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Abstract 17 

Cardiovascular disease (CVD) remains the major cause o f morbid ity and 18 

mortalit y around the wor ld.  Transcr ipt ion factor EB (TFEB) is a master regulator 19 

of lysosome biogenesis and autophagy. Emerging studies revealed that  TFEB also  20 

mediates cellular adaptat ion responses to var ious st imuli,  such as mitochondr ia l 21 

dysfunct ion, pathogen infect ion and metabo lic toxin.  Based on it s significant  22 

capabilit y to  modulate the autophagy- lysosome process (ALP), TFEB plays a 23 

cr it ical ro le in the development  of CVD. In this review, we br iefly summarize the 24 

current  understand ing o f TFEB’s invo lvement  in CVD and the under lying 25 

molecular mechanisms.   26 
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Introduction  30 

Cardiovascular diseases (CVDs) are a range of disorders that  affect  both the 31 

blood vessels and heart .  They are a majo r global threat  and one o f the leading 32 

causes o f mortalit y and morbid ity wor ldwide, placing a heavy burden on pat ients 33 

and their families.  Common CVDs include acute myocardial infarct ion (AMI),  34 

heart  failure,  at r ial fibr illa t ion (AF), and atherosclerosis  (AS).  35 

Transcr ipt ion factor EB (TFEB) is a member o f the MiT/TFE bHLH -LZ 36 

subfamily.  [1] It  is considered a major t ranscr ipt ional regulator of autophagy and 37 

lysosomal biogenesis .  [2] Recent  studies have shown that  TFEB binds direct ly to  38 

CLEAR elements on lysosomal genes,  promoting the expression o f the ent ire 39 

network of genes in their promoters that  contain CLEAR -regulated mot ifs (the 40 

CLEAR network) . [3,  4] In rest ing cells under nutr ient -r ich condit ions,  TFEB is 41 

pr imar ily located in the cytoplasm and is inact ive .  [4,  5]  However,  under  42 

condit ions o f starvat ion, bacter ial infect ion, lysosomal dysfunct ion, or other  43 

st ress processes,  TFEB quickly t ranslocates to  the nucleus and act ivates t he 44 

t ranscr ipt ion of it s target genes,  promot ing organismal homeostasis .  [6] TFEB is 45 

increasingly believed to regulate homeostasis in the card iovascular system and 46 

has a protect ive effect  against  CVD, such as AMI, AS, and cardiotoxicity.  [7-9]  47 

This art icle reviews the research progress of TFEB in CVD and discusses the 48 
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related molecular mechanisms.  49 

 50 

Survey Methodology  51 

To ident ify the pert inent  lit erature,  we conducted a PubMed search using the 52 

fo llowing keywords: (Transcr ipt ion factor EB) and (Cardiovascular  53 

disease)/(Transcr ipt ion factor EB) and (Angiocardiopathy).  We then proceeded to 54 

a t it le and abstract  screening and eliminat ion process,  which excluded art icles not  55 

related to  CVD, in order to ensure the comprehensiveness and accuracy o f this 56 

review.  57 

 58 

TFEB and atherosclerosis  59 

AS is a progressive and inflammatory vascular disease caused by lipid 60 

dysregulat ion. It  is character ized by the abnormal accumulat ion o f lipids and 61 

immune cells within the vessel wall.  [10, 11] This accumulat ion ult imately leads 62 

to  severe clinical complicat ions of arter ial disease,  such as AMI and st roke . [12, 63 

13] AS is a complex pathophysio logical process that  invo lves mult iple cell t ypes,  64 

inc luding macrophages,  [14] endothelial cells,  [15] and vascular smooth muscle 65 

cells.   66 

Numerous studies have confirmed the invo lvement  of TFEB in the 67 
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development  of CVD. Lu et al.  demonstrated that  laminar shear st ress,  one of the 68 

crucial processes in the atherosclerot ic process,  can prevent  AS by increasi ng the 69 

abundance o f TFEB in endothelia l cells .  [16] In vit ro exper iments have 70 

demonstrated that  the overexpression o f TFEB in endothelia l cells effect ively 71 

inhibits the inflammatory response, while t he down-regulat ion o f TFEB 72 

exacerbates it .  This effect  may be at tr ibuted , in part ,  to  the reduct ion of oxidat ive 73 

st ress by TFEB [16].  TFEB increases the abundance of ant ioxidant  genes,  such as 74 

heme oxygenase 1 (HO1) and superoxide dismutase 2 (SOD2), which reduces 75 

int racellular react ive oxygen species (ROS)  (Figure 1A)[16].   76 

Under in vivo inflammatory condit ions,  t ransgenic mice with endothelia l 77 

cell-specific expression o f TFEB exhibit ed reduced endothelial cell - leukocyte 78 

adhesion (Figure 1B), and AS development  was reduced [16].  In addit ion, EC-79 

TFEB/ApoE-/- mice exhibit ed a reduct ion in atherosclerot ic lesion format ion 80 

compared to  their lit termate ApoE -defic ient  (ApoE-/-) mice.  This suggests that  81 

TFEB act ivat ion has a protect ive effect  against  atherosclerosis in vivo. Chen et  82 

al.  conducted a study demonstrat ing how bromelain st imulates ant ioxidant  83 

product ion through the act ivat ion o f TFEB, thereby slowing the progression o f 84 

atherosclerosis [17].  These findings highlight  the benefit s o f TFEB in vascular  85 

diseases.  86 
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Addit ionally,  numerous studies have confirmed that  TFEB acts as a master 87 

regulator,  promoting the expression o f autophagic and lysosomal genes [14],  88 

pr imar ily by target ing intracellular cho lesteryl ester -r ich lipid droplets (LDs) for  89 

degradat ion to  free cho lesterol,  orchestrat ing autophagic lysosomes, and 90 

promoting lip id degradat ion. Therefore,  TFEB may act  as an ant ioxidant  act ivator 91 

and promote autophagy to delay the progression o f AS.  92 

 93 

TFEB and myocardial ischemia/reperfusion injury  94 

Although there have been significant  advances in understanding ischaemic 95 

heart  disease,  the under lying mechanisms remain incompletely elucidated [18].  96 

Studies have indicated that  autophagy has emerged as a key factor in the 97 

maintenance o f cardiac homeostasis and funct ion, as it  contr ibutes to  the 98 

reduct ion o f cardiac damage by facilitat ing cellular adaptat ion to  misfo lded 99 

protein accumulat ion, mitochondr ia l dysfunct ion and oxidat ive st ress [19].  As 100 

previous ly ment ioned, TFEB is a master regulator of autophagy gen esis.  101 

Therefore,  it  plays a cruc ial ro le in maintaining cardiac homeostasis by mediat ing 102 

autophagy.  Studies have reported that  in myocardia l ischemia/reperfusion injur y 103 

(IRI),  both cytoplasmic AMPKα1 and nuclear α2 subunits are inhibited. This leads 104 

to  impaired autophagic flux by suppressing TFEB through the AMPKα1 -mTOR 105 
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and AMPKα2-Skp2-CARM1 signaling pathways, respect ively [20].  Similar ly,  106 

post -ischemic reperfusion increased the levels o f myocardia l BECLIN -1 protein,  107 

which inhibits t he act ivat ion o f TFEB [21],  result ing in impaired autophagic flux 108 

[22].  Autophagy is not  an independent  process; it  is close ly linked to 109 

mitochondr ia l and lysosomal funct ions.  BNIP3, a protein interact ing with BCL -2 110 

and adenovirus E1B 19kDa, has been reported to  play a ro le in IRI [23].  Its up-111 

regulat ion leads to  lysosomal deplet ion and promotes autophagosome 112 

accumulat ion, impair ing mitochondr ial autophagy and leading to  cardiomyocyte 113 

death.  On the other hand, TFEB expression st imulates lysosomal biogenesis,  114 

restores autophagosome processing and at tenuates mitochondr ial damage  (Figure 115 

1C) [24].  In addit ion, Javaher i et  al.  discovered that  macrophage -specific over-116 

expression o f the t ranscr ipt ion factor EB (Mϕ-TFEB) enhances ventr icular  117 

funct ion fo llowing IR injury. Add it ionally,  they found that  TFEB in macrophages 118 

contr ibutes to  ventr icular remodeling after MI by mediat ing inflammatory 119 

responses.  Therefore,  it  is clear that  TFEB may have an impact  on IRI through 120 

modulat ion o f var ious bio logical funct ions [25].  Several studies have confirmed 121 

ways to improve the prognosis of myocardial infarct ion. For example,  Sciarret ta 122 

et  al.  [26] demonstrated that  alginate,  a naturally occurr ing non -reducing 123 

disacchar ide,  improves myocardial remodeling after myocardial infarct ion (MI).  124 
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This improvement  relies on TFEB-mediated act ivat ion of autophagy. Liu et  al.  125 

[27] reported that  upregulat ion of TFEB induced by donor mesenchymal stem cel l 126 

(MSC) apoptot ic vesicle release promotes autophagy and angiogenesis,  t hereby 127 

improving post -MI cardiac dysfunct ion. In summary, TFEB plays a pivotal ro le 128 

in t he protect ion against  cardiovascular diseases and more in -depth studies are 129 

needed to explore it s under lying mechanisms.  130 

 131 

TFEB and chemotherapy-related cardiac toxicity  132 

Chemotherapeut ic agents are essent ia l in t he t reatment  of tumours,  but  their 133 

clinical use is  severely hampered by their  unexpected cardiotoxicity.  Clinic i ans 134 

and scient ists have long been aware of doxorubicin (DOX) - induced cardiotoxicit y 135 

(DIC), and it s molecular mechanisms are st ill being discovered. The known 136 

mechanisms invo lved in DIC include oxidat ive st ress,  Ca 2 +  over load, DNA 137 

damage, mitochondr ia l dysfunct ion, and autophagic flux impairment  [28].  One 138 

study found that  human cardiac t issues from doxorubicin - induced heart  failure 139 

exhibited an increase in nuclear TFEB protein [29],  suggest ing that  there may be 140 

some associat ion between TFEB and DIC, and in vit ro exper iments,  141 

cardiomyocyte-specific TFEB over-expression induced cardiac remodeling,  142 

whereas TFEB knockdown at tenuated DIC. Bart let t  et al.  [29] have reported that  143 
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DOX inhibited TFEB express ion in a t ime- and dose-dependent  manner,  leading 144 

to  disrupt ion o f autophagic flux and deteriorat ion of cardiac funct ion. However,  145 

TFEB act ivat ion prevented DIC by ameliorat ing lysosomal dysfunct ion and 146 

autophagy inhibit ion, reducing ROS over load and increasing  cell viabilit y [29,  147 

30].  A significant  decrease in TFEB mRNA levels was observed in DOX -treated 148 

H9C2 cardiac fibroblasts,  but  not  in DOX-treated Sprague-Dawley rat  hearts.  This 149 

suggests that  the effect  of DOX on TFEB transcr ipt ional repress ion is cell -t ype 150 

and/or t issue-specific [29].  Recent ly,  it  has been demonstrated that  TFEB plays 151 

important  and mult iple ro les.  The study discovered that  doxorubicin t reatment  152 

reduced TFEB expression in the nucleus and increased IKKα/β and NF -κB 153 

phosphorylat ion [31].  This suggests a  possible connect ion between TFEB 154 

act ivat ion and NF-κB, a well-known inflammat ion-associated factor (Figure 1D).  155 

Therefore,  DIC may be achieved by inhibit ing the ant i - inflammatory act ivit y o f 156 

TFEB through the act ivat ion o f the NF-κB signaling pathway.  157 

 158 

TFEB and metabolism-related cardiotoxicity  159 

Both hyperglycaemia and fat ty acid over load contr ibute to  a condit ion known 160 

as 'g lyco lipotoxicity',  which leads to the accumulat ion of toxic metabo lit es in t he 161 

cardiovascular system and is increasingly recognized as a major dr iver o f cardiac 162 
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patho logy and a contr ibutor to  the progression of end-stage heart  failure [32-34].  163 

Numerous studies have demonstrated that glyco lipotoxic effects on 164 

cardiomyocytes pr imar ily or iginate or terminate in the mitochondr ia and 165 

endoplasmic ret iculum (ER) [35-39].  Transcr iptomic data from ventr icular t issue 166 

of const itut ive cardiomyocyte-specific TFEB-/- mice suggest  that  TFEB regulates 167 

a network of genes invo lved in lipid and carbohydrate met abo lism. Modulat ion o f 168 

cardiomyocyte lipid metabo lism by TFEB is achieved through modulat ion of 169 

prominent  lipid targets such as peroxisome proliferator -act ivated receptor alpha 170 

(PPARα) [40].  In the liver,  TFEB acts in an autophagy-dependent  manner to 171 

reduce lip id accumulat ion [41].  Lack o f TFEB act ion resulted in significant  LD 172 

accumulat ion, whereas over-express ion of TFEB reduced LD size and 173 

accumulat ion. This demonstrates an unusual funct ion of TFEB in regulat ing 174 

substrate metabo lic pathways in cardiomyocytes,  rather than it s usual ro le in 175 

regulat ing lysosomal signaling and funct ion. In endothel ia l cells ,  TFEB up-176 

regulates Insulin Receptor Substrate (IRS1)  1 and 2 through different  mechanisms 177 

to  act ivate Akt  signaling and increase glucose uptake (Figure 1E) [15].  On the 178 

other hand, mtorc2 - Akt-mediated inact ivat ion o f GSK3β under glucose 179 

depr ivat ion condit ions leads to nuclear retent ion of TFEB in the human co lorecta l 180 

adenocarcino ma cell line HT2951 [42].  Thus, there may be an interact ion between 181 
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TFEB and Akt  to  maintain internal homeostasis.  182 

  183 
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Conclusion  184 

In this review, the role of TFEB in CVD is discussed  (Figure 2) .  It is found 185 

that  st imulat ion of TFEB is an effect ive st rategy to ameliorate cardiac 186 

dysfunct ion, mainly associated with improved lysosomal and mitochondr ia l 187 

dysfunct ion and reduced inflammat ion. Increased TFEB helps clear damaged 188 

mitochondr ia and inflammatory facto rs, thus improving oxidat ive st ress in the 189 

heart .  Addit ionally,  TFEB has non-class ical ro les in metabo lic pathways, besides 190 

regulat ing lysosomal biogenesis and autophagy. However,  the mechanisms 191 

under lying TFEB's ro le in CVD have not been fully elucidated.  Understanding 192 

TFEB's role in CVD and its associated molecular mechanisms is important .  193 

Manipulat ing TFEB act ivity may provide a promis ing target  for t reat ing CVD.  194 

 195 

  196 
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AS, atherosc lerosis  201 

TFEB, Transcr ipt ion factor EB 202 

HO1, heme oxygenase 1  203 

SOD2, superoxide dismutase 2  204 
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Figure 1 Ro le and Mechanism o f TFEB in CVD.   379 

A. In endothelial cells,  TFEB has an ant ioxidant  effect  by act ivat ing SOD2 and 380 

HO-1 and inhibit ing the product ion of ROS, thereby reducing the inflammatory 381 

response.  Red: act ivat ing effect .  Green: inhibitory effect .  B. Mice that  over-382 

express TFEB exhibit  reduced leukocyte adhesion, which at tenuates plaque 383 

format ion and slows down the progression of AS. C. After myocardial ischemia -384 

reperfusion, the expression o f AMPKα1 and AMPKα2 was reduced. T his 385 

inhibit ion o f TFEB occurred through the AMPKα1 -mTOR and AMPKα2-skp2-386 

CARM1 pathways, respect ive ly.  As a result ,  lysosomal genesis was reduced, 387 

leading to  impa ired autophagic copper beam and ult imately impaired 388 

mitochondr ia l funct ion. D. Doxorubicin,  a  c hemotherapeut ic drug, inhibits 389 

TFEB expression, leading to  IKK-β and NFκB act ivat ion and subsequent  390 

inflammatory response. E. In endothelial cells,  TFEB upregulates IRS1 and 391 

IRS2 expression, which act ivate the Akt  signalling pathway, phosphorylate Akt ,  392 

and facilitate glucose t ransport  into the cytosol.  TFEB: t ranscr ipt ion factor EB, 393 

CVD: Cardiovascu lar Disease,  HO1: oxygenase 1,  SOD2: superoxide dismutase 394 

2, ROS: react ive oxygen spec ies ,  AS: atherosclerosis,  IRS: insulin receptor 395 

substrate. 396 

 397 
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Figure 2 TFEB is invo lved in heart  damage caused by var ious diseases.  398 

A. Hypertension, myocardia l infarct ion, and coronary atherosclerosis can 399 

over load the heart  and eventually lead to  heart  failure.  B. Ischaemic heart  400 

disease can cause interrupt ions or complete absence o f blood flow, result ing in 401 

cardiac patho logical changes.  C. Doxorubicin has been shown to be cardiotoxic 402 

and long-term use may cause cardiac dysfunct ion.  D. over loading the heart  with 403 

sugars and lipids can lead to  the accumula t ion o f toxic metabo lites.  404 
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