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ARTICLE INFO ABSTRACT

Keywords: Identifying the circadian clock first provided the genetic basis for behaviour, and our understanding

Circadian rhythm of circadian rhythms has since expanded to provide molecular insight into disease and physiology.

CLOCK The synchronization of central and peripheral clocks and robust daily rhythms can be achieved in a

BMALI wide range of physiological systems and homeostatic responses can be supplemented. The rhythmical

Diseases epigenome, which works as a central regulator, determines the circadian transcription of cell types.
The rhythmical epigenome imposes oscillation on biological systems that momentarily split meta-
bolism within 24 h. Interactions between the endogenous circadian system govern blood pressure,
sleep, obesity and postural variations. Human health is dependent on the circadian rhythm. It can
depict disease dynamics as well as overall drug efficacy monitoring to optimize the therapy effect.
Circadian rhythms can collectively drive various metabolic activities, but dietary habits, sleep pat-
terns, and other factors can also influence the circadian rhythm. The synergy of circadian rhythm and
metabolism can bring new insights and personalized analysis for disease development causes and
prevention. The understanding of the molecular clock and disease relationship can be exploited to
determine treatment timing as well as new therapy targets.

Introduction

Circadian rhythms are 24-hour cycles of changes in the body, brain, and behaviour. Biological clocks are the built-in timekeepers
that govern the circadian rhythm cycle in all living things. These molecules are composed of components that interact with cells
throughout the body. Almost all tissues and organs have biological clocks. Similar genes that create the molecular components of the
clocks have been found in humans, fruit flies, mice, plants, fungi, and many other creatures.

The circadian system considers all cellular processes that occur during endogenic releases every 24 h [1]. Circadian rhythms have
an impact on several vital bodily processes, including hormone production, digestion and eating patterns, the temperature of the
body, sleep-wake cycle, cardiovascular health [2] and detoxification [3]. The time of ovulation and the release of reproductive
hormones are influenced by circadian rhythm activity, as is the HPG (hypothalamic-pituitary-gonadal) axis [4].

The ambient light-dark shifts brought on by the earth's rotation can result in a variety of physiological reactions, which can be
appropriately controlled by circadian rhythms [5]. Circadian clocks regulate the circadian rhythms that take place during the day. In
addition to fungi and cyanobacteria, plants and mammals also frequently have circadian clocks [1]. Examples of rhythms that occur
throughout the day include those in the metabolism, blood pressure, retinal electroretinogram responses (ERG), body temperature,
and circulating hormones. The circadian system has a significant role in the control of the physiological and metabolic processes in
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mammals. Deterioration of the circadian clock raises the risk of several outcomes or diseases, including metabolic syndrome [1],
obesity [6], post-menopausal term [7,8] and cancer susceptibility [1].

The auto-regulatory transcription/translation feedback loop (TTO), in which transcriptional activators drive the expression of
repressor genes and many tissue-specific clock-regulated genes (CCGs), is crucial to the mechanism of circadian rhythm [9]. A
hierarchical central network and peripheral clocks are related to the circadian system's regular functions. Typically, the su-
prachiasmatic nucleus (SCN) in the hypothalamus is where the central clock is located. The circadian clock preserves and distributes
rhythmical information to clocks in peripheral tissues and organs. The circadian clock, according to Shao et al. [10], is primarily a
rhythmical transcription and translation feedback loop (TTFL) [10]. This system is managed by the clock genes [1]. CLOCK and
BMAL]1 are transcriptional initiators, whereas PER and CRY are transcriptional inhibitors. Furthermore, kinases (CKI, CKI, and CKI)
and phosphatases (PP1, and PP5) play a part in the localization and stabilization of these four proteins [9]. With CLOCK, the protein
that BMALI produces forms a heterodimer [11]. The transcription depressor genes PER and CRY's enhancers and promoters are
among the E-boxes that the CLOCK and BMAL] bind to after forming a heterodimer structure [10]. These two inhibitors interact with
transcription initiators after being moved into the nucleus. Levels of two inhibitor proteins were decreased by employing ubiquitin-
dependent mechanisms. After being transported into the nucleus, these two inhibitors engage in interaction with transcription in-
itiators. Two inhibitor proteins' levels were lowered by ubiquitin-dependent methods. The intrinsic process of the clock is determined
by PER:CRY levels while nucleus reduction or insertion, as well as casein kinases, are involved [9].

The CLOCK gene

Circadian Locomotor Output Cycles Kaput (CLOCK) is a gene found on chromosome 4q12 and plays a pivotal role in the regulation
of circadian rhythm. CLOCK gene polymorphisms have been associated with obesity, metabolic syndrome, and behavioural changes,
including decreased sleep, adipocytokine concentration, body mass index (BMI), and energy consumption.

Cross-sectional studies have been documented that CLOCK SNPs associated with obesity [12], hyperglycemia and a higher pre-
valence of T2DM [13,14,15]. Riestra and colleagues showed that a reduction of sleep time was observed in carriers of the T allele of
the rs68533192. Additionally, they demonstrated an association between BMI and variations; increased BMI was related to
1511726609 and reduced BMI was related to rs6820823 and rs3792603 variants [16]. There has been a correlation between the
rs1801260 variant in the CLOCK gene and bipolar disorders observed [17]. Pagliai and colleagues observed that the SNP rs4580704 is
linked to high levels of triglyceride and LDL-cholesterol [18]. Jesse and colleagues found that fasting glucose and HDL cholesterol
levels were related to CLOCK methylation in obese subsects [6].

The BMAL1 gene

BMAL]1 (brain and muscle ARNT-like 1) is located on chromosome 11p15.3 and plays a pivotal role in the circadian clock
mechanism. SNPs in the BMALI gene have been linked to high blood pressure, diabetes, and metabolic problems, all of which
increase the risk of myocardial infarction [19], seasonal affective disorder and bipolar disorders [20]. Skrlec and colleagues inferred a
link between these polymorphisms and high blood pressure in myocardial infarction patients [19].

BMAL] variants rs3789327 and rs12363415 were linked to type 2 diabetes mellitus in patients with myocardial infarction (MI).
The relationship between these changes and high blood pressure in myocardial infarction patients has been observed [19]. Blood
pressure variations during the day were investigated about rs12363415. SNPs in the BMALI gene have been linked to the occurrence
of high blood pressure, diabetes, and metabolic disorders, all of which increase the chance of having a myocardial infarction [19].
Several articles have linked SNPs in the BMALI gene to seasonal affective disorder and bipolar disorder[20]. Min and colleagues
discovered significant differences between control and bipolar disorder patients in the BMALI polymorphisms rs10832022 and
1511022765 [21]. Jesse et al. established a connection between BMALI gene methylation and waist and hip circumference in subjects
suffering from obesity [6].

Epigenetic regulation of the circadian gene network

The conventional regulation of the circadian system is mediated by core clock genes; however, various genetic and epigenetic
variables have been implicated in the regulation of circadian transcription [22]. Furthermore, the degree of acetylation of clock
proteins affects the manifestation of circadian rhythm, which is directly tied to the activity and stability of clock proteins [23]. The
chromatin and genomic structure are coordinately controlled to maintain transcription. The nucleosome is the basic chromatin
packaging unit, and chromatin contains genetic information. Histone posttranslational modifications (PTMs) define chromatin
conditions. Histone modifications are thought to be the foundations of circadian changes [24]. Because epigenetics regulates the fine
adjustment of the circadian clock system, histone changes have been identified as a complementary component of the TTFL [25].

The earliest evidence of the significance of epigenetic mechanisms in circadian rhythm control is the light-stimulated phos-
phorylation of histone H3 at Serine 10 (H3S10) in the core clock. High plasticity in neural network features in SCN is observed in
response to light-dark loop lengthiness. DNA methylation expression at certain genes associated with neurotransmitter receptors, and
ion channels such as potassium, calcium, and GABA channels provides SCN adaptation to different light intervals [26].

By linking histone acetyltransferase (HAT) p300 with intrinsic clock histone acetyltransferase action, rhythmical acetylation of
histone (H3K14, H3K9) was established on promoter areas of clock control genes (CCGs). The second occurred when the NAD
(+)-dependent deacetylase sirtuin 1 (SIRT1) deactivated the acetylation of non-histones and histones. CLOCK utilizes histone
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acetylation and deacetylation to regulate circadian rhythms. The HAT p300 protein and the CLOCK:BMAL1 heterodimer structure
control histone H3 acetylation at the PER and CRY promoters, affecting their expression. Acetylation of histone H3 in the promoter
regions of PER1, PER2, and CRY1 was shown to be highest during active transcription [22].

SIRT1 is a NAD(+)-dependent histone deacetylase that directly interacts with CCG by joining the CLOCK:BMAL1 complex,
resulting in PER2 deacetylation and destruction in mice. SIRT1 is a sensor that binds to NAD + and participates in circadian-related
enzymatic interactions. Furthermore, the role of SIRT1 in brain functions such as ageing, neurodegeneration, synaptic plasticity, and
memory formation cannot be overstated [22]. Histone methylation and demethylation also play a role in regulating circadian gene
expression. The rhythmical methylation of histones at H3K4, H3K9, H3K27, and H3K36 is catalyzed by several histone methyl-
transferases (HMTs) and histone demethylases (HDMs) [22]. Altered methylation patterns of CLOCK and BMAL1 were determined in
obese subsects [6] and postmenopausal subjects as well [7,8].

The Expression of Disorders in a Circadian Pattern

Circadian rhythm disruptions hypothalamic-pituitary-adrenal (HPA) axis changes, were hypothesized to play a role in the pa-
thogenesis of affective disorders. Circadian rhythms are internal daily fluctuations in physical, mental, and behavioural activity that
can synchronize with the earth's rotation, demonstrating adaptability [27,28].

Sleep-wake cycle, hormonal circadian rhythms, alimentary rhythms, activity rhythms and social rhythms are the most common
types of circadian rhythms interrupted in psychiatric diseases. When considering the pathophysiology of hormonal rhythms in
psychiatric disorders, the most important molecules to remember are melatonin and glucocorticoids, which also play a role in
synchronizing central and peripheral clocks; however, the others should not be overlooked, especially when it comes to psychiatric
disorder comorbidities and outcomes [29,30]. Circadian rhythm disruptions have been frequently documented in persons suffering
from bipolar disorder (BD) [31]. In bipolar patients, abnormal circadian rhythms contribute to the pathophysiology of manic and
depressive episodes. Both pharmaceutical and non-pharmacologic therapies can restore circadian rhythms in BD patients [32].

Circadian control of innate immunity involves the rhythmic release of biochemical modulators that impact immune cells [33,34].
Jesse and colleagues also showed the interaction between fasting glucose and HDL cholesterol levels was related to CLOCK me-
thylation in obese subjects [6].

CLOCK gene and interaction with blood pressure were determined in mice [35,36]. The uncoupling of nitric oxide signals and the
increased generation of superoxide induce a circadian rhythm of blood pressure [37,38]. The disruption of blood pressure circadian
rhythm balance is mostly caused by the impairment of renal sodium metabolism [39]. According to Zeng et al., patients with aberrant
blood pressure circadian rhythms exhibited higher stress sensitivity of sympathetic nervous system activity and reduced vagus nerve
function [40]. Incorrect blood pressure regulation is caused by a circadian mismatch between the internal and exterior surroundings.
The night-time light exposure disrupts circadian rhythms and results in higher overnight blood pressure in the elderly [41].

The levels of leptin and obesity are connected. The normal function of leptin is interrupted when the body's plasma leptin level
lowers from day to night, leading to the development of obesity [42]. Furthermore, increasing glucocorticoid levels can result in
increased fat mass. According to studies, implanting corticosteroid particles in rats causes a 5% increase in body weight [43]. Obesity
disrupts the hypothalamus's other physiological functions, such as eating and energy expenditure, as well as other circadian phy-
siological behaviours and stress responses. These physiological changes aggravate metabolic problems in obese people and accelerate
the development of new cardiovascular illnesses [44].

Studies demonstrated the correlation between the absence of BMALI and altered carbohydrate metabolism [45]. In addition,
research in mice revealed a link between the deletion of the Cry gene and the annihilation of amino acid metabolism, methylation,
and vitamin metabolism [46]. This shows us the direct association between circadian genes and metabolism. Moreover, the inter-
action between circadian rhythm and plasma and saliva metabolites, fatty acids and amino acids, have been reported [47]. Recent
studies demonstrated the central biological clock rhythmically controls cell metabolism through SIRT1 and AMPK [48].

The important physiological regulatory effect of BMALI has been shown by studies. The investigations revealed that BMALI
deletion in mice caused severe physiological effects such as decreased metabolic rate, impaired triglyceride biosynthesis, and amino
acid buildup [49]. Additionally, the homeostasis of circadian rhythm is an important factor for maintaining lipid metabolism. When
the clock gene's function is interrupted, an altered metabolic phenotype and lipid absorption disorder result. It has been demonstrated
that when BMALI is defective, hepatic lipoprotein production increases while cholesterol excretion to bile decreases [50]. Metabolite
levels and circadian rhythms have a close relationship, and they are used as biomarkers to diagnose health and disease.

BMALI has been proven to regulate adiposity and body weight in the brain's hypothalamus SCN [51]. A growing amount of
epidemiological research suggests that lifestyle factors associated with circadian rhythm disturbances can increase the risk of type 2
diabetes. CLOCK genes are expressed in the small intestine daily and play an important role in regulating food absorption by in-
testinal cells. Many transport proteins involved in nutrition absorption, for example, can be regulated by clock genes. Intestinal
circadian activity disruptions can result in hyperlipidemia and hyperglycemia [52]. Bmall modulates mitochondrial energy meta-
bolism to keep insulin secretion normal.

BMAL] deletion induces mitochondrial uncoupling and upregulates Ucp2, which suppresses glucose-induced mitochondrial po-
tential production and ATP synthesis, leading to diabetes due to insulin secretion loss [53]. BMAL1 deficiency interferes with tissue
glucose metabolism and systemic glucose homeostasis, leading to reduced insulin sensitivity and glucose oxidation [54,55,56].

Clock and Bmall are downregulated in the skeletal muscles of insulin-resistant mice. CLOCK and BMALI have been shown in
studies to control muscle insulin sensitivity via SIRT1. Resveratrol can activate SIRT1 and increase insulin sensitivity, which could be
used to treat diabetes, whilst diurnal prospective therapy approaches may be effective for rhythm problems [57]. Combination



M. Osum and R. Kalkan Global Medical Genetics 12 (2025) 100006

therapy with melatonin and metformin can effectively cure type 2 diabetes, particularly in obese persons [58]. Melatonin is an
important anti-diabetic test medication since it is produced and secreted by direct neural input from the SCN [58]. To summarize, the
circadian rhythm system is projected to become a novel target for type 2 diabetes treatment. Studies demonstrated a gene and diet
interaction with CLOCK rs4580704, they observed monounsaturated (MUFA) intake and insulin resistance with rs4580704 [59,60].
There is also a strong association between CLOCK rs4580704 and T2DM incidence in non-T2DM participants [59]. Also, T2DM and
SNP interaction has been observed in BMALI rs7950226-rs11022775, rs2290035 as well [61,62,63,64]. In vitro, several compounds
targeting the molecular intrinsic clock were utilised [65]. Longdaysin, a tiny drug, has recently been found to prolong the circadian
period by simultaneously targeting various kinases (CKId, CKIa, and ERK2), resulting in PER1 degradation [66]. Another small drug
(KLOO01) that has been demonstrated to reduce hepatic glucagon-induced glucose production has been proven to stabilize CRY
proteins (by avoidance of ubiquitination and degradation) [67]. Different drugs that appear to raise PER2, decrease CRY2, and shift
BMALI appear to target different clock components, such as REV-ERBa agonists. One specific chemical (SR9009) can also inhibit fat
production and the development of dyslipidaemia and hyperglycemia in obese models [68]. Gene transcription is governed by
molecular clocks in nearly all cell types and tissue-specific processes. Local clocks provide stable oscillations in the expression of
several rate-limiting elements depending on the time of day. Therapies that impact either central clock activity or peripheral-acting
targets could be used to manipulate circadian pathways in specific tissues. The pathways regulated in different organs are re-
presented, with input signals and downstream therapeutic targets that are circadian outputs in the center [69]. Human health is
dependent on the circadian rhythm. It can depict disease dynamics as well as overall drug efficacy monitoring to optimize the therapy
effect. Circadian rhythms can collectively drive a variety of metabolic activities, but dietary habits, sleep patterns, and other factors
can also influence the circadian rhythm. The synergy of circadian rhythm and metabolism can bring new insights and personalized
analysis for disease development causes and prevention.

Conclusion

The circadian rhythm is a crucial element for several biological processes, and the long-term disruptions of this rhythm due to
contemporary lifestyle could be linked to a variety of unavoidable health issues such as obesity, diabetes, anxiety, depression, cancer
development, and premature death. The circadian rhythm background of cardiovascular disease, hypertension, obesity, and diabetes
have been summarized. Here, we provide a new perspective on the management of these diseases from the perspective of the
circadian rhythm. Our knowledge of the genetic and molecular processes behind circadian rhythm is increasing rapidly. However, the
practical applications of these processes are still largely a mystery. As such, there is a need to understand the interplay between the
fundamentals of circadian rhythm and its expressions in various organisms, as well as to create a plan to address any related
disorders.
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