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Introduction
Diabetes mellitus is often the cause of diabetic 
kidney disease (DKD), diabetic retinopathy 
(DR), or a number of other vascular lesions, such 
as cardiac and cerebral atherosclerosis, which 
may seriously endanger patients’ lives while 
affecting their health and quality of life. A reduced 
rate of glomerular filtration, as well as increased 
excretion of urinary albumin, are the main clinical 
manifestations of DKD, with the latter also com-
monly responsible for chronic renal failure.1 

Similarly, DR, which involves retinal neovascu-
larization and neurodegeneration as a result of 
chronic hyperglycemia, is a major cause of visual 
impairment and blindness, thereby affecting the 
quality of life of patients. In addition, high blood 
glucose levels can easily promote endothelial 
inflammation and monocyte adhesion to endothe-
lial cells (ECs), thus increasing the likelihood of 
atherosclerosis, which is further accelerated by 
diabetes.2,3 The Hippo pathway, which is impor-
tant for cell proliferation, regulates organ size and 
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Transcriptional co-Activator with PDZ-binding motif (TAZ) and its YAP. YAP is a key factor 
in the Hippo pathway. The activation of YAP regulates gluconeogenesis, thereby regulating 
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fibrosis. YAP can combine with TEA domain family members to regulate the proliferation and 
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formation and pathology of retinal vessels. In addition, YAP/TAZ activation and translocation 
to the nucleus promote endothelial inflammation and monocyte-EC attachment, which can 
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growth through its effector signaling pathway 
Transcriptional co-Activator with PDZ-binding 
motif (TAZ) as well as its Yes-associated protein 
(YAP).4 In the ‘active’ state, this pathway involves 
the phosphorylation of YAP/TAZ and its subse-
quent inactivation in the cytoplasm. On the other 
hand, the dephosphorylation of YAP/TAZ, lead-
ing to its expression within the nucleus, is referred 
to as the ‘inactive’ Hippo pathway. YAP, a key 
factor of the Hippo pathway that mediates epithe-
lial–mesenchymal transformation and regulates 
cell contact inhibition, apoptosis, as well as cell 
differentiation and proliferation, is a transcrip-
tional coactivator with only one transcriptional 
activation domain.5,6 Over the years, it has 
attracted interest in the field of vascular diseases 
such as DKD and DR. In addition, Hippo path-
way is a key regulator of liver size, regeneration, 
development, metabolism, and dynamic balance. 
Because the liver can maintain the blood glucose 
level, Hippo pathway also plays an important role 
in non-alcoholic fatty liver disease (NAFLD)/
metabolism-related fatty liver disease (MAFLD), 
which is closely related to diabetes. In short, tar-
geting the YAP pathway could provide a novel 
and more effective approach to the treatment of 
diabetes and angiopathy.

Introduction to the Hippo/YAP pathway

The constituent modules of the Hippo/YAP 
pathway
The Hippo pathway is a highly evolutionarily 
conserved protein kinase signaling pathway that is 
made up of three interconnected modules, namely 
an upstream regulatory module, a downstream 
transcription module, and a core protein kinase 
module.7 In particular, this pathway includes a 
transcriptional coactivator with PDZ binding 
motif, YAP, large tumor suppressor kinases 1 and 
2 (LATS1/2), and mammalian sterile 20-like pro-
tein kinases 1/2 (MST1/2),8,9 while in terms of its 
signaling functions, it involves the activation of 
the large tumor suppressor kinases LATS1/2 and 
MST1/2 as well as the phosphorylation of YAP, 
thereby leading to the latter’s inactivation through 
lysosome/proteasome-mediated degradation or 
cytoplasmic isolation. On the other hand, the 
inactivation of the Hippo pathway inhibits LATS 
kinases and leads to YAP’s translocation to the 
nucleus, where it interacts with transcription fac-
tors to induce the expression of downstream tar-
get genes.10

Functions of the different components  
of the Hippo/YAP pathway
MST1, a key mediator of fibrosis, participates in 
the differentiation and proliferation of cells, and 
as such, it is a major factor involved in DKD’s 
pathogenesis.11 In the Hippo pathway, LATS1 
and MST1 are protein kinases which, on activa-
tion, stimulate LATS1 phosphorylation of impor-
tant downstream effectors such as TAZ and 
YAP.12 In particular, as a key factor in the path-
way, YAP controls the size of organs by mediating 
epithelial–mesenchymal transformation and reg-
ulating cell contact inhibition as well as cell apop-
tosis, differentiation, and proliferation. It has 
been previously shown that targeting the activa-
tion of YAP in human cancer was of interest for 
the development of chemotherapeutic drugs.13 
YAP is a core feature of the Hippo pathway, and 
it undertakes its functions by shuttling between 
the cytoplasm and the nucleus. Indeed, YAP can 
be phosphorylated by LATS1 at the S127 site, 
leading to its cytoplasmic isolation and the subse-
quent inhibition of its activity.14 In contrast, the 
dephosphorylation of YAP leads to its transloca-
tion to the nucleus, where it causes target genes 
such as cyclinD1, MMP9, and MMP2 to be tran-
scribed while promoting the proliferation and 
migration of vascular smooth muscle cells 
(VSMCs).15 In renal tubular cells, the inactiva-
tion of MST1, the reduced phosphorylation of 
LATS1 and MST1, the activation of YAP, and 
translocation to the nucleus result in increased 
nuclear expression of YAP/TAZ as well as a sub-
sequent increase in the binding of YAP/TAZ and 
TEA domain (TEAD). Such interactions between 
YAP/TAZ and TEAD are enhanced to activate 
TEAD, resulting in epithelial–interstitial transfor-
mation of renal tubular epithelial cells.16 These 
transformed cells can, in turn, overproduce and 
secrete large amounts of extracellular matrix 
(ECM), including laminin and type IV collagen, 
that can lead to renal fibrosis and, eventually, 
chronic renal failure.17

YAP is the key factor of the Hippo pathway
The Hippo pathway, which is important for cell 
proliferation, regulates organ growth and size 
through its effectors TAZ and YAP, with the lat-
ter being a key factor of the pathway. An ‘active’ 
Hippo pathway refers to the inactivity of YAP/
TAZ as a result of phosphorylation in the cyto-
plasm, while in an ‘inactive’ state, the pathway 
involves the dephosphorylation of YAP/TAZ and 
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its subsequent expression in the nucleus.18,19 
YAP, a transcriptional coactivator with only one 
transcriptional activation domain, can mediate 
epithelial–mesenchymal transformation in addi-
tion to the regulation of cell contact inhibition, 
apoptosis, differentiation, and cell proliferation. 
On the other hand, TEAD refers to one type of 
factor bearing a deoxyribonucleic acid (DNA) 
binding domain that can bind to activated YAP 
for controlling the expression of connective tissue 
growth factor (CTGF), with the latter being a 
major target that regulates genes that induce pro-
liferation and inhibit apoptosis. When the Hippo 
signal pathway is inhibited, it promotes the relo-
calization of YAP into the nucleus, where it can 
bind to the transcription factor TEAD to induce 
its expression.20,21 Over the past few years, this 
pathway has gradually attracted interest in the 
field of diabetes and angiopathy, especially due to 
its involvement in cell apoptosis, proliferation, 
and growth through the regulation of downstream 
genes as well as metabolic homeostasis.8,10 
Inhibiting the Hippo pathway causes the dephos-
phorylation of YAP and its subsequent migration 
from the cytoplasm to the nucleus where it binds 
to TEAD, a transcription factor bearing a DNA 
binding domain. The binding of YAP to TEAD 
then induces the expression of cyclin E as well as 
other target genes that regulate cell cycle and 
DNA synthesis. Furthermore, it also enhances 
the expression of the CTGF and other pro-
fibrotic factors, which subsequently results in cell 
proliferation and synthesis of the ECM. Activating 
the Hippo pathway of DKD can, therefore effec-
tively inhibit gene activation, mediated by tissue 
growth factor beta-1 (TGF-β1) in renal fibro-
blasts, by silencing the YAP gene, thus preventing 
glomerular fibrosis (Figure 1).22,23 In fact, a recent 
study showed that high glucose could activate and 
increase the expression of YAP in kidneys, lead-
ing to renal injury.24 In addition, the binding of 
YAP to TEAD can regulate the ability of retinal 
vascular ECs to proliferate and migrate, thus 
highlighting YAP’s importance in the formation 
and pathology of retinal vessels.25

Role of the Hippo/YAP pathway in diabetes 
mellitus
Type 1 and type 2 diabetes are usually character-
ized by the loss or dysfunction of functional pan-
creatic β-cells, and hence, identifying means of 
promoting β-cell proliferation could be a poten-
tial strategy for the treatment of diabetes. In this 

context, YAP, an oncogene that inhibits apopto-
sis while promoting cells’ proliferation and malig-
nant transformation, is a major effector 
downstream of the Hippo pathway.26 Indeed, its 
activation or overexpression not only increases 
the expression of tumor markers but also cancer 
incidence. In contrast, knockout or inactivation 
of the YAP gene was shown to inhibit cell migra-
tion and tumor growth in vitro and in vivo, respec-
tively. Moreover, YAP’s functions in diabetic 
vascular ECs were also explored, with results 
showing that inhibiting YAP decreased tube for-
mation, cell proliferation, and cell migration 
under hypoxic conditions.12,17 Therefore, YAP is 
a key regulator of tumor growth and invasion 
while being an important link in glucose metabo-
lism as its activation regulates gluconeogenesis 
and hence glucose tolerance levels.27 The locali-
zation of YAP, which is the nuclear sensor of the 
Hippo pathway, is indicative of the activation 
state of the Takeda G-coupled receptor 5 
(TGR5), and as such, YAP is important to deter-
mine the intestinal structure as well as the fate of 
different cells, particularly during epithelial 
regeneration.28 For instance, TGR5 is expressed 
throughout the whole intestinal epithelium. In 
this case, YAP participates in the activation of 
TGR5 and triggers Glucagon-Like Peptide-1 
(GLP-1) secretion, which then promotes the 
recovery of intestinal insulin and regulates inflam-
mation as well as glucose and lipid metabolism.29 
YAP is associated with a number of physiological 
processes, such as the regulation of cell cycle and 
proliferation, with its overexpression enhancing 
the proliferation of human β cells. Therefore, the 
re-expression of YAP in β cells can significantly 
inhibit apoptosis and promote proliferation.30 For 
example, activating the EGFR–
phosphatidylinositol 3-kinase (PI3K)–Akt–CREB 
pathway induces the expression of YAP, with the 
latter’s subsequent translocation to the nucleus 
and interactions with the TEAD transcription 
factor complex eventually upregulating two 
TEAD-dependent genes, namely CTGF and 
dual regulatory protein genes. The Hippo signal-
ing pathway, mediated through the G protein-
coupled receptor pathway, is also important for 
regulating the peripheral insulin pathway. 
Glucagon or epinephrine may stimulate 
Gs-coupled receptors for maintaining homeosta-
sis of blood glucose through the regulation of 
YAP, LATS1, or MST1 expression.31 At the 
same time, overexpression of the active form of 
YAP components can result in oxidative stress, 
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glycolipid toxicity, and the release of pro-inflam-
matory cytokines. However, in other cases, YAP 
can be important to regulate podocyte apoptosis, 
with reduced YAP expression leading to increased 
apoptosis.32 Therefore, targeting YAP could be a 
therapeutic tool to restore β-cell functions in dia-
betes. Since the ECM is significantly involved in 
maintaining the normal function of islets, YAP 
can sense both the stiffness of the matrix and 
mechanical changes induced by the cytoskeleton 
to generate a biological response. In particular, 
the activation of YAP transcription factors can 

upregulate the expression of several cytoskeleton 
regulatory factors, activate the Wnt signaling 
pathway as well as promote the nuclear transloca-
tion of β-catenin, thus participating in cell prolif-
eration.33 For instance, Rosado-Olivieri et  al.34 
have shown that the down-regulation of nuclear 
YAP promotes the differentiation of endocrine 
progenitor cells and the production of β cells, 
thus improving insulin secretion. Similarly, Tian 
et al.35 indicated that the Hippo-Yap/TGR5 sign-
aling pathway is largely involved in diabetes and 
vascular diseases by regulating the abundance of 

Figure 1. The Hippo/YAP pathway plays a key role in the formation of glomerular fibrosis. When Hippo 
signaling is inhibited, dephosphorylated YAP migrates from the cytoplasm to the nucleus, where binding to 
TEAD, a transcription factor, occurs. TEAD includes a DNA-binding domain, and binding of YAP and TEAD 
promotes the expression of Cyclin E as well as other target genes, leading to increased expression of pro-
fibrosis factors and CTGF, thus inducing cell proliferation and extracellular matrix synthesis. Hippo pathway 
activation of DKD silencing YAP gene effectively inhibits TGF-β1-mediated gene activation in renal fibroblasts, 
hence preventing the formation of glomerular fibrosis.
CTGF, connective tissue growth factor; DKD, diabetic kidney disease; TEAD, TEA domain; TGF-β1, tissue growth factor beta-
1; YAP, Yes-associated protein.
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intestinal endocrine L cells, cell proliferation, and 
migration, inflammatory response, as well as glu-
cose and lipid metabolism. Furthermore, in dia-
betic mice, extracellular vesicles derived from 
plasma ECs also prevent senescence of fibroblasts 
and stimulate healing of skin wounds by inducing 
the translocation of YAP to the nucleus, reducing 
its phosphorylation and eventually activating the 
PI3K/Akt/mammalian target of rapamycin 
(mTOR) pathway.36 In another study, Jere et al.37 
found that the up-regulation of YAP was linked 
to cell proliferation and could promote aging, 
especially since YAP played a role in skin repair, 
angiogenesis, and re-epithelialization in diabetic 
patients. Finally, Cui et  al.38,39 studied how 
GPR87 regulated the activity of YAP/TAZ before 
inducing the expression of hexokinase-2 (HK-2) 
in renal tubular epithelial cells. This process, in 
turn, accelerates glycolysis and mitochondrial 
damage. Thus, the Hippo/YAP pathway is a 
major factor in diabetes. Hippo pathway is also a 
key regulator of liver size, regeneration, develop-
ment, metabolism, and dynamic balance. Hippo 
pathway and its effector protein YAP/TAZ also 
play an active role in hepatocyte proliferation and 
resistance to hepatocyte apoptosis. In the absence 
of its downstream effectors YAP and TAZ, liver 
regeneration is seriously impaired, and the prolif-
eration and expansion of hepatocytes are blocked. 
Disruption of Hippo pathway or abnormal activa-
tion of YAP and TAZ can lead to liver inflamma-
tion, fibrosis, and cancer. Driskill and other 
scholars have shown that YAP/TAZ is thought to 
regulate liver fibrosis through stellate cells, and 
the pharmacological targeting of Hippo pathway 
may be used to promote regeneration and prevent 
the development and progression of NAFLD. 
Nguyen-Lefebvre et  al. have found that Hippo 
pathway regulates the dynamic cell fate in the 
liver. The activation of YAP/TAZ promotes liver 
fibrosis by activating hepatic stellate cells and dif-
ferentiating into myofibroblasts to deal with 
chronic liver injury. Hippo pathway plays an 
important role in NAFLD/MAFLD, which is 
closely related to diabetes and can be used as a 
therapeutic target for NAFLD/MAFLD.

Renal damage caused by activated YAP in DKD
DKD is a common complication of diabetes that 
is often clinically manifested in terms of reduced 
rates of glomerular filtration and increased excre-
tion of urinary albumin. It is also commonly 

responsible for chronic renal failure. The patho-
logical features of DKD include renal hypertro-
phy, tubular atrophy, nodular and diffuse 
glomerulosclerosis, tubulointerstitial fibrosis, and 
increased glomerular basement membrane thick-
ness.1,40 Three layers are present in the glomeru-
lar filtration membrane, namely the podocytes, 
the glomerular basement membrane, and the glo-
merular ECs. When abnormal, these renal struc-
tures lead to a number of important functional 
changes, including decreased glomerular filtra-
tion rate (GFR), production of albuminuria, 
intraglomerular hypertension, systemic hyperten-
sion, and decreased renal functions. In addition, 
once the structural damage of the kidney occurs, 
it is difficult to reverse.41 The early stages of DKD 
are mostly characterized by glomerular hypertro-
phy, especially mesangial hypertrophy, with the 
latter subsequently leading to mesangial matrix 
increase, ECM synthesis and deposition, mesan-
gial cell (MCs) proliferation, mesangial matrix 
expansion, basement membrane thickening, and 
ECM protein production, resulting in glomerulo-
sclerosis. In addition, the death of renal tubular 
epithelial cells, increased secretion of fibrogenic 
factors, inflammatory reactions, thickening of the 
basement membrane, and tubulointerstitial fibro-
sis can also lead to end-stage renal failure, which 
eventually results in DKD.42 Podocytes are termi-
nally differentiated cells of the renal filtration bar-
rier with a complex actin cytoskeleton structure 
and they are important as they help to maintain 
the integrity of the glomerular filtration barrier.43 
During a kidney injury, the glomerular cytoskele-
ton and morphology change, and the filtration 
barrier may be damaged, causing proteinuria, 
where proteins leak into the urine. Therefore, glo-
merular diseases are usually caused by the loss of 
podocytes, with increasing evidence showing that 
injury to podocytes is among the main contribut-
ing factors to proteinuria.44 Avoiding the apopto-
sis of podocytes can hence be of therapeutic value 
for DKD. Therefore, new mechanisms to prevent 
glomerular sclerosis, renal tubule atrophy, renal 
tubule interstitial fibrosis, and podocyte apoptosis 
could be of potential for future therapies, espe-
cially since at present, there is no specific treat-
ment for DKD.

YAP is an important transcriptional factor regu-
lated by the Hippo pathway, and in the case of 
podocytes, it acts as an antiapoptotic protein. Being 
a transcriptional coactivator, dephosphorylated 
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YAP, located in the nucleus, interacts with tran-
scription factors from members of the TEAD fam-
ily to induce target gene expression for cell survival 
and proliferation. On the other hand, phosphoryl-
ated YAP is isolated in the cytoplasm and remains 
inactive.5 Activated Hippo signals maintain cell 
functions by inhibiting the nuclear interactions of 
transcriptional coactivators with TAZ and their 
homologous YAP-related proteins. In fact, with 
TAZ and YAP being the final effectors of the path-
way, they have become the key factors of DKD. 
Indeed, their expression is highly increased in the 
MC of patients with DKD and diabetes. For 
instance, Choi et al.4 showed that high glucose lev-
els directly induced cultured MC to activate YAP/
TAZ through the typical Hippo pathway, with the 
activated YAP/TAZ binding and stabilizing N-Myc 
proteins in the oncogene Myc family. Such stability 
of N-Myc further leads to abnormal enhancement 
of its transcriptional activity, which eventually 
results in MC damage and the pathogenesis of 
DKD. In addition, it was found that overactivation 
of YAP/TAZ could lead to excessive deposition of 
the ECM, injury of ECs, glomerulosclerosis, pro-
teinuria, proliferation of MCs, and decreased 
GFRs.5,18

YAP has been attracting increasing interest from 
scholars, with some studies reporting that, in dia-
betic mice, the renal cortex displayed increased 
phosphorylation and expression of the YAP pro-
tein. Similarly, various works have shown the 
importance of YAP in the survival of glomerular 
podocytes and maintenance of the cytoskeleton’s 
integrity. YAP can also lead to a significant 
decrease in the quality and quantity of podocytes, 
resulting in increased proteinuria in patients with 
diabetes and DKD. Therefore, knocking down 
the YAP gene in podocytes could have a protec-
tive effect on renal functions.45 In this context, 
Huang et  al.46 reported that a deficiency of A 
(RhoA), a member of the Ras homologous gene 
family, induced apoptosis in A549 and HepG2 
cells by inhibiting YAP, thereby reducing the for-
mation of stress fibers and inducing podocyte 
apoptosis. It is speculated that RhoA may regu-
late the expression of YAP to inhibit its expres-
sion of YAP and increase podocyte apoptosis. 
Overexpression of YAP also leads to podocyte 
injury, basement membrane thickening, and sub-
sequent sclerosis. Therefore, YAP can be used as 
a potential therapeutic target for podocyte apop-
tosis and proteinuria in diabetes and DKD 
(Figure 2). This shows that there is a strong 

correlation between YAP and DKD. For instance, 
Zeng et  al.47 found that the level of YAP was 
related to the glomerular filtration rate, patho-
logical classification, serum albumin, blood urea 
nitrogen, creatinine, and DKD stage for DKD. 
The level of YAP expression generally increases 
with the progression of DKD. In addition, high 
expression of CTGF, TEAD, and YAP was 
observed in the nuclei of glomerular podocytes, 
alongside continuous activation of cell prolifera-
tion and repair in the injured kidney. It is there-
fore speculated that YAP is a major contributor to 
the occurrence and development of renal fibrosis 
in diabetic nephropathy while being closely asso-
ciated with the severity of renal insufficiency. 
Hence, inhibiting YAP’s activity could help to 
delay the progress of DKD. Since the prevention 
of tubulointerstitial fibrosis is an effective meas-
ure to prevent the progression of DKD, targeted 
treatment of YAP could be a novel and feasible 
strategy to this end (Figure 2).

Liu et  al.48 found that the YAP–TEAD–CTGF 
pathway could be involved in the renal damage of 
DKD. In this case, interactions between YAP and 
TEAD result in the overexpression of the target 
gene CTGF in the kidney, thus promoting the 
formation of renal fibrosis. As DKD occurs and 
develops, it can reduce YAP levels by preventing 
the binding between YAP and TEAD, thereby 
reducing albuminuria, inflammation, fibrosis, 
and glomerular injury. Del et  al.15,49,50 further 
found that the TEAD/YAP–TAZ axis was upreg-
ulated under hyperglycemic conditions, hence 
suggesting that the YAP signaling pathway could 
be a major mechanism that leads to the occur-
rence and development of DKD. When effective 
drug intervention is carried out on Hippo path-
way, they may slow down the progress of DKD. 
Lei et al.51 reported the up-regulation of YAP in 
diabetes and DKD environments, with this 
change promoting the expression and nuclear 
localization of YAP, increased binding with 
TEAD, and eventually increased expression of 
fibrogenic factor CTGFs that regulate of cell pro-
liferation. Ma et al.52 also found that YAP was a 
physiological antagonist of podocyte apoptosis. 
When it is activated, it translocates to the nucleus 
where, after binding to TEAD, it regulates a 
number of transcription factors to cause fibrosis 
of CTGF and other factors. This fibrogenic 
response eventually leads to the thickening and 
stiffness of the renal basement membrane and 
further enhances the activity of YAP, thus 

https://journals.sagepub.com/home/tae


L Wei, J Gao et al.

journals.sagepub.com/home/tae 7

aggravating the progression of renal disease by 
destroying the glomerular filtration barrier and 
increasing the production of urinary protein. 
Szeto et al.53 recently reported that activated YAP 
could trigger inflammation and fibrogenic activity 
in kidney diseases. Therefore, high levels of YAP 
may exacerbate inflammation or kidney damage 
caused by diabetes. Similarly, Anorga S et  al.39 
reported YAP as the downstream target of epider-
mal growth factor receptor in DKD and that its 
pharmacological inhibition could inhibit fibrosis 
progression. Both findings highlight the role of 
YAP in the occurrence/development of DKD. Qi 
et al.54 showed that verteporfin could inhibit YAP 
nuclear translocation in renal tubular epithelial 
cells of DKD rats and inhibit transforming growth 
factor-β 1/Smad pathway in renal tubular epithe-
lial cells, thus reducing renal fibrosis. Luo et al.55 
indicated that activation of YAP, which promotes 
proliferation and migration of VSMCs via the 
Nrp2/PlexinA1 receptor. Therefore, inhibition of 
YAP can prevent intimal hyperplasia after 

vascular injury and prevent vascular restenosis, 
thus reducing diabetes and angiopathy. Cui 
et al.38 studied the regulation of YAP/TAZ activ-
ity by GPR87 and induced the expression of 
HK-2 in renal tubular epithelial cells, which 
accelerated glycolysis, mitochondrial damage, 
and tubulointerstitial fibrosis. These findings 
reveal the key functions of inhibiting YAP in 
affecting glomerular function and preventing pro-
teinuria and suggest that YAP plays a key role in 
the occurrence and development of DKD. YAP 
may be a new therapeutic target for diabetes and 
DKD and is considered to be a therapeutic target 
for reversing this chronic diabetes-related 
disease.

DR and YAP
DR is the formation of retinal neovascularization 
and neurodegeneration caused by chronic hyper-
glycemia. Being a highly common complication 
of diabetes, it is mainly responsible for visual 

Figure 2. YAP involved in podocyte injury in DKD. Inhibition of YAP can induce podocyte apoptosis, inhibit 
inflammatory response, and protect podocytes. Activation of YAP reduces podocyte apoptosis, and its 
overexpression leads to podocyte damage, basement membrane thickening, and subsequent hardening, 
resulting in increased albuminuria.
DKD, diabetic kidney disease; TEAD, TEA domain; TGF-β1, tissue growth factor beta-1; YAP, Yes-associated protein.
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impairment and blindness, thereby affecting the 
quality of life of patients. The pathological pro-
cess of DR includes retinal vascular occlusion, 
losing the integrity of the blood–retinal barrier, 
and the migration and proliferation of vascular 
ECs.56 Improving current understanding of the 
pathogenesis associated with DR is important in 
order to identify new therapeutic targets. Retinal 
Müller cells (RMCs) are the main neuroprotec-
tive macroglial cells in the retina. The dysfunc-
tion of neurons and glial cells in the retina 
promotes the progress of DR.57 YAP induces 
endothelial cells migration and tube formation 
through vascular endothelial growth factor-medi-
ated process, inhibits YAP to block Müller cell 
fibrosis activity, and reduces cell proliferation, 
migration, and vascular endothelial growth factor 
expression. In addition, the activation of YAP 
and its subsequent transfer to the nucleus, where 
binding to the TEAD transcription factor com-
plex occurs, stimulate the expression of target 
genes, such as CTGF and AREG, which trigger 
cell proliferation, migration, and differentiation.58 
Since CTGF is closely linked to DR’s occurrence 
and development, upregulating YAP represents 
the decisive factor for increasing the expression of 
CTGF and ECM protein fibronectin and pro-
mote its fibrosis activity. Xing et al.59 showed that 
targeting YAP inhibits cell migration and tubular 
formation, while its silencing prevents the forma-
tion of HG-induced tubules and higher levels of 
vascular endothelial growth factor. Therefore, 
YAP could be a novel target of drug therapy in 
the case of DR.

Under the condition of high glucose, protein 
phosphatase 1 catalytic subunit α (PPP1CA) is 
an important regulator of Hippo pathway, which 
promotes dephosphorylation and nuclear translo-
cation of YAP. Then, it promotes the transcrip-
tion of glutamine synthetase (GS). GS catalyzes 
the conversion of neurotoxic glutamate (Glu) to 
non-toxic glutamine (Gln) and activates mamma-
lian target of rapamycin complex 1 (mTORC1), 
thus promoting the activation of RMCs. YAP can 
directly enhance the expression and activity of 
GS, thus increasing the level of glutamine in 
steady state. Increasing evidence shows that YAP 
plays a prominent role in the formation and 
pathology of retinal blood vessels. Blocking 
PPP1CA/YAP/GS/Gln/mTORC1 can inhibit the 
proliferation and activation of RMC during DR, 
thus protecting RMCs and alleviating the 

development of DR.60 Guo et al.61 also reported 
that YAP/TAZ gene knockout attenuates the 
effects of ECM on intracellular Gln, Glu, and 
aspartic acid. In addition, YAP gene knockout 
reduces the production of lactic acid in ECs and 
reduces the ratio of extracellular lactic acid to 
pyruvate.

YAP, one of the signal cascades of the Hippo 
pathway, has various transcription targets in the 
process of angiogenesis, and it is regulated by the 
PI3K/Akt signal cascade. The latter is involved in 
retinal angiogenesis, characterized by the prolif-
eration and migration of ECs.62 YAP is phospho-
rylated by LATS1/2, while PI3K induces its 
translocation to the nucleus by inhibiting LATS 
activity. AkT also regulates the expression of 
angiotensin-converting enzyme 2 by regulating 
the expression of YAP in VSMCs, thus promot-
ing vascular maturation. YAP is activated through 
the PI3K/Akt pathway, and it promotes the pro-
liferation and fibrosis of Müller cells. YAP was 
also shown to upregulate vascular endothelial 
growth factor A (VEGFA) by inducing Hypoxia-
Inducing Factor-1α. VEGFA binds to vascular 
endothelial growth factor receptors expressed on 
vascular ECs, with this being a key process 
responsible for regulating vascular permeability, 
migration, and proliferation of ECs.63,64 Hamon 
et al.65 identified the key role of YAP in regulating 
the proliferative response of Müller cells to injury. 
The activation of YAP and the increased expres-
sion of CTGF and fibronectin promote the prolif-
eration and migration of Müller cells and rapid 
fibrosis through the YAP–CTGF axis. Pan et al.66 
showed that YAP promotes HIF-1a function by 
enhancing its stability, thereby further triggering 
cell proliferation. The upregulation of Sirtuin1 
prevents both angiogenesis and proliferation of 
retinal microvascular ECs by down-regulating 
YAP/HIF-1a/VEGFA induced by miR-20a, 
thereby preventing the development of DR. YAP 
is also a transcription factor involved in the regu-
lation of ECs and was shown to play a key part in 
DR retinal angiogenesis. YAP is therefore 
expected to be a major factor that influences the 
function of DR vascular ECs.

The Hippo-YAP/TAZ signaling pathway is 
involved in many metabolic processes, such as 
glycolysis, gluconeogenesis, fatty acid accumula-
tion, and amino acid metabolism, just to name a 
few. For instance, Han et  al.67 reported a high 
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expression of YAP in the retina of DR mice and 
promoted the cellular process of RMECs by 
upregulating the expression of metastasis-associ-
ated lung adenocarcinoma transcript-1 
(MALAT1). MALAT1 can be combined with 
miR-200b-3p that can directly target VEGFA. 
When YAP was silenced, there was a decrease in 
the angiogenesis, migration, and proliferation of 
RMECs in the retina of DR mice. A previous 
study showed that YAP up-regulation accelerated 
choroidal neovascularization by promoting EC 
proliferation.1,68 Therefore, the current authors 
believe that YAP may promote the development 
of DR retinal angiogenesis by regulating the 
MALAT1/miR-200b-3p/VEGFA axis, hence 
suggesting that the silencing of YAP could con-
tribute to the targeted therapy of DR. Therefore, 
the use of YAP inhibitors could repair retinal 
fibrosis in the future. The development of effec-
tive anti-YAP drugs, especially in combination 
with the regulation of Hippo pathway, could rep-
resent a new way to prevent retinal fibrosis and 
other fibrosis-related eye diseases.

Accelerated atherosclerosis and YAP in 
diabetes mellitus
Inflammation promotes atherosclerosis and dia-
betes, with atherosclerosis-related cardiovascular 
diseases being largely responsible for the death 
and disability of diabetic patients.69 In the accel-
erated atherosclerotic process of diabetes, high 
glucose, and oxidized low-density lipoprotein 
increased the S-nitrosation of guanine nucleo-
tide-binding protein G (I) subunit alpha-2 (SNO-
GNAI2) in ECs, and this decreases cyclic 
adenosine monophosphate (cAMP) levels while 
enhancing coupling to chemokine receptor type 5 
(CXCR5). The decrease in cAMP leads to the 
dephosphorylation of YAP and LATS1, as well as 
YAP’s translocation to the nucleus, before even-
tually inducing the transcription of chemokines 
and other adhesion molecules to enhance the 
inflammation of ECs. Therefore, inhibition of the 
SNO-GNAI2–YAP pathway is an effective strat-
egy to alleviate atherosclerosis accelerated by dia-
betes. In addition, Chao et al.70 also found that 
coupling CXCR5 with SNO-GNAI2 and inacti-
vated LATS1/2 kinase caused YAP to be dephos-
phorylated and translocated before triggering an 
inflammatory expression. Indeed, YAP/TAZ is 
activated and translocated to the nucleus under 
the action of SNO-GNAI2, with the process pro-
moting endothelial inflammation, adhesion of 

monocytes to ECs, and increased atherosclerosis 
accelerated by diabetes. Li et al.71 further found 
that YAP’s activation could induce the formation 
of macrophage inflammatory bodies and increase 
the level of inducible Nitric Oxide Synthase(iNOS) 
Hippo-YAP pathway plays an important role in 
inflammatory response, maintenance of vascular 
homeostasis, and atherosclerosis. Therefore, 
SNO-GNAI2–YAP pathway may be a potential 
target for the treatment of accelerated atheroscle-
rosis in diabetes. Diabetic cardiomyopathy is also 
a major vascular disease associated with diabetes. 
Liu et al.72 found that diabetic cardiac fibroblasts 
can be regulated through Hippo/YAP signaling 
pathway. This shows that YAP is connected to 
diabetes mellitus-related accelerated atheroscle-
rosis and that YAP might be a novel therapeutic 
target for this condition.

Conclusion
Diabetic angiopathy is one of the most common 
complications affecting diabetic patients, and it 
includes DR, DKD, atherosclerosis, and other 
vascular diseases. The Hippo pathway, involved in 
cell apoptosis, differentiation, and proliferation as 
well as in the regulation of inflammatory response, 
glucose, and lipid metabolism, is a highly evolu-
tionarily conserved protein kinase signaling path-
way that regulates organ growth and size through 
its effectors TAZ and its YAP. The latter, a key 
factor of the Hippo pathway, could play a more 
basic and powerful role in regulating the progres-
sion of diabetes and angiopathy. Inhibition of 
YAP functions through various direct/indirect 
activators has achieved promising results in the 
treatment and control of diabetic angiopathy such 
as DKD and DR. These inhibitors may become 
new therapies for diabetic angiopathy. In short, 
targeting the Hippo/YAP pathway therapy could 
be an effective way to prevent DKD, diabetic 
angiopathy, and atherosclerosis.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions
Lan Wei: Writing – original draft.

https://journals.sagepub.com/home/tae


TherapeuTic advances in 
endocrinology and Metabolism Volume 14

10 journals.sagepub.com/home/tae

Jingjing Gao: Software; Visualization.

Liangzhi Wang: Writing – original draft.

Qianru Tao: Supervision; Writing – review & 
editing.

Chao Tu: Conceptualization; Supervision; 
Writing – original draft; Writing – review & 
editing.

Acknowledgements
None.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This research is 
supported by the Changzhou Health Commission 
youth project (grant No. QN202206).

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
All data generated or analyzed during this study 
are included in this published article.

ORCID iD
Chao Tu  https://orcid.org/0000-0003- 
2142-8666

References
 1. Li YJ, Hu QS, Li CL, et al. PTEN-induced 

partial epithelial–mesenchymal transition drives 
diabetic kidney disease. J Clin Invest 2019; 129: 
1129–1151.

 2. Zhang W, Dong X, Wang T, et al. Exosomes 
derived from platelet-rich plasma mediate 
hyperglycemia-induced retinal endothelial injury 
via targeting the TLR4 signaling pathway. Exp 
Eye Res 2019; 189: 107813.

 3. Loracher C, Markl B and Loracher A. The 
impact of progredient vessel and tissue stiffening 
for the development of metabolic syndrome. 
Pflugers Arch 2022; 474: 1323–1326.

 4. Choi S, Hong SP, Bae JH, et al. Hyperactivation 
of YAP/TAZ drives alterations in mesangial 
cells through stabilization of N-Myc in diabetic 
nephropathy. J Am Soc Nephrol 2023; 34: 
809–828.

 5. Schwartzman M, Reginensi A, Wong JS, et al. 
Podocyte-specific deletion of yes-associated 
protein causes FSGS and progressive renal 
failure. J Am Soc Nephrol 2016; 27: 216–226.

 6. Chen JC, Wang XY, He Q, et al. TAZ is 
important for maintenance of the integrity of 
podocytes. Am J Physiol Renal Physiol 2022; 322: 
F419–F428.

 7. Pocaterra A, Romani P and Dupont S. YAP/TAZ 
functions and their regulation at a glance. J Cell 
Sci 2020; 133: jcs230425.

 8. Ibar C and Irvine KD. Integration of hippo-YAP 
signaling with metabolism. Dev Cell 2020; 54: 
256–267.

 9. Cao XL, Wang CL, Liu JY, et al. Regulation 
and functions of the Hippo pathway in stemness 
and differentiation. Acta Biochim Biophys Sin 
(Shanghai) 2020; 52: 736–748.

 10. Chen JC, Wang XY, He Q, et al. YAP activation 
in renal proximal tubule cells drives diabetic 
renal interstitial fibrogenesis. Diabetes 2020; 69: 
2446–2457.

 11. Yu SR, Dong XF, Yang M, et al. (Pro)renin 
receptor involves in myocardial fibrosis and 
oxidative stress in diabetic cardiomyopathy via 
the PRR-YAP pathway. Sci Rep 2021; 11: 3259.

 12. He ML, Feng L, Chen Y, et al. Polydatin 
attenuates tubulointerstitial fibrosis in diabetic 
kidney disease by inhibiting YAP expression and 
nuclear translocation. Front Physiol 2022; 13: 
927794.

 13. Menini S, Iacobini C, de Latouliere L, et al. 
Diabetes promotes invasive pancreatic cancer by 
increasing systemic and tumour carbonyl stress in 
KrasG12D/+ mice. J Exp Clin Cancer Res 2020; 39: 
152.

 14. Qian X, He LL, Hao M, et al. YAP mediates 
the interaction between the Hippo and PI3K/
Akt pathways in mesangial cell proliferation in 
diabetic nephropathy. Acta Diabetol 2021; 58: 
47–62.

 15. Yang TT, Heng C, Zhou Y, et al. Targeting 
mammalian serine/threonine-protein kinase 4 
through Yes-associated protein/TEA domain 
transcription factor-mediated epithelial–
mesenchymal transition ameliorates diabetic 
nephropathy orchestrated renal fibrosis. 
Metabolism 2020; 108: 154258.

 16. Yang TT, Heng C, Zhou Y, et al. Corrigendum 
to ‘Targeting mammalian serine/threonine-
protein kinase 4 through yes-associated protein/
TEA domain transcription factor-mediated 

https://journals.sagepub.com/home/tae
https://orcid.org/0000-0003-2142-8666
https://orcid.org/0000-0003-2142-8666


L Wei, J Gao et al.

journals.sagepub.com/home/tae 11

epithelial–mesenchymal transition ameliorates 
diabetic nephropathy orchestrated renal fibrosis’ 
[Metabolism Clinical and Experimental 108 
(2020) 154258]. Metabolism 2022; 130: 154963.

 17. Yin SQ, Liu WZ, Ji C, et al. hucMSC–sEVs-
derived 14-3-3zeta serves as a bridge between 
YAP and autophagy in diabetic kidney disease. 
Oxid Med Cell Longev 2022; 2022: 3281896.

 18. Feng L, Chen Y, Li N, et al. Dapagliflozin 
delays renal fibrosis in diabetic kidney disease by 
inhibiting YAP/TAZ activation. Life Sci 2023; 
322: 121671.

 19. Yang TT, Shu FL, Yang H, et al. YY1: a novel 
therapeutic target for diabetic nephropathy 
orchestrated renal fibrosis. Metabolism 2019; 96: 
33–45.

 20. Cui C, Zang N, Song J, et al. Exosomes derived 
from mesenchymal stem cells attenuate diabetic 
kidney disease by inhibiting cell apoptosis and 
epithelial-to-mesenchymal transition via miR-
424-5p. FASEB J 2022; 36: e22517.

 21. Haak AJ, Kostallari E, Sicard D, et al. Selective 
YAP/TAZ inhibition in fibroblasts via dopamine 
receptor D1 agonism reverses fibrosis. Sci Transl 
Med 2019; 11: eaau6296.

 22. Du WJ, Tang Z, Yang FY, et al. Icariin 
attenuates bleomycin-induced pulmonary fibrosis 
by targeting Hippo/YAP pathway. Biomed 
Pharmacother 2021; 143: 112152.

 23. Li GX, Jiao XH and Cheng XB. Correlations 
between blood uric acid and the incidence and 
progression of type 2 diabetes nephropathy. Eur 
Rev Med Pharmacol Sci 2018; 22: 506–511.

 24. Chung JJ, Goldstein L, Chen YJJ, et al. Single-
cell transcriptome profiling of the kidney 
glomerulus identifies key cell types and reactions 
to injury. J Am Soc Nephrol 2020; 31: 2341–2354.

 25. Futakuchi A, Inoue T, Wei FY, et al. YAP/
TAZ are essential for TGF-beta2-mediated 
conjunctival fibrosis. Invest Ophthalmol Vis Sci 
2018; 59: 3069–3078.

 26. Zhu MH, Liu XJ, Wang Y, et al. YAP via 
interacting with STAT3 regulates VEGF-induced 
angiogenesis in human retinal microvascular 
endothelial cells. Exp Cell Res 2018; 373: 155–163.

 27. Li HD, Wu BK, Kanchwala M, et al. YAP/TAZ 
drives cell proliferation and tumour growth via a 
polyamine–eIF5A hypusination–LSD1 axis. Nat 
Cell Biol 2022; 24: 373–383.

 28. Tian FY, Wang X, Ni HX, et al. The ginsenoside 
metabolite compound K stimulates glucagon-
like peptide-1 secretion in NCI-H716 cells by 

regulating the RhoA/ROCKs/YAP signaling 
pathway and cytoskeleton formation. J Pharmacol 
Sci 2021; 145: 88–96.

 29. Wu MX, Xiong HB, Xu Y, et al. Association 
between VEGF-A and VEGFR-2 polymorphisms 
and response to treatment of neovascular AMD 
with anti-VEGF agents: a meta-analysis. Br J 
Ophthalmol 2017; 101: 976–984.

 30. Yu F, Jiang RY, Han W, et al. Gut microbiota 
transplantation from db/db mice induces 
diabetes-like phenotypes and alterations in 
Hippo signaling in pseudo germ-free mice. Aging 
(Albany NY) 2020; 12: 24156–24167.

 31. Yuan T, Rafizadeh S, Azizi Z, et al. 
Proproliferative and antiapoptotic action of 
exogenously introduced YAP in pancreatic beta 
cells. JCI Insight 2016; 1: e86326.

 32. Huang Z, Zhang L, Chen Y, et al. Cdc42 
deficiency induces podocyte apoptosis by 
inhibiting the Nwasp/stress fibers/YAP pathway. 
Cell Death Dis 2016; 7: e2142.

 33. Zhu YY, Chen SJ, Liu WW, et al. Collagens I 
and V differently regulate the proliferation and 
adhesion of rat islet INS-1 cells through the 
integrin beta1/E-cadherin/beta-catenin pathway. 
Connect Tissue Res 2021; 62: 658–670.

 34. Rosado-Olivieri EA, Anderson K, Kenty JH, et al. 
YAP inhibition enhances the differentiation of 
functional stem cell-derived insulin-producing 
beta cells. Nat Commun 2019; 10: 1464.

 35. Tian FY, Xu WD, Chen L, et al. Ginsenoside 
compound K increases glucagon-like 
peptide-1 release and L-cell abundance in db/
db mice through TGR5/YAP signaling. Int 
Immunopharmacol 2022; 113: 109405.

 36. Wei F, Wang AX, Wang Q, et al. Plasma 
endothelial cells-derived extracellular vesicles 
promote wound healing in diabetes through 
YAP and the PI3K/Akt/mTOR pathway. Aging 
(Albany NY) 2020; 12: 12002–12018.

 37. Jere SW, Houreld NN and Abrahamse H. Role 
of the PI3K/AKT (mTOR and GSK3beta) 
signalling pathway and photobiomodulation in 
diabetic wound healing. Cytokine Growth Factor 
Rev 2019; 50: 52–59.

 38. Cui XY, Shi EH, Li J, et al. GPR87 promotes 
renal tubulointerstitial fibrosis by accelerating 
glycolysis and mitochondrial injury. Free Radic 
Biol Med 2022; 189: 58–70.

 39. Anorga S, Overstreet JM, Falke LL, et al. 
Deregulation of Hippo-TAZ pathway during 
renal injury confers a fibrotic maladaptive 
phenotype. FASEB J 2018; 32: 2644–2657.

https://journals.sagepub.com/home/tae


TherapeuTic advances in 
endocrinology and Metabolism Volume 14

12 journals.sagepub.com/home/tae

 40. Di Benedetto G, Parisi S, Russo T, et al. YAP 
and TAZ mediators at the crossroad between 
metabolic and cellular reprogramming. 
Metabolites 2021; 11: 154.

 41. Sifuentes-Franco S, Padilla-Tejeda DE, Carrillo-
Ibarra S, et al. Oxidative stress, apoptosis, and 
mitochondrial function in diabetic nephropathy. 
Int J Endocrinol 2018; 2018: 1875870.

 42. Gonzalez NR, Liou R, Kurth F, et al. 
Antiangiogenesis and medical therapy failure in 
intracranial atherosclerosis. Angiogenesis 2018; 21: 
23–35.

 43. Li J, Li N, Yan ST, et al. Liraglutide protects 
renal mesangial cells against hyperglycemia-
mediated mitochondrial apoptosis by activating 
the ERK-Yap signaling pathway and upregulating 
Sirt3 expression. Mol Med Rep 2019; 19: 2849–
2860.

 44. Ma YL, Chen F, Yang SX, et al. Protocatechuic 
acid ameliorates high glucose-induced 
extracellular matrix accumulation in diabetic 
nephropathy. Biomed Pharmacother 2018; 98: 
18–22.

 45. Huang ZS, Peng YH, Yu H, et al. RhoA protects 
the podocytes against high glucose-induced 
apoptosis through YAP and plays critical role 
in diabetic nephropathy. Biochem Biophys Res 
Commun 2018; 504: 949–956.

 46. Huang ZS, Zhang L, Chen YH, et al. RhoA 
deficiency disrupts podocyte cytoskeleton and 
induces podocyte apoptosis by inhibiting YAP/
dendrin signal. BMC Nephrol 2016; 17: 66.

 47. Zeng FH, Miyazawa T, Kloepfer LA, et al. ErbB4 
deletion accelerates renal fibrosis following renal 
injury. Am J Physiol Renal Physiol 2018; 314: 
F773–F787.

 48. Liu Y, Lu ZC, Shi Y, et al. AMOT is required 
for YAP function in high glucose induced liver 
malignancy. Biochem Biophys Res Commun 2018; 
495: 1555–1561.

 49. Del Puerto-Nevado L, Minguez P, Corton M, 
et al. Molecular evidence of field cancerization 
initiated by diabetes in colon cancer patients. Mol 
Oncol 2019; 13: 857–872.

 50. Yi TW, Smyth B, Di Tanna GL, et al. Kidney 
and cardiovascular effects of canagliflozin 
according to age and sex: a post hoc analysis of 
the CREDENCE randomized clinical trial. Am J 
Kidney Dis 2023; 82: 84–96.e1.

 51. Du L, Li CC, Qian X, et al. Quercetin inhibited 
mesangial cell proliferation of early diabetic 
nephropathy through the Hippo pathway. 
Pharmacol Res 2019; 146: 104320.

 52. Ma R, Ren JM, Li P, et al. Activated YAP causes 
renal damage of type 2 diabetic nephropathy. Eur 
Rev Med Pharmacol Sci 2019; 23: 755–763.

 53. Szeto SG, Narimatsu M, Lu ML, et al. YAP/
TAZ are mechanoregulators of TGF-beta-smad 
signaling and renal fibrogenesis. J Am Soc Nephrol 
2016; 27: 3117–3128.

 54. Qi CY, Hu Y, Zeng MY, et al. Verteporfin 
inhibits the dedifferentiation of tubular epithelial 
cells via TGF-beta1/Smad pathway but induces 
podocyte loss in diabetic nephropathy. Life Sci 
2022; 311: 121186.

 55. Luo XY, Fu X, Liu F, et al. Sema3G activates 
YAP and promotes VSMCs proliferation and 
migration via Nrp2/PlexinA1. Cell Signal 2023; 
105: 110613.

 56. Karbasforooshan H and Karimi G. The role 
of SIRT1 in diabetic retinopathy. Biomed 
Pharmacother 2018; 97: 190–194.

 57. Zhang XD, Li Y, Ma YB, et al. Yes-associated 
protein (YAP) binds to HIF-1alpha and 
sustains HIF-1alpha protein stability to promote 
hepatocellular carcinoma cell glycolysis under 
hypoxic stress. J Exp Clin Cancer Res 2018; 37: 
216.

 58. Zhang W, Jiang H and Kong YC. Exosomes 
derived from platelet-rich plasma activate YAP 
and promote the fibrogenic activity of Muller 
cells via the PI3K/Akt pathway. Exp Eye Res 
2020; 193: 107973.

 59. Xing W, Song YL, Li HL, et al. Fufang 
Xueshuantong protects retinal vascular 
endothelial cells from high glucose by targeting 
YAP. Biomed Pharmacother 2019; 120: 109470.

 60. Boopathy GTK and Hong WJ. Role of hippo 
pathway-YAP/TAZ signaling in angiogenesis. 
Front Cell Dev Biol 2019; 7: 49.

 61. Guo Y, Cang XM, Zhu LL, et al. PPP1CA/YAP/
GS/Gln/mTORC1 pathway activates retinal 
Muller cells during diabetic retinopathy. Exp Eye 
Res 2021; 210: 108703.

 62. Ha JM, Jin SY, Lee HS, et al. Akt1-dependent 
expression of angiopoietin 1 and 2 in vascular 
smooth muscle cells leads to vascular 
stabilization. Exp Mol Med 2022; 54: 1133–1145.

 63. Hooglugt A, van der Stoel MM, Boon RA, et al. 
Endothelial YAP/TAZ signaling in angiogenesis 
and tumor vasculature. Front Oncol 2020; 10: 
612802.

 64. Azad T, Ghahremani M and Yang XL. The role 
of YAP and TAZ in angiogenesis and vascular 
mimicry. Cells 2019; 8: 407.

https://journals.sagepub.com/home/tae


L Wei, J Gao et al.

journals.sagepub.com/home/tae 13

 65. Hamon A, Garcia-Garcia D, Ail D, et al. Linking 
YAP to muller glia quiescence exit in the 
degenerative retina. Cell Rep 2019; 27: 1712–
1725.e6.

 66. Pan QT, Gao ZQ, Zhu CL, et al. Overexpression 
of histone deacetylase SIRT1 exerts an 
antiangiogenic role in diabetic retinopathy via 
miR-20a elevation and YAP/HIF1alpha/VEGFA 
depletion. Am J Physiol Endocrinol Metab 2020; 
319: E932–E943.

 67. Han N, Tian W, Yu N, et al. YAP1 is required 
for the angiogenesis in retinal microvascular 
endothelial cells via the inhibition of MALAT1-
mediated miR-200b-3p in high glucose-induced 
diabetic retinopathy. J Cell Physiol 2020; 235: 
1309–1320.

 68. Zhou YP, Shan T, Ding WZ, et al. Study 
on mechanism about long noncoding RNA 
MALAT1 affecting pancreatic cancer by 

regulating Hippo-YAP signaling. J Cell Physiol 
2018; 233: 5805–5814.

 69. Koo JH and Guan KL. Interplay between YAP/
TAZ and metabolism. Cell Metab 2018; 28: 
196–206.

 70. Chao ML, Luo SS, Zhang C, et al. 
S-nitrosylation-mediated coupling of G-protein 
alpha-2 with CXCR5 induces Hippo/YAP-
dependent diabetes-accelerated atherosclerosis. 
Nat Commun 2021; 12: 4452.

 71. Li CY, Jin YT, Wei S, et al. Hippo signaling 
controls NLR family pyrin domain containing 
3 activation and governs immunoregulation of 
mesenchymal stem cells in mouse liver injury. 
Hepatology 2019; 70: 1714–1731.

 72. Liu JW, Xu L and Zhan XR. LncRNA MALAT1 
regulates diabetic cardiac fibroblasts through the 
Hippo-YAP signaling pathway. Biochem Cell Biol 
2020; 98: 537–547.

Visit Sage journals online 
journals.sagepub.com/
home/tae

 Sage journals

https://journals.sagepub.com/home/tae

