
Mini Review

Role of Endothelial to Mesenchymal Transition in
Arteriovenous Fistula Dysfunction

Laura Ianalieva 1, Kai-Chien Yang 1,2

1 Graduate Institute and Department of Pharmacology, National Taiwan University
2 Division of Cardiology, Department of Internal Medicine, National Taiwan University Hospital

Accepted 1 April 2023; Volume: 5; Issue: 2; Pages: 1-3; DOI: 10.6907/SCJ.202304_5(2).0001

Citation: str.circ.j., 2023, 5, 2, 1, 1-3

1. Review
Arteriovenous fistula (AVF) is the preferred method of vascular access for hemodialysis patients

due to its superior patency and lower rates of infection and thrombosis compared to other types
of access. However, AVF maturation failure remains a significant clinical problem, with a reported
non-maturation rate of up to 50% and failure rates up to 60% [1,2]. Neointima hyperplasia (NH)
causes narrowing of the venous outflow and may eventually lead to stenosis or thrombosis. It is
more likely to develop at sites where arteriovenous anastomosis occurs, mainly due to the disturbed
flow pattern characterized by low shear stress amplitudes, a high oscillatory shear index, and a steep
temporal/spatial shear stress gradient. Despite this, the molecular mechanisms that link disturbed
flow, endothelial dysfunction, and intimal hyperplasia are not fully comprehended yet. These processes
predominantly occur on the venous side of the anastomotic region, where endothelial cells experience
high non-physiological blood flow gradients and instability [3,4]. Endothelial-to-mesenchymal
transition (EndoMT) has been proposed as a potential mechanism contributing to AVF dysfunction.
EndoMT is a process by which endothelial cells undergo a transformation into mesenchymal-like
cells with increased migratory and invasive properties [5]. The transition by which endothelial cells
lose their characteristic features and acquire a mesenchymal phenotype. EndoMT plays a significant
role in vascular development and repair, and it has been implicated in the pathogenesis of various
cardiovascular diseases (CVD), such as atherosclerosis, valve diseases, fibrosis, and pulmonary arterial
hypertension (PAH) [6] and vascular diseases, including AVF dysfunction [7]. During the early stages
of AVF maturation, there is an increase in endothelial cell proliferation and migration, followed by
the remodeling of the venous and arterial walls [8]. The remodeling process involves the activation
of smooth muscle cells and the deposition of extracellular matrix components, which facilitate the
formation of the AVF. EndoMT has been shown to play a role in this process. EndoMT is induced
by various stimuli, including inflammation [9], mechanical stress [10], and growth factors, and it is
characterized by the loss of endothelial cell markers and the acquisition of mesenchymal markers [11].
Endothelial-to-mesenchymal transition associated with AVF creation and inhibition reduces NH in
AVF. EndoMT is also associated with the expression of fibronectin which can lead to tissue fibrosis and
transforming growth factor beta 1 (TGF-β1), that involved in vascular remodeling. EndoMT is induced
in response to oxidative stress, a common feature of AVF dysfunction [12–14]. The endothelial transition
is increased in the venous endothelium of AVF compared to native veins, which is associated with
the development of intimal hyperplasia, a major cause of AVF dysfunction. Additionally, inhibiting
EndoMT using a specific inhibitor may reduce intimal hyperplasia and improve AVF patency.

Besides, the high and unstable blood flow gradients in the venous side of the anastomotic
region can lead to hemodynamic changes, which in turn can cause vascular remodeling and intimal
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hyperplasia. This can lead to thr vessel thickening of the venous wall, a process also known as
arterialization, due to fluid wall shear stress (WSS) and elevated blood pressure. The process is
accompanied by an increase in vessel diameter and a return to physiological stress levels within a
month, likely due to the effect of laminar shear stress (LSS) on endothelial cells. Low shear stress
induces dedifferentiation of endothelial cells. Despite this, the endothelial cells near the anastomosis
are still exposed to fast and large WSS gradients, reverse blood flow, and velocity fluctuations, which
can contribute to fast outward remodeling [15,16]. Several studies showed that the occurrence of NH
is attributed to multiple pathways in vascular biology, such as inflammation, uremia, hypoxia, shear
stress, and thrombosis. These pathways are believed to operate together through related cytokine
signal cascades causing vessel remodeling which affects the endothelial layer and stimulates the
endothelial transition.

The molecular mechanisms underlying EndoMT involve several signaling pathways and
transcription factors. These include the TGF-β pathway, Notch signaling, and the Wnt pathway.
TGF-β is a potent inducer of EndoMT and activates various intracellular signaling pathways, including
the Smad pathway, which triggers the expression of transcription factors such as Snail, Slug, and Twist
[5]. These transcription factors, in turn, repress the expression of endothelial markers and induce the
expression of mesenchymal markers, leading to the acquisition of mesenchymal characteristics. Notch
signaling is another critical regulator of EndoMT. The Notch pathway is involved in cell fate decisions,
proliferation, and differentiation, and is activated by the interaction between Notch receptors and
their ligands [17]. In the context of EndoMT, Notch signaling induces the expression of Snail and Slug,
leading to the downregulation of endothelial markers and upregulation of mesenchymal markers.
Finally, the Wnt pathway also plays a role in EndoMT. The activation of the Wnt pathway leads to
the stabilization of β-catenin, which translocates to the nucleus and activates the expression of target
genes, including Snail and Slug [18]. This leads to the downregulation of endothelial markers and the
upregulation of mesenchymal markers.

CD44 expression is upregulated during EndoMT, and its overexpression has been shown to
enhance the EndoMT process. CD44 interacts with various extracellular matrix proteins, including
osteopontin (OPN), and fibronectin, which are involved in the regulation of cell adhesion, migration,
and differentiation. CD44 can also activate various signaling pathways that are involved in EndoMT,
including the TGF-β and Wnt pathways. CD44 has been shown to interact with TGF-β receptors and
enhance the TGF-β signaling pathway, leading to the activation of transcription factors that promote
the EndoMT process. CD44 can also activate the Wnt signaling pathway by interacting with Wnt
ligands, leading to the stabilization of β-catenin and the induction of EndoMT-related genes [19].

Moreover, CD44 also regulates the expression of various EndoMT-related genes, such as Snail,
Slug, and Twist, by binding to their promoters and enhancing their transcription. CD44 can also
interact with various signaling molecules, such as Akt and ERK, which are involved in cell survival
and proliferation, and contribute to the EndoMT process. OPN and CD44 is upregulated in endothelial
cells exposed to disturbed flow. This upregulation is associated with the induction of EndoMT.
Inhibition of the OPN/CD44 axis has been shown to prevent EndoMT in vitro and in vivo [7].

The molecular mechanisms of EndoMT involve the activation of various signaling pathways
and transcription factors, which ultimately lead to the acquisition of mesenchymal characteristics by
endothelial cells in a state of injury.

It is essential to consider these factors when evaluating and treating AVF stenosis, as they can
significantly impact the success of the treatment. Understanding the underlying causes of arteriovenous
stenosis and neointima formation in general and endothelial-to-mesenchymal transition, in particular,
can help to develop a new therapy, find a novel pharmacological target and reduce the incidence of
complications of dialysis arteriovenous fistulas patients.
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