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Abstract 
Mechanotransduction, the process by which cells sense and convert mechanical forces 
from their surroundings, plays a pivotal role in cellular function. For vascular endothelial 
cells, coping with the continuous and significant shear stress caused by blood flow is 
essential for the stability of the circulatory system. Dysfunction in this mechanism can 
lead to various vascular pathologies, including atherosclerosis and aneurysms. Therefore, 
understanding how endothelial cells form mechanosensory complexes and thereby 
respond to external forces is crucial.  

This thesis aims to study the involvement of the Angiomotin protein family in endothelial 
mechanotransduction. The Amot protein family, including Angiomotin (Amot), 
Angiomotin-Like 1 (AmotL1), and Angiomotin-like 2 (AmotL2), shares common structures 
as well as protein interaction motifs. However, they exhibit significantly different roles in 
vascular functions. In Paper I, we elucidate how Amot binds to Talin within the integrin 
adhesome and regulates force transmission between fibronectin and the cytoskeleton in 
migrating endothelial cells. Additionally, we demonstrate that deletion of Amot impairs 
both physiological and pathological angiogenesis. In Paper II, AmotL2 is shown to bind VE-
cadherin through p120 catenin and connect to the nuclear membrane via actin filaments 
in aortic endothelial cells, thereby transmitting junctional mechanical signals. Depletion 
of AmotL2 resulted in a pro-inflammatory response and, in severe cases, leads to the 
spontaneous formation abdominal aortic aneurysms (AAAs) in male adult mice. In Paper 
III, it is demonstrated that AmotL1 not only binds to N-cadherin but is also associated with 
focal adhesion proteins. This suggests that AmotL1 functions may extend beyond 
endothelial cell junctions to include interactions with the extracellular matrix. 
Additionally, we provide a comprehensive summary of the protein binding profiles of all 
Amot proteins, as obtained from BioID-MS analysis, thus offering a global perspective on 
this protein family. 

In conclusion, Amot family proteins, despite their involvement in separate cellular 
processes, share common connections with a set of junction-related proteins. 
Furthermore, they exhibit unique, specific binding partners, offering mechanistic insights 
into the distinct activities of individual Amot proteins. 
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1 Literature review 
In living animals, the growth, movement, and response of cells and tissues are influenced by 
both chemical signals and the mechanical properties of their environment, such as stiffness 
and elasticity. Cells possess the ability to detect external mechanical forces, which they 
convert into biochemical and electrical signals. These signals play a critical role in regulating 
essential cellular activities, including proliferation, adhesion, and migration. Thus, 
mechanotransduction is of great importance in developmental and homeostatic processes. 
Additionally, it influences the onset and progression of diseases, including cancer, where it 
can impact tumor growth and metastasis, as well as fibrosis, involving the excessive formation 
of connective tissue. For example, alterations in the stiffness observed in cancerous tissues 
can influence the mechanical activation of biochemical pathways, thereby affecting 
epithelial–mesenchymal transition (EMT) 1. During the initiation of fibrosis, the increasingly 
rigid fibrotic matrix signals fibroblasts to become more active, thus establishing feedback 
loops that enhance extracellular matrix (ECM) deposition and facilitate fibrotic tissue 
remodeling 2. External mechanical stresses on the heart, such as increased pressure or volume 
overload, can trigger mechanotransduction pathways. This activation leads to significant 
changes in the cardiomyocytes, including alterations in their size, shape, and function 3. 

1.1 Mechanotransduction in vascular biology 

Living cells rely on a vascular system to facilitate blood circulation, transporting essential 
substances for their survival. Blood is pumped from the heart through arteries, delivering 
oxygen and nutrients via capillaries, and then is returned to the heart through veins. 
Endothelial cells (ECs) form a continuous layer lining blood vessels and are responsible for 
regulating the exchange between blood and surrounding cells. These cells are constantly 
exposed to shear stress from blood flow and pulsatile stretch from the rhythmic contractions 
of the heart 4.  

1.1.1 Vascular development 

The process of vascular development is a continuous and meticulously orchestrated 
phenomenon, influenced by interactions between cells and biophysical forces 5,6. 
Understanding how ECs sense and respond to such mechanical cues is crucial for vascular 
expansion, maturation and the eventual formation of a functioning blood vessel network. 

1.1.1.1 Vascular formation  

As multicellular organisms grow, the formation of new blood vessels is triggered to support 
the tissue expansion. This occurs through two primary processes: vasculogenesis and 
angiogenesis. Vasculogenesis is characterized by the differentiation of angioblasts from 
mesodermal progenitor cells or angioblasts and the subsequent formation of primitive blood 
vessels originating at or near the site of their emergence 7 (Figure 1A). In contrast, 



angiogenesis describes the process by which new blood vessels form from pre-existing ones 
8. Physiologically, angiogenesis occurs not only during embryonic development but also plays 
a role in the female reproductive cycle and wound healing processes in adults. Pathologically, 
angiogenesis is a critical hallmark of cancer progression, as both tumor growth and metastasis 
rely on vascular expansion. 

The migration of ECs is a fundamental component of new blood vessel formation. This process 
is regulated by chemotaxis, directed by soluble chemical attractants; haptotaxis, guided by 
immobilized ligands; and mechanotaxis, driven by mechanical forces 9. 

ECs establish a selective barrier between the bloodstream and surrounding tissue. In 
adulthood, these cells typically exist in a quiescent state, with little to no proliferation. 
However, upon receiving angiogenic signals, such as those from vascular endothelial growth 
factor (VEGF), a cascade of events is triggered, starting with the degradation of the basement 
membrane. This degradation enables a designated EC to become a tip cell and migrate 
towards the source of angiogenic cues. Behind the tip cell, proliferative stalk ECs extend, and 
through this coordinated process, a new blood vessel structure is assembled. Finally, 
supporting cells, such as pericytes attracted by cytokines secreted by ECs, stabilize and mature 
the newly formed capillaries (Figure 1B). During these processes, the migration of ECs involves 
a mechanical interaction with the ECM. The finger-like structures known as filopodia, rich in 
actin, extend from the tip cells and play a crucial role in guiding their migration and initiating 
new interactions with the ECM 10. These filopodia are sensitive to both chemotactic factors, 
such as VEGF-A, and physical cues from the ECM, actively responding to these signals and 
facilitating the transmission of mechanical forces between the ECs and the ECM 11. 

 

Figure 1: Schematics depicting the processes of vasculogenesis (A) and angiogenesis (B) (adapted from 
Nelson, R. A. et al., 2022 12). 
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1.1.1.2 Vascular maturation 

Maturation involves the recruitment of supporting mural cells, such as pericytes and vascular 
smooth muscle cells, which play a vital role in stabilizing blood vessels. This stability is 
necessary to prevent vessel leakage, maintain structural integrity, and withstand mechanical 
forces within the circulatory system. A number of studies have illustrated that contractile 
pericytes play a crucial role in enabling blood vessels to withstand the rising pressures in the 
central nervous system (CNS) 13-15. Neural cadherin (N-cadherin, also known as CDH2) 
associated complex located at the direct contact between ECs and pericytes form a 
mechanosensory complex that transmits force 16-18. The importance of integrins in pericytes 
function has also been studied. For example, β1 integrin knockout pericytes have a rounded 
morphology, failing to wrap around capillaries, and areas of EC-pericyte contact are smaller 
compared to those with wild-type pericytes 19. However, the loss of α5 integrin in pericytes 
has no distinct effect on normal blood vessel development 20,21.  

1.1.2 The circulatory system 

The circulatory system comprises three major parts: the heart, blood vessels, and blood. The 
heart acts as a hydraulic pump, providing the driving force for the circulatory system and 
consistently maintaining the continuous flow of blood through various vessels. 

The circulatory system contains three principal types of blood vessels:  

1.  Arteries. Transport oxygen-rich blood away from the heart to the entire body. They 
are characterized by thick, elastic walls to withstand high pressure. 

2. Veins. Return oxygen-depleted blood back to the heart. Equipped with valves that 
prevent backflow, veins have thinner walls than arteries. 

3. Capillaries. The smallest blood vessels with semi-permeable walls that form a network 
for the exchange of nutrients, oxygen, and waste between blood and tissues.  

Considering the different roles of arteries and veins in responding to blood flow, they have 
different corresponding structures. Arteries have a thicker wall and three distinct layers:  

Tunica intima. The innermost layer. It is composed of a thin layer of ECs to prevent blood 
coagulationand reduce turbulence created by blood circulation.  

Tunica media. The middle and thickest layer. It is composed of multiple layers of smooth 
muscle, which are reinforced by connective tissue predominantly consisting of elastic fibers, 
providing the necessary elasticity for the artery to expand and contract, controlling blood 
circulation. In contrast, tunica media in veins is significantly thinner, since it contains fewer 
layers of smooth muscles. 

Tunica adventitia. The external layer. It is primarily composed of loosely structured 
connective tissue with collagen and elastic fibers, contributing to its structural integrity, in 



larger arteries, the tunica adventitia can surpass the thickness of the tunica media. It is 
typically the most substantial layer in veins. 

Apart from the structural differences, the level of shear stress that arteries and veins 
experience differ markedly. The shear stress in the aorta is approximately 10 dynes per square 
centimeter (dyn/cm2) reflecting the high pressure of blood directly pumped from the heart. 
In contrast, the vena cava, a major vein, experiences a lower shear stress, around one 
dyn/cm², owing to reduced pressure and slower velocity of returning venous blood 22. 
Consequently, ECs of arteries and veins exhibit different morphologies. In response to the 
high shear stress and unidirectional flow of blood in arteries, arterial ECs are typically 
elongated and align in the direction of blood flow. Conversely, venous ECs often adopt a 
rounded shape 23. 

Not only is the magnitude of shear stress important, but different types of shear stress may 
also elicit variable responses from ECs. In the circulatory system, the nature of blood flow 
dictates the type of shear stress exerted on vessel walls. Various types of flow in the 
circulatory system, primarily laminar flow and disturbed (or turbulent) flow, give rise to 
different types of shear stress. Laminar flow occurs where vessels are uniform and straight, 
whereas disturbed flow occurs in areas where vessels branch, have significant curvature, or 
where there is plaque aggregation in the arteries 24,25. Responses to laminar flow, described 
as ‘atheroprotective’, involve EC alignment in the direction of flow, the formation of stress 
fibers, and the expression of Krüppel-like Factor 2 (KLF2) and Krüppel-like Factor 4 (KLF4), 
leading to the upregulation of anti-inflammatory genes 26-30. On the other hand, responses to 
disturbed flow, referred to as ‘atheroprone’, are predominantly inflammatory and include the 
activation of Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) and 
associated transcription 31. 

1.1.3 Vascular diseases 

The abnormal response of ECs in blood vessels to shear stress can lead to various vascular 
dysfunctions, contributing to the progression of multiple vascular diseases such as 
hypertension, thrombosis, and atherosclerosis 32. Cardiovascular disease (CVD) is the leading 
global cause of mortality 33. Among CVDs, atherosclerosis and abdominal aortic aneurysm 
(AAA) are particularly prevalent and highly dangerous, posing a significant risk of acute organ 
ischemia or severe bleeding into the peritoneal cavity. 

1.1.3.1 Atherosclerosis  

Atherosclerosis is a progressive vascular disorder characterized by the buildup of lipids and 
fibrous elements within the arterial walls, leading to plaque formation. These plaques are 
susceptible to lesions and ruptures, which makes atherosclerosis a major precursor to various 
cardiovascular diseases 34-37. Studies have identified endothelial cell dysfunction as a key 
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factor in the initiation of atherosclerosis, which can be detected by angiography or ultrasound 
before any structural changes become evident in the vessel wall 38,39. In more detail, EC 
behavior is tightly regulated by the dynamic microenvironment. Under normal conditions, 
vessel walls experience laminar flow, which fosters healthy EC activity. However, in regions 
where flow is disturbed, such as at vessel bifurcations and curves, ECs may begin to behave 
abnormally. These cells can become hyperpermeable and adopt a pro-inflammatory 
phenotype, processes which aid the transmigration of low-density lipoprotein (LDL) and 
immune cells into the wall of vessels and contribute to the development of atherosclerotic 
plaques 38. Additionally, increased stiffness of the blood vessel tissue can aggravate these 
conditions 40. 

1.1.3.2 Abdominal aortic aneurysms (AAA) 

An aneurysm occurs when there is a weakening in a blood vessel's wall, leading to an 
abnormal expansion or ballooning that exceeds 50% of the vessel's normal diameter. 
Aneurysms can form in any blood vessel but are most frequently detected in the aorta, which 
is known as aortic aneurysms 41. Specifically, an aneurysm in the ascending aorta, the part of 
the aorta closest to the heart, is termed a thoracic aortic aneurysm (TAA). Conversely, an 
aneurysm in the abdominal aorta, extending from diaphragm to just above the pelvis, is 
known as an abdominal aortic aneurysm (AAA). Both TAAs and AAAs share certain risk factors, 
but they also have distinct ones. Analysis of the medical histories of patients with TAAs and 
AAAs has revealed distinct risk factors for each. For TAAs, the risk factors include male sex, 
smoking, hypertension, and a bicuspid aortic valve. In contrast, the risk factors for AAAs are 
advanced age, male sex, and smoking 42.The prevalence of AAA in men over the age of 60 is 
estimated to be 4-8%, while it is around 0.5-1.5% in women 43. Although AAAs generally 
remain asymptomatic, their potential to become life-threatening is significant due to the risk 
of rupture. This catastrophic event is responsible for approximately 60% of mortalities in 
patients with AAA 44.  

Numerous studies have evidenced that the pathophysiology of AAAs is a complex, 
multifactorial process that includes inflammation responses, activation of matrix 
metalloproteinases (MMPs), oxidative stress, intraluminal thrombus formation, apoptosis of 
vascular smooth muscle cells, and the degeneration of ECM 45-47.  

The ECM, mainly composed of elastin and collagen, is vital for maintaining the strength of the 
aortic wall against blood pressure. Inflammation leads to the release of enzymes that break 
down the ECM. As the ECM weakens, blood components and inflammatory cells can migrate 
from the adventitia into the tunica media. This movement, along with the aggregation of 
platelets and activation of the blood clotting system, promotes the formation of blood clots 
inside the aorta. These processes contribute to the enlargement of the aorta and increase the 
risk of an AAA rupturing 48,49. 



1.2 Molecular basis of mechanotransduction in endothelial cells 

Mechanotransduction in ECs is a sophisticated process that converts mechanical stress into 
cellular signals. This conversion is facilitated by mediators including integrins and junctional 
proteins such as VE-Cadherin and PECAM-1. The cytoskeleton plays a crucial role in 
transmitting the force, activating secondary messengers that modulate EC functions and gene 
expression. Components like the LINC complex and Lamin A/C, are instrumental in connecting 
to the nuclear lamina as illustrated in Figure 2. 

 

Figure 2: Schematics showing extracellular matrix adhesion, cell-cell adhesion, cytoskeleton and LINC 
complex involved in mechanotransduction at cellular level (modified from José Luis, A. & Wolfgang, H. 
G, 2016 50).  

 

1.2.1 Primary mechanosensors 

1.2.1.1 Extracellular matrix adhesion 

Focal adhesions are distinct multiprotein complexes that are formed when cells make contact 
with the ECM. These structures play a crucial role in mechanosensing and transmitting 
mechanical force from the ECM to the cytoskeleton. Focal adhesions can be divided into a 
transmembrane and an intracellular layer. Integrins, transmembrane proteins, physically bind 
to ECM components, which form heterodimers composed of α- and β-subunits. In humans, 
18 alpha (α) and 8 beta (β) subunits have been identified, combining to form 24 distinct αβ 
heterodimers 51,52. Integrin activity depends on the alteration of their affinity to the ECM, with 
shifts to a high-affinity conformation being modulated by external mechanical stimuli or 
through a process known as ‘inside-out signaling’ 53,54. 

Increased affinity in integrins leads to activation and clustering, thereby strengthening the 
molecular connections at the cell-matrix interface 55-57. Subsequently, the extracellular 
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domain of the integrins engages with the ECM, and the cytoplasmic part connects to the 
cytoskeleton via docking proteins, forming the core of the focal adhesions. 

The integrin-associated focal adhesion complex is essential for EC responsiveness to 
mechanical forces during angiogenesis. The α5β1 integrin is selectively present in angiogenic 
blood vessels and supports this process 58-60. The expression of αvβ3 and αvβ5 integrins is 
elevated in angiogenic ECs 61-63. Interestingly, αvβ5 integrin is required for the angiogenic 
pathways activated by VEGF, which further activates Focal Adhesion Kinase (FAK) and Src 
kinase 64. αvβ3 Integrin has been shown to associate with VEGFR2, affecting its recycling 
events where VEGF signaling is upregulated by linking αvβ3 to its corresponding ECM ligands 
65,66. Knockout mouse models with inducible, endothelial-specific mutations targeting 
integrins, such as α3, α6 and β3, have shown inhibitory effects on both physiological and 
tumor-related angiogenesis 67-69. In addition to their role in angiogenesis, integrins are 
essential players in inflammatory and infectious processes. Specifically, β2 integrins enhance 
the recruitment of leukocytes to inflammatory sites by improving their adhesion to vascular 
endothelium, facilitating transendothelial migration, and supporting the formation of 
immunological synapses in leukocytes. Moreover, β2 integrins promote inflammatory 
signaling within the involved cells 70-73. 

Mechanical force is relayed to the actin cytoskeletal via F-actin binding proteins, such as talin 
and Vinculin. Internal cellular force generates mainly from two sources: 1) retrograde actin 
flow due to actin polymerization at the cell's leading-edge membrane, and 2) the contractile 
movements of actomyosin, driven by non-muscle myosin II 74,75. This force exerts a 'pulling' 
action on the molecular structures within the focal adhesions, effectively propelling the cell 
body forward. 

Talin, a critical protein in this process, has an N-terminal FERM domain (talin head domain, 
THD), and a C-terminal rod domain structured with 13 helical bundles (R1–R13) ending in a 
dimerization motif. This THD attaches directly to the β-integrin subunit, while the rod domain 
can bind to actin through two actin-binding sites (ABS2 and ABS3), 11 vinculin-binding sites 
(VBSs), and additional sites for regulatory proteins such as RIAM, Kank family proteins, and 
the Rho GTPase activating protein DLC1. The exposure of cryptic binding sites on talin 
promotes the assembly of a mechanotransduction complex, linking integrin to the actin 
cytoskeleton. This linkage is critical for facilitating cellular movement and mechanical signal 
transmission 76-80.  

Vinculin, another mechanosensory protein, connects adhesion receptors like integrins to the 
actin-myosin cytoskeleton. It binds to talin via its amino-terminal head domain or to paxillin 
via its rod-like tail domain 81,82. Vinculin's ability to bind to lipids is facilitated through its tail 
domain, which is connected to the head by a flexible hinge domain. This domain also includes 
binding sites for components involved in actin polymerization, such as the Ena/VASP proteins 



and Arp2/3 complex 83-85. Vinculin is not only present in focal adhesion, but also in adherens 
junctions located between adjacent cells 86.  

Overall, cell-matrix adhesions are featured as the large scaffold protein complex composed 
of hundreds of mechanoresponsive components, which made them profoundly versatile 
(Figure 3). 

 

Figure 3: Illustration of a mature focal adhesion containing proteins that contribute to ECM binding, 
linkage to actin cytoskeleton and actin polymerization (adapted from Mechanobiology Institutet, MBI, 
National University of Singapore, 2023 87). 

 

1.2.1.2 Cell-cell adhesion 

In ECs, mechanical connectivity between adjacent cells is established via adherens junctions, 
tight junctions, and gap junctions (Figure 4). Unlike epithelial cells or cardiomyocytes, ECs do 
not typically form classical desmosomes 88. However, desmosomal proteins, such as 
plakoglobin and desmoplakin, are present in ECs. These proteins contribute to the formation 
of hybrid adherens junctions by associating with VE-cadherin and connecting to intermediate 
filaments 89. 
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Figure 4: Schematics illustrating the cell-cell adhesion in ECs, which encompass adhesion junctions, 
tight junctions, and gap junctions (adapted from Komarova, Yulia A et al.,2017 90). 

 

Adherens junctions  

The adherens junction represents a type of cell-cell junction, characterized by the connection 
of neighboring cells through the homophilic interactions of cadherin receptors. They play a 
crucial role in maintaining the physical association and mechanical coupling between cells.  

Homotypic interactions between cells initiate the recruitment of transmembrane cadherins, 
catenins (β-, α-catenins), along with cytoskeletal proteins. The predominant cadherin in 
endothelial adherens junctions is VE-cadherin, an endothelial specific cadherin 91. Through its 
cytoplasmic domain, VE-cadherin connects to p120-catenin and either β-catenin or 
plakoglobin 92. Additionally, it promotes cytoskeletal remodeling via its indirect interaction 
with various actin-binding proteins, including but not limited to α-catenin, vinculin, α-actinin 
and eplin 93-95. 

VE-cadherin, along with platelet endothelial cell adhesion molecule 1 (PECAM1) and 
VEGFR2/3, forms a mechanosensory complex. Upon mechanical stimulation, PECAM1, a 
transmembrane immunoglobulin protein, transmits this force, triggering the Src-mediated 
activation of Src family kinase. This activation results in the phosphorylation and subsequent 
activation of VEGFR2 96. VE-cadherin’s transmembrane domain is critical for facilitating the 
interaction between PECAM-1 and VEGFR2/3 and is essential for the downstream activation 
of VEGFR2 following the mechanical stimulation of PECAM-1 97,98. VE-cadherin is also a key 
modulator in sensing and responding to the changes in matrix stiffness, potentially regulating 
the cytoskeleton in response to these variations through the action of small Rho GTPases 99. 



As matrix stiffness increases, VE-cadherin-mediated cell-cell adhesions diminish, leading to a 
reduced barrier integrity and increased permeability of the EC monolayer, as observed in both 
in vitro and ex vivo models 100.  

In addition to VE-cadherin, N-cadherin is another cadherin expressed in ECs at comparable 
levels. While VE-cadherin is primarily concentrated at cell-to-cell junctions, N-cadherin is 
generally absent from these structures 101. Expressed in various cell types, including 
mesenchymal and neural cells, N-cadherin has been reported to form a mechanosensory 
complex transmitting force between ECs and other cells, such as pericytes or astrocytes 102,103. 

As mentioned earlier, vinculin has been observed in tensile adherens junctions due to its 
recruitment by α-catenin in ECs (Figure 5). These unique junctions, known as focal adherens 
junctions, exhibit a spot-like appearance and are linked to oriented actin bundles that are 
subjected to tension 86,104. Mechanical pulling experiments on individual α-catenin molecules, 
using magnetic tweezers, have shown that vinculin is recruited when α-catenin unfolds under 
tensional forces exceeding 5 pN. This force falls within the physiological range exerted by the 
cytoskeleton, and vinculin's role is to stabilize the unfolded conformation of α-catenin 105.  

 

Figure 5: Schematics of vinculin associated complex at cell-cell junctions in response to contractile force 
(adapted from Dorland, Yvonne L, and Stephan Huveneers, 2017 106). 

 

Tight junctions 

Tight junctions in endothelial monolayers function to seal intercellular spaces, limiting the 
transportation of ions and solutes 107. These junctions comprise multiprotein complexes, 
including transmembrane proteins like claudins, occludin, and junctional adhesion molecules 
(JAMs), as well as cytoplasmic proteins like ZO1, ZO2, MAGI1, and PATJ 108,109. Notably, Claudin 
5 is exclusively present at endothelial tight junctions 110. 

Unlike epithelial cells, ECs display less separated apical-basal polarity at the cell-cell junctions. 
Consequently, the arrangement of tight junctions and adherens junctions in ECs differs from 
that in epithelial cells, where tight junctions are typically situated at the most apical-lateral 
side, followed by adherens junctions and desmosomes. In ECs, tight junctions are often 
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interspersed with adherens junctions along the lateral aspect of the cell-cell contact interface 
91. 

Gap junctions 

Gap junctions in the endothelium are formed by connexins (Cx), and four specific types: Cx43, 
Cx40, Cx45, and Cx37 111. These connexins are organized into connexons, which function as 
channels allowing the intercellular exchange of ions and molecules of small size 112. 

1.2.2 Cytoskeleton network 

The cytoskeletal network provides mechanical support to the cells and is crucial in controlling 
their motility, shape, and tension homeostasis 113. Mechanical forces detected at focal 
adhesion or cell-cell adhesions are conveyed through the cytoskeleton into intercellular 
space. This network is composed of actin filaments, intermediate filaments, and 
microtubules. 

1.2.2.1 Actin filaments  

Actin is the primary constituent of actin filament structures. Globular-actin (G-actin) 
polymerizes to form filamentous-actin (F-actin), which comprises two intertwined chains. F-
actin and myosin II, bound by crosslinking proteins such as α-actinin, fascin, filamin, form 
stress fibers (SFs) 114. These fibers enable F-actin to slide over myosin II, ensuring cytoskeleton 
contractility. SFs convey force from the ECM to the cell by pulling on focal adhesions and vice 
versa 113. The cytoskeleton is therefore essential for the cellular response to external force. 
Studies in both 2D and 3D cultures have shown that HUVECs seeded on stiffer substrate 
exhibit more pronounced SFs 115. Actin filaments interact with cellular junctions, including 
tight and adherens junctions, as well as focal adhesions. Cell-cell junctions connect to 
different types of actin structures, including cortical actin (or circumferential actin) and radial 
actin filaments. Cortical actin, located just beneath the plasma membrane, stabilizes the 
junction. In contrast, radial actin filaments may facilitate junction weakening and opening in 
response to mechanical and inflammatory stimuli 116. 

Small GTPases from Rho family, such as RhoA, Rac1, and Cdc42, are pivotal in regulating actin 
cytoskeleton dynamics. RhoA promotes stress fiber formation through actin polymerization 
117. RhoA and Rho kinase (ROCK) signaling are fundamental mediators in 
mechanotransduction, influencing feedback mechanisms between focal adhesions, cellular 
shape, stiffness in the microenvironment, and actomyosin contractility 118,119. Rac is involved 
in lamellipodia and filopodia formation through the recruitment of integrins, and vinculin 
signaling 120,121. Cell shape-induced organization of ECM adhesions may affect the spatial 
distribution of intracellular Rac, potentially guiding protrusion formation and directional 
migration 122. 



1.2.2.2 Intermediate filaments 

Intermediate filaments, 10nm in diameter with an average, are relatively flexible and more 
stable compared to microtubules and actin filaments. Their primary role is to maintain cellular 
and tissue integrity, leveraging their mechanical properties and self-assembly capabilities 123. 
In ECs, vimentin is the predominant intermediate filaments protein 124,125. Kreis et al. reported 
that vimentin can directly bind to the tail of recombinant α2/β1 integrin and co-localized with 
native α2/β1 integrin 126. 

1.2.2.3 Microtubules 

Microtubules, which are composed of α/β-tubulin polymers, form hollow cylinders 
approximately 25nm in diameter. As the stiffest components of the cytoskeleton, 
microtubules play a vital role in essential biological processes, including intracellular 
trafficking, mitotic spindle formation, and the establishment of cell polarity 113.  

1.2.3  Mechanobiology of the cell nucleus 

Recent reports have highlighted the notion that extracellular forces can be transmitted to the 
nucleus through the actin filaments 127-129. For example, Tajik et al. discovered that force-
induced stretching of chromatin can enhance gene transcription, such as that of dihydrofolate 
reductase (DHFR). Disruption of actin filaments or inhibition of actomyosin contraction leads 
to the transcription abrogation or attenuation 130. Furthermore, Tkachenko et al. have 
conducted experiments in microfluidic perfusion chambers showing acute application of 
substantial force to HUVECs causes an immediate displacement of nuclei 131. 

The Linker of Nucleoskeleton and Cytoskeleton (LINC) complex functions as a bridge, 
physically connecting the cytoskeleton to the nucleoskeleton. The primary components of the 
LINC complex are SUN (Sad1p, UNC-84) and KASH (Klarsicht, ANC-1, Syne Homology) domain 
proteins, which span the nuclear envelope. SUN domain proteins, organized in trimers, 
extend through the inner nuclear membrane and bind to the C-terminal of KASH domain 
proteins that, in turn, pass through the outer nuclear membrane 132. KASH domain proteins 
(nesprin1/2) are linked to cytoskeleton proteins, such as actin, dynein and kinesin, while the 
SUN domain proteins (SUN1/2) are connected to the nuclear lamina 133. Therefore, the LINC 
complex forms a mechanical connection, enabling direct transmission of mechanical cues 
from cytoskeletal to the nuclear surface (Figure 6). 
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Figure 6: Cartoon illustrating the LINC complex physically connecting the cytoskeleton to the nucleus 
in two states: a low contractility state with weak focal adhesions (left panel), and a high contractility 
state with strong focal adhesions (right panel) (modified from Pennacchio, Fabrizio A et al., 2021 134).  

 

Chancellor et al. demonstrated that the depletion of nesprin 1 in ECs increased the nuclear 
height, a phenotype similar to that of cells with inhibited myosin. However, no detectable 
change in non-muscle myosin II activity was observed. This depletion leads to reduced pulling 
force on the nucleus from cytoskeletons, resulting in a vertically rounded nucleus. 
Additionally, the number of focal adhesion sites and substrate traction increased, causing 
abnormal adhesion, migration, and cyclic strain-induced reorientation 135. King et al. reported 
that depleting nesprin 1 or nesprin 2 in ECs inhibited the migration into a cell-free area in 
scratch wound assays, and decreased loop formation in angiogenesis assays 136. Lastly, Denis 
et al. utilized a dominant negative KASH (DN-KASH) peptide in HUVEC, which led to nuclei 
decoupled from the cytoskeletons. This decoupling resulted in impaired barrier function, 
decreased cell spreading and adhesion, and defects in endothelial migration, and 
responsiveness to shear stress 137.  

A proposed mechanism for the phenotypes observed following mutation or depletion of LINC 
complex components is the potential impact on chromatin organization. Alam, et al. 
demonstrated that the disruption of LINC complex impairs the gene mechanosensitivity, 
thereby inhibiting mechano-regulation of gene expression across the genome 138. 
Additionally, research conducted on Drosophila larval muscles lacking a functional LINC 
complex revealed that the LINC complex prevents excessive chromatin repression by 
promoting the binding of chromatin to the nuclear envelope 139.  



1.2.4 YAP function in mechanotransduction 

Yes-associated protein (YAP) and its paralogue, transcriptional coactivator with PDZ-binding 
motif (TAZ), are key effectors of the Hippo pathway 140. When the Hippo pathway is on, such 
as when the cells reach confluency, MST1/2 are activated through direct binding to SAV1. 
Phosphorylated MST1/2 subsequently induces phosphorylation of MOB1, which in turn 
phosphorylates LATS1/2. As a result, YAP are phosphorylated and are either retained or 
degraded in the cytoplasm. Conversely, when the Hippo pathway is off, as seen in sub-
confluent cells, YAP are dephosphorylated and translocated into the nucleus. There, it forms 
complexes with DNA-binding transcription factors, including TEAD, SMADs, and TBX5, to 
regulate the transcription of a wide range of genes involved in cell proliferation and junction 
contact 140,141.  

Significant research efforts have been dedicated to understanding the role of YAP in EC 
function and behavior. It has been established that YAP expression is increased in the retinal 
vasculature during post-natal development and in the processes of EC differentiation in mice 
142,143. Additionally, Wang et al. have demonstrated that disturbed flow, compared to laminar 
flow, leads to decreased YAP phosphorylation and increased expression of downstream genes 
such as CTGF and CYR61 in both HUVECs and HAoECs. Conversely, inflammatory ECs found in 
the lesion area of apoe−/− mice and in human atherosclerotic aortas exhibit reduced YAP 
phosphorylation 144. 

The subcellular localization and activity of YAP are tightly regulated by mechanical stimuli, 
such as stress, stiffness of the ECM, and cell geometry. For instance, it has been shown that 
cellular stretching stimulates the nuclear localization of YAP, which in turn stimulates 
proliferation 142. Furthermore, growing ECs on a stiff matrix activates integrin signaling as well 
as YAP transcriptional activity 145,146.  

1.3 Angiomotins: A scaffold protein family involved in mechanotransduction 

Angiomotin (Amot) was initially identified by its binding to the angiogenesis inhibitor, 
angiostatin 147. Subsequently, Angiomotin-like 1 (AmotL1, also known as JEAP) and 
Angiomotin-like 2 (AmotL2, also known as LCCP, MASCOT), two highly homological 
polypeptides of Amot, were identified from GenBank analysis 148,149. Together, the 
angiomotin family consists of three members: Amot, AmotL1, and AmotL2.  

The structure of Amot family proteins is characterized by distinct features: W-W binding 
motifs, conserved coiled-coil domains, and C-terminal PDZ motifs (Figure 7). Notably, Amot 
possesses an angiostatin binding domain situated between coiled-coil domains and PDZ 
motifs. Each member of Amot family has two, isoforms: Amot (p80 and p130), AmotL1 (p90 
and p110), and AmotL2 (p60 and p100).  
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Figure 7: Structural binding domains of Angiomotin protein family. The figure illustrates the distinctive 
binding domains within the Amot scaffold protein family, including Amot, AmotL1 and AmotL2 
(adapted from PhD thesis from Yuanyuan Zhang, 2019 150). 

 

Studies have shown that the PDZ binding motif at the C-terminal is important for EC migration. 
Through PDZ binding motif, Amot, AmotL1 and AmotL2 interact with the apical polarity 
protein Patj and form a ternary complex with Syx, which control local GTPase activity and 
regulate EC migration 151. Additionally, Par3 binds to the PDZ binding motif of AmotL2, 
promoting its localization with VE-cadherin/E-cadherin in cell-cell adhesions and enables 
radial actin organization 152.  

Coiled-coil domains also play a significant role. For instance, Amot is part of a signaling axis 
that includes Merlin-Amot-Rich1 and the Rac1 small GTPase, regulating the collective 
migration of epithelial cells 153. Amot p130 (but not Amot p80) and AmotL1 bind YAP via LPTY 
and PPEY motifs of W-W binding domain 154,155. The PPQY motif of AmotL2 also binds YAP 
156,157. 

1.3.1 Amot  

During mouse embryogenesis, Amot is expressed as early as the inner cell mass (ICM) stage 
of the blastocyst and plays a crucial role in cellular differentiation, primarily by regulating the 
localization of YAP 158. As reported by Shimono et al., most Amot-deficient embryos die 
shortly after gastrulation due to impaired migration within subregions of the visceral 
endoderm 159. However, back crossing of these knockout mice revealed that around 75 % of 
the embryos die at embryonic day 11 due to vascular insufficiency. Furthermore, depletion of 
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Amot in zebrafish was shown to inhibit filopodia formation in EC tip cells and thereby affecting 
migration of intersegmental vessels. Amot depletion has also been implicated in pathological 
angiogenesis and therefore efforts to inhibit tumor growth by targeting angiogenesis have 
thus included the development of DNA vaccinations and antibodies against Amot 160,161.  

Amot is essential not only for vascular expansion but also for neurogenesis. The p130 isoform 
of Amot, in particular, plays a crucial role in stabilizing dendritic spines. This isoform is 
predominantly found in mature dendritic spines, where it stabilizes the actin cytoskeleton by 
linking F-actin to postsynaptic protein scaffolds 162. In developing neurons, the function of 
Amot is contingent upon its interaction with YAP, which is vital for dendrite growth and 
branching in vitro. Conditional depletion of both Amot and YAP in neurons leads to the 
development of less complex dendritic trees in Purkinje cells and atypical cerebellar 
morphology 163. Taken together, Amot plays an important role in development and especially 
during the morphogenesis of the vascular and neural networks. 

1.3.2 AmotL1 

Similar to Amot, AmotL1 plays a significant role in EC migration, particularly by influencing the 
junctional stability in stalk cells during vascular sprouting, as observed in zebrafish 
angiogenesis models 164. Additionally, research utilizing EC-specific conditional mouse models 
have shown that silencing AmotL1 impairs pericyte morphology and blood vessels coverage 
in a non-autonomous manner 165.  

AmotL1 was shown to interact with N-cadherin, forming a complex with MAGI-1 and actin 
filaments in both pericytes and ECs in the absence of VE-cadherin. This interaction facilitates 
the formation of homotypic cell-cell interactions involving N-cadherin in vitro 165. Moreover, 
the influence of AmotL1 on cell migration extends beyond ECs. For example, it interacts with 
Pdlim2 to regulate the dynamics of the actin cytoskeleton in podocyte foot processes, a 
finding detailed by Sistani et al. 166. In the context of cancer, an increased expression level of 
AmotL1 has been observed to enhance cancer cell migration and proliferation. This is 
achieved through the activation of c-Src in breast cancer, as reported by Couderc et al. 167. 

1.3.3 AmotL2 

Similar to Amot, AmotL2 is expressed during early embryogenesis, with its expression 
uniquely restricted to the trophectoderm. The inactivation of AmotL2 results in the loss of 
actin filaments, leading to inhibited hatching from the Zona Pellucida 168. Predominantly 
expressed in both developmental and adult tissues, the p100 isoform of AmotL2 is a key 
component of the VE-cadherin and E-cadherin junctional complexes in endothelial and 
epithelial cells, respectively. The loss of AmotL2 in these cells leads to the absence of specific 
actin filaments that connect cells via VE/E-cadherin, crucial for the transmission of mechanical 
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signals. Beyond its role in blastocyst hatching, the inactivation of AmotL2 results in impaired 
aortic lumen expansion and embryonic mortality in both mice and zebrafish 169. 

As a scaffold protein, AmotL2 facilitates interactions with various proteins. It interacts with 
MAGI1 and actin through its N-terminal LPTY motif 168. Mutations in this motif disrupt actin 
binding, affecting the rescue of AmotL2 depletion phenotypes in zebrafish endothelial and 
epithelial models 168,169. Furthermore, molecular studies have revealed that the cell polarity 
protein Partitioning Defective 3 homolog (Par3) binds to AmotL2's PDZ domains. This binding 
targets the protein complex to the apical cell junctions, essential for the formation of radial 
F-actin, a key component of cell structure and organization 152. 

Another isoform, p60AmotL2, has been identified. This isoform is transcribed by the c-Fos 
transcription factor in response to stress signals, such as ischemia. p60AmotL2 binds to 
p100AmotL2 and acts as a dominant-negative, sequestering proteins in intracellular vesicles. 
This interaction results in the loss of apical-basal polarity and the disruption of radial actin 
filament formation. Consequently, it activates the process of apical extrusion in vitro, a 
mechanism crucial for maintaining homeostasis but also potentially exploited by tumor cells 
for tissue invasion. Consistently, p60AmotL2 has been shown to promote ameboid migration 
in vitro and tumor cell invasion in vivo 170.  
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2 Research aims 
Each member in the Amot protein family functions as a scaffold protein with the ability to 
associate with various mechanosensitive proteins. It is intriguing to identify their direct 
binding partners, and to further unveil the mechanism underlying how individual Amot 
proteins contribute to mechanical force transmission in distinct vascular events. 

Paper I 

- To investigate how Angiomotin contributes to the transmission of mechanical forces during 
the process of vascular expansion. 

Paper II 

-To study the function of the AmotL2/VE-cadherin mechanotransductory complex in adult 
aorta. 

Paper III 

-To investigate how AmotL1 associates with N-cadherin to form the complex in EC/pericyte 
interaction and the transmission of force between ECs and pericytes.  

-To develop a comprehensive overview of the binding profiles across the Amot protein family. 
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3 Materials and methods 

3.1 Mouse models 

3.1.1 Conditional knockout mouse models (Papers I and II) 

3.1.1.1 amotflox mice 

The amotflox mice, carrying a loxP-flanked amot gene, were crossed with Cdh5 (PAC)CreERT2 and 
ROSA26-EYFP double transgenic mice. amotec+ and amotec- are the abbreviations used for 
depicting amotwt-Cdh5 (PAC)CreERT2-ROSA26-EYFP and amotflox-Cdh5 (PAC)CreERT2-ROSA26-EYFP 
mice, respectively, as the amot gene localizes to the X chromosome. All the mice in this report 
were in C57BL/6 background. Biopsies from mouse tail-tip and ear were used for genotyping 
of each mouse included in these studies. Postnatal day 6 (P6) mice were analyzed in this study. 
Both female and male animals were included. Ethical permission was granted by the North 
Stockholm Animal Ethical Committee. All animal housing and experiments were carried out 
in accordance with the guidelines of the Swedish Board of Agriculture. 

For retinal angiogenesis study, tamoxifen (400 mg/mouse/day, dissolved in sunflower oil) was 
administered by intraperitoneal (IP) injection from P1 to P3 and the retinas were harvested 
at P6. 

3.1.1.2 amotl2flox mice 

In the same fashion, we established a mouse model for the AmotL2 endothelium-specific KO 
mouse model. amotl2ec+/ec+ and amotl2ec-/ec- are the abbreviations for amotl2wt/wt-Cdh5 
(PAC)CreERT2-ROSA26-EYFP and amotl2flox/flox-Cdh5 (PAC)CreERT2-ROSA26-EYFP mice, 
respectively. 

3.1.2 Tumor transplantation mouse model (Paper I) 

The amotec+ and amotec- male mice at 6 weeks of age were injected by tamoxifen to induce 
amot depletion. Lewis lung carcinoma cells (LLC, 0.5 × 106/mouse) were injected 
subcutaneously on the last day of tamoxifen injection. Tumor growth was manually inspected 
twice per week and tumor volumes were calculated according to the formula: 0.52 × length × 
width × width (cm3). Starting from 2 weeks after the first injection, the same dosage of 
tamoxifen was injected into the tumor-bearing mice for 5 days. When tumors reached the 
diameter of 10 mm, mice were sacrificed according to the ethical permission. 

3.1.3 The porcine pancreatic elastase (PPE) mouse model (Paper II) 

Tamoxifen injections (5 days) were administered to mice aged 9 weeks to induce endothelial-
specific amotl2 gene inactivation. At week 12, mice were induced with 2 - 3% isoflurane 
anesthesia in the chamber, placed on and fixed to a heating pad and then maintained with 



1.5% isoflurane anesthesia during surgery. The abdominal aorta from just below the left renal 
vein to the iliac bifurcation was identified and dissected peripherally from about 2 mm below 
the left renal nerve to the bifurcation. Topical local application of 5 μL of elastase from porcine 
pancreases (10.1 mg of protein per milliliter, 19 U mg−1 protein) was used to the exposed 
aortic adventitia for 5 min. Afterwards, the aortas were dried with a cotton swab and gently 
washed with warm 0.9% saline. The intestines were returned to the abdominal cavity, and 
the laparotomy was closed. 

3.1.4 Ethical consideration 

The ethic permits for our mouse experiments, including N129/15 (2015-2020), 12931-2020 
(2020-2025) and 22902-2021 (2021-2026), were granted by the Stockholm North Animal 
Experiment Ethics Board. These studies were conducted in strict accordance with the 
guidelines provided by the Swedish Board of Agriculture, with a commitment to the '3R' 
principles:  

Replacement: Priority was given to in vitro experiments using cultured ECs, such as Bovine 
Aortic Endothelial Cells (BAE cells), MS1 cells, and Human Aortic Endothelial Cells (HAoECs), 
and Human Umbilical Vein Endothelial Cells (HUVECs). This approach aimed to minimize the 
use of live animals where possible. 

Reduction: Experiments were thoroughly planned in order to reduce the number of mice used 
to the minimum required to achieve reliable results.  

Refinement: Several measures were implemented to enhance the welfare of the mice used 
in these studies, including the use of individually ventilated cages and gentle handling 
procedures. Additionally, I underwent proper training before performing any procedures that 
involved wounding, such as injections. 

3.2 Human materials 

3.2.1 Human Protein Atlas (Paper I) 

The Human Protein Atlas is a Swedish-based project established in 2003 and aiming to map 
all the human proteins in cells, tissues, and organs. An integration of various omics 
technologies, including antibody-based imaging, mass spectrometry-based proteomics, 
transcriptomics, and systems biology, has been utilized for exploration of the human 
proteome (https://www.proteinatlas.org/) 171. 

3.2.2 Human aortic aneurysm samples (Paper II) 

Aortic samples from patients with AAA were obtained from surgeries performed at Karolinska 
Hospital in Stockholm, Sweden. Signed consent from patients with AAA was obtained for 
tissue collection. Control samples were taken from the abdominal aorta of beating-heart, 
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solid organ transplant donors. Organ donors consented to the use of tissue for research 
purposes at the time of enlisting to the donation registry. Ethical permission was granted by 
the Regional Ethical Review Board in Stockholm. No participant compensation was granted. 

RNA was extracted from both medial and adventitia layers of the aortic wall and subsequently 
sequenced on Human Transcriptome Array 2.0–Affymetrix (HTA 2.0) platform 172. 

3.2.3 Human primary cell line (Paper II) 

HUVECs from ScienCell were cultured in EC medium. HAoECs from PromoCell were cultured 
with Endothelial Cell Growth Medium MV. The batch of HAoECs used for this study came from 
a 55-year-old male donor with a Caucasian background. 

3.3 Proximity-dependent biotin identification (BioID) 

Proximity-dependent biotin identification (BioID) plasmids (Mammalian Gene Expression 
Lentiviral Vector) were constructed by combining cDNA fragments with N-terminus of E. coli 
biotin ligase (BirA) (Table 1). An empty vector with the same backbone was used as negative 
control. All constructs (produced by Vector Builder) were verified by restriction enzyme 
digestion. BioID constructs and the empty vector were packaged into lentivirus using 
Lipofectamine 3000 Transfection Reagent. MS1 cells, cdh5 +/+ cells or cdh5 -/- cells were used 
to establish stable transfected cell lines via lentivirus transfection with the selection of 0.5 
mg/mL geneticin. Stable transfected cells were cultured in completed medium without biotin 
and 0.5 mg/mL geneticin. For the BioID experiment, cells were treated with 50 mM biotin for 
16 hr, followed by harvesting in a lysis buffer consisting of 50 mM Tris·HCl pH 7.4, 8 M urea, 
1 mM DTT and protease inhibitors. 1% Triton X-100 was added to lysates before sonication. 
Biotinylated proteins were purified with streptavidin beads overnight at 4 °C. After five 
washes with 8M urea in 50 mM Tris·HCl (pH 7.4) and one wash with 50 mM Tris·HCl (pH 7.4), 
the beads were resuspended in PBS and kept ready for further Mass Spec analysis. 

Name of BioID BioID construct 
empty vector plasmid  pLV[Exp]-Neo-CMV > Stuffer300 
mouse p130-Amot 
BirA-tagged plasmid  pLV[Exp]-Neo-CMV > {BirA(R118G)}:[NM_153319.3]∗ 

mouse p80-Amot BirA-
tagged plasmid  

pLV[Exp]-Neo-CMV > 
{BirA(R118G)}:[NM_133265.2](G449D) 

human p100-AmotL2 
BirA-tagged plasmid 

pLV[Exp]-Neo-
CMV>{BirA(R118G)}:hAMOTL2[NM_001278683.1 

human p60-AmotL2 
BirA-tagged plasmid 

pLV[Exp]-Neo-CMV>{BirA(R118G)}:{P60} 

mouse AmotL1 BirA-
tagged plasmid 

pLV[Exp]-Neo-
CMV>{BirA(R118G)/HA}:mAmotl1[NM_001081395.1] 

Table 1: The structure of BioID constructs were used in Papers. 
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4 Results and Discussion 

4.1 Paper I: The Amot/integrin protein complex transmits mechanical forces 
required for vascular expansion. 

4.1.1 Amot is required for both retinal and tumor angiogenesis. 

In this paper, we investigate the role of Amot in vascular expansion. Previous studies, such as 
Aase et al. have demonstrated that Amot is expressed during the physiological angiogenesis 
of zebrafish and mice 160. Amot has been considered as a negative regulator of the Hippo 
pathway. It suggests that Amot appears to promote vascular and endothelial expansion, 
whereas in epithelial cells, it acts as a suppressor of cell proliferation. 

To clarify this apparent inconsistency, the expression pattern of Amot was examined in 
sections of both healthy and malignant human tissues via IHC 173. The Amot expression was 
confined to in the blood vessels of the placenta during the third trimester and was present in 
adult endometrium. Additionally, in adult tissues, such as the pancreas, brain, prostate, 
breast, and colon, Amot was not observed in regions external to the blood vessels. 
Coincidentally, when examining corresponding human cancer tissues, it was found that there 
was an increase in Amot expression in the blood vessels and stroma of various human cancers, 
but this upregulation was not observed in the adjacent non-cancerous tissues. 

To study the role of Amot in mouse retinal angiogenesis, we induced inactivation of the amot 
gene in ECs using tamoxifen injections from P1-P3. This was achieved with our endothelium-
specific knockout mouse model. Whole mount staining analysis of retinas harvested at P6 
demonstrated that inactivation of amot in ECs led to the inhibition of radial vessel expansion, 
characterized by asymmetry and partial collapse. Quantitative analysis indicated the number 
of tip cells filopodial extensions in amotec- retinas were reduced compared to that in amotec+ 
retinas. 

Observing the upregulation of Amot in the vasculature of human tumors, we aimed to 
determine whether Amot also contributed to the angiogenesis process in tumors. To this end, 
we used two distinct transgenic mouse models for breast cancer: the LLC transplantation 
model and MMTV-PyMT. LLC tumors injected in amotec- mice were notably smaller in terms 
of tumor weight, as compared with amotec+ mice. IF staining analysis of tumor sections 
revealed a substantial reduction in vascular density and a higher rate of necrosis in amotec- 
tumor compared to amotec+ tumor. In the MMTV-PyMT transgenic breast tumor model, our 
analysis discovered that the onset of early tumors in mice lacking amot in ECs was delayed by 
an average of six weeks compared to control mice. Moreover, there was a significant 
improvement in the overall survival rate of amotec- mice. Together, these findings substantiate 
the protective impact of amot deletion in reducing tumor occurrence through the inhibition 
of angiogenesis. 



4.1.2 Amot relays force between ECs and the ECM both in vivo and in vitro. 

We hypothesized that Amot played a crucial role for the force transmission between the 
Fibronectin (Fn) and the cytoskeleton within migrating ECs. Firstly, enhanced resolution 
confocal microscopy was used to visualize Fn fibrils in the endothelial migrating front. Fn 
fibrils were stretched and aligned with tip cell filopodia in amotec+ retinas, whereas Fn was 
localized to punctate and shortened fibrils in amotec- retinas. Previous research has reported 
that the assembly of cell-mediated Fn fibrils are regulated by mechanical signals 174-176. To 
examine force patterns of Fn in vivo, H5-scFv antibody, which allows the detection of cryptic 
epitopes specifically exposed under mechanical tension, was utilized. By comparing the ratio 
of the signal derived from the H5-scFv antibody relative to that from a pan-Fn antibody, a 
decreased ratio was observed in areas where the tip cell filopodia extended in amotec- retinas. 
Furthermore, we employed Traction Force Microscopy (TFM) to more accurately measure the 
forces exerted in the interaction between individual EC and the ECM in vitro. As a result, Amot 
siRNA knockdown cells displayed a marked reduction in the force applied to the Fn-coated 
polyacrylamide gel. 

4.1.3 Amot is identified as a novel partner in the integrin adhesome. 

To identify the components in the Amot complex involved in force transmission, we 
performed Amot co-immunoprecipitation (co-IP) in BAE cells at 40% confluent. Mass 
Spectrometry (MS) analysis unveiled an enrichment of ‘Integrin signaling pathway’ Panther 
pathways and several integrin subtypes, such as β3, α5, and β1, were recognized from the 
protein list. We verified these findings through co-IP analysis of β1 integrin and αvβ3 integrin 
in control siRNA and Amot siRNA-treated cells. We found that the p130 isoform of Amot was 
the specific isoform associated with β1 and αvβ3 integrins, suggesting that the N-terminal 
domain of Amot mediates this interaction. To further identify potential direct binders to 
Amot, we utilized BioID technology. The biotin ligase, BirA, fused to a protein of interest, 
biotinylates the lysines of closely interacting proteins within 10 nm177. For this purpose, BirA 
was fused to the N-terminal end of the p130 and p80 Amot isoforms and cloned into lentiviral 
expression vectors. Subsequently, these vectors were used to infect MS1 cells. A total of 178 
proteins were identified as potential binding partners of Amot p130 and were subsequently 
analyzed using Panther pathway analysis. ‘Integrin signaling pathway’ was identified as a top 
hit. Multiple known focal adhesion-related proteins, such as Talin, Zyxin, Kank2, and Myosin 
9/10, were identified. The association of these proteins was verified by co-IP analysis using 
either Amot-, integrin-, and Talin-specific antibodies. 

Our data indicate that Amot binds to actin under subconfluent conditions but not under 
confluent conditions using Co-IP. Furthermore, analyses on β1 integrin and αvβ3 integrin 
immunoprecipitations show reduced binding of actin to both β1 integrin and αvβ3 integrin in 
cells treated with Amot siRNA compared to control cells. Taken together, we proposed the 
hypothesis that Amot might influence the interaction or polymerization of actin filaments 
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following the activation of integrins. To assess the organization of focal adhesions and actin 
filaments, we utilized Y-shaped CYTOO chips to analyze both control and Amot siRNA-
depleted cells. Our findings revealed that the depletion of Amot did not alter Vinculin 
recruitment at focal adhesion sites. However, there was a notable decrease in the intensity 
of actin staining in the Amot-depleted cells. 

4.1.4 Discussion 

In this study, we identified that Amot is a component of the integrin adhesome, playing a 
crucial role in transmitting forces between ECM and cytoskeleton. More importantly, we 
underscored Amot’s significance in aiding essential force transmission for vascular expansion 
in both normal and pathological situations, using EC-specific gene deletion mice model. 

Integrin-mediated mechanotransduction between the ECM and ECs has been extensively 
studied and plays a crucial role in development and tissue homeostasis. This has been a focus 
of research for the last several decades, as highlighted by Sun et al. 76. The integrin adhesome 
is complicated, comprising more than 200 proteins that are involved in cell-ECM interactions, 
as reported by Horton and Humphries 178. Our findings provide evidence that Amot is a 
previously unidentified component of the integrin adhesome. The reason why Amot's role in 
force transmission has not been previously discovered may be due to the fact that typical 
cellular adhesion studies are conducted in fibroblasts, which lack Amot expression. Our study, 
however, demonstrates that Amot is primarily expressed in ECs during both developmental 
angiogenesis and tumor angiogenesis in mice and humans. 

Ernkvist et al. have demonstrated that Amot binds to actin and triggers the formation of actin 
filaments 151. The results were consistent with our present finding the BioID MS analysis 
identified actin and actin-associated proteins. Our previous work also revealed the binding of 
the Rho-GTPase RhoA to Amot, aligning with our findings 151. Amot has also been reported to 
regulate Rho-GAP activity, providing a potential explanation for the extensive actin fiber 
formation upon p130-Amot overexpression 179. Moreover, Amot is essential for the spatially 
restricted localization of Rho-GTPase to cellular protrusions or lamellipodia during EC 
migration via Rho-FRET analysis 151. Apart from Rho-GTPase, Amot may also activate other 
GTPases to mediate cytoskeleton reorganization. Amot has been suggested to coordinate 
directional migration within the Merlin-Amot-Rich1 complex 180. Furthermore, the binding of 
Amot has been associated with the hydrolysis and downregulation of the activity of the Rho 
GTPases Rac1 and Cdc42 153,181. However, it remains unclear that how Amot, in conjunction 
with the mentioned Rho GTPases, collaborates to regulate actin dynamics during EC 
migration. 

Overall, our findings suggest that Amot plays a role in integrating mechanical cues perceived 
by migrating ECs. These cues are then translated into actomyosin contractility, which is 
essential for the migration of ECs. 



4.2 Paper II: The VE-cadherin/AmotL2 mechanosensory pathway suppresses aortic 
inflammation and the formation of abdominal aortic aneurysms. 

4.2.1 AmotL2 is essential for arterial endothelial alignment in response to flow. 

This paper aims to investigate the function of AmotL2 in the adult mouse aorta. Previous 
research has shown that AmotL2 is associated with VE-cadherin and is essential for aortic 
lumen expansion during mouse embryogenesis 169. In this study, we investigated the 
expression patterns of AmotL2 in major vessels, specifically the descending aorta (DA) and 
the inferior vena cava (IVC). The findings revealed that AmotL2 was localized to the junctions 
of aortic ECs. In contrast, ECs in the IVC exhibited a rounder shape, with fewer or no radial 
actin filaments, and demonstrated reduced expression of AmotL2. 

To investigate the role of AmotL2 in aortic function, we targeted the inactivation of amotl2 in 
ECs by administering tamoxifen injections. Depletion of amotl2 in the DA resulted in the loss 
of radial actin filaments and altered cell shape. Comparable changes in phenotype were noted 
in arterial ECs but not in venous ECs within urinary bladder. Likewise, in amotl2ec+/ec+ mice, the 
nuclei of ECs in the DA were elongated and aligned to the direction of blood flow, coinciding 
with cell alignment. In contrast, ECs lacking amotl2 exhibited rounder and irregularly shaped 
nuclei, positioned near cell-cell junctions downstream of flow direction. These modifications 
in nuclear shape and positioning were not detected in vena cava ECs. These findings were also 
replicated in controlled in vitro flow experiments using Ibidi pump system.  

4.2.2 AmotL2 links junctional VE-cadherin to the nuclear lamina. 

Co-IP analysis was used to identify AmotL2-associated complexes from both MS1 and BAE 
cells. MS analysis was used to identify several key proteins. These included cellular membrane 
proteins like VE-cadherin, α-catenin, β-catenin, and p120 catenin, together with nuclear 
lamina proteins, such as SUN2 and Lamin A. To validate these findings, we plated HUVECs and 
HAoECs in culture dishes and subjected them to 96-hour flow generated by the orbital shaker. 
AmotL2 Co-IP in HUVEC revealed that the VE-cadherin/AmotL2/actin complex formation was 
induced after flow exposure. In contrast, this complex was present in primary aortic 
endothelial cells independently of flow. 

We went on to investigate more precisely how AmotL2 linked with the VE-cadherin complex. 
We employed the BioID technique as described in Paper I. We identified 121 candidate 
interactors of AmotL2. Among them, several proteins, such as AmotL1, Magi1, and Mpdz, 
have been previously reported as direct binders of AmotL2. Further, our KEGG pathway 
analysis indicated a significant number of proteins related to tight junctions and adherens 
junctions, including ZO-1, Afadin, and p120 catenin. p120 catenin forms a direct binding 
connection with the submembrane domain of VE-cadherin, a region separated from the 
interaction site of β-catenin. Therefore, p120 catenin could potentially link AmotL2 to the 
junctional complex Subsequently, we examined the interaction between AmotL2 and p120 
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catenin in EC in vivo using Proximity Ligation Assay (PLA). We observed distinct signal (co-
localization) in the aortic EC, which was significantly higher than that in amotL2ec-/ec- aorta or 
vena cava. Collectively, our findings propose a model in which the junctional complex of VE-
cadherin, p120 catenin, and AmotL2 is linked to actin filaments that extend to connect with 
the nuclear lamina. 

4.2.3 Depletion of amotl2 promotes vascular inflammation in vivo. 

It is established that the alignment of ECs and the reorganization of their cytoskeleton in 
response to laminar blood flow act as protective mechanisms against inflammation. This 
raises an important question: does the observed lack of alignment in AmotL2 EC-specific 
knockout (amotl2ec−/ec−) ECs in the aorta correlate with a pro-inflammatory response? To 
address this issue, mRNA from the DAs of both amotl2ec+/ec+ and amotl2ec−/ec− mice was 
extracted and subjected to RNA sequencing (RNA-seq), revealing a significant enrichment of 
genes associated with immune-related Gene Ontology (GO) terms. The mRNA expression of 
the identified genes associated with inflammation was confirmed through TaqMan qRT-PCR. 
Notably, CD68, as a monocyte lineage marker, was predominantly elevated in male amotl2-
depleted mice, but less obvious in females. Similar trends were detected with cytokines like 
Tnf, Ccl2, Il6, and Cxcl10. In line with cytokine upregulation, Vcam1, crucial for monocyte 
adherence to the endothelium, showed increased levels in male amotl2ec−/ec− mice.  

Following the RNA-seq analysis, we performed immunohistochemistry (IHC) on the DA to 
determine whether the upregulation of inflammatory markers was associated with the 
presence of inflammatory cells. As a result, Cd45+ cells were detected in the sub-renal region 
of the DA of amotl2ec−/ec− mice. Additionally, we observed monocyte infiltration in the outer 
curvature of the aortic arch. The morphology of these Cd45+ monocytes contrasts with the 
spindle-like Cd45+ macrophages that reside in the inner curvature and at arterial bifurcations. 

4.2.4 The formation of AAA is induced in amotl2ec−/ec− male mice. 

Inflammation in the aortic wall is linked with the emergence of arterial aneurysms. In 
amotl2ec−/ec− mice, we observed the spontaneous formation of AAA near the renal arterial 
branch. Notably, 20% of male amotl2ec−/ec− (5/25) mice exhibited AAA formation, whereas no 
aneurysms were found in female mice (0/20) or in wild-type mice (0/36). Imaging analyses of 
a typical AAA exhibited damage to both the endothelium and the vessel wall. 

Next, we studied the effects of amotl2 deletion in a well-established murine model designed 
for the study of aneurysm formation, the PPE mice model 182,183. In this model, local 
application of elastase weakens the vessel wall and induces aneurysm. Ultrasound 
examinations showed a significantly larger lumen in the amotl2ec−/ec− mice. IHC analysis 
revealed significant intimal thickening, primarily due to the proliferation of α-smooth muscle 
actin-positive (αSMA+) cells. 



4.2.5 The expression of AmotL2 and inflammation in patients with AAA are negative 
correlated. 

Subsequently, we shifted our focus to investigate the association between AmotL2 gene 
expression and the inflammatory response in AAA patients. We examined mRNA expression 
levels in samples from both healthy individuals and AAA-diagnosed patients, who received 
surgical treatment at Karolinska University Hospital. mRNA was extracted from the medial 
and adventitial layers of the aorta in 13 donors and 35 AAA cases. AMOTL2 expression was 
markedly reduced in the media of AAA tissues compared to normal samples, after 
normalization to endothelial markers. An inverse association was found between AMOTL2 
expression and the expression of markers for the monocytes/macrophages CD68, and T cell 
markers CD4 and CD8A, but not with the B cell marker CD19. In line with this, a negative 
correlation was also observed with the expression of cytokines such as TNF, CCL2, CCL5, 
CXCL10, and ICAM1, consistent with the links to inflammatory cell markers. 

4.2.6 Discussion 

ECs play a critical role in responding to hemodynamic forces, and investigating the underlying 
pathways is key to comprehending the pathogenesis of vascular diseases. In this report, we 
demonstrate that the VE-cadherin/AmotL2 protein complex forms a linkage between actin 
and the nuclear lamina. The specific depletion of amotl2 in ECs led to a notable impairment 
in EC alignment in response to shear stress, along with disruption in nuclear positioning. These 
effects contribute to inflammation and the formation of AAAs. 

The absence of EC alignment as a result of amotl2 deficiency, along with the associated 
irregular shapes of arterial ECs, the concurrent absence of radial actin filaments and disrupted 
nuclear positioning, had immediate implications for endothelial function. Additionally, the 
depletion of amotl2 triggers the activation of pro-inflammatory markers, such as Vcam1 and 
Icam1, on the surface of ECs, via qPCR analysis and facilitates the extravasation of Cd45+ 
inflammatory cells. We hypothesize that the infiltration of inflammatory cells into the tunica 
media contributes to the degradation of the ECM, including elastin. Consequently, this 
process weakens the structural integrity of the aortic wall. The compromised region of the 
artery may subsequently protrude, elevating the risk of vessel rupture and hemorrhage. Both 
quantitative PCR analysis of pro-inflammatory markers and the formation of AAA in the 
amotl2ec−/ec− male mice revealed a sex-specific difference. Interestingly, AAA tends to occur 
more frequently in males aged 65-79 years compared to females in the same age group 48. 
The appearance of sex-specific difference in our amotl2 endothelial specific depletion mince 
model implies its potential clinical importance. 

The precise genetic link between AmotL2 and AAA is yet to be fully understood. Factors such 
as epigenetic modifications and environmental influences could also play a role. Therefore, 
further research is warranted to unravel the complex relationship between AmotL2 and AAA. 
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4.3 Paper III: Mapping of the Angiomotin protein family Adhesome by BioID 
Analysis. 

4.3.1 AmotL1 adhesome is identified via BioID technique.  

Here, we focus on the mechanotransductory complex associated with AmotL1 in 
endothelium. Previous studies evidenced that VE-cadherin forms homotypic adherens 
junctions between ECs, whereas N-cadherin is the primary heterotypic adhesive molecule 
connecting ECs and pericytes 18. It was observed that N-cadherin was upregulated and 
relocated to cell junctions in VE-cadherin (Cdh5)-deficient cells 184. Interestingly, AmotL1 was 
found to associate with N-cadherin through actin filament only when VE-cadherin is depleted 
165. To gain deeper insights into the AmotL1/N-cadherin associated complex, we infected both 
wild-type endothelial cells (cdh5+/+) and cdh5-/- cells with BioID constructs. 399 proteins were 
identified in cdh5-/- cells but only 64 proteins in cdh5+/+ cells. This data suggest that AmotL1 
has a more functionally active role in cdh5-/- cells, as indicated by the sheer quantity of 
associated proteins. An in-depth pathway analysis performed in Enrichr indicated that the 
‘Integrin signaling pathway’ was highly enriched in association with AmotL1 in cdh5-/- cells. 
Conversely, no discernible Panther pathways were significant in cdh5+/+ cells. As validation, 
AmotL1 co-IP in both cell types revealed that the association between AmotL1 and focal 
adhesion proteins was apparent in cdh5-/- cells compared to that in cdh5+/+ cells, whereas the 
association with p120 catenin markedly declined. Overall, this finding aligns with the results 
obtained from BioID analysis. 

To identify unique binding proteins of AmotL1, the positive hits from both cell types were 
analyzed using a Venn diagram: 382 proteins identified exclusively in cdh5-/- cells and 47 in 
cdh5+/+ cells. GO Cellular Component analysis of the proteins in cdh5-/- cells revealed 
significant enrichment in the 'Focal adhesion' pathways, in contrast to the prominent 
enrichment observed in cdh5+/+ cells. Additionally, common positive hits (n=17) in both cell 
types were analyzed in the same fashion. All the top 10 significantly enriched pathways were 
related with cytoskeleton or adhesive structure, including ZO-1, Merlin, Jcad, Afadin, Bin1, 
Twf1 and Shroom4. This indicates that AmotL1 binds to these junctional proteins 
independently of VE-cadherin. 

To demonstrate the interactions between AmotL1 and N-cadherin, we compared AmotL1 
binding partners to the previously published N-cadherin adhesome in cardiomyocytes lacking 
Cdh5 expression 185. Notably, both proteins were identified using the BioID technique. 
Interestingly, there was an overlap of 39 shared proteins. This suggested that AmotL1 and 
Cdh2 might function collaboratively within the same mechanosensitive protein complex. 
Substantiating this notion, those 39 proteins were subjected to GO Cellular Component 
analysis. The primary ten enrich pathways predominantly pertained to junctional pathways 
and cytoskeleton. 



4.3.2 Expression Patterns of the Amot Protein Family and Their Associated Adhesomes. 

Amot proteins, despite their structural similarities, display distinct phenotypes as shown by 
gene inactivation studies in mouse and zebrafish. This may be explained by differences in 
spatiotemporal expression patterns. We therefore investigated the expression of the 
individual Amot genes in mRNA single cell sequencing databanks of mouse tissues 186. Firstly, 
we analyzed expression patterns of Amot genes in the adult aorta. Unlike the absence of 
Amot, AmotL1 and AmotL2 were highly expressed in distinct EC clusters. Additionally, mRNA 
single cell sequencing data from human embryos endothelium showed that preferential 
expression of Amot in the early embryonic stage. In a comparison among endothelial sub-
clusters during organogenesis, AmotL1 exhibited relatively higher expression in vascular 
endothelial cells, while AmotL2 tended to have increased expression in arterial endothelium 
187. In summary, these findings demonstrated the differential expression of Amot genes in 
ECs, which may explain, at least in part, their distinct roles in vascular functions. 

To compare the assembly of protein complexes involving each Amot family member, we 
conducted a Venn diagram analysis focusing on binding profiles of all Amot adhesomes, as 
identified by BioID 188,189. Fifteen proteins were found to be commonly associated to all Amot 
proteins, including ZO-1, Afadin, Mpdz, Filamin B, Magi1, RhoA, and Talin. Subsequent 
analysis using the Panther pathway tool revealed that these proteins are involved in cellular 
structures and processes such as Tight Junctions, Adherens Junctions, and Focal Adhesions. 
This indicates that all members have the capacity to interact with the actin cytoskeleton and 
cell adhesion complexes. Specific binding proteins of Amot, AmotL1, and AmotL2 were also 
subjected to Panther pathway analysis and the results demonstrated that the 'Integrin 
signaling pathway' was the top hit for both Amot- and AmotL1-specific binding proteins. 
However, the proteins involved in the focal adhesion complexes were distinguishable. More 
specifically, AmotL1 was found to interacted with integrin β6, α3, αv and α6, while Amot was 
bound to caveolin 1, filamin A, Crk, and CrlL.  

4.3.3 Discussion 

In this study, we have identified AmotL1 adhesome using the BioID technique in both VE-
cadherin wild-type and knockout cells.  

Zheng et al. reported that AmotL1 binds to N-cadherin in the absence of VE-cadherin as 
evidenced through Co-IP experiments. This binding initiated when N-cadherin translocated to 
cell junctions in order to compensate for the loss of VE-cadherin 165,184. Interestingly, when 
comparing the adhesomes of N-cadherin in mouse cardiomyocytes and AmotL1 in cdh5-/- cells 
using a Venn diagram, it was observed that 39 proteins overlap, representing about 1/10 of 
the total number of proteins in both adhesomes. Several functional or actin-binding proteins, 
including ZO-2, Afadin, Talin1, Magi1, have been identified as binding partners between 
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AmotL1 and N-cadherin. This suggests that N-cadherin and AmotL1 may work together in 
coordinating cellular junctions and cell-matrix interactions.  

The possible explanations include 1) the cadherin-based and integrin-based complexes are 
not so distinguishable, and 2) AmotL1 associated proteins, such as Magi1, ZO-2, are involved 
in several junction complexes. During post-natal retinal angiogenesis, EC-specific AmotL1 
depletion results in a non-autologous pericyte phenotype characterized by lower pericyte 
coverage of vessels 165. This suggests that the EC/pericyte interaction was impaired due to the 
dissociation of AmotL1 from N-cadherin junction complexes. Interestingly, other research 
revealed that antagonists of α4β1 integrin resulted in cell death of both ECs and pericytes 190. 
It was observed that pericytes depleted of β1 integrin had reduced coverage over capillary 
vessels 19. These finding suggest that both integrin and N-cadherin complex are critical for 
pericyte and EC functions. However, the molecular mechanisms behind these observations 
are yet to be elucidated. 

The distinct functionality of Amot family proteins can, at least in part, be attributed to 
differences in their spatiotemporal expression pattern. For example, Amot is expressed 
during both embryonic and post-notal angiogenesis, but it is not detected in adult vessels. 
Conversely, AmotL1 and AmotL2 are expressed during adulthood, exhibiting distinct patterns 
in endothelial clusters within the aorta. In vitro, however, all three proteins are co-expressed 
in ECs, yet they still maintain specific functionality. A comparison of their individual adhesome 
suggests that there are notable differences. For instance, AmotL2, known to interact with VE-
cadherin, does not associate with focal adhesion proteins, in contrast to both Amot and 
AmotL1. Furthermore, they differ in their mechanisms of forming actin complexes: AmotL2 is 
crucial for formation of actin filaments in response to laminar flow; AmotL1 functions by 
localizing to the cell membrane and Amot influences actin dynamics by subconfluency. 

In conclusion, our study has uncovered that Amot proteins display distinct spatiotemporal 
expression patterns and form associations with specific adhesomes. This discovery provides 
a detailed mechanistic insight into the unique roles each Amot proteins plays in vascular 
biology.  
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5 Conclusions 
Overall, the Amot protein family displays distinct patterns in terms of timing and distribution 
within the endothelium. Furthermore, while these proteins share some common junction-
related proteins as direct binding partners, each member of the Amot family is associated 
with specific and unique adhesomes. These adhesomes are involved in distinct 
mechanosensory complexes during various vascular events, as illustrated in Figure 8. 

• Amot/Talin/Integrin complex, is required for both retinal and tumor angiogenesis, 
transmitting force between fibronectin and the cytoskeleton. 

• AmotL2/p120 catenin/VE-cadherin complex associates actin even to the nuclear 
membrane in ECs to transmit extracellular mechanical signals. The endothelial deficit 
of AmotL2 provokes a pro-inflammatory response and AAAs in adult mice fed normal 
diet. 

• AmotL1 not only binds to N-cadherin but also is associated with focal adhesion 
proteins. 

 

Figure 8: Functional overview of the adhesome of Amot proteins in distinct vascular processes. 
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6 Future perspectives 

The potential effect of Amot on nuclei  

Angiogenesis is regulated by multiple factors, including mechanotransduction and 
chemotransduction. The nucleus, being the largest and most rigid organelle, is particularly 
responsive to mechanical forces 191. Nuclear responses to those forces include adaptations in 
chromatin architecture and transcriptional activities that trigger shifts in cellular states 192. 
These mechanically induced alterations also affect the physical characteristics of the 
chromatin and nucleus, preventing aberrant changes in nuclear shape and maintaining 
genome integrity. It has been reported that Actin-myosin interactions facilitates the direct 
transfer of force from integrin-based adhesions to the nuclear region 193. For example, the 
application of mechanical forces to the cell nucleus through integrin-mediated cell spreading 
prompts the polymerization of nuclear F-actin, which subsequently results in the formation, 
preservation, and activation of the MRTF-SRF complex within the nucleus 194,195. 
Integrin/Amot mechanosensory complex is identified for preserving the proper transmission 
of mechanical forces in vascular expansion and tip cell migration, both in normal physiological 
conditions and during pathological processes. We may further investigate how deletion of 
Amot affects the nuclear shape of endothelial tip cells in retinal angiogenesis and relevant 
mechanism. Since Amot is also required for tumor angiogenesis. Gaining a deeper 
understanding of the mechanisms how Amot influences tip cells during angiogenesis could 
offer valuable insights into identifying potential drug targets for cancer treatment. 

AmotL2 as a biomarker for AAA diagnosis 

Diagnosing an AAA can be challenging because they often grow slowly and don't show 
noticeable symptoms until they become large or rupture, making them difficult to detect. In 
clinical practice, abdominal ultrasonography is widely recognized as the golden standard for 
diagnosing and monitoring asymptomatic AAAs. Its efficacy stems from its near-perfect 
accuracy in diagnosis, making it a highly reliable tool in these cases 48. In regions where 
population-based screening for AAAs in men has been implemented, such as United Kingdom 
and Sweden, there is a reported decrease in the incidence of ruptured AAAs among men 
compared with countries that do not have such screening programs 196-199. However, there 
has been some debate about the effectiveness of population-based AAA screening programs 
in recent years. Critics argue that these programs might lead to over-diagnosis by identifying 
men with AAAs who may never require treatment, raising concerns about the potential 
drawbacks of widespread screening. Therefore, the identification of a genetic biomarker that 
could indicate the presence of AAAs in a blood test would be beneficial. This biomarker could 
be included in regular blood tests, eliminating the need for additional ultrasound tests. We 
have demonstrated that AMOTL2 expression was markedly reduced in the media of AAA 



tissues compared to normal samples, suggesting a potential genetic link between AmotL2 and 
AAA. Further investigation to determine if AmotL2 can be a genetic biomarker is worthwhile.  

Arterialization of veins 

Saphenous vein grafts (SVGs) represent the most frequently utilized vessels for coronary 
artery bypass graft (CABG) surgeries. However, the rates of 10-year vein graft failure (VGF) 
are around 40-50% 200. Intimal hyperplasia, which develops from one month to one year after 
CABG, and accelerated atherosclerosis occurring beyond one year, are the major 
pathophysiological processes leading to SVG failure over a long period 201. Exposure of the 
SVGs to high arterial pressure, a process known as arterialization, results in SVG intimal 
hyperplasia, which in turn lays the foundation for the development of atherosclerosis. 
Arterialization initially serves as an adaptive mechanism for venous ECs responding to 
suddenly increased shear stress. Therefore, it suggests a hypothesis: if venous ECs are 
engineered to resemble arterial ECs before CABG, this could confer adaptability and anti-
inflammatory properties to the venous ECs, potentially preventing intimal hyperplasia and 
accelerated atherosclerosis. We have demonstrated that the depletion of AmotL2 results in 
vascular inflammation and abnormal EC alignment. Notably, when HUVECs were exposed to 
flow conditions, we observed the formation of an AmotL2/VE-cadherin complex, similar to 
that found in arterial ECs. Taken together, introducing AmotL2 into venous ECs is likely to 
enhance their compliance to flow and reduce inflammation when these cells are transplanted 
into an arterial environment. Future plans involve inducing AmotL2 expression in venous ECs 
through lentivirus transfection in a mouse CABG model. Additionally, we will measure the 
enhanced junctional connections between VE-cadherin and actin filaments and assess 
inflammation levels before and after grafting. 
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