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Abstract 

Cardiovascular disease (CVD) is the primary cause of mortality globally with a multifactorial etiology that involves 
epigenetics. Chromobox 3 (CBX3), the major isoform of heterochromatin protein 1, is involved in intricate epige-
netic mechanisms affecting congestive heart failure. In patients with CVD affected by lung cancer risk, CBX3 exerts 
a sophisticated mechanism of action, suppressing the proliferation, migration, and formation of neointima in vascular 
smooth muscle cells (VSMCs) by affecting the Notch3 pathway, indicating a potential protective function against vas-
cular remodeling and atherosclerosis. However, the broader im- pact of CBX3 on endothelial function, as well as its 
effects on monocyte/macro- phage and lymphocyte infiltration and function within the arterial wall, remain poorly 
understood. Since very little is known so far, more definite research would be needed to reveal the fine mechanisms 
of CBX3 action, along with its relationship in molecular processes and prospects as a biomarker. Specifically, CBX3 
biological features could be examined to gain a greater insight into CVD risks. This review outlines the role of CBX3 
in mechanisms associated with CVD and feasibility for optimizing pre-existing therapy and developing new therapeu-
tic strategies based on personalized medicine. 
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Background
Cardiovascular diseases (CVDs) affect both developed 
and developing countries where the nature of heart dis-
ease is the primary cause of death among adult indi-
vid- uals, launching the cardiovascular health challenge 
universally without geograph- ical, social or economic 
limitations (Fig.  1). CVD accounts for approximately 
610,000 deaths each year in the United States, and this 
represents an impressive example suggesting the enor-
mity of the problem within a single country [1]. Fur-
thermore, the global burden of CVDs is worsened by 
their major role in causing not only mortality but also 
significant morbidity, disability and loss of productivity, 
making them a major health care emergency around the 
world [2]. For all these reasons there is an urgent need 
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for “holistic” strategies that address the multiple chal-
lenges posed by CVD, from prevention and management 
to mitigation of its broader socio-economic impacts. 
The number of deaths due to congestive heart fail- ure is 
increasing quite notable by the day, with statistics from 
the World Health Organization indicating an increase 
from 12.1  million in 1990 to an alarming 20.5  million 
in 2021 [3]. Such an increase serves as a valid indicator 
relating to the mounting burden that CVD would impose 
on global healthcare systems and econo- mies, with 
annual mortality rates expected to reach 23.6 million by 
2030 [4]. This information is a bitter reminder of the con-
tinuous issue of CVD, not only as the top killer worldwide 
but also because of the given large loss in health and life 
years [5, 6]. The ongoing increase of mortality from CVD, 
even after the implementation of knowledge and avail-
able treatments, it is worthy to be further investigated 
from different perspectives that determine its high inci-
dence rates and the contributions of epigenetics marks in 
the development and progression of these conditions [7].

A multicausal approach to the pathogenesis of heart 
failure also underscores its in- tricate development and 
the multiple risk factors involved [8]. Infectious agents 
show a direct effect on heart health and may indi-
rectly cause serious cardiovascular complications [2, 9]. 

Conditions such as ischemic heart disease and hyperten-
sion are not isolated risk factors but are part of a broader 
spectrum of problems that contrib- ute to the overall 
risk of developing CVD. Hypertension greatly increases 
the risk of chronic heart failure [10], with hypertensive 
individuals facing up to three times the risk of their nor-
motensive counterparts [11]. These insights collectively 
outline an etiology of CVD as a complex interplay of 
infectious, genetic, and lifestyle fac- tors, each contribut-
ing to increased risk of developing various forms of heart 
dis- ease. The orchestration between genetics and epi-
genetics in influencing CVD has attracted considerable 
interest, particularly the role of chromobox CBX proteins 
in these mechanisms. Specifically, CBX3, a chromatin 
remodeling protein, encoding Heterochromatin protein 1 
γ, acts as a crucial player in CVD through a mechanism 
based on epigenetic coordination of signaling pathways. 
CBX proteins, among them CBX3, are intimately asso-
ciated with the regulation of chromatin structure and 
gene expression. The binding of CBX3 to methylated 
histones is well associated with the process of hetero-
chromatin formation, thereby repressing the gene from 
being expressed. This has gained much relevance in CVD 
pathogenesis because mis-expression of pro-inflamma-
tory cytokines or growth factors in the vascular tissues 

Fig. 1  Adapted graph showing the number of deaths due to each cause estimated annually. Red star indicates the higher number of deaths shared 
by cardiovascular diseases. Data source: IHME, Global Burden of Disease (2024); https://​www.​healt​hdata.​org/​resea​rch-​analy​sis/​gbd

https://www.healthdata.org/research-analysis/gbd
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may lead to atherogenesis and pathological remodeling. 
CBX3 plays a role in suppressing the proliferation, migra-
tion, and neointima formation of vascular smooth muscle 
cells (VSMCs), primarily by affecting the Notch3 path-
way, suggesting a potential protective role against vascu- 
lar remodeling and atherosclerosis [12]. Further, CBX3 
is implicated in the regulation of angiogenesis and may 
have effects on restenosis after angioplasty [13]. How-
ever, the current scientific literature does not provide a 
full picture to address the role of CBX3 in these diseases, 
indicating that more advanced and accurate studies 
should be developed to obtain a deeper insight into the 
function of this protein. This review aims to fully discuss 
the role of CBX3 as potential therapeutic targets in CVD, 
where vascular remodeling up to epigenetic regulations 
are under considera- tion, along with related pathways.

The multifaceted role and expression of CBX3 
in CVD
CBX3 influences gene expression through epigenetic 
mechanisms [14] across mul- tiple aspects, involving 
various subfragments and their distinct activities in dif-
ferent cellular contexts. The distinct modes of recruit-
ment of polycomb complexes by different CBX family 
members may affect them differently in executing their 
functional roles within these complexes. CBX3 has been 
shown to associate with both PRC1 and PRC2 complexes 
in depositing these repressive histone marks, which in 
turn aid in stabilizing transcriptional silencing. Nota-
bly, a study showed that CBX3 subfragments exhibit 
anti- silencing activities in pluripotent versus differenti-
ated cells [15]; this argues that the differentiation stage 
of the cell is important for determining efficacy in gene 
regulation by CBX3 and viceversa [16]. This is very clear 
from the loss of anti- silencing activity in differentiated 
cells by subfragments such as CBX3 (1–339) and CBX3 
(340–508) [15], which indicates that these have become 
nonfunctional upon cellular differentiation. This loss of 
function is probably related to the large-scale chroma-
tin remodeling processes that occur as cells leave pluri-
potency, which could negate the epigenetic suppression 
of gene expression from retroviral vectors. In addition, 
ChIP-seq analyses have revealed the co-localization of 
CBX3 with H3K9me3 in the promoter regions of impor-
tant regulatory genes, such as SMAD-specific E3 ubiq-
uitin protein ligases 1 and 2 (SMURF1 and SMURF2), 
in addition to reiterating the role of CBX3 in chromatin 
dynamics and gene silencing [17]. Aside from its direct 
effects on VSMCs, CBX3 plays a role in the broader epi-
genetic changes related to cardiovascular disease [18, 
19]. Epigenetic modifications, such as DNA methylation, 
histone acetylation, and miRNA expression, have been a 
major cause of the onset and development of CVDs [20]. 

The protein encoded by the CBX3 gene binds to DNA 
forming consti- tutive heterochromatin which is critical 
to stabilize chromosomes and gene expres- sion regula-
tion as well as other nuclear processes [21, 22]. CBX3 can 
influence these epigenetic mechanisms, thus modulating 
the expression of genes important for car- diovascular 
health as SLC9A1, SLC1A5, TNRC6C [20]. The protein 
is engaged in epigenetic regulation through interactions 
with methylated histone marks including H3K9, H1K26 
as well asG9aK185 peptides. This is indicative of a mech-
anism where CBX3 acts on chromatin structure and 
gene expression [23]. The inhibition of CBX3 enhances 
cellular reprogramming, which means its contribution 
to genome-wide chromatin dynamics is significant [24]. 
Further, the binding of CBX3 to DNA and its associa-
tion with heterochromatin suggest a potential involve-
ment in regulating gene transcription and chromatin 
structure, which are critical factors in cardiovascular 
health [25]. Targeting CBX3 in CD8 + T cells results in 
enhanced transcription initiation and chromatin remod-
eling. This underscores potential interactions between 
CBX3 and other chromatin modifiers in influencing CVD 
progression and outcome [26]. For example, the epige-
netic mechanism mediated by CBX3-PRC2 interaction 
is involved in the regulation of endothelial cell function, 
angiogenesis, and vascular inflammation, all of which are 
crucial processes in the pathogenesis of CVD [27].

CBX3 is reported to modulate the expression of several 
miRNAs implicated in the cardiovascular function and 
disease [28, 29]. CBX3, for instance, was demonstrated to 
repress the expression of miR-21, a pro-fibrotic and pro-
inflammatory miRNA, in cardiac fibroblasts, therefore 
diminishing cardiac fibrosis and remodeling in re- sponse 
to stress [30]. Likewise, CBX3 was identified as a regu-
lator for miR-126, an endothelial cell-specific miRNA 
which is highly important for maintaining vascular integ-
rity and induction of angiogenesis factors [31, 32]. The 
binding of CBX3 on specific target genes in neural pro-
genitor cells (NPC) results in the upregulation of cardiac 
lineage development crucial genes including TNNT3, 
TBX20, TBX3, HAND1 as well as platelet derived growth 
factor receptor alpha [16]. Knocking down CBX3 inter-
estingly showed a different effect on NPC differentia-
tion causing the downregulation of neural genes, such us 
Sox1, while simultaneously up-regulat- ing mesodermal 
genes such as WNT4, particularly those associated with 
circulatory system development [16]. The association of 
reduced CDK8 levels and enrichment of genes related to 
nervous system development following to CBX3 silenc-
ing re- flects an intricate regulation network among 
CBX3 and pathways regulating gene expression beyond 
cardiovascular health. Loss of CBX3 also results in 
reduced re- cruitment of CDK8 on genes related to the 
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development of the cardiovascular sys- tem, indicating 
a direct effect in this regulation [33]. Intriguingly, epige-
netic modi- fications under the control of CBX3 could 
also alter these circulatory disease- related genes impli-
cated in lipid metabolism, inflammation, and endothelial 
func- tion which are major pathogenic factors for CVD. 
Examples demonstrating the im- pact of lipid-associated 
CpGs on metabolic genes, including carnitine-palmi-
toyl transferase and ATP Binding Cassette Subfamily G 
Member 1 (ABCG1), from stud- ies like the Framing-
ham Heart Study, illustrate the complexity portrayed 
between epigenetic modifications with CVD [34]. One 
of the key genetic factors that would drive the expres-
sion of CBX3 in CVD would be genotype effect on DNA 
methyla- tion at specific loci, such as the ABCG1 locus 
[35, 36]. A notable example is actually related to changes 
in methylation at cg27243685 within the ABCG1 locus, 
being linked to higher levels of triglycerides and higher 
risk for new-onset coronary heart disease, as well as hav-
ing been associated previously with a history of prevalent 
myocardial infarction [37, 38]. Additionally, minor allele 
presence in the intronic variant rs4148086 is related to 
increased methylation at cg27243685, leading to ABCG1 
low expression in blood [39]. The co-occurrence of these 
genotypic and epigenetic variants reveals the complexity 
of gene regulation in CVD, where small genomic regions 
control any gene modulation through changes in DNA 
methyla- tion. The full understanding of such tight-reg-
ulated mechanisms is necessary for targeted intervention 
able to influence risk and progression of CVD. Inter-
estingly, GATA4 is one of the transcription factors that 
controls cardiac genes and can be influenced by chro-
matin-modifying proteins [40]. When considering the 
altered CBX3 activity and its contribution to specific car-
diovascular conditions, it is important to consider ApoC3 

expression and downstream effects on cardiovascular 
health. ApoC3 overexpression is often associated with 
progressive atherogenesis. Atherogenesis is a condition 
of plaque accumulation within arterial walls, resulting 
in severe clinical complications including restenosis of 
the artery post-surgery [41]. This suggests that modified 
CBX3 activity, which might affect ApoC3 ex- pression, 
could be inherently related to atherosclerosis develop-
ment. Induction of inflammation represents one of the 
major causes through which CBX3 contributes to CVD, 
and it is a crucial step in the development of atheroscle-
rosis [42]. Exacer- baiting the risk of atherosclerosis, 
thus is an independent effect of traditional cardi- ovas-
cular risk factors like hypertension and hyperlipidemia 
[43]. Besides, CBX3 is involved in metabolic regulation 
indicating its connection with type 2 diabetes mellitus 
(DM), which is a major risk factor for CVD. Studies on 
the genetics level have shown that individuals with type 2 
DM are likely to have overlapping genetic predispositions 
with subjects that are prone to cardiovascular condi-
tions, as well as revealing the phenotypic interconnected 
nature of these diseases [44]. Future studies investigating 
CBX3 and its applications in the onset and management 
of CVD will be needed to further develop personal treat-
ment approaches and diagnostic tools that could help to 
improve cardiovascular profiles. Table  1 lists the epige-
netic mod- ifications regulated by CBX3 and their asso-
ciation with CVD.

CBX3 impacts proliferation, migration, 
and formation of neointima via Notch3 pathway
The Notch3 pathway can be considered as a prob-
able area of research in CVDs, opening new prospects 
for therapeutic interventions [45]. Since explorations 
on tar- geting components of the Notch pathway for 

Table 1  Epigenetic changes controlled by CBX3 and their relationship with cardiovascular disease

Target CBX3-mediated epigenetic effect Effect on CVD Reference

CD8 + T cells interaction with chromatin modifiers cardiovascular disease pro- gression and outcomes [26]

miR-21 repressed expression cardiac fibrosis attenuation and remodeling in response to stress [30]

miR-126 expression regulation maintenance of vascular in- tegrity and promotion angio- genesis [31, 32]

Tnnt3, Tbx20, Tbx3, 
Hand1, PDGFRA

upregulation cardiac lineage development [16]

Sox1 downregulation circulatory system develop- ment [16]

Wnt4 up-regulation circulatory system develop- ment [16]

Cdk8 decreased recruitment cardiovascular system devel- opment [33]

CPT1A, ABCG1 negative/positive directions lipid-associated CpGs [34]

ABCG1 locus expression increased triglyceride levels and a heightened risk of new- onset 
coronary heart disease

[35, 36]

GATA4 modulation of chromatin environment cardiac gene regulation [40]

ApoC3 altered activity progression of atherosclerosis [41]
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cardiovascular conditions are prelim- inary, the opportu-
nity for new treatment modalities in this area is immeas-
urable. The collaboration between the specialist in CVD 
and researchers is important to further determine the 
complexity of the Notch pathway and its impact on the 
man- agement of the disease. The pivotal role of the 
Notch pathway in embryonic devel- opment and in the 
maintenance of the cardiovascular system underscores its 
im- portance in the pathophysiology of different cardiac 
diseases [46]. The fact that the Notch pathway is involved 
in common pediatric and adult cardiac diseases stresses 
its importance as a therapeutic target for a broad spec-
trum of CVDs [47]. Moreover, the Notch pathway con-
trols vascular cell growth and survival, maintenance of 
en- dothelial cell precursor recruitment for endothelial 
repair and the transient reactiva- tion in cardiomyocytes 
after myocardial infarction alludes to its multifaceted 
con- tribution to heart health and disease advancement 
[48]. These results indicate that modulation of the Notch 
pathway could enhance cardiomyocyte survival, promote 
angiogenesis, and sustain the regenerative potential of 
the injured myocardium, providing a novel means of aug-
menting myocardial adaptation to stress and salvag- ing 
myocardium damage. The role of CBX3 in the regula-
tion of VSMC behavior affects proliferation, migration, 
and neointimal formation, which are fundamental to the 
pathophysiology of vascular injury and disease. CBX3 is 

mainly associated  with gene expression silencing, how-
ever it can function also as a regulator support- ing tran-
scriptional activation and RNA processing modulation, 
reflecting its epige- netic flexibility. This versatility is 
important in VSMC behavior i.e. especially in response 
to vascular injury where the CBX3 interaction with the 
Notch3 pathway reveals a specific mechanism of action. 
By acting on Notch3-dependent VSMC pro- liferation, 
migration, and anti-apoptotic programs, CBX3 directly 
governs the evo- lution of vascular injury (Fig.  2) and 
resulting adverse arterial remodeling, which underlies 
most of heart disease vast morbidity and mortality [16].

CBX3 further promotes neointimal inhibition through 
transcriptional repression of Notch3 signaling in VSMCs, 
therefore modulating key VSMC phenotypes as pro- lif-
eration, migration, and apoptosis as well as expression 
of contractile genes [49]. This is based on binding to the 
promoter region of smooth muscle myosin heavy chain, 
calponin, and smooth muscle α-actin 2 and facilitating 
dephosphorylation diaphanous homolog 1/activation 
serum response factor (SRF) or myocardin that leads to 
an increased expression of contractile proteins [50]. In 
addition to this, a reduced expression of collagen genes 
col1a1 and col4a1 drives VSMCs into a more contractile 
differentiated phenotype [51]. It was detected that CBX3 
expression was markedly enhanced in the neointima of 
rat-injured carotid arteries, interestingly, its silencing 

Fig. 2  Schematic representation of CBX3 roles in cardiovascular disease. The involvement of CBX3 brought by Notch3 interaction in controlling 
VSMC defines the contributions made by prolifera- tion, migration and formation of neointima to pathogenesis of vascular injuries and diseases. 
CBX3 is involved in the regulation of angiogenesis and could have an impact on restenosis after angioplasty. Ep- igenetic modifications shared 
by CBX3 also involve vascular remodeling and homeostasis as well as regulation of angiogenesis and atherosclerosis
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decreased neointimal hyperplasia and vascular remod-
eling in a mouse model of carotid artery injury, indicat-
ing that CBX3 might be a promising thera- peutic target 
for restenosis. Moreover, the effect of CBX3 on VSMC 
collagen pro- duction and apoptosis could influence 
VSMCs vital aspects during vascular remod- eling [52]. 
The Notch signaling pathway plays a critical role in the 
regulation of vascular morphogenesis throughout devel-
opment and maintenance of vascular cell homeostasis. It 
is also involved in vascular repair following injury, rely-
ing to some degree on the regulation of the VSMC phe-
notype [53]. Activation of the Notch3 signaling pathway 
was found to induce the transcription of genes associated 
with cell cycle regulation, anti-apoptosis, and stemness-
related characteristics [54]. An- other study, by col-
lecting tissue and plasma samples from healthy adults 
and pa- tients with atherosclerosis, showed that tRNA-
derived stress-induced RNA from glycine tRNA with 
the anticodon GCC (tiRNA-Gly-GCC) is upregulated in 
syn- thetic VSMCs and atherosclerotic tissues [55, 56]. 
The level of tiRNA-Gly-GCC, a mediator of human aor-
tic smooth muscle cell phenotypic switching, is elevated 
when human aortic smooth muscle cells (SMCs) undergo 
a phenotypic transition, both in  vivo and in  vitro. Hin-
dering the activity of tiRNA-Gly-GCC by targeting CBX3 
was shown to promote retention of the myogenic phe-
notype, decrease the proliferation and migration rate of 
human aortic SMCs, and decrease neointima for- mation 
following vascular injury [57]. CBX3 and SRF are consid-
ered important in the differentiation of SMCs from stem 
cells and functional pathways of cardiovas- cular devel-
opment [58]. As regards the chromo shadow domain of 
CBX3, a specific set of four amino acids (165 to 168) that 
are responsible for the interaction between CBX3 and 
Dia-1, is involved in the differentiation of SMCs induced 
by CBX3 [58]. CBX3 was also identified to be involved in 
the expression of SMC-specific genes by regulating the 
recruitment of SRF to these gene promoters in a process 
heavily dependent on interactions between CBX3, Dia-
1, and SRF [59]. The molecular de- tails of how CBX3 
affects cell proliferation and migration point the fact that 
its regulatory effects are quite sophisticated and require 
more detailed explorations to- ward therapeutic inter-
ventions targeting CBX3 and the Notch3 pathway.

CBX3 is associated with lung cancer risk in CVD 
patients
Cancer is one of the most notorious enemies of pub-
lic health. It claims millions of lives annually and deeply 
affects people, families, and communities across the 
world. The glaring increase in the incidence of cancer 
summons the need for effective preventive strategies 
and measures for early detection. The interplay CVD 

and lung cancer is intricate. Shared risk factors, such as 
smoking, hypertension, diabetes, old age, and obesity, 
create a common soil for the pro-gression of both dis-
eases [60, 61]. The involvement of these risk factors at 
the mo- lecular level is confirmed by the effect of CVD 
on the regulation of genes associated with cancer. As 
evidenced, being overexpressed in different types of can-
cer, CBX3 is markedly related to bad prognosis. CBX3 is 
centrally involved in cancer progression and patient out-
comes; thus, it can be a putative prognostic marker in 
different tumor types. Further, the common risk factors 
and molecular pathways support a bidirectional relation-
ship among the regulators of the cardio- pulmonary axis 
(see Fig. 3) where one condition would worsen the other 
present one [62, 63]. Considering these interconnections, 
there arises an urgent need for interrelated management 
strategies dealing with both CVD and lung cancer at the 
same time for the improvement of patient outcomes. 
This approach is related not only to clinical interven-
tions but to a more profound knowledge of molecular 
mechanisms that underline the development of these 
diseases, for example, the involvement of CBX3. One of 
the common pathways by which CBX3 may affect both 
conditions involves its role in inflammation and cellular 
senescence [64]. Inflammation is a well-established factor 
in the pathogenesis of both lung cancer and CVD since 
it can promote cellular mutations (and atherosclerosis). 
Moreover, additional evidence has demonstrated that 
individuals with self-reported CVD (including my- ocar-
dial infarction, angina pectoris, or stroke) have a higher 
occurrence of lung can- cer most notably seen in those 
who are former or current smokers [65]. This indi- cates 
that the inflammatory milieu related to CVD might be 
favorable for the development of lung cancer.

In addition, epidemiological studies developed over a 
more extended period from Nordic and other European 
countries have produced evidence that the history of 
CVD increases the risk of subsequent lung cancer long 
after the first cancer events have transpired [66]. The 
association indicates the potential shared channels in 
view, for example, of both diseases manifesting through 
oxidative stress and endothelial dysfunction among oth-
ers. Comprehension of these interlinking pathways is 
important in terms of novel integrated therapeutic strat-
egies where both conditions can be addressed concur-
rently for better patient outcomes [67, 68]. Increases 
in pro- inflammatory factors, such as high-sensitivity 
C-reactive protein and interleukin-6, are independent 
predictors of cardiovascular risk underscoring the impor-
tance of inflammatory pathways in the progression of 
CVDs [69, 70].

Furthermore, the CRP/IL-6/IL-1 inflammatory axis 
has been recognized as a therapeutic pathway with 
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anti-inflammatory interventions. For example, canaki-
numab has shown promising result in reducing cardio-
vascular events and it might have oncologic benefits [71, 
72]. This common inflammatory mechanism underlines 
the need for combined treatment approaches that would 
address cardiac and oncologic disease at the same time. 
CBX3 binding is especially noted to be associated with 
increased acetylation of histones H3 and H4, which are 
important markers of active transcription and have been 
tied to the induction of cellular senescence [24]. This 
epigenetic modification can bring about a change in pat-
terns of gene expression resulting in phenotypes that 
favor cardiovascular cell aging. Moreover, CBX3 role in 
cellular proliferation and cycle progression has been well 
described in cancer cells; here, its overexpression leads to 
support for growth as part of uncontrolled proliferation 
(bad prognosis). The same mechanisms by which CBX3 
drives cancer proliferation could also contribute toward 
loss of regulation regarding cell cycle checkpoints in car-
diovascular cells at an early age, hence senescence [73]. 
Besides, the silencing of CBX3 has been demonstrated 
to elicit cell cycle arrest at G0/G1 phase and higher early 
apoptosis underpinning its prospective contribution to 
orchestrating cellular homeostasis and warding off senes-
cence [74]. This indicates that CBX3 might have a role 
in coordinating cellular stress plus maintenance of RNA 
integrity, which are key prerequisites for cellular longev-
ity. Furter, alterations of metabolism in malignant cells as 

well as those in cardiac cells under stress make a consid-
erable contribution toward their survival and progression 
for both diseases [75, 76]. These metabolic derangements 
provide a basis on which to construct, de novo, compre-
hensive therapeutic strategies designed to mitigate the 
impact of both pathologies. In addition, altered angio-
genesis, a hallmark of both failing hearts and tumors, 
represents another shared pathway (in this case) that can 
be targeted for therapeutic intervention [77, 78]. Focus-
ing on these shared hallmarks including inflammation, 
metabolic stress and angiogenesis, applied research may 
be more effective by developing multi-faceted treat-
ment strategies that consider interactions between CVD 
and cancer as a comorbidity. Optimizing cardiovascular 
health and, at the same time, combating systemic inflam-
mation using targeted anti-inflammatory and metabolic 
therapy, carries great promise in terms of improving the 
prognosis of oncologic patients with concurrent diseases 
that are drivers of mortality. Although its direct involve-
ment in suppressing lung cancer proliferation and reduc-
ing CVD risk via the c-Met/AKT/mTOR pathway, known 
for its role in glioma, has not been explicitly established; 
the implication of CBX3 in these critical signaling path-
ways suggests a potential mechanism through which 
CBX3 may exert its influence in the context of lung 
cancer and associated CVD risk [79]. This multifaceted 
nature of CBX3 function underscores its relevance to the 
pathophysiology of lung cancer and putative impact on 

Fig. 3  The interrelated functions of CBX3 with numerous controllers of the cardiovascular and res- piratory systems
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cardiovascular health, thus deserving further exploration 
for therapeutic potential. Tobacco smoking is a major 
risk factor for both heart disease and lung cancer, under-
lining the role lifestyle choices play alongside genetic pre-
dispositions in disease development [80]. This not only 
holds much promise in increasing survival rates among 
patients with more advanced stages of lung cancer but 
also holds an opportunity to mitigate risk related to car-
diopulmonary morbidity, a very important issue given 
the high mortality associated with heart disease [81].

Dysregulation of CBX3 in the immune response 
and its impact in heart disease
Recent studies indicated that the effect of CBX3 on 
immune cell function in differ- ent tumor types is pleio-
tropic, playing a considerable role in regulating immune 
cell infiltration and behavior [82–84]. The expression of 
CBX3 is remarkably correlated to immune cell infiltra-
tion levels for most immune cells, indicating CBX3 as an 
important regulator that modulates the immune micro-
environment in tumors. In par- ticular, the expression 
of CBX3 has been found to correlate positively with T 
helper, T memory, Tγδ and Th2 cells in the tumors, sug-
gesting that CBX3, maybe also in another setting, sup-
ports either activity or recruitment of these specific 
subsets of immune cells [85]. Evidence relating to CBX3 
involvement in the development of heart disease, par-
ticularly through its effects on monocyte/macrophage 
and lympho- cyte accumulation and activity within the 
arterial wall, is starting to become a major area of inter-
est [86]. CBX3 has been identified as a regulator altering 
the function of CD8 + T effector memory cells through 
induction of a sustained increase of LEF- 1 and IL-21R 
[87, 88]. These results indicate that the expression of 
CBX3 is a key regulator of immune cell dynamics and 
may offer novel treatment strategies for heart disease. All 
this suggests that CBX3 could play a very complex role 
in mod- ulating local immune responses and structural 
integrity within blood vessels that impact on endothe-
lial function driving CVD progression [89]. Interestingly, 
inves- tigation of the correlative transcription factors 
and miRNAs for genes bound by CBX3 will provide a 
more detailed insight into these mechanisms [90, 91]. 
This in- teraction network reaches the immune system, 
where CBX3 influences immune- related genes, includ-
ing immune checkpoints and chemokines, and thus it is 
related to modulation of immune response [92]. These 
interactions emphasize the role of CBX3 in cellular pro-
cesses as well as disease states in CVD and the need for 
more research toward potential therapeutic interventions 
targeting CBX3-related path- ways. The interaction of 
CBX3 with genes related to immune responses, includ-
ing those that participate in activation and inhibition of 

immunity, indicates that it might regulate inflammation, 
one of the important pathways for atherogenesis [93]. In- 
flammation is a key player in the pathophysiology of ath-
erosclerosis, as it contrib- utes to the destabilization of 
plaques and subsequent cardiovascular events. Based on 
these preliminary studies, CBX3 could be a suitable ther-
apeutic target of ather- osclerosis in high-risk individuals, 
including cancer patients treated with immune check-
point inhibitors (ICIs) [94, 95]. Especially in combinato-
rial therapy regimens, ICIs are associated with a 3-fold 
higher risk for atherosclerotic cardiovascular events, 
including myocardial infarction, coronary revasculariza-
tion, and ischemic stroke, and with a > 3-fold higher rate 
of aortic plaque progression due to several mechanisms, 
including chronic inflammation and overexpression of 
TGF- β/Suppressor of Mothers against Decapentaplegic 
(SMAD) signaling [96, 97]. Given that CBX3 is reported 
to enhance pancreatic cancer progression by inhibiting 
SMURF2 and promoting the activation of TGF-β signal-
ing [17], we speculate that selective inhibition of CBX3 
could also be beneficial for the stabilization of ather- 
osclerotic plaque in high-risk patients through TGF‐β 
signaling pathway downregulation. Moreover, CBX3 role 
in atherosclerotic plaque biology extends to the reg- ula-
tion of foam cell formation, which occurs when mac-
rophages engulf oxidized low-density lipoprotein [98]. 
By affecting these critical cellular events, CBX3 might 
contribute to plaque stability and the potential for plaque 
rupture, which are pivotal in the clinical manifesta-
tions of atherosclerosis. One of the critical functions of 
CBX3 is its ability to prevent the activation of the NLR 
(nucleotide-binding leucine- rich repeat receptors) fam-
ily pyrin domain containing 3 (NLRP3) inflammasome, a 
crucial component in the innate immune response, par-
ticularly in the presence of cholesterol crystals, which are 
often abundant in atherosclerotic lesions [99]. By reduc-
ing the release of IL-1β, CBX3 directly attenuates inflam-
matory signaling within cardiovascular tissues, thereby 
potentially limiting the extent of inflamma- tion and tis-
sue damage [100]. Furthermore, CBX3 also impedes the 
vesicular secre- tion of various inflammatory signals, 
which is another critical mechanism by which it helps to 
control the inflammatory environment in these tissues 
[101]. This multi- ple approach to inflammation man-
agement underscores the complex interplay be- tween 
the different cellular and molecular processes that CBX3 
regulates, highlight- ing its potential as a therapeutic tar-
get for CVD due to its protective role characterized by 
chronic inflammation. Recent research has highlighted 
the multifaceted role of CBX3, par- ticularly regarding 
its interaction with other key immune mediators. One 
significant interaction involves Coenzyme Q (CoQ), 
a crucial molecule in cellular energy pro- duction and 
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antioxidant defense, with ABCG1 (e.g. microRNA-33), 
which facilitates the process crucial for macrophage 
reverse cholesterol transport in CVD [102, 103]. This 
transport mechanism is vital as it helps to clear cho-
lesterol from macrophages in atherosclerotic plaques, 
reducing the risk of plaque formation and subsequent 
cardiovascular events [104]. Furthermore, the chemokine 
CX3CL1, enriched in atherosclerotic plaques, plays a piv-
otal role by attracting CX3CR1 positive NK cells, subsets 
of T-cells, and mast cells [105, 106]. This chemokine-
receptor interaction is critical because it modulates the 
inflammatory response within the plaques, which can 
either exacerbate or mitigate disease progression [107, 
108]. Table 2 lists the mechanisms immune-regulated by 
CBX3 and their correlation with CVD. Addressing inter-
actions with immune pathways could lead to novel strate-
gies for preventing and treating atherosclerosis and other 
cardiovascular conditions. The specific pathways through 
which CBX3 impacts these processes are not yet well 
defined. This emphasizes the need for future work that 
will deconvolute how CBX3 is playing a regulatory role in 
endothelial function and immune cell infiltration during 
CVD contexts.

The potential therapeutic benefits of targeting 
CBX3 in CVDs
Epigenetic pathways have a strong involvement in CVD 
providing alternative ther- apeutic avenue for inter-
ventions [109]. Specifically, targeting CBX3 has shown 
promising results to reduce the progression of CVD 
[110]. Thus, therapeutic strate- gies modulating CBX3 
expression may offer a new way of managing the pro-
gres- sion of CVD and decreasing related risks. The 
interplay between genetic and envi- ronmental factors 

in CVD also points up the importance of exploring epi-
genetic pathways for therapeutic interventions [34, 111]. 
Epi-drug trials and research inves- tigating CBX3-tar-
geted therapies are introducing the possible advantages 
of epige- netic interventions in CVD management. For 
example, BET-onMACE Phase 3 clinical trial may reveal 
cardiovascular efficacy and safety data on apa-betalone 
(a BET-protein inhibitor), which means such epigenetic-
based therapies can be used in further clinical applica-
tions for patients with CVDs [112]. In addition, research 
on histone deacetylases and acetyltransferases bring to 
the fore their significance as principal epigenetic regula-
tors in heart health, underlining the importance of the 
therapy targeting these en- zymes [113]. CBX3-targeting 
therapeutic strategies have shown promise in aug- ment-
ing myocardial repair and enhancing cardiac function 
after infarction. One way of doing this is by modulating 
CBX3 activity to reduce adverse remodeling and fibrosis, 
therefore maintaining myocardial structure and func-
tion [114]. Targeted therapies could involve small mol-
ecule inhibitors or gene-silencing approaches such as 
RNA interference to reduce CBX3 expression. Or alter-
natively, based on the patient-specific context, improve 
strategies able to increase CBX3 expression. Interestingly, 
these approaches may be combined with regenerative 
strategies like stem cell transplantation to promote tissue 
repair and regeneration making CBX3 a key therapeutic 
target for fine-tuning the detrimental effects of myocar-
dial infarc- tion and enhancing recovery of the heart. 
Clinical trials targeting CBX3 in myocar- dial infarc-
tion would be essential for translation of these strategies 
into routine clin- ical practice. Unravelling the complex 
interplay of epigenetic modifications with cardiovascular 
health, it is necessary to improve diagnostic precision, 

Table 2  Immune system regulated by CBX3 and their association with CVD

Target/factor CBX3-mediated mechanism Effect on CVD Reference

CD8 + effector T cells increase of LEF-1 and IL-21R immune response [87, 88]

B cells modulation of the local immune 
response and structural integrity of 
blood vessels

progression [89]

immune checkpoints and chemokines immune response modulation cellular processes and disease states [92]

Genes in immune activation and suppression Interaction development of atherosclerosis [92]

SMURF2 inhibition and TGF-β signaling activa-
tion

selective inhibition stabilization of atherosclerotic plaque [17]

NLRP3 inflammasome prevention of the activation atherosclerotic lesions [99]

IL-1β reduction of the release limiting the extent of inflammation and tissue 
damage

[100]

inflammatory signals impedes the vesicular secretion control of the inflammatory environment [101]

CoQ interaction macrophage reverse cholesterol transport [101, 102]

CX3CL1 interaction modulates the inflammatory response 
within the plaques

[105, 106]
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prognostic potency, and therapeutic achievability within 
cardiology [115]. The exploration of epigenetic biomark-
ers and targets is currently shifting the paradigm to pre-
cision medicine in cardiovascular care that will allow 
evidence-based reviews on innova- tive and targeted 
interventions for managing CVD [116]. Therefore, exam-
ining the therapeutic potential of CBX3 in CVD could 
reveal new treatment approaches that might bring about 
a transformation in the field of cardiovascular medicine.

Conclusion and perspectives
The area of CVD epigenetics is a newly emerging area 
of research that focuses on under-standing the impact 
of epigenetic modifications on the development and 
pro- gression of CVD [117]. In this review, we describe 
the epigenetic factor CBX3 in the context of cardiovas-
cular health to provide valuable insights into mechanism 
through which epigenetic modifications influence dis-
ease susceptibility and pro- gression thus paving the way 
for innovative approaches in CVD management. CBX3 
inhibits VSMC proliferation and migration to prevent 
exaggerated neointima development after vascular injury, 
yet it interacts with Dia-1, Notch3, SRF: critical regula-
tors of VSMC phenotype and differentiation. Inhibition 
of VSMCs viability and collagen over deposition are the 
effects of its overexpression [118]. Taken to- gether, these 
findings suggest that in normal conditions, CBX3 might 
preclude path- ogenic vascular remodeling. The develop-
ment of advanced technologies, including those of NGS 
applications, would make it possible to realize further 
research aimed at elucidating the complex molecular 
mechanisms related to the functional activity of CBX3; 
this type of study would be particularly useful for lung 
cancer associated with CVD, giving a more personal-
ized molecular signature in patients presenting both risk 
factors. The fine CBX3 action mechanisms need distinct 
multilevel anal- ysis on the molecular and cellular side. 
For instance, the identification of 50 genes as a CBX3-
binding protein identified by the STRING software opens 
new possibil- ities to elucidate how CBX3 interacts with 
other genes within cellular pathways [14]. Furthermore, 
the mention of CBX3 in studies focusing on other chro-
matin regulators in heart disease solidifies its potential 
importance as a major player in epigenetic modification 
of CVD. This is further line of evidence underpinning the 
major contributory role for this gene in cardiac abnor-
malities. Based on the rhetoric surrounding heart dis-
ease, recent findings have further amplified the focus on 
those molecular underpinnings that could uncover new 
treatments. The revelations on CBX3 involvement por-
tray a potential target for developed therapies, empha-
sizing the need for more specific research on its role in 
the cardiovascular model, which fits into larger research 

trajectories trying to decipher molecular roads to CVD, 
a key development in prevention and treatment strate-
gies [119]. Because of the criti- cal impact of CVDs on 
global mortality, finding effective biomarkers for early 
de- tection and personalized treatment approaches has 
become very important. As the cardiovascular medicine 
field moves toward more personalized and precise treat- 
ments, having identified biomarkers, such as CBX3, 
becomes very crucial. It is likely that personal immuno-
therapy approaches and combination therapies will rep- 
resent future directions for CVD treatment [120, 121]. 
However, the demographics and medication-based tradi-
tional methods of risk estimation still leave some at-risk 
individuals undetected [122, 123]. The alarming statistics 
presented only underscore the urgent need for compre-
hensive strategies to address challenges (multifaceted) of 
CVDs from prevention to management and mitigation of 
socio-economic impacts [124]. This gives grounds that 
strategies towards CBX3 may be very promising in terms 
of therapy to reduce adverse vascular remodeling, which 
is one of the key unmet challenges for effective treatment 
in cardiovascular medicine. Collectively, we believe our 
review can be helpful in getting insight into very complex 
mosaic puzzles of CVDs, which could be solved by a con-
tinued exploration of molecular pathways and potential 
therapeutic targets to advance prevention and treatment 
strategies in combatting health collapse.
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