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Abstract

Aortic dissection is a highly lethal condition of the ma-
jor vessels of the heart, with its pathogenesis still not
fully understood. This review explores the critical role
of transcription factor Runx-related transcription factor-1
(RUNXT1) in the pathogenesis of aortic dissection, par-
ticularly its involvement in mediating inflammatory re-
sponses through various signaling pathways such as nu-
clear factor kappa-B (NF-xB), interleukin-6 (IL-6), and ma-
trix metalloproteinase-9 (MMP-9). The review covers stud-
ies detailing RUNX1’s impact on endothelial cell damage,
smooth muscle cell phenotypic changes, and extracellular
matrix degradation. Potential therapeutic strategies target-
ing RUNXI are discussed, highlighting the need for further
research to translate these findings into clinical practice.

transcription factor; RUNX1; aortic dissection; inflamma-
tory response; therapeutic target

Introduction

Aortic Dissection (AD) occurs when blood infiltrates
the aortic media through a tear in the intimal layer, leading
to a separation and expansion of the media along the aortic
axis, forming two distinct aortic cavities. This condition is
characterized by rapid progression and a high mortality rate,
primarily due to the destruction of the aortic wall’s struc-
ture and function. The key pathological features of AD in-
clude the abnormal structure and function of the aortic wall,
marked by inflammatory factor infiltration, collagen depo-
sition, degradation of the Extracellular Matrix (ECM), de-
pletion of Vascular Smooth Muscle Cells (VSMC), and the
rupture of elastic fibers. During the onset of AD, a signif-
icant infiltration of inflammatory cells occurs, compromis-
ing the integrity of the aortic wall and precipitating acute
AD. Inflammation is widely recognized as an independent
risk factor for AD, playing a pivotal role in its pathogenesis

[1].

Runx-related transcription factor-1 (RUNX1) has
emerged as a critical “key molecule” in cardiovascular dis-
eases, with numerous studies affirming its essential role in
the inflammatory processes underlying various cardiovas-
cular pathologies. Historically, RUNXI1 research within
the cardiovascular field has predominantly focused on con-
ditions such as myocardial hypertrophy, acute myocardial
infarction, and diabetic cardiomyopathy, all of which are
linked to stress-induced load. However, recent studies have
increasingly highlighted RUNX1’s significant involvement
in aortic dissection [2]. In previous investigations, we ob-
served high RUNX1 expression in the perivascular adi-
pose tissue (PVAT) of both AD patients and mouse models.
Notably, in AD models developed using RUNX1-specific
PVAT knockout mice, the expression of inflammatory me-
diators such as NF-«B, IL-6, and MMP-9 was significantly
reduced, alongside a marked decrease in AD incidence in
these mice. These findings strongly suggest RUNX1’s in-
volvement in the inflammatory processes associated with
PVAT in aortic dissection [3]. This review, therefore, fo-
cuses on the role of RUNXI1 in the pathogenesis of aortic
dissection, aiming to pave the way for new approaches in
disease prevention, diagnosis, and treatment.

Overview of Transcription Factor RUNX1

RUNXI is a member of the RUNX family, function-
ing as a transcription factor that directly binds to DNA,
playing a crucial role in hematopoiesis, bone formation, and
tumor biology. Initially discovered on the long arm of hu-
man chromosome 21, RUNXI1 consists of three main do-
mains: the runt homology domain at the N-terminal, the
trans-activation domain at the C-terminal, and the repres-
sion domain. During embryonic development, RUNXI1 is
the most widely expressed of all RUNX proteins, mani-
festing across a range of tissues, including the heart and
major blood vessels. RUNXI encodes proteins that bind
to DNA to form heterodimeric transcription factors with
core factor (5, which are integral to various cellular de-
velopmental processes such as proliferation, differentia-
tion, tissue growth, and DNA damage response. Like
many transcription factors, RUNX family proteins undergo
post-translational modifications—methylation, phosphory-
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lation, glycosylation, acetylation, and ubiquitination—that
influence their localization, stability, DNA-binding affin-
ity, and interactions with other proteins. The function of
RUNX proteins is context-dependent, influenced by cellu-
lar background, and regulated by key signaling pathways
such as transforming growth factor-8 (TGF-/3), bone mor-
phogenetic protein (BMP), hedgehog, notch, receptor tyro-
sine kinase-6, and yesrelated proteinl (YAP1), all of which
are linked to major developmental pathways [4]. RUNX1
also has the ability to bind to and activate condensed chro-
matin, recruiting other transcription factors and regulatory
proteins through its transactivation domain (TAD), PY mo-
tif, VWRPY motif, and other structural elements, thereby
exerting robust transcriptional regulatory functions [5,6].
In cardiovascular diseases, RUNX1 was first noted for
its upregulation in patients with ischemic cardiomyopathy.
Subsequent research has reinforced the role of RUNXI as
a key regulator in cardiovascular diseases, implicating it
in the renin-angiotensin-aldosterone system’s regulation of
angiotensin expression, the activation of hypoxia-inducing
factor HIF-1¢, leading to hypoxia and ischemia in vascu-
lar endothelial cells, and in the activation of fibroblasts that
promote aortic wall fibrosis [7].

Inflammatory Factors Participate in the Re-

modeling of the Aortic Wall and Destroy its
Structure and Function

The aortic wall is composed of four layers: the inner
layer (vascular endothelial cells), the middle layer (smooth
muscle cells), the outer layer (fibroblasts), and perivascu-
lar adipocytes. The key pathological features of aortic dis-
section stem from changes in the structure and function of
the middle aorta, which include damage to vascular smooth
muscle cells, infiltration of inflammatory cells, and degra-
dation of the extracellular matrix. Inflammatory responses
play a critical role in these processes.

Vascular Endothelial Cells

AD-related intimal lacerations are primarily associ-
ated with the destruction of vascular endothelial cell struc-
ture and function during inflammation. Aortic endothelial
cells secrete chemotactic and adhesion molecules that me-
diate inflammatory processes. Sayed ef al. [8] found that
inflammatory regulation of endothelial cells could trigger
neovascularization within the media, promote extracellu-
lar matrix degradation, and facilitate endothelial cell migra-
tion, leading to aortic wall remodeling and the formation of
dissection ruptures. In mouse aortic tissues, Kurihara et al.
[9] observed significant neutrophil infiltration in the intimal
layer, suggesting that this infiltration may be linked to the
formation of intimal lacerations in AD.
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Macrophages

Macrophages, as the most prevalent inflammatory
cells within the aortic wall, play a pivotal role in vascular
remodeling. Following aortic injury, bone marrow-derived
progenitor cells are induced to migrate to the injury site, dif-
ferentiating into macrophages or fibroblasts to participate
in the immune-inflammatory response. Macrophages grad-
ually infiltrate the media, contributing to aortic wall remod-
eling [10]. M1-type macrophages secrete pro-inflammatory
factors such as IL-6, TNF-q, nitric oxide synthase, and
MMPs, which disrupt the aortic wall structure. Conversely,
M2-type macrophages exert anti-inflammatory effects by
transforming growth factor-g (TGF-$) and IL-10 expres-
sion, stabilizing the structure and function of the aortic wall.
Related studies have shown that RUNX1 interacts with the
NF-£B subunits p50 and p65 in macrophages, regulating
their participation in the inflammatory response. RUNX1
and its mediated signaling pathways play a significant reg-
ulatory role in this process, including the induction of in-
flammatory factors such as NF-xB, IL-6, and TNF-q, all
major contributors to the inflammatory response [11].

Smooth Muscle Cells

VSMCs, when subjected to injury, oxidative stress, or
inflammatory stimuli, activate various signaling pathways,
including apoptosis, necroptosis, and pyroptosis. For in-
stance, adiponectin inhibits the phenotypic transformation
of VSMCs and pyroptosis by upregulating miR-133a, thus
delaying disease progression. This mechanism may involve
inhibiting the NLRP3/Caspase-1/GSDMD pathway and re-
ducing the synthesis of inflammatory mediators in pyrop-
totic cells. Other studies indicate that vascular endothelial
cells can regulate VSMC phenotypic changes in response to
hypoxia, inflammation, or mechanical stress, thereby main-
taining vascular homeostasis. For example, endothelial
cell-specific Nox2 knockout mice revealed that endothe-
lial cells secrete reactive oxygen-dependent cyclophilin A,
which activates VSMCs and triggers their phenotypic trans-
formation, contributing to the progression of AD [12].

Fibroblasts

The outer layer of the aorta is primarily composed of
elastic fibers produced by adventitial fibroblasts (AF). Un-
der pathological conditions, fibroblasts can transform into
myofibroblasts, which migrate from the outer membrane to
the media and participate in new membrane formation. AF
can also migrate to the aortic media under inflammatory
stimuli, transforming into VSMCs and contributing to aor-
tic remodeling. Numerous studies have demonstrated that
IL-6 can reduce the structural stability of the aortic outer
membrane, facilitating dissection by regulating the release
of pro-inflammatory factors from fibroblasts and recruiting
macrophages. Furthermore, RUNXI1 can upregulate PI3K
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in the AKT pathway, promoting fibroblast transformation
by binding to the TGF-5 receptor promoter, thereby con-
tributing to aortic wall degradation [13].

Perivascular Adipose Tissue

Traditionally, the outer layer of blood vessels was
believed to support and protect the vascular wall. How-
ever, recent studies suggest that aortic dissection progresses
“from the outside in”, with the inflammatory response initi-
ating in the aortic outer membrane and surrounding adipose
tissue (PVAT). The outer vascular layer functions as a sig-
naling hub, regulating vascular structure and function. By
mediating inflammation within the aortic wall, nourishing
vessels in the outer and middle aortic layers transport in-
flammatory factors, leading to the accumulation of inflam-
matory cells in the affected regions and triggering inflam-
matory responses [14,15].

The cumulative effects of vascular endothelial cell
injury, inflammatory cell infiltration, VSMC phenotypic
changes, ECM degradation, and elastic fiber breakdown
culminate in aortic dissection. Consequently, the inflam-
matory response, mediated by various inflammatory fac-
tors, is intricately linked to the onset, progression, and clin-
ical outcomes of AD. Additionally, this inflammatory re-
sponse offers potential guidance for clinical interventions.

RUNXI1 Mediates Inflammation and Partici-

pates in the Occurrence and Development of
Aortic Dissection

Recent research has demonstrated that RUNXI can
regulate matrix metalloproteinase-9 (MMP-9) expression,
exacerbating the inflammatory response in AD. Sun et al.
[16] constructed a ceRNA network and identified, through
GO functional enrichment analysis, that RUNXI1 is in-
volved in inflammatory response pathways, accelerating
the development of AD. Current evidence suggests that aor-
tic dissection is closely associated with aortic wall inflam-
mation, ECM degradation, VSMC phenotypic transforma-
tion, and apoptosis, all of which lead to dysfunction and
structural compromise of the aortic wall.

RUNXI1 orchestrates multiple inflammatory path-
ways, serving as a target gene for various miRNAs
and IncRNAs, and modulating inflammatory cell activity
through mechanisms such as the TGF-f3, Angiotensin II
(Angll), HIF-1c, and Toll-like receptor (TLR) signaling
pathways [17]. RUNX1’s activation can mediate the TGF-
B pathway, regulating cell proliferation and differentiation
to maintain homeostasis. Upon binding to Smad4, TGF-3
translocates to the nucleus to activate or inhibit target genes,
while simultaneously promoting inhibitory Smad protein
transcription to maintain TGF-/ signaling balance. The
TGF-( pathway is integral to ECM synthesis and plays a
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significant role in the early stages of aortic development.
Studies have found that TGF-3 is markedly activated in
acute AD, contributing to AD progression by upregulat-
ing MMP-2 and MMP-9, both involved in ECM degra-
dation [18,19]. Similarly, RUNX1’s modulation of Angll
affects cytokine release, impacting vascular permeability
and inflammatory cell infiltration. AnglI regulates the re-
lease of adhesion molecules, cytokines, chemokines, and
pro-fibrotic substances, thereby modulating inflammatory
processes [20]. Research confirms AnglI’s role in regu-
lating endothelial function and vascular structure, with its
interaction with cell adhesion molecules (such as integrin
and VE-cadherin) altering vascular permeability and induc-
ing inflammatory cell infiltration [21]. This study further
validated the reliability of Angll and S-aminopropionitrile
(BAPN) as a mouse model for aortic dissection. Addi-
tionally, RUNX1 has been shown to regulate the expres-
sion of angiotensin-converting enzyme 2 (ACE2). Inhi-
bition of RUNXI in mice resulted in decreased ACE2
expression in both in vivo and in vitro settings, suggest-
ing RUNX1’s involvement in the RAAS system, which
is crucial to AD pathogenesis [22,23]. HIF-l« is a cen-
tral pathway in cellular ischemia and hypoxia. RUNXI
interacts with HIF-1«, leading to ischemia and hypoxia
in cells involved in aortic wall formation. RUNXI1 has
been shown to promote HIF-1a signaling in various cell
types, including hematopoietic cells, cardiomyocytes, and
glioblastoma cells, enhancing the expression of its down-
stream target genes [24]. TLRs are key pattern recognition
receptors involved in detecting pathogen-associated molec-
ular patterns, with their activation promoting the inflam-
matory response in AD [25]. The TLR-mediated signal-
ing pathway activates the AP-1 transcription factor and the
TAK1/TAB complex via MAPK, thereby enhancing NF-
kB kinase complex activity and mediating the NF-xB in-
flammatory pathway. Increased TLR4 expression has been
observed in both AD patients and mouse models, accom-
panied by upregulated RUNXI1 expression, although the
precise interaction mechanisms warrant further exploration
[26]. RUNXI1 also modulates inflammatory responses in
various aortic wall cells. RUNXI1 influences endothelial
cell migration and proliferation through inflammation, reg-
ulates angiogenesis, and maintains blood supply to the aor-
tic wall, all of which are linked to vascular remodeling.
Zhang et al. [27] discovered that CXCL1 and granulocyte
colony-stimulating factor (G-CSF) in the vascular outer
membrane recruit and activate local neutrophils, inducing
extravascular inflammation through increased IL-6 produc-
tion, leading to acute aortic dissection rupture. Wang ef al.
[28] observed increased ERK1/2 phosphorylation and a-
smooth muscle actin (a-SMA) expression in the outer aortic
membrane of AD patients. The elevated a-SMA expression
suggests that AF may undergo phenotypic transformation,
promoting aortic vascular remodeling and AD formation
through proliferation, migration, secretion of inflammatory

Heart Surgery Forum


https://journal.hsforum.com/

factors, and MMPs. Myofibroblasts are essential in main-
taining the physiological structure and function of the aortic
wall. Aghagolzadeh et al. [29] identified high expression
of the Fixer/Lox complex in cardiovascular disease, with
RUNXI1 functioning downstream of this complex to reg-
ulate myofibroblast expression. The Fixer/CBX4/RUNX1
axis was shown to control the fibrogenic gene program in
myofibroblasts, affecting aortic wall structure. The pheno-
typic transformation of VSMC:s is critical in driving aortic
disease formation, and understanding the mechanisms un-
derlying this transformation could identify potential ther-
apeutic targets for major artery diseases [29]. Luo et al.
[30] first elucidated the key role and molecular mechanism
of solute carrier family 44 member 2 (SLC44A2) in reg-
ulating VSMC phenotypic transformation and aortic dis-
ease. Their study also found that SLC44A2 expression is
regulated by RUNX1, with the drug lenalidomide promot-
ing SLC44A2 expression via RUNX1 to modulate VSMC
phenotypic transformation. Macrophages are pivotal in
the inflammatory phase of vascular disease and are recog-
nized as significant therapeutic targets [31]. RUNX1 medi-
ates IL-6 and monocyte chemokine-1 (MCP1) to accelerate
macrophage-driven vascular inflammation, leading to AD
in mice. Analysis of increased chromatin open areas in AD
mice revealed a close association with inflammatory path-
ways. Further investigation identified these open chromatin
regions as RUNXI1 binding sites, confirming that RUNX1-
enriched target genes are involved in AD development
[32]. Moreover, RUNXI is implicated in the formation of
atherosclerotic plaques. Studies have demonstrated high
RUNXI1 expression in monocyte-derived macrophages in
patients with familial hypercholesterolemia, with RUNX1
interacting with the NF-xB subunits p50 and p65 to en-
hance lipopolysaccharide-induced macrophage inflamma-
tion, suggesting that it may promote atherosclerosis through
inflammatory amplification [33,34]. In RUNX1-deficient
mice, McCarroll et al. [35] demonstrated that the aor-
tic wall’s thickness and physiological function were main-
tained, offering protective effects against AD. Addition-
ally, RUNX1 was shown to promote the high expres-
sion of smooth muscle cells and collagen fibers, which,
through collagen deposition in the aortic wall, increased
wall fragility and predisposed to AD. Research has de-
tected RUNXI1 transcription in long non-coding RNAs as-
sociated with AD, with RUNX1 overexpressed in both AD
patients and mouse models. Further studies [36—39] have
linked AD to the overactivation of the sympathetic ner-
vous system, with hypertension being significantly corre-
lated with AD incidence, where RUNX1 plays a key role in
activating adrenergic receptors such as 52AR. RUNXI1 can
also mediate phospholamban (PLN) phosphorylation, reg-
ulating Ca?" concentrations in the sarcoplasmic reticulum
and affecting intracellular calcium homeostasis, potentially
leading to aortic wall calcification and damage [40].
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RUNX1: Potential Therapeutic Targets for

Aortic Dissection?

Currently, it is widely acknowledged that the onset and
progression of aortic dissection are closely linked to en-
dothelial injury, VSMC phenotypic changes, ECM degra-
dation, elastic fiber rupture, and inflammatory responses
[41]. Our research group posits that aortic dissection pro-
gresses “from the outside in”, suggesting that restoring the
stability of the outer vascular membrane’s structure and
function may be key to preventing and treating aortic dis-
section, thereby underscoring the crucial role of transcrip-
tion factor RUNX1. Thus far, RUNX1 has been confirmed
to be intricately involved in the inflammatory response pro-
cesses of AD in both in vivo and in vitro models, offer-
ing reasonable scientific feasibility and a robust theoretical
foundation for potential clinical trials. RUNX1 may there-
fore represent a promising therapeutic target for aortic dis-
section in clinical practice.

In recent years, there has been growing interest
among domestic and international researchers in the role of
RUNXI in cardiovascular diseases, given its ability to me-
diate inflammation and influence the course, outcome, and
prognosis of cardiovascular conditions. Diverse interven-
tion strategies targeting RUNX1 and its multifaceted effects
continue to emerge. However, challenges remain in under-
standing the upstream regulation and downstream targets
of RUNX1, the signal transduction pathways of RUNX1
concerning inflammatory factors, and the impact of post-
translational modifications on the expression levels of other
related proteins. Both basic and clinical research affirm that
RUNXI1 holds promise as a therapeutic target for cardio-
vascular diseases, with practical intervention methods and
significant clinical value.

It is important to note, however, that RUNX1 is essen-
tial for growth factor-mediated signaling, protein folding,
normal cell function, and other physiological processes.
Misregulation of RUNX1, whether through overexpression
or deficiency, may result in protein misfolding or non-
specific expression of related proteins, leading to various
diseases [42]. Therefore, careful dose determination will
be critical in maintaining a therapeutic balance if RUNX1-
targeted therapies advance to clinical application.

While numerous studies have confirmed the role of
RUNXI in aortic dissection, many rely on animal mod-
els, which may not fully replicate human disease pathology.
Additionally, sample sizes in some studies are small, lim-
iting the generalizability of the findings. Future research
should focus on large-scale, multi-center clinical trials to
validate these findings in human populations. Targeting
RUNXI offers promising therapeutic potential, particularly
through the use of specific inhibitors like Ro5-3335, which
have shown efficacy in reducing RUNX1 activity. How-
ever, challenges remain, such as ensuring specificity and
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minimizing off-target effects. Ongoing clinical trials are
exploring the use of these inhibitors in cardiovascular dis-
eases, and preliminary results are encouraging. Further re-
search is needed to optimize dosing and delivery methods.

Summary and Outlook

In recent years, significant breakthroughs have been
made in the treatment of aortic dissection, with continu-
ously evolving treatment protocols. However, these ad-
vancements also impose certain challenges on societal de-
velopment. Understanding the pathophysiology and patho-
genesis of this disease holds the potential to unlock new av-
enues for its prevention, clinical diagnosis, and treatment.
RUNXI1 has emerged as a promising therapeutic target for
aortic diseases, with an increasing body of research sug-
gesting that early intervention targeting RUNX1, especially
when its levels are elevated at the onset of the disease,
could positively influence treatment outcomes. As soci-
ety advances, the role of RUNXI in cardiovascular health
has garnered heightened attention. Continuous discoveries
of diverse interventions targeting RUNX1 and their var-
ied effects are contributing to a broader understanding of
its therapeutic potential. Nevertheless, current research on
RUNXI in the context of aortic dissection remains in its
exploratory stages. The complete spectrum of RUNXI1’s
upstream and downstream targets and its regulatory mech-
anisms has yet to be fully elucidated. Despite these gaps,
this research opens up novel perspectives for disease pre-
vention and treatment. With ongoing research and deepen-
ing understanding, RUNX1 is likely to continue to be ex-
plored as a therapeutic target for aortic dissection, holding
considerable promise for future clinical applications.

RUNX1 plays a pivotal role in the pathogenesis of aor-
tic dissection through its regulation of inflammatory path-
ways. Targeting RUNXI1 presents a potential therapeu-
tic avenue, although further research is necessary to trans-
late these findings into clinical practice. Future studies
should focus on large-scale clinical trials and exploring the
molecular mechanisms in greater detail to develop effective
RUNXI-targeted therapies.

RUNXI1, a transcription factor, has been found to be
associated with various cardiovascular diseases, including
aortic dissection. Aortic dissection is a life-threatening con-
dition in which the inner layer of the aorta tears, causing
blood to flow between the layers of the aortic wall. RUNX1
plays a significant role in regulating hematopoiesis, but it
has also been implicated in vascular biology. Recent stud-
ies suggest that RUNX1 may contribute to the development
of aortic dissection through its influence on vascular smooth
muscle cells (VSMCs) and endothelial cells. RUNX1 is in-
volved in processes such as inflammation, cell proliferation,
and apoptosis—all of which are important factors in the
weakening of the aortic wall that leads to dissection. Fur-
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thermore, elevated expression of RUNX1 has been linked
to increased vascular inflammation, which may exacerbate
the progression of aortic dissection.

However, the exact mechanisms by which RUNX1
contributes to the pathology of aortic dissection are still un-
der investigation. Understanding these mechanisms could
provide insights for potential therapeutic targets to prevent
or treat this condition.
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