan-
creatic cancer.

[26]

20 clock genes A prediction model was constructed based on 20 biological clock genes, 
highlighting the important role of these biological clock genes in pancreatic 
cancer prognosis and the development of potential biomarkers.

[32]
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with chemotherapy. Standard regimens include 
gemcitabine alone, gemcitabine with cisplatin, 
and combination therapies such as oxaliplatin, 
irinotecan, fluorouracil, and FOLFIRINOX. Other 
options include gemcitabine with docetaxel and 
capecitabine, or nanoparticle albumin-bound 
paclitaxel with gemcitabine. The primary mech-
anism by which gemcitabine works is by inhib-
iting DNA replication, thereby preventing tumor 
cell growth. However, clinical studies have 
shown that many patients develop resistance 
to gemcitabine, posing a significant challenge 
in treating pancreatic cancer [35]. Biological 
clock genes may influence the sensitivity of 
pancreatic cancer cells to chemotherapy drugs. 
For example, miR-135b promotes gemcitabine 
resistance by suppressing BMAL1. Schwartz et 
al. examined the effects of disrupting circadian 
rhythms using a BMAL1 knockout pancreatic 
cancer model and found that such disruption 
led to faster cancer growth, shorter survival, 
and increased resistance to chemotherapy 
[26]. Additionally, a study indicates that ASF1B 
may serve as a potential biomarker of pan-
creatic cancer and a novel therapeutic target. 
The study compared ASF1B expression levels 
in pancreatic cancer specimens with those 
in normal tissues, and found that ASF1B was 
commonly overexpressed in pancreatic cancer 
specimens [36]. By regulating the expression 
of the biological clock gene, it may be possible 
to improve the response of pancreatic cancer 
cells to chemotherapy, thereby enhancing treat-
ment outcomes.

Study found that down-regulation of PER3 gene 
expression in the mouse pancreatic cancer 
cell line Pan02 inhibited cell proliferation and 
migration, reduced the stemness of pancreatic 
cancer stem cells, and suppressed the expres-
sion of stemness marker mRNA [37]. Therefore, 
biological clock genes may serve as potential 
therapeutic targets for pancreatic cancer. Addi-
tionally, a study showed that after human pan-
creatic cancer PANC-1 cells were treated with 
the biological clock protein REV-ERB agonist 
SR9009 for 72 hours, cell viability decreased 
significantly in a concentration-dependent 
manner, accompanied by an increased apop-
tosis rate, upregulated expression of caspase 
3 protein and autophagy-related protein P62, 
and downregulated expression of autophagy-re-
lated protein 5 [38]. The observed cytotoxicity 
reduction further suggests that the biological 
clock protein REV-ERB agonist has a significant 
anti-tumor effect on human pancreatic cancer 
PANC-1 cells. Drug development targeting these 
biological clock genes may offer new therapeu-
tic solutions for pancreatic cancer.

Circadian rhythm therapy

In clinical practice, all processes regulated by 
the circadian rhythm are potential targets for 
new tumor treatments. Circadian rhythm ther-
apy involves targeting clock or clock-controlled 
gene products and timing treatments accord-
ingly. The first approach aims to target circadian 
components or restore normal rhythms. For 
instance, a study showed that the circadian 
clock component of REV-ERBs is an effective 
target for alleviating cancer-induced tactile 
allodynia [39]. L-theanine has been shown to 
attenuate the viability, proliferation, and migra-
tion, while promoting apoptosis of melanoma 
cells. Additionally, L-theanine significantly en-
hances the expression of BMAL1, a clock gene 
in melanoma cells. Notably, the downregulation 
of BMAL1 suppresses the anti-cancer effects 
of L-theanine on melanoma cells [40]. A study 
developed a model to identify regulatory factors 
of the peripheral biological clock system, finding 
that modulation of Bmal1 or Per2 transcription, 
most likely by temperature or nutrient exposure 
cycles, is most effective in regulating the clock 
[41]. Another study has shown that cisplatin 
can stimulate multiple classified molecules, 
including DNA repair factors, DNA damage 
recognition factors, and transcription factors, 
which modulate the circadian clock through 
two mechanisms: the circadian clock control of 
DNA excision repair and the effect of circadian 
clock disruption on apoptosis [42]. Since most 
drug targets exhibit circadian rhythm behavior, 
identifying the best times of day and night for 
treatment application is important for enhanc-
ing efficacy and safety. It is worth noting that 
our understanding of circadian rhythms remains 
incomplete. The clinical application of circadian 
rhythm therapy remains complex, as tumors 
are heterogeneous. Therefore, drug treatment 
protocols need to be optimized to improve their 
effectiveness and efficiency.

Limitations of current research and future di-
rections

Although some progress has been made in 
studying the relationship between biological 
clock genes and pancreatic cancer, several 
limitations remain. The primary issue is the 
relatively small sample size, which limits the 
generalizability and reliability of the findings. 
Additionally, while some studies have identified 
mechanisms through which biological clock 
genes influence pancreatic cancer, these mech-
anisms remain incompletely understood and re-
quire further research. Most importantly, there 
is a lack of large-scale, multicenter studies on 
biological clock genes in pancreatic cancer, 
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which impedes a comprehensive and in-depth 
understanding of their role.

Looking ahead, in-depth research on how circa-
dian clock genes regulate metabolism and im-
mune escape in pancreatic cancer will be a key 
focus. Metabolic reprogramming and immune 
escape are essential steps in the malignant 
progression of pancreatic cancer, and biolog-
ical clock genes may play important roles in 
these processes. Exploring these mechanisms 
could identify new targets for pancreatic cancer 
treatment. Additionally, integrating multi-omics 
data (e.g., genomic, transcriptomic, proteomic, 
and other types of data) will create new oppor-
tunities for studying biological clock genes in 
pancreatic cancer. This approach will allow for 
a more comprehensive understanding of the 
regulatory networks of biological clock genes, 
helping to identify key genes and pathways 
involved in pancreatic cancer development. 
For preclinical research, developing treatment 
strategies that target biological clock genes will 
be a crucial task in the future. Constructing ani-
mal models with knocked-out or overexpressed 
biological clock genes will help evaluate the ef-
fectiveness and safety of drugs targeting these 
genes, supporting clinical translation. Ultimate-
ly, improving the translational use of biological 
clock genes in diagnosing and treating pancre-
atic cancer is our main goal. By investigating the 
functions and mechanisms of biological clock 
genes in pancreatic cancer, we aim to develop 
clinically applicable diagnostic markers and 
therapeutic targets, ultimately leading to better 
patient outcomes.

Conclusions

Disruption of biological clock genes expres-
sion plays a vital role in the development and 
progression of pancreatic cancer. An increas-
ing body of evidence has demonstrated that 
abnormal expression of these genes is closely 
associated with malignant progression, chemo-
therapy resistance, and patient prognosis. A 
comprehensive investigation into the molecular 
mechanisms involving biological clock genes in 
pancreatic cancer will not only enhance our un-
derstanding of its pathogenesis but also open 
new avenues for targeted treatment. By exam-
ining how biological clock genes interact with 
key signaling pathways in pancreatic cancer, 
we can identify new therapeutic targets, refine 
treatment strategies, and improve patient out-
comes. Furthermore, the potential of biological 
clock genes as diagnostic markers and prog-
nostic indicators in clinical practice should not 
be underestimated. As research progresses 
and multi-omics data integration advances, bio-

logical clock genes are expected to play a signif-
icant role in supporting personalized treatment 
approaches for pancreatic cancer.
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