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Abstract: The maintenance of normal vascular function and homeostasis is largely dependent on the signaling mechanisms that 
occur within and between cells of the vasculature. TGF-β-activated kinase 1 (TAK1), a multifaceted signaling molecule, has been 
shown to play critical roles in various tissue types. Although the precise function of TAK1 in the vasculature remains largely 
unknown, emerging evidence suggests its potential involvement in both physiological and pathological processes. A comprehensive 
search strategy was employed to identify relevant studies, PubMed, Web of Science, and other relevant databases were system-
atically searched using keywords related to TAK1, TABs and MAP3K7.In this review, we discussed the role of TAK1 in vascular 
signaling, with a focus on its function, activation, and related signaling pathways. Specifically, we highlight the TA1-TABs complex 
is a key factor, regulating vascular smooth muscle cells (VSMCs) and endothelial cells (ECs) involved in the processes of 
inflammation, vascular proliferation and angiogenesis. This mini review aims to elucidate the evidence supporting TAK1 signaling 
in the vasculature, in order to better comprehend its beneficial and potential harmful effects upon TAK1 activation in vascular 
tissue. 
Keywords: TGF-β-activated kinase 1, vascular disease, mitogen-activated protein kinase, transforming growth factor-β, smooth 
muscle cell, endothelial cell

Introduction
TGF-β-activated kinase 1 (TAK1) is a protein kinase that exerts fundamental control over numerous cellular processes 
including inflammation, cell differentiation, and survival.1,2 Recently, emerging evidence has affirmed the critical role of 
TAK1 in cardiovascular disease, a leading cause of worldwide mortality, comprising an assemblage of heart and blood 
vessel-related ailments encompassing coronary artery disease, stroke, and heart failure.3,4 The pathophysiological 
mechanisms underpinning cardiovascular disease are multifaceted and involve a gamut of genetic and environmental 
determinants interconnecting with cellular signaling pathways. In the cardiovascular apparatus, TAK1 has demonstrated 
significant participation in the modulation of vascular function of vascular homeostasis, constriction, angiogenesis and so 
on, as well as targeted participation in regulating both cell death and inflammation.5

TAK1 is a crucial signaling molecule that activates nuclear factor-kappa B (NF-κB) and mitogen-activated protein 
kinase (MAPK) pathways in response to various signals, such as cytokines and chemokines, and regulates 
inflammasomes.6 Through TAK1, these diverse conditions and signals influence cell functions, including cell cycle, 
cell differentiation, immune responses, cell migration, and redox homeostasis. The dysregulation of these pathways is 
frequently linked to pathological vascular disease.7,8 This review assembles evidence indicating a comparable dual role 
of TAK1 in cells of the vasculature and identifies potential avenues of inquiry. The objective is to advance our 
understanding of TAK1 signaling in cardiovascular health and disease.
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TAK1 Function and Activation
TAK1 Related Signaling
Transforming growth factor-β (TGF-β) is a multifaceted cytokine with the ability to regulate diverse intracellular 
signaling pathways. Conventionally, it is known to promote the Smad-dependent signaling pathway.9 However, apart 
from the canonical Smad-dependent pathways, TGF-β1 can directly activate non-canonical, Smad-independent pathways 
to regulate an expansive range of downstream cellular responses.10 TGF-β1 can activate TAK1, a serine/threonine kinase 
and a member of the mitogen-activated protein kinase kinase kinase (MAP3K) family, also named as MAP3K7. In 
addition to TGF-β1, TAK1 can be activated by multiple stimuli, such as IL-1α, IL-1β, TNF- α, TLR ligands, Wnt, and is 
responsible for phosphorylating a series of target proteins.11 Consequently, it elicits various signal transduction and 
cellular responses that differ across stresses or cell types.

It has been well established that the enzyme TAK1 plays an essential role in the activation of key signaling pathways, 
including NF-kB and MAPKs, by TNF receptor (TNFR), Interleukin-1 receptor (IL-1R), and Toll-like receptors 
(TLRs).12 TAK1-TABs complexes are activated and assembled by stimulation of TNFR1, IL-1R, and TLR with their 
ligands. TAK1-TABs then phosphorylated IKKs, thereby activating the transcription factor NF-kB and causing tran-
scription of downstream genes. Unique among members of the MAP3K family, activated TAK1 also activates MAPKKs 
by phosphorylates.13 TAK1 has been directly implicated in TGF-β1 signaling, whereby its activation occurs in response 
to TGF-β signaling. Upon activation, TAK1 in turn activates several critical intracellular kinases, including C-Jun 
N-terminal kinase (JNK), p38 MAPK, and Inhibitor of kappa B kinase complex (IKKβ).14 TAK1 is considered a key 
mediator of activation in each of these pathways and plays an important role in transmitting the upstream signal from the 
receptor complex to downstream signalosomes.

TAK1-TABs Complex
The activation of TAK1 is contingent on the presence of TAK1-binding protein 1 (TAB1), TAB2, and TAB3.15,16 TAB1 
serves as an adaptor protein that is continuously bound to the N-terminal kinase domain of TAK1, even in the absence of 
stimulation. Conversely, TAB2 and TAB3 are only able to bind to the C terminus of TAK1 via the TAK1-binding domain 
after stimulation.16 Through different signaling pathways, both TAB1 and TAB2 activate the TAK1 protein. TAB1 is 
essential for osmotic stress-induced TAK1 activation, whereas TAB2 or TAB3 is required for TNF-α or IL-1-induced 
TAK1 activation.17 TAB1 constitutively binds to TAK1, with no phosphatase or other enzymatic activity. However, 
O-GlcNAcylation of TAB1 substantially increases the autophosphorylation of TAK1, phosphorylation of IKKβ and 
translocation of NF-κB, which results in increased production of cytokines.18 Empirical evidence suggests that excessive 
production of TAB1 augments the kinase activity of TAK1 and functions as an activator of the NF-kB signaling 
pathway.19 Conversely, the deficiency of TAB1 drastically impedes TAK1 phosphorylation at residue threonine 187 
(Thr187) following TNFa and IL-1b stimulations.20

In contrast to TAB1, TAB2 and TAB3 do not activate TAK1 in vitro.21 Notably, the double deficiency of both TAB2 and 
TAB3 only marginally affects TAK1 activation and the subsequent production of downstream inflammatory cytokines in 
the early phase after IL-1b stimulation.22 Therefore, TAB2 and TAB3 are deemed dispensable for early TAK1 activation. 
However, TAB2 deficiency in mouse embryos led to the abnormal growth of capillary blood vessels, proving that TAB2 is 
crucial for maintaining normal vascular homeostasis.23 Numerous reports have demonstrated that the TAK1-TABs complex 
has far-reaching implications in regulating a diverse range of physiological and pathological processes.24 Importantly, 
Interactions of IL-1R, TLR and TNF receptor (TNFR) trigger the strong interaction of TAB2/3 with K63-linked poly-
ubiquitin chains to activate TAK1, then TAK1-TABs complex phosphorylates IKKβ at Ser177 and Ser181, effectively 
engendering the activation of NF-kB signaling, ultimately regulating inflammation, proliferation and angiogenesis 
processes.25 The. Furthermore, the TAK1-TABs complex plays a central role in the activation of MAPKs26 (Figure 1).

TAK1 and Vascular Physiology and Pathologies
Vascular Smooth Muscle Cells (VSMCs) 
TAK1, a protein kinase, assumes a significant function in the mediation of cellular activities, including autophagy.27 

A recent association has been discovered between autophagy regulation of vascular smooth muscle cell (VSMC) 
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functions and vasculopathy development. Upon the occurrence of aortic transplantation, the activation of TAK1 within 
VSMCs represents an early and pivotal action for VSMC migration, proliferation, and neointima composition. This event 
facilitates regulation of autophagy activation and thus constitutes an attractive molecular mechanism and prospective 
therapeutic target for restraining transplant vasculopathy.28 Table 1 summarized relevant studies of TAK1 in different 
blood vessel cells.

Aging is one of the contributing factors to vascular dysfunction, mediated through mechanisms including oxidative 
stress, chronic inflammation, apoptosis, and autophagy of VSMCs, resulting in decreased vascular compliance and 
contractility, vascular sclerosis. These alterations may lead to hypertension, arteriosclerosis, and cardiovascular diseases. 
The expression and activity of NADPH oxidase 4 (NOX4) during the aging process lead to increased cellular and 
mitochondrial oxidative stress, vascular inflammation, dysfunction, and atherosclerosis.51 The presence of TGFβ1 
substantially upregulates the expression of Nox4 in VSMCs as a consequence of aging. Conversely, the application of 
melittin-derived peptide p5RHH for the knockdown of TAK1 resulted in the decreased expression of Nox4 in VSMCs, 
which is induced by age-related TGFβ1.31 Upon sustaining vascular injury, TAK1 phosphorylation (Thr187) is highly 

• Transplant vasculopathy
• Vascular senescence
• Vascular calcifica"on
• Atherosclerosis
• Pulmonary hypertension 
• Tumor progression
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Figure 1 Effects of TAK1 activation in vascular. TGF-β1 activates TAK1, resulting in the assembly and activation of the TAK1-TABs complex. Subsequently, it activates NF-κB 
and MAPK signal transduction, leading to cellular responses that vary across organs or cell types, potentially causing both beneficial and harmful effects in vascular tissue.
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Table 1 TAK1 in Vascular

Objects Samples Intervention Comments Ref.

VSMCs

Rat HASMCs, 

the aortas VSMCs

CKD rat TGFβR1/TAK1 prevents vascular inflammation and 

calcification induced by CKD

[29]

Rat Thoracic aortas VSMCs OZ treatment TAK1 promotes proliferation and migration of VSMCs by 

inducing autophagy

[28]

Rat Thoracic aorta VSMCs, MA OZ and oligonucleotide 
treatment

TAK1 promotes traditional inflammatory after TLR9 
activation in VSMCs.

[30]

Mice Aortic VSMCs Aged Apoe−/− mice Knockdown of TAK1 resulted in the downregulation of age- 
related TGFβ1-induced Nox4 expression in VSMCs.

[31]

Rat The thoracic aorta VSMCs OZ treatment Suppression of the TLR4/TAK1/NF-κB signaling pathway 

inhibits LPS-induced inflammatory responses in VSMCs.

[7]

Rat PASMCs, lung PAH rats, 

SU5416 and OZ treatment

TAK1 induces antiproliferative effects and enhances the 

beneficial effects on pulmonary vascular remodeling in PAH.

[32]

Mice & 
Rat

PASMCs, lungs Chronic hypoxia 
rats, PAH rat

TGFβ-TAK1-MAPK activation alters the ratio of apoptosis to 
proliferation, leading to a reversal of PAH.

[33]

ECs

Mice Liver and intestine ECs, 

hematopoietic cell, lung, 
liver, muscle, intestine

EC-specific Tak1−/− TAK1 prevents EC apoptosis and maintains vascular integrity 

induced by TNF-a-TNFR1 signaling.

[8]

Mice Lung ECs EC-specific Tak1−/−, Lung 

injured mice

TAK1 is essential for endothelial barrier maintenance and 

repair after lung vascular injury.

[34]

Rat HPAECs PAH rat, MCT treatment PF alleviate PAH by attenuating vascular remodeling, 

alleviating inflammation and EndMT via TAK1 in lung.

[35]

Cell line HUVEC XIAP treatment TAK1 is involved in XIAP-mediated NF-kB activation, which 
influences apoptosis in ECs.

[36]

Rat Rat aortic VSMCs, HUVECs AMPK activator AMPK-TAK1-p38 promotes inflammatory responses in 

VSMCs and ECs.

[37]

Rat Aortic VSMCs OZ treatment LTB4 inhibits L-type calcium 

channels in atherosclerosis via BLT1-TAK1-p38 signaling 

pathway.

[38]

Human & 

Rat

HPASMCs, human lung,  

rat lung

Cocaine and Tat treatment TAK1-MKK4-JNK signaling increased in cocaine and Tat 

mediated SMC hyperplasia.

[39]

Rat Rat aortic VSMCs Ang II, MEK1/2 and PKC 
inhibitor

The activation of IKK via TRAF6-TAK1 contributes to the 
proinflammatory activity of AngII.

[40]

Vascular development

Mice Thoracic aortic VSMCs Injured artery mice model, 

OZ treatment

TAK1 contributes to the proinflammatory and neointima 

formation after vascular injury.

[41]

Mice Lung EC, HUVECs Tak1/Tab2−/− mice TAK1 contributes to angiogenesis by preventing EC death 

and promoting the migration of angiogenic cells.

[23]

Mice & 
Zebrafish

Embryos, embryonic heart, 
the dorsal aorta

Tak1−/− mice TAK1 regulates vertebrate vascular development. [42]

Mice HUVECs, murine lung ECs EC-specific AMPKα1−/− mice TAK1 as an AMPKα1 kinase that regulates cell migration and 

angiogenesis by modulating SOD2 expression and the 
superoxide anion peroxide balance.

[43]

Rat & 

human

Hrec, rat retinae Tak1−/− cell line, OIR rat, OZ 

treatment

TAK1 plays a central roles in retinal neovascularization as 

a mediator in flammatory and angiogenic.

[44]

Mice Embryonic, yolk sacs Hipk12/2 and Hipk22/2 

mutant mice

TGF-β-TAK1 plays a role in early embryonic development via 

HIPK protein.

[45]

(Continued)
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induced within the walls of the injured vessels, particularly in the medial VSMCs.41 The upregulation of TAK1 
phosphorylation in VSMCs is proposed to play a significant role in the modulation of pro-inflammatory and pro- 
oxidative effects on these cells, thereby contributing to neointima formation. Notably, siRNA knockdown or 5Z- 
7-oxozeaenol inhibition of TAK1 resulted in a pronounced reduction of NADPH oxidase activation and subsequent 
superoxide production triggered by CD40L/CD40 stimulation41 (Table 1).

The involvement of locally produced angiotensin II (Ang II) in chronic inflammatory reactions that contribute to the 
development of atherosclerosis is postulated to result from the activation of NF-κB transcription factors. This activation 
is mediated through the phosphorylation of the catalytic subunit IKKβ on serine residues 177 and 181 located in the 
activation T-loop. The rapid phosphorylation of IKKβ is contingent upon the activation of a second messenger-dependent 
pathway consisting of PKCα-TRAF6-TAK1, which is crucial for driving the proinflammatory effects of Ang II.40 The 
stromal-derived factor-1 (SDF-1), derived from VSMCs, plays a critical role in vascular repair and remodeling in diverse 
vascular ailments. In VSMCs, the IL-1α-induced SDF-1 expression is regulated by TAK1, a pivotal modulator of 
inflammatory cascades. Furthermore, the suppression of TAK1, an upstream stimulator of IKKβ signaling, significantly 
amplifies the IL-1α-induced C/EBPβ expression and promotes SDF-1 expression.52

Pulmonary arterial hypertension (PAH) is a cardiovascular disorder characterized by enhanced proliferation and sup-
pressed apoptosis of pulmonary arterial smooth muscle cells (PASMCs).53 The signaling pathway involving TGF-β is widely 
believed to play a crucial role in pulmonary vascular remodeling. The inhibition of TAK1 results in rescuing abnormal 
proliferation and apoptosis in PASMCs33 (Table 1). This approach is supported by evidence showing that the use of 5Z- 
7-oxozeaenol, an inhibitor of TAK1, induces antiproliferative effects. Furthermore, using 5Z-7-oxozeaenol as an adjunct 
therapy to short-term vasodilator therapy enhances the effects on pulmonary vascular remodeling and right ventricle metabolic 
reprogramming in experimental PAH.32 In addition, Toll-like receptor 9 (TLR9) signaling has been linked to proinflammatory 
gene transcription and increased contraction in isolated arteries. TLR9 activation in VSMCs induces AMPK phosphorylation 
via TAK1, indicating that TLR9-mediated signaling is an extension of the traditional inflammatory pathway regulated by 

Table 1 (Continued). 

Objects Samples Intervention Comments Ref.

Mice HUVECs, aorta, eyeball Nanoparticles and OZ 

treatment

TAK1 inhibition reduced angiogenic processes through 

impeding cell proliferation.

[46]

Mice Kidney Podocyte-specific Tak1−/− 

mice

TAK1 plays critical roles in the podocyte differentiation and 

glomerular capillary formation during kidney development.

[47]

Others

Mice & 
Human

Lung ECs, renal vein AVF mice, OZ treatment The increased shear stress mediates TAK1 phosphorylation, 
which manipulation mediates AVF wall thickening and 

diameter in vivo.

[48]

Mice & 
cell line

BV2 cell line, brain Obesity mouse model Microglial Tak1-IL6 signalling is involved in the pathogenesis 
of obesity-associated cerebrovascular dysfunction

[49]

Cell line HAECs, THP-1 cell line DHA and EPA treatment The suppression of the TLR4-TRAF6-TAK1 pathway 

regulates the expression of adhesion molecules, suppressing 
the adhesion of THP-1 cells to HAECs.

[50]

Abbreviations: Ecs, Endothelial Cells; KO, Knock-Out; OZ, 5Z-7-Oxozeaenol; Vsmcs, Vascular Smooth Muscle Cells; Hasmcs, Human Aortic Smooth Muscle Cells; CK-D, 
Chronic kidney Disease; HUVECs, Human Umbilical Vein Endothelial Cells; AMPK, Adenosine Monophosphate-Activated Protein Kinase; HREc, Human Retinal 
Microvascular Endothelial Cells; OIR, Oxygen-Induced Retinopathy; MA, Mesenteric Arteries; HPAECS, Human Pulmonary Artery Endothelial Cells; PAH, Pulmonary 
Arterial Hypertension; MCT, Monocrotaline; PASMCs, PA Smooth Muscle Cells; AVF, Arteriovenous Fistulae; HBMEC, Human Brain Microvascular Endothelial Cells; BA, 
Basilar Artery; HAECs, Human Aortic Endothelial Cells; DHA, Docosahexaenoic Acid; EPA, Eicosapentaenoic Acid; HPASMSs, Human Pulmonary Arterial Smooth Muscle 
Cells; AICAR, 5-Aminoimidazole-4-Carboxamide Riboside; XIAP, The X Chromosome-Linked Inhibitor; TAK1, TGF-Β-Activated Kinase 1; TGFβR1, Transforming Growth 
Factor Beta Receptor 1; TLR4/9, Toll-Like Receptor 4/9; Apoe-/-, Apoe Knock-Out; NOX4, NADPH Oxidase 4; NF-Κb, Nuclear Factor-Kappa B; LPS, Lipopolysaccharides; 
MAPK, Mitogen-Activated Protein Kinase; TAK1-/-, TAK1 Knock-Out; TNF, Tumor Necrosis Factor; TNFR1, Tumor Necrosis Factor Receptor; LTB4, Leukotriene B4; BLT1, 
BLT-1 Block Lipid Transport-1; JNK, C-Jun N-Terminal Kinase; MEK1/2, MAP kinase kinase 1/2; PKC, Protein Kinase C; TRAF6, TNF receptor associated factor 6; Ang II, 
Angiotensin II; AMPKα1−/−, AMPKα1 Knock-Out; SOD, Superoxide Dismutase; HIPK1/2, Homeodomain Interacting Protein Kinase 1/2; TGF-β, Transforming growth factor- 
β 1; TAB1/2/3, TAK1-binding protein 1/2/3; TAK1;, TGF-β-activated kinase 1; ECs, Endothelial Cells; VSMCs, Vascular smooth muscle cells; MAPK, Mitogen-activated protein 
kinase; NF-κB, Nuclear factor-kappa B.
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TAK1.30 Paeoniflorin (PF), which possesses several beneficial functions, including vasodilation and anti-inflammation, has 
been shown to prevent human PASMCs from PDGF-BB-stimulated proliferation and migration. Furthermore, PF inhibits 
monocrotaline-induced down-regulation of bone morphogenetic protein receptor 2 (BMPR2) and suppresses monocrotaline- 
induced phosphorylation of TAK1, attenuating monocrotaline-induced PAH in rats.35

Chronic inflammation is an imperative factor in vascular calcification. Calcification in rats with chronic kidney 
disease (CKD) or in human aortic smooth muscle cells (HASMCs) cultured in an osteogenic medium is induced by 
inflammation stimulated via the activation of the TGFBR1/TAK1 pathway. Inhibition of the TGFBR1/TAK1 pathway, 
facilitated by the farnesoid X receptor (FXR), ultimately culminates in the alleviation of both vascular inflammation and 
calcification in CKD rats29 (Figure 1).

Endothelial Cells (ECs)
TAK1 activation has been shown to prevent endothelial apoptosis and sustain vascular integrity in the presence of 
inflammatory stimuli. Upon stimulation with TNF-α, TAK1 promotes the survival of endothelial cells, while endothelial- 
specific TAK1 knockout mice exhibit a hemorrhagic phenotype in the intestine and liver due to EC apoptosis, resulting in 
vessel collapse and rapid death.8 The activation of the anti-apoptotic pathway triggers the activation of the transcription 
factor NF-κB, which governs the expression of certain genes like A20 or members of the IAP gene family.36 These genes 
function to shield cells from TGFβ-induced apoptosis. Among the IAP gene family, XIAP is an NF-κB-dependent member 
that enhances the translocation of the p65 subunit of NF-κB to the nucleus. As p65 is one of activators of NF-kB 
superfamily, and nuclear translocation is a prerequisite for NF-kB activity.54 This process is mediated through its interaction 
with TAK1 in endothelial cells, influencing both apoptotic and anti-apoptotic signaling pathways36 (Table 1 and Figure 1).

The indispensable role of TAK1 and NEMO in preserving the neurovascular unit is highlighted by the detrimental 
effects of selectively deleting these proteins in brain endothelial cells.55 Notably, a loss of TAK1 expression in human 
endothelial cells impairs proliferation, migration, and tube formation without provoking apoptosis.43 TAK1-mediated 
angiogenesis is also regulated by AMPKα1 and redox balance via SOD2 expression and modulation of the superoxide 
anion and hydrogen peroxide ratio.43 The critical involvement of endothelial TAK1 and TAB2, but not TAB1, in vascular 
formation is demonstrated by the observation that TAK1 deficiency in endothelial cells leads to increased cell death and 
vessel regression at E10.5.23

The maintenance and repair of the lung endothelial barrier rely on the proper functioning of the endothelial TAK1 kinase. 
Inhibition of TAK1 using 5Z-7-oxozeaenol results in a significant reduction in β-catenin and VE-cadherin expression at the 
endothelial adherens junctions and an increase in lung vascular permeability triggered by protease-activated receptor-1 (PAR- 
1) or toll-like receptor-4 (TLR-4). The lack of TAK1 activity leads to a compromised lung endothelial barrier, rendering mice 
more susceptible to septic shock, as observed in endothelial-specific TAK1 knockout mice.34

Necroptosis is a regulated cell death process that can be triggered in conditions where apoptosis is disrupted.56 When 
cerebral perfusion is reduced due to arterial occlusion, TAK1, which is a suppressor of RIPK1, is degraded, leading to a shift 
from necroptosis to apoptosis. Microglial/infiltrated macrophages and neuronal lineages with a conditional knockout of TAK1 
become more sensitive to ischemic infarction due to the promotion of apoptosis. This study demonstrates that the sequential 
activation of necroptosis and apoptosis is involved in the vascular and neural pathology associated with stroke.57

The activation and impairment of vascular endothelial cells is a central causative factor leading to renal 
dysfunction.58,59 The microRNA-449c-5p has the ability to curb the secretion of cytokines that are triggered by 
lipopolysaccharides, thereby impeding apoptosis induction and paving the way for cell proliferation via its ability to 
repress the expression of TAK1.60

Angiogenesis
TAK1 plays an essential role in angiogenesis and is implicated in angiogenesis-related pathological mechanisms. In- 
depth exploration of TAK1’s modulatory effects on aberrant angiogenesis has led to the identification of therapeutic 
strategies targeting this protein. The initiation of angiogenesis is driven by endothelial cell proliferation, followed by tube 
formation, a process enriched by smooth muscle cells, that eventually results in the formation of a specific vascular 
network.8,23 Activation of the NF-κB and MAPK signaling pathways, under the regulation of TAK1, promotes the 
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expression of various inflammatory response proteins, including cytokines and chemokines, implicated in the regulation 
of inflammasomes, all of which positively impact the angiogenic process55 (Figure 1).

TAK1 deficiency results in embryonic lethality owing to vascular destruction, underscoring its pivotal function in 
sustaining vascular integrity throughout embryogenesis.23 The vasculature in Tak1 mutant embryos displays a range of 
anomalies, including vessel dilation and misbranching, coupled with the absence of vascular smooth muscle in both the 
yolk sac and the central vasculature of the embryo proper.42 TGF-β has been identified as a potent regulator of multiple 
aspects of vascular development, including angiogenesis during embryonic development. HIPK1 and HIPK2 
(Homeodomain Interacting Protein Kinase 1/2, HIPK1/2) transcriptional corepressors have also been shown to regulate 
TGF-β-dependent angiogenesis during embryonic development. TGF-β-TAK1 signaling phosphorylates tyrosine residue 
Y-361 located in HIPK2’s kinase domain to activate it45 (Table 1).

Cancer is commonly characterized by the presence of hypoxia and inflammation. The transcription factor families of 
Hypoxia Inducible Factor (HIF) and Nuclear Factor of κ-light-chain-enhancer of activated B cells (NF-κB) are of utmost 
importance in regulating cellular responses under stress stimuli.61,62 Activation of the inflammatory pathway can induce the 
expression of HIF-1α, resulting in a positive feedback loop.63 TAK1 is a pivotal regulator of the crosstalk between 
inflammation and hypoxia, further enhancing tumor cell proliferation and angiogenesis. Endothelial cell death induced 
by TNF-α can be prevented by TAK1, which also plays a significant role in tumor vasculature maintenance.8 Inhibiting or 
knocking out TAK1 can lead to the apoptosis of endothelial cells and destruction of tumor vasculature, ultimately resulting 
in tumor regression. Additionally, TGF-β signaling in tumor cells has been shown to play a role in tumor angiogenesis and 
metastasis by regulating matrix proteolysis. The studies using orthotopic xenograft and SCID mice have demonstrated the 
efficacy of dn-TAK1 in reducing tumor growth and formation of lung metastases. The mechanism by which TAK1 
contributes to TGF-β1-mediated tumor angiogenesis and metastasis involves the TAK1-NF-kappaB-MMP-9 pathway64.

Corneal neovascularization (CoNV), a debilitating complication associated with various corneal diseases, is a leading 
cause of irreversible visual impairment.65 Studies have identified TAK1 as playing a crucial role in CoNV pathogenesis, 
and inhibition of TAK1 presents a potential therapeutic approach for retinal neovascular pathologies. TAK1 is essential 
for activation of NFκB signaling and downstream gene expression related to angiogenesis and endothelial activation, as 
demonstrated in TAK1 knockout human endothelial cells.44 Inhibition of TAK1 by 5Z-7-oxozeaenol, a potent small 
molecule inhibitor, was found to reduce angiogenesis by suppressing DNA replication and cell cycle, thereby inhibiting 
cell proliferation. Importantly, pharmacological inhibition of TAK1 by 5Z-7-oxozeaenol significantly attenuated aberrant 
retinal angiogenesis in OIR rats.44 Furthermore, 5Z-7-oxozeaenol effectively blocked TNFα-mediated NFκB signaling 
and downstream gene expression related to angiogenesis and inflammation by inhibiting TAK1 activity46 (Table 1).

The TGF-β activated kinase 1 (TAK1) signaling pathway is a fundamental player in the processes governing podocyte 
differentiation, glomerular microvascular development, and the maintenance of the glomerular filtration barrier 
homeostasis.47,66 Notably, the targeted deletion of Tak1 in podocytes resulted in marked disruptions to the structural 
integrity of the podocyte architecture, primarily characterized by a compromise in podocyte foot process formation 
leading to effacement. Furthermore, the Tak1 (∆/∆) mice exhibited atypical enlargement of glomerular capillaries with 
concomitant upregulation of vascular endothelial growth factor expression within the glomerulus. These findings high-
light the central importance of the TAK1 pathway in podocyte function and renal microvascular development.47

Others
Arteriovenous fistula (AVF) serve as the most effective conduit for hemodialysis access.67 The process of AVF 
maturation is reliant on the augmentation of the wall’s thickness through the deposition of extracellular matrix (ECM) 
components such as collagen and fibronectin, alongside lumen dilation. The in vivo modification of TAK1 instigated 
variations in AVF wall thickening and luminal diameter. A decline in TAK1 function was concomitant with reduced 
thickness and smaller diameter, whereas activation of TAK1 function led to amplified thickness and broader diameter48 

(Table 1). Protracted obesity is linked to cerebrovascular impairment, as evidenced by abnormalities in the basilar artery 
(BA) of a mouse model demonstrating prolonged obesity. Over-activation of microglial Tak1 in the brainstem was 
observed in this model. This activation of Tak1 resulted in an escalation of interleukin-18 (IL-18) production. As 
a proinflammatory cytokine, the action of IL-18 on various vascular cells could collectively contribute to the 
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cerebrovascular dysfunction in animals with prolonged obesity. Since the chronic, low-grade inflammation is induced by 
IL-18, protection from cerebrovascular dysfunction was afforded by blocking the IL-18 receptor in the brain, despite 
continued obesity in the model49 (Figure 1).

Conclusions
Based on the aforementioned investigations, it has been established that TAK1 is a multifaceted signaling molecule that 
elicits the activation of NF-κB and MAPK pathways, exerting varying influences on the regulation of vascular smooth 
muscle cells (VSMCs), endothelial cells (ECs), angiogenesis, and the vascular wall. Activation of TAK1, on the one 
hand, is implicated in autophagy, pro-inflammatory and pro-oxidative responses, thereby potentially contributing to 
transplant vasculopathy and vascular senescence, vascular calcification, atherosclerosis, pulmonary hypertension, and 
tumor progression. Conversely, inhibiting or down-regulating TAK1 can mitigate and alleviate these factors with 
detrimental consequences for the organism.

Nevertheless, TAK1 activation serves as a protective measure against endothelial cell apoptosis and sustains vascular 
integrity, thereby playing a crucial role in angiogenesis and embryonic development. Additionally, TAK1 safeguards 
neurovascular units and participates in the restoration of pulmonary endothelial barrier function, as well as the prevention 
of renal vascular endothelial cell injury. Consequently, TAK1 acts as an indispensable and prominent intermediary within 
numerous physiological mechanisms that uphold normal bodily functions, hence earning the moniker of a “Friend”. 
Although uncovering these mechanisms offers novel molecular insights and targets for potential disease control, the 
multifaceted involvement of TAK1 necessitates careful regulation, without outright inhibition or excessive activation of 
its functions. Consequently, the targeted manipulation and maintenance of TAK1 levels within specific cells and tissues 
represents a crucial area of investigation that will enable effective utilization of its beneficial properties while minimizing 
potential harm. It’s also one of the directions that future research efforts need to focus on.
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