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Abstract: Kriippel-like Factors (KLFs) are a set of DNA-binding proteins belonging to a family of
zinc-finger transcription factors, which have been associated with many biological processes related
to activation or repression of genes, inducing cell growth, differentiation, death, and development
and maintenance of tissues. In response to metabolic alterations caused by disease and stress, the
heart will undergo cardiac remodeling, leading to cardiovascular diseases (CVD). KLFs are amongst
transcriptional factors that take control of many physiological and, in this case, pathophysiological
processes of CVD. KLFs seem to associate with congenital heart disease-linked syndromes, malfor-
mations because of autosomal diseases, mutations that relate to protein instability, and/or loss func-
tions such as atheroprotective activities. Ischemic damage also relates to KLF dysregulation because
of differentiation of cardiac myofibroblasts or a modified fatty acid oxidation, related to the for-
mation of a dilated cardiomyopathy; myocardial infarctions, left ventricular hypertrophy and dia-
betic cardiomyopathies. MicroRNA have been involved in certain regulatory loops of KLFs as they
may function as critical modulators of vascular smooth muscle cells in atherosclerosis, in heart fail-
ure and as markers of endothelial damage in acute myocardial infarction.
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1. Introduction

In response to metabolic alterations caused by disease and stress, the heart undergoes
changes referred to as pathological remodeling, which involves hypertrophy and fibrosis,
eventually leading to cardiac failure[1,2]. Similar metabolic changes can also affect the
blood vasculature, which leads to structural alterations that potentially evolve into angi-
ogenesis and atherosclerosis. These affections of heart and blood vessels are termed car-
diovascular diseases (CVDs) [3-5].

Several comorbidities have been pathologically linked to CVD, including hyperten-
sion and diabetes [4,6-8], leading to an understanding of different factors involved in
these diseases. One such family of factors is the Kriippel-like transcription factors (KLFs),
which have recently acquired traction because of their involvement in various processes,
including those regulating CVDs. KLFs are a set of DNA-binding proteins belonging to a
family of zinc-finger transcription factors [9]. KLFs were named after their similarity to
the Drosophila melanogaster Kriippel (from German, "crippled" protein), a member of the
gap gene class involved in the thorax and anterior abdomen segmentation of Drosophila
embryos [10], which, when presenting alterations, result in severe body abnormalities
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[11]. As mentioned earlier, KLFs are important gene transcription regulators capable of
activating or repressing the expression of genes involved in several processes, including
cell growth, differentiation, death, and the development and conservation of specialized
tissues [12].

2. KLFs structure and domains

To date, researchers have identified 17 KLFs in the human genome, excluding the
putative KLF-18 gene, which arises as a duplication of KLF17 [13]. KLFs are characterized
by their three well-conserved carboxyl terminal C2H2 zinc finger domains, where two
cysteines coordinate each zinc ion at one end of a (3-sheet, and two histidines at the C-
terminal a-helix, creating a tetrahedral structure which allows for folding: fpa protein
configuration [14]. These zinc fingers are highly conserved throughout the family, sticking
to the consensus sequence C-X2-5-C-X3-(F/Y)-X5--X2-H-X3-5-H, where X represents any
amino acid and 1 is a hydrophobic residue [15]. A seven amino acid spacer TGEKP(Y/F)X
can be found between each finger [16]. The first two zinc fingers have 25 amino acids each,
while the third has only 23; at a particular level, each zinc finger can bound three base
pairs in GC-rich regions, such as CACCC-, GC-, GT-box elements, located in promoters of
target genes [17]. The amino-terminal domain is extremely varied arranged, containing
binding domains capable of exerting repressive or activating functions. Finally, a nuclear
localization signal (NLS) can be found near or within zinc fingers [18].

2.1. KLFs phylogenetic classification

As a consensus, KLFs subdivide into three phylogenetic groups because of their
structural similarities and binding domains (Table 1).

Table 1. The consensus, according to the KLF group.

Group and members Description References
These mediate transcriptional repression by binding their C-terminal domain to the CtBP protein.
CtBP can then mediate co-repression in an HDAC-dependant process, allowing histones to wrap

L KLE-S DNA tightly. This mechanism was assessed by Turner and Crossley when they proved that muta-
KLF -8 .. o s . .. [19-22]
KLE -12 tions in the CtBP binding motif in KLF-3 failed to repress gene expression in SL2 cells. A gene re-
pression HDAC-independent process could be executed by CtBP recruitment of PcG-associated
proteins complex.
2. KLF-1
KLEF-2 - . . .
KLF-4 They mostly operate as transcriptional activators by recruiting acetyltransferase activity factors,
KLE-5 such as CBP, p300, and P/CAF, promoting chromatin remodeling. Nevertheless, KLF-2 and KLF-4 [23,24]
KLF-6 also contain domains with repressor functions, continuous to the activation domains.
KLE-7
3. KLF-9 . - I . .
They have mostly been described as transcriptional repressors through their binding to SinA3. This
KLF-10 . Lo - . . .
KLE-11 interaction is possible because of a hydrophobic consensus sequence in these KLFs N-terminal do-
mains, a conserved a-helical motif AA/VXXL that mediates their linking to SinA3 paired amphi- [23,25]
KLF-13 . . . . . o
KLF-14 pathic helix domain, which then works as a scaffold for other chromatin modifiers, such as
KLE-16 HDACI, HDAC2, Mad, Ume6, MeCP2, N-CoR, and Ikaros.
No consensus groups.  These factors have not been incorporated into any of these phylogenetic groups since their interac-
KLF-15 tion domains remain undetermined. Yet, tissue expression in bone, kidney, and testis has been re- [11,13,26]
KLE-17 (-18) ported.

KLFs as a family are found in several organ systems, namely the hematopoietic, gas-
trointestinal, respiratory, nervous, immune, and cardiovascular [27]. Hence, it is not un-
common for KLFs to have a ubiquitous expression pattern, such as in KLFs 6, 7, 8, 9, 10,
and 11. Others have a more restricted expression, such as KLF-1, which is present in
erythroid and mast cells, and KLF-2, which is involved in lung and vessel development
[18,28]. Both KLF-1 and KLF-2 have an essential role in embryonic erythropoiesis since
they can bind to genes involved in cell proliferation and cell cycle control, such as
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Forkhead Box M1 (FoxM1), Spinghosine kinase 1 (Sphk1), Parathyroid hormone 1 recep-
tor (Pthr) and CD24a antigen, thus promoting the maturation of erythroid precursors [28].

Regarding the heart, KLFs expression and function continue at the initial elucidation
stages. KLF-15 expresses in cardiomyocytes and cardiac fibroblasts and upregulates post-
natally, inhibiting cardiac hypertrophy by preventing myocardin (MYOCD) and serum
response factor (SRF) interaction, thus, diminishing atrial natriuretic factor (ANF) and a-
skeletal actin (a-SKA) expression [29,30]. Meanwhile, KLF-13 has a marked reduced ex-
pression during the postnatal stage, moreover it also works as a cofactor with GATA4 and
TBXS5, an essential part of the transcriptional machinery required for inducing cardiac cell
differentiation. Deletion of KLF-13 (as well as other GATA4 modifier factors) has been
associated with congenital heart defects, including Holt-Oram syndrome (discussed in a
subsequent section), atrial and septal malformations, and ventricular hypotrabeculation
[31].

3. Cardiovascular diseases (CVDs)

CVDs continue at the top of the list as causes of death worldwide [7,8]. Taking all
into consideration, they account for nearly 56 million deaths every year [32]. CVDs affect
both the blood vessels, as well as the heart at the mechanical, electrical, or cellular level,
directly compromising nutrition and oxygenation, leading to damage and eventually
death of the affected region [33-35]. At a fundamental level, we should note that the heart
has little room for regeneration; therefore, damaged cardiomyocytes or other cardiac cells
will eventually lead to cell loss, fibrosis, and heart failure [36-38]. The term CVDs is quite
broad, encompassing a wide spectrum of diseases such as ischemic heart disease, heart
failure, valvular heart disease, arrhythmias, high blood pressure, stroke, and others [6].
Yet, the most common causes of morbidity and mortality associated to CVDs are ischemic
heart disease, stroke, and heart failure, which account for nearly 80% of all CVDs globally
[35,39-41].

Interestingly, much information about the risk factors involved in developing CVDs
are known. Many of these factors are preventable by behavioral changes. These prevent-
able risk factors include tobacco consumption, physical inactivity, obesity, and unhealthy
eating habits [42]. As an example of the latter, research has shown that a high lipid intake
in the diet is associated with the development of atherosclerotic plaques, a condition di-
rectly related to CVDs [43,44]. Researchers have further linked high fat consumption and
dietary obesity to an induced state of inflammation, generating adipose tissue and increas-
ing the secretion of pro-inflammatory cytokines such as NF-kb, TNF-a, and INF-g [45].
This inflammatory state induces the production of reactive oxygen species (ROS) in the
mitochondria, which leads to lipid peroxidation that can eventually induce several pa-
thologies, including Alzheimer's and the development of aneurysms [46]. Excessive fatty
acids lead to triglyceride and cholesterol esterification. Next, these lipids are taken-up by
VLDL and later directed to LDL. In an already primed inflammatory state, high LDL lev-
els can become oxidized (ox-LDL). Ox-LDL then becomes a problem as signals lead mac-
rophages to engulf them, becoming foam cells that stack up in the arteries over time, even-
tually forming atherosclerotic plates [47]. Another preventable source of high ROS levels
and oxidation is tobacco consumption. Particularly, vascular smooth muscle cells can re-
act to external stimuli. Changes in these cells directly affect their differentiation from con-
tractile cells to cells concerned with inflammation and ECM remodeling, reducing their
expression of alpha smooth muscle actin (o -SMA) and smooth muscle 22 alpha (SM22a)
and enhancing the production of inflammatory mediators as previously described with
an outcome of atherosclerosis progression [48]. Unfortunately, not all risk factors are pre-
ventable, such as hyperglycemia related to type-1 diabetes, which has a genetic compo-
nent, and its prevention is more complex. In this situation, a healthy lifestyle continues to
be paramount [49]. At a molecular level, cardiac regulation and function involve a pleth-
ora of transcriptional factors that specify genes which take control of many physiological
and, in this case, pathophysiological processes of CVDs[50]. One subset family of


https://doi.org/10.20944/preprints202212.0212.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2022 d0i:10.20944/preprints202212.0212.v1

transcriptions factors involved in cardiac regulation during pathophysiological processes
of CVDs is the KLF family.

3.1. KLFs in atherosclerosis

Atherosclerosis is a phenomenon characterized by the deposition of ox-LDL choles-
terol in the arterial walls, is the primary pathology of CVD[47]. It develops from endothe-
lial dysfunction, LDL retention, and the occupation of leukocytes in the subendothelial
space, followed by signaling, recruitment, and differentiation of macrophages. Through
the induction of nitric oxide synthase (eNOS and iNOS) and LDL oxidation, macrophages
transform into foam cells, eventually forming atherosclerotic plates [51]. This change fa-
vors the evolution towards fibrous plaques that progressively reduce the diameter of the
arterial lumen. Turbulent blood flow through a partially occluded vessel (or even normal
fluctuations in the blood vessel path, such as in arterial bifurcations) damages the endo-
thelium by shear force [51,52].

At the molecular level, KLF-2 activation has been associated with laminar blood flow,
a key protective force in the arterial walls that helps prevent atherosclerosis since it in-
duces a protective phenotype in endothelial cells. In low-shear stress regions, KLF-2 in-
hibits a mechanosensory complex composed of platelet endothelial cell adhesion molecule
(PECAM-1), vascular endothelial cadherin (VE-cadherin), and vascular endothelial
growth factor receptor 2/3 (VEGFR2/3). These factors trigger the MEK2/ERK2 pathway to
upregulate myocyte enhancer factor-2 (MEF2) and allow KLF-2 transcriptional activity.
KLF-2 exerts as it downregulates vascular adhesion molecule-1 (VCAM-1) and E-selectin,
molecules that support leukocyte migration and adhesion [53]. Researchers have identi-
fied suberanilohydroxamic acid as a potent pharmacological inducer of KLF-2, capable of
repressing vascular inflammation and atherosclerosis [54]. Researchers believe that the
main mechanism for this repression is the inhibition of thrombin-mediated cytokine as a
repression mechanism of the protease-activated receptor 1 (PAR-1) [55].

According to Xie et al. (2021), one of the key changes in the progression of atheroscle-
rosis is the transition of vascular smooth muscle cells (VSMCs) from a contractile pheno-
type to a proliferative phenotype. This transition leads to an increase in extracellular ma-
trix secretion, resulting in the formation of arterial intima layer thickening. In this regard,
KLF-5 expression evidence seems to indicate an elevation in atherosclerotic plaques com-
pared to normal human aortic tissue, suggesting that KLF-5 may play a role in promoting
this phenotypic switch [56].

Transiently induced KLF-4 after a vascular injury is not constitutively expressed in
VSMCs [57]. In animal models, researchers found that after carotid artery ligation, KLF-4
activates rapidly in the SMC, which inhibited the expression of SMC differentiation
marker genes (SM-22 and a-SMA), as evidence suggests that KLF-4 blocks these markers
through the binding of TGF-B's control element-containing promoter (5-GAG-
TGGGGCG-3). In contrast, no binding of KLF-4 has been shown in intact carotid arter-
ies[58-60]. Moreover, KLF-4 KO mice exhibited enhanced neointimal proliferation after
vascular injury, contributing to the reduced arterial lumen. These results suggest that KLF-
4 is a negative regulator of neointima formation [61], also observed have been effects on
non-vascular endothelial cells. KLF-4 does not affect SMC differentiation markers, but it
downregulates TNF-a-induced VCAMI expression by targeting and blocking the binding
site of NF-xB to the VCAM1 promoter. Adhesion molecule expression promotes the accu-
mulation of inflammatory cells that contribute to neointima formation [62].

Atherosclerosis and the shear stress forces associated with it lead to plaque rupture,
causing thrombosis or vascular embolism, giving rise to ischemic heart disease in any of
its two main clinical forms: angina or acute myocardial infarction (AMI) [63].

3.2. KLFs in ischemic disease, remodeling, and heart failure

Myocardial infarction (MI) is the most severe clinical manifestation of ischemic heart
disease. It comprises the abrupt obstruction of blood flow in the main branches of the
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coronary arteries, eventually leading to cardiomyocyte ischemia [4,8,35]. In ischemic heart
disease progression, fibrotic tissue replaces damaged muscle inducing geometric, biome-
chanical, and biochemical changes in the heart. This process is crucial to prevent ventric-
ular wall rupture in the post-infarction period; however, an exaggerated fibrotic response
has detrimental effects, leading to heart remodeling and a progressive loss of cardiovas-
cular function to establish heart failure since it does not restore flood flow[64]. There is an
affection of the myocardial tissue that leads to an overall decrease in oxygen or hypoxia,
which ultimately causes necrosis of the area. Interestingly enough, as hypoxia and stress
increases, there is an overall shift in signaling, which renders activation of a fetal program
in the tissue, characteristic of development [65]. Elevation of embryonic signaling, as was
seen in eight patients treated with pressure-controlled intermittent coronary sinus occlu-
sion (PISCO), which resulted in the elevation of the transcription factors GATA4, MEF2C,
TBX5, and HAND?2 in blood samples. These are particular cardiac transcription factors,
which have a history of being used in direct differentiation studies [66—-68]. In the PISCO
study, patient serums were collected and co-cultured with human fibroblasts and cardio-
myocytes. Their findings indicated an upregulation in KLF-4; a known pluripotent stem
cell inducer [57,69-71]. Unsurprisingly, KLF-4 promotes cardiac myofibroblast differenti-
ation and collagen synthesis in angiotensin II-induced cardiac fibrosis through its binding
to the TGF-B1 promoter, activating the TGF-1/Smad3 pathway, increasing the expression
of a-smooth muscle actin, and the secretion of type I and type III collagen, contributing to
the induction of a proliferative phenotype in cardiomyocytes [72].

Previously identified KLE-5 is a prohypertrophic factor that is increased in patients
with terminal heart failure and mice with ischemic cardiomyopathy. The exact mecha-
nisms by which KLF-5 induces cardiac hypertrophy remain unknown; however, research
by Hoffman et al. confirmed that in mice subjected to left coronary artery ligation, Kif-5
expression increased 2-fold at 24 hours and 4-fold at 2 and 4 weeks. A reduction in frac-
tional shortening and expansion of the end-diastolic and systolic dimensions accompa-
nied Kif-5 upregulation. When using the pharmacological inhibitor of Kif-5, ML264, an
improvement in echocardiographic parameters, such as ejection fraction, was observed,
as well as a reduction in end-diastolic and systolic volume, exerting a protective effect
against ischemic cardiomyopathy[73].

Previous research showed that KLF-5 could regulate PPAR-a expression and modify
fatty acid oxidation (FAQO). The heart depends on fatty acid oxidation (FAO) to produce
~70% of its ATP and meet its energy demands [74]. This process transcriptionally depends
on PPAR-a, which KLF-5 can activate via direct promoter binding [40,75]. Cardiac myo-
cyte-specific ablation of KLF-5 consequently resulted in a decrease in Ppar-a, FAO, cardiac
ATP levels, and triacylglycerol accumulation [40]. Interestingly, even though KLF-5 was
being suppressed, the experimental model indicated signs of dilated myocardiopathy,
such as a reduction of fractional shortening and an increase in left ventricle internal di-
mensions, showing that an excessive accumulation of lipids in the heart can indeed lead
to dilated cardiomyopathy [40,75]. Although in this study, cardiomyopathy was sug-
gested to develop in a KLF-independent manner, recent evidence shows a link between
KLF-5 and ceramide biosynthesis. KLF-5 has been proposed as a direct transcriptional
regulator of SPTLC1 and SPTLC2 (serine palmitoyltransferase [SPT] long-chain base sub-
unit 1 and 2, respectively), enzymes involved in the rate-limiting step of ceramides de
novo pathway synthesis, producing ceramides from serine and palmitoyl coenzyme A
[73,75].

Regarding diabetic cardiomyopathy (DbCM), KLF-5 has been linked to oxidative
stress via upregulation of NADPH oxidase 4 (NOX4) by directly binding to NADPH oxi-
dase 4 promoter and inducing NOX4 expression and leading to cardiomyocyte superox-
ide accumulation, mitochondrial abundance decrement and a change in the cardiac lip-
idome profile towards a ceramide-rich environment, therefore, contributing to DbCM
physiopathology [75]. Meanwhile, dilated cardiomyopathy (DCM) is the most frequent
cause of heart failure in young people. In the most severe cases, it is also a major reason
for a heart transplant [76-78]. KLE-5 has been recently documented as being highly
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involved in the development of DCM. According to whole exome sequencing studies,
KLF-5 mutations were directly responsible for DCM with complete penetration within the
proband's family members [77]. Hence, KLF-5 inhibition has been proposed as a strategy
to treat heart failure and other cardiovascular diseases [75,79].

Genetic variations of KLF-15, documented as a hypertrophy inhibitor, have been
studied in patients with type 2 diabetes. These findings have shown that a single nucleo-
tide variation (SNV) in intron two of the KLF-15 gene (rs9838915) was associated with
increased left ventricle mass index and septal wall thickness. Additional follow-up of 5.6
years on average was performed, where 22 patients (7%) were hospitalized for the first
time because of heart failure. In the latter, the adjusted risk of hospitalization for those
patients with left ventricular hypertrophy (LVH) carrying the A allele was 5.5-fold greater
than the G homozygous genotype. Therefore, the findings of this study propose the KLF15
SNV rs9838915 A allele as a marker of left ventricle hypertrophy in patients with type 2
diabetes [26]. As a we have mentioned, the regulatory effects of KLF can play a role in
CVD, the most important mechanisms can be seen on Table 2.

Table 2. KLFs involvement in different CVD, including the mechanism affected.

Disease KLF involved Effect Mechanism Reference
VSMCs proliferative phenotype
switch via Myod repression.

KLF-5 Promoter [80]

. Reduces inflammation as it down-
Atherosclerosis KLE-2 Protector regulates VCAM1 and E-selectin. [54,55]

Inhibition of neointima formation
KLE-4 Protector via SM-22 and a-SMA repression. [81,82]

Myofibroblasts differentiation and

Myocardial infarction KLF-4 Promoter collagen secretion via TGF- [72]
(31/Smad3 pathway.
Left Ventricle H " Rs9838915 associated with in-
e ven rlche ypertro KLF-15 Promoter creased left ventricle mass index [26]
phy and septal wall thickness
Dilated cardi -
rate C":;ylomyc’pa KLF-5 Promoter Upregulation FOXO1 [29,75]
Diabetic cardiomyopa- KLE-5 Promoter Upregulatl.on of NOX4, (?—2 and (75]
thy ceramide accumulation

3.3. KLFs in Congenital Heart Diseases

While there is still much to be addressed in developmental biology, recent research
has linked KLFs to birth defects, and in particular to certain congenital heart diseases. Out
of these congenital heart diseases, the most prominently described disease linked to KLFs
is the Holt-Oram Syndrome. The Holt-Oram Syndrome is an autosomal dominant disease
characterized by upper-limb defects, congenital heart malformation, and cardiac electrical
conduction related issues. Holt-Oram Syndrome has been typically associated with mu-
tations in TBX5, even though new evidence has shown that KLF-13 plays a pathogenic
role; as researchers have identified KLF-13 as a genetic modifier for TBX5 [83,84]. During
development, these two genes co-express in myocardium of the atrio-ventricular cushion,
atrial septum, interventricular septum and ventricular trabeculae as early as E11.5 in the
mouse embryo[84]. In silico sequence analysis has further revealed conservation of bind-
ing sites on the Nppa promoter for both TBX5 and KLF-13 genes, and other several key
cardiac transcription factors such as Nppb, Vegfa and Nos3, all of them essential for heart
development. To test the existence of a genetic interaction between these two transcription
factors in heart morphogenesis, Darwich et al., (2017) created a Thx5 and KIf13 double
heterozygote mouse model, finding significantly lower left ventricular mass over body
weight ratios and atrial septal defects in 80% of the mice. Gene expression patterns of heart
development regulators (Gata4, Mef2a, Erbb4, Vegfc, and Myh7, among others) were further
analyzed in physiologically normal Kif13 or Tbx5 heterozygotes, as well as the double
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heterozygous. Their results have indicated upregulation in Tbx5 or KIf13 heterozygotes,
yet similar to control levels in the double heterozygote mice. These findings suggest a
compensatory effect between the loss of either Kif13 or Thx5, but the inability to activate
these compensatory pathways when the simultaneous decrease of both transcription fac-
tors [84].

Li et al., (2020) identified two KLF-13 variants in congenital heart disease (CHD) pa-
tients. They first identified a proline into serine transversion at amino acid position 163
(5156N) in a patient with tricuspid valve atresia, ventricular septal defects, and atrial sep-
tal defects. Followed by the transversion of serine into asparagine at position 156 (P163S)
in a transposition of great arteries seven-month patient. Both S156N and P163S were
found in the Nuclear Localization Signal 1 (NLS1) region, near to the KLF-13 DNA-bind-
ing domain. Expression of the S156N variant was noticeably higher than that of wild type
and had increased transcriptional activity at activating the BNP promoter, suggesting
S156N is a gain-of-function mutation. Otherwise, with P163S variant, demonstrated simi-
lar expression compared to wild type, yet lower transcriptional activity. Physical interac-
tion with TBX5 was also assessed by co-immunoprecipitation. In this concern, P163S
showed a decreased physical interaction with the TBX5 protein. In contrast, S156N had a
significantly increased ability to interact with TBX5. Although, authors suggest that the
overexpression of KLF-13 associated to S156N might be accompanied by higher protein
instability, resulting in a loss-of function phenotype [85]

Lavallée et al., have previously described similar results, identifying KIf-13 as a mod-
ifier of Gata4, a key transcription factor for the cardiac natriuretic peptide genes Nppa and
Nppb. In this study, Kif-13 Knockdown resulted in atrial septal defects, hypotrabeculation
and hypoplastic myocardium in Xenopus embryos[31]. Mutations in GATA4, have been
reported in patients with Fallot Tetralogy previously, although no direct relation between
KLF-13 and this condition has been established yet[86].

Moreover, KLF-13 seems to interact physically and functionally with GATA-6, a tran-
scription factor expressed in smooth muscle cells and cardiomyocytes [31]. Wang et al,,
(2020) reported a novel KLF-13 loss-of-function variation, with reduced activation of
GATA-6, GATA-4 and ANP promoters. Researchers identified this mutation in a three gen-
eration Chinese family, in which 5 out of 18 living family members had double-outlet right
ventricle and ventricular septal defects[87]. Other variations in KLF-13 have been linked
to congenital heart defects, such as the Glul44*-mutant of KLF13 cannot trans-activate
VEGF-a and ANP gene promoters, associated to patent ductus arteriosus and ventricular
septal defect, as well as bicuspid aortic valve[88].

Recently, KLF-4 has been linked to Marfan syndrome, a common inherited connec-
tive tissue disorder caused by mutations in Fibrillin-1 gene, characterized for physical fea-
tures such as increased height, scoliosis, arachnodactyly, lens dislocation, and cardiovas-
cular disorders, including mitral valve prolapse and aortic aneurism that can trigger aortic
dissection[89,90]. Using single-cell sequencing, Pedroza et al., identified KLF-4 as one of
several enriched expression genes in smooth muscle cells undergoing a phenotypic mod-
ulation towards fibroblasts, in aortic aneurysm tissue from a Fbn1¢1%4:6+ Marfan syndrome
murine model[91].

4. KLFs & miRNA in cardiovascular diseases

MicroRNA (miR)-145 is the most abundant miR in VSMC, overseeing the mainte-
nance of cells in their contractile phenotype by promoting contractile genes[92]. The phe-
notype in which cells are is an important factor to take on account in the pathogenesis of
atherosclerosis[93]. The VSMC phenotype increases atherosclerotic development because
of its facility to migrate, proliferate and generate extracellular matrix proteins[94]. This
phenotype switching is regulated by KLF-4, as suggested in several studies[80,95]. The
overexpression of KLF-4 inhibits VSMC proliferation induced by PDGF [61,96]. miR-145
also has a role as a key regulator of KLF-5, KLF-4, and MYOCD, as it down regulates the
first two genes by suppressing their transcription (which are repressors of MYOCD) and
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directly stimulates the translation of myocardin[92]. Researchers have found that miR-145
expression (whose one of his target genes is KLF-5) was found to be considerably higher
in the normal aortic samples group, accompanied by a higher expression of contractile
proteins such as calponin and a-SMA, compared to the atherosclerotic group where cir-
culating levels of miR-145 were reduced [80,97]. In animal models of vascular diseases,
miR-143/miR-145 were found to be downregulated, albeit this has not been confirmed in
humans. Current research further proposes that miR-145 or miR-143 are part of the regu-
latory loop for KLF-4, KLE-5, MYOCD, and SRF; critical transcription factors development
of SMC phenotype, and lacking SMC correct differentiation, could lead more easily to
develop atherosclerosis[98,99]. KLF-5 inhibition via miR-145 results in failure to repress
MYOCD, a transcriptional cofactor for SRF, which commands the expression of multiple
smooth and cardiac muscle-specific genes, such SM-22, ANP, MLC-2V and a-MHC
[97,100,101]. Transient decease in miR-145 expression 3 days post myocardial infarction
was associated with an increase in KLF-5 and a decrease in MYOCD; in addition, miR-145
is necessary for myocardin-induced cell reprograming of adult fibroblast into SMC and to
induce differentiation of multipotent neural crest stem cells into VSMC [102]. These data
suggest that the miR-145/ KLF-5 / MYOCD path might be a critical modulator of VSMC in
atherosclerosis.

A study using human coronary artery smooth muscle cells (HCASMCs) cultured un-
der hyperglycemic conditions found that the repression of miR-145 resulted in KLF-4 up-
regulation and thus, a decrease in MYOCD expression. This response mediated by Ang II
secretion in HCASMCs, resulted as a reaction to high glucose conditions, which devel-
oped in facilitating migration of VSMC, as well as reducing the expression of VSMC dif-
ferentiation marker genes, such as a-SMA, transgelin, and smoothelin, among others
[95].

MiR-133 has also been associated with VSMC phenotypic modulation. miR-133 is ca-
pable of downregulating KLF-4 via suppression of its coactivator transcription factor, Sp1.
In this process, miR-133 targets Sp-1, preventing KLF-4 activation and making it unable
to displace MYOCD from the SRF complex, determining the upregulation of smooth mus-
cle genes, like MYH11 [103].

Horie et al., assessed the role of miR-133 in chronic heart failure, identifying KLF-15
as another miR-133 target. In their study, miR-133 was shown to reduce KLF-15 and
GLUT#4 protein expression[104]. KLF-15 and MEF2A synergistically bind to the GLUT4
promoter, therefore increasing glucose uptake in cardiomyocytes, a process of vital im-
portance for the maintenance of myocardial energetic supply[105,106]. These results sug-
gest miR-133 may play a role in the perturbed energetics of heart failure.

In another study, rats were infarcted to assess the role of miR-92a and its relation to
KIf-2 and Kif-4 in endothelial injury after left coronary artery ligation. Herein, this study
demonstrated that in animal models, endothelial injury markers H-Fabp, vWF, and miR-
92a were significantly higher than the control group, while vasoprotective factors Kif-2
and KIf-4 were downregulated through miR-92a binding to their 3" UTR. The suppression
of miR-92a seems to promote endothelial activation, cardiac cell proliferation, and the de-
crease of apoptosis after AMI, proving that both Kif-2 and KIf-4 are involved in the pro-
tection and modulation of endothelial cells [107]. Similar results were obtained when us-
ing of antimiR-92a, in addition, decreased macrophage and T lymphocyte accumulation
as well as, a marked reduction in atherosclerosis (32%, as compared to the non-treated
group)[108].

miR-32-5p targets the expression of KLF-2. In a recent study, researchers found ele-
vated serum levels of miR-32-5p in patients with AMI, and reduced expression of KLF-2
[109]. KLF-2 possesses atheroprotective properties [107], hence_having an adequate ex-
pression of this gene could prevent the development of a cardiovascular disease. In an-
other study, miR-363-3p was upregulated in serum of AMI patients, showing that the ex-
pression of this miR was positively correlated with the concentration of endothelial injury
biomarkers. As confirmed in rat studies with knockdown of miR-363-3p, which showed
that endothelial injury biomarkers are reduced. In the same study, they observed that the
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activity of KLF-2 was inhibited with the upregulation of miR-363-3p, leading patients to-
wards a higher probability of suffering AMI [110].

Regarding ischemic damage, miR-125b-5p was linked to a cardioprotective effect in
the onset of AMI. Using several prediction algorithms, researchers have identified
proapoptotic BAX1 and KLF-13 as miR-125b-5p targets. In this study, this research group
showed that in vivo repression of miR-125b-5p associates to a higher mortality after left
coronary artery ligation, left ventricular disfunction, enhanced susceptibility to cardiac
rupture, higher levels of ANP and TNF-a, and larger fibrotic regions. In vitro analysis
showed that miR-125b-5p could induce an increase in p-AKT levels, suggesting a function
as a pro-survival miR in cardiomyocytes. Furthermore, researcher proved that 3-blocker
carvedilol was capable of upregulating miR-125b-5p (process accompanied by a decrease
in BAX1 and KLF-13) [111]. These findings suggest miR-125b-5p as a carvedilol-respon-
sive miR, mediator of improved cardiac function after AMI, via blocking of pro-apoptotic
proteins.

miR-let-7g demonstrated an increase in the expression of a-SMA and calponin by
downregulation of PDGF-f leading to a reduce interaction of KLF-4 and SRF which de-
repressed MYOCD; this maintains VSMC contractile phenotype and therefore reduced
formation of atherosclerotic plaques [112]. There have been some miRNAs related with
the AMI but not associated with KLF signaling. miR-139-5p has been involved in regulat-
ing cardiomyocyte proliferation and apoptosis. Finally, further research has also con-
firmed that miR-139-5p increases in the serum of AMI patients [113].

Table 3. miRNAs involvement in KLF regulation during CVDS.

Target or signaling

MiRNAs Cardiovascular diseases Level of expression Ref.
pathways
miR-143/145 KLF4/5 . iexpression [114]
miR-1 KLF4 . MiR-1 induces SMC dif-  [115]
Pro-atheroerotic ferentiatior} through the repres-
sion of Kl1f4
miR-137-3p JKLF15 . Promote ischemia [116]
. . Texpression of miR-126
miR126 KLF2 TKLE2 };ctivated VEGF [117]
. T expression of miR-29a
miR29a KLF15 TmiR29 increased KLF15 stabil-  [118]
ity by Fbw7/CDC4.
miR-410 KLES . HDAC1
. KLF5 promote IKB alpha  [119]
{NFKB
mmu-miR-107, Anti- atherosclerosis
mmu-miR-142- . FOXOL1 regulates the ex-
. KLF2 .
5p, mmu-miR- pression of the downstream [120]
143, mmu-miR- transcription factor KLF2 in en-
155 dothelial cells
. miR-10a rejuvenated
aged hBM-MSCs which im-
miR-10a Myocardial infarction KLF4 proved angiogenesis and car- [121]
diac function in injured mouse
hearts.
. miR-27a expression
could be transcriptionally sup-
miR-27a Myocardial infarction KLF5 pressed by KLF5 and inacti- [122]
vated the TGF-f3/Smad2/3 sig-
naling pathway
. {miR-363-3p reduces the
concentration of endothelial bi-
omarkers and promotes the vas-
miR-363-3p AMI KLF2 cular endothefial cell prolifera-  [110]

tion, and this protective effect
on endothelial injury may be ex-
erted by targeting KLF2.
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. miR-32-5p promotes en-
dothelial cell viability by KLF2
. miR-125b-5p protects the
heart against AMI by blunting
miR-125b-5p AMI KLF13 CM death in response to injury ~ [111]
in part through its repression of
bak1 and kIf13
. Increasing KLF13 expres-

miR32-5p AMI KLF2 [109]

iR-1 AMI KLF1 12
miR-150 3 sion via { miR-150. (123]
. miR-92a promoted endo-
thelial activation, cardiac cell
KLE2 proliferation and apoptosis de-

mIR-92a AMI KLF4 crease after AMI, proving that ~ [124]
both KLF-2 and KLF-4 are in-
volved in the protection and
modulation of endothelial cells

. downregulation of miR-
124 and Sp1 levels was in- [125,126]
miR-124 KLF6 and STAT3 crease.d sharpl}./' in humarll aortic
media from clinical specimens
of aortic dissection

KLF4, SRF, a-SMA, Increasing T a-SMA

miR-let-7g Atherosclerosis calponin, PDGF-B gpreston v 1 KL4 y SRF [112]
which depresses to Myod.
miR-139-5p AMI Serum AMI * Increases T serum of [113]
AMI patients.
5.Conclusion

The extensive KLFs family has been associated with many biological processes re-
lated to cell growth, differentiation, death, and development and maintenance of tissues
in many eukaryotic organisms. In cardiovascular system dysregulation, KLFs seems to be
associated with CVDs such as a) CHD-linked syndromes or malformations because of au-
tosomal diseases related to instability and/or loss of function, b) loss of atheroprotective
activities c) ischemic damages due to differentiation of cardiac myofibroblasts or a modi-
fied fatty acid oxidation as related to the formation of a dilated cardiomyopathy, d) cardi-
ovascular complications such as myocardial infarctions, left ventricular hypertrophy and
diabetic cardiomyopathies. Finally, several miR have been linked to AMI but not all are
related to KLFs signaling. Others miR have been involved in certain regulatory loops of
KLFs as they may act as critical modulators of VSMC in atherosclerosis, in abnormalities
of heart failure and as markers of endothelial damage in the AMI.

Author Contributions: Conceptualization: MGS-S, JDM-M, GRP-R, Investigation: GRP-R, Re-
sources: LG-O, GA-M, Writing-original draft preparation: AGQ-R, DFB-C, ENG-T, JAR-P, Writ-
ing-review editing: MGS-S, JLD-G, JFI, Supervision JFI

Funding: "This research was funded by CONACYT, CF-51208"

Institutional Review Board Statement: "Not applicable”

Informed Consent Statement: "Not applicable."

Data Availability Statement: "Not applicable”

Acknowledgments: The authors are grateful for the support provided by Sergio Lozano-Rodriguez
(Scientific Publications Support Coordinator, UANL) in reviewing this manuscript

Conflicts of Interest: state "The authors declare no conflict of interest."

References
1.  Kwak, H.-B. Aging, Exercise, and Extracellular Matrix in the Heart. J. Exerc. Rehabil. 2013, 9, 338-347, doi:10.12965/jer.130049.

2. Bartunek, J.; Behfar, A.; Dolatabadi, D.; Vanderheyden, M.; Ostojic, M.; Dens, J.; El Nakadi, B.; Banovic, M.; Beleslin, B.; Vrolix,
M.; et al. Cardiopoietic Stem Cell Therapy in Heart Failure: The C-CURE (Cardiopoietic Stem Cell Therapy in Heart FailURE)


https://doi.org/10.20944/preprints202212.0212.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2022 d0i:10.20944/preprints202212.0212.v1

Multicenter Randomized Trial with Lineage-Specified Biologics. ] Am. Coll. Cardiol. 2013, 61, 2329-2338,
doi:10.1016/j.jacc.2013.02.071.

3. Shindo, T.; Manabe, I.; Fukushima, Y.; Tobe, K.; Aizawa, K.; Miyamoto, S.; Kawai-Kowase, K.; Moriyama, N.; Imai, Y,;
Kawakami, H.; et al. Kriippel-like Zinc-Finger Transcription Factor KLF5/BTEB2 Is a Target for Angiotensin II Signaling and an
Essential Regulator of Cardiovascular Remodeling. Nat. Med. 2002, 8, 856-863, doi:10.1038/nm738.

4. Majid, Q.A.; Fricker, A.T.R.; Gregory, D.A.; Davidenko, N.; Hernandez Cruz, O.; Jabbour, R.J.; Owen, T.J.; Basnett, P;
Lukasiewicz, B.; Stevens, M.; et al. Natural Biomaterials for Cardiac Tissue Engineering: A Highly Biocompatible Solution. Front.
Cardiovasc. Med. 2020, 7, 1-32, d0i:10.3389/fcvm.2020.554597.

5. Davidson, S.M.; Padrd, T.; Bollini, S.; Vilahur, G.; Duncker, D.J.; Evans, P.C.; Guzik, T.; Hoefer, L.E.; Waltenberger, J.; Wojta, J.;
et al. Progress in Cardiac Research: From Rebooting Cardiac Regeneration to a Complete Cell Atlas of the Heart. Cardiovasc. Res.
2021, 117,2161-2174, d0i:10.1093/cvr/cvab200.

6.  Grandi, S.M.; Filion, K.B.; Yoon, S.; Ayele, H.T.; Doyle, C.M.; Hutcheon, J.A.; Smith, G.N.; Gore, G.C.; Ray, ].G.; Nerenberg, K,;
et al. Cardiovascular Disease-Related Morbidity and Mortality in Women with a History of Pregnancy Complications:
Systematic Review and Meta-Analysis. Circulation 2019, 139, 1069-1079, doi:10.1161/CIRCULATIONAHA.118.036748.

7. Chiong, M.; Wang, Z. V; Pedrozo, Z.; Cao, D.].; Troncoso, R.; Ibacache, M.; Criollo, A.; Nemchenko, A.; Hill, ]. a; Lavandero, S.
Cardiomyocyte Death: Mechanisms and Translational Implications. Cell Death Dis. 2011, 2, e244, doi:10.1038/cddis.2011.130.

8.  Roacho-Pérez, J.A.; Garza-Trevino, E.N.; Moncada-Saucedo, N.K.; Carriquiry-Chequer, P.A.; Valencia-Gémez, L.E.; Matthews,
E.R.; Gémez-Flores, V.; Simental-Mendia, M.; Delgado-Gonzalez, P.; Delgado-Gallegos, J.L.; et al. Artificial Scaffolds in Cardiac
Tissue Engineering. Life 2022, 12, 1117, doi:10.3390/1ife12081117.

9.  Zakeri, S.;; Aminian, H.; Sadeghi, S.; Esmaeilzadeh-Gharehdaghi, E.; Razmara, E. Kriippel-like Factors in Bone Biology. Cell.
Signal. 2022, 93, 110308, doi:10.1016/J.CELLSIG.2022.110308.

10. Schuh, R.; Aicher, W.; Gaul, U.; Cote, S.; Preiss, A.; Maier, D.; Seifert, E.; Nauber, U.; Schroder, C.; Kemler, R.; et al. A Conserved
Family of Nuclear Proteins Containing Structural Elements of the Finger Protein Encoded by Kriippel, a Drosophila
Segmentation Gene. Cell 1986, 47, 1025-1032, doi:10.1016/0092-8674(86)90817-2.

11. Rane, M.]J,; Zhao, Y.; Cai, L. Krippel-like Factors (KLFs) in Renal Physiology and Disease. EBioMedicine 2019, 40, 743-750,
doi:10.1016/j.ebiom.2019.01.021.

12.  Tetreault, M.-P.M.P; Yang, Y.; Katz, ].].P. Kriippel-like Factors in Cancer. Nat. Rev. Cancer 2013, 13, 701-713, d0i:10.1038/nrc3582.

13.  Pej, J.; Grishin, N. V; Xu, E.Y. A New Family of Predicted Kriippel-Like Factor Genes and Pseudogenes in Placental Mammals.
PLoS One 2013, 8, 81109, doi:10.1371/journal.pone.0081109.

14. Brayer, K.J.; Segal, D.]J. Keep Your Fingers off My DNA: Protein-Protein Interactions Mediated by C2H2 Zinc Finger Domains.
Cell Biochem. Biophys. 2008, 50, 111-131, doi:10.1007/s12013-008-9008-5.

15. Wolfe, S.A.; Nekludova, L.; Pabo, C.O. DNA Recognition by Cys2HiS2 Zinc Finger Proteins. Annu. Rev. Biophys. Biomol. Struct.
1999, 3, 183-212.

16. Dang, D.T.; Pevsner, ].; Yang, V.W. The Biology of the Mammalian Kriippel-like Family of Transcription Factors. Int. |. Biochem.
Cell Biol. 2000, 32, 1103-1121.

17.  Oishi, Y.; Manabe, I. Kriippel-Like Factors in Metabolic Homeostasis and Cardiometabolic Disease. Front. Cardiovasc. Med. 2018,
5, 1-14, doi:10.3389/fcvm.2018.00069.

18. Kaczynski, J.; Cook, T.; Urrutia, R. Protein Family Review Sp1- and Kriippel-like Transcription Factors. 2003, 1-8.

19. Chinnadurai, G. CtBP, an Unconventional Transcriptional Torepressor in Development and Oncogenesis. Mol. Cell 2002, 9, 213—
224, d0i:10.1016/S1097-2765(02)00443-4.

20. Chinnadurai, G. Transcriptional Regulation by C-Terminal Binding Proteins. Int. J. Biochem. Cell Biol. 2007, 39, 1593-1607,
doi:10.1016/j.biocel.2007.01.025.

21. Turner,].; Crossley, M. Cloning and Characterization of MCtBP2, a Co-Repressor That Associates with Basic Kruppel-like Factor
and Other Mammalian Transcriptional Regulators. EMBO J. 1998, 17, 5129-5140, doi:10.1093/emb0j/17.17.5129.

22. Shao, M.; Ge, G.Z; Liu, W.J.; Xiao, J.; Xia, H.J.; Fan, Y.; Zhao, F.; He, B.L.; Chen, C. Characterization and Phylogenetic Analysis
of Kriippel-like Transcription Factor (KLF) Gene Family in Tree Shrews (Tupaia Belangeri Chinensis). Oncotarget 2017, 8, 16325~
16339, doi:10.18632/oncotarget.13883.

23.  McConnell, B.B.; Yang, V.W. Mammalian Kriippel-Like Factors in Health and Diseases; 2010; Vol. 90; ISBN 4047275638.

24. Kawata, M.; Teramura, T.; Ordoukhanian, P.; Head, S.R.; Natarajan, P.; Sundaresan, A.; Olmer, M.; Asahara, H.; Lotz, M.M.K.
Kriippel-like Factor-4 and Kriippel-like Factor-2 Are Important Regulators of Joint Tissue Cells and Protect against Tissue
Destruction and Inflammation in Osteoarthritis. Ann. Rheum. Dis. 2022, 81, 1179-1188, doi:10.1136/annrheumdis-2021-221867.

25. Memon, A, Lee, W.K. KLF10 as a Tumor Suppressor Gene and Its TGF-B Signaling. Cancers (Basel). 2018, 10,
do0i:10.3390/cancers10060161.

26. Patel, S.K.;; Wai, B.; Lang, C.C.; Levin, D.; Palmer, C.N.A_; Parry, HM.; Velkoska, E.; Harrap, S.B.; Srivastava, P.M.; Burrell, L.M.
Genetic Variation in Kruppel like Factor 15 Is Associated with Left Ventricular Hypertrophy in Patients with Type 2 Diabetes:
Discovery and Replication Cohorts. EBioMedicine 2017, 18, 171-178, doi:10.1016/j.ebiom.2017.03.036.

27. Chang, E.; Nayak, L.; Jain, M.K. Kriippel-like Factors in Endothelial Cell Biology. Curr. Opin. Hematol. 2017, 24, 224-229,
doi:10.1097/MOH.0000000000000337.

28. Vinjamur, D.S.; Wade, K.J.; Mohamad, S.F.; Haar, J.L.; Sawyer, S.T.; Lloyd, J.A. Kriippel-like Transcription Factors KLF1 and
KLF2 Have Unique and Coordinate Roles in Regulating Embryonic Erythroid Precursor Maturation. Haematologica 2014, 99,
1565-1573, d0i:10.3324/haematol.2014.104943.


https://doi.org/10.20944/preprints202212.0212.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2022 d0i:10.20944/preprints202212.0212.v1

29. Fisch, S.; Gray, S.; Heymans, S.; Haldar, S.M.; Wang, B.; Pfister, O.; Cui, L.; Kumar, A.; Lin, Z.; Sen-Banerjee, S.; et al. Kruppel-
like Factor 15 Is a Regulator of Cardiomyocyte Hypertrophy. Proc. Natl. Acad. Sci. U. S. A. 2007, 104, 7074-7079,
doi:10.1073/pnas.0701981104.

30. Leenders, ].J.; Wijnen, W.].; Hiller, M.; Van Der Made, I; Lentink, V.; Van Leeuwen, R.E.W.; Herias, V.; Pokharel, S.; Heymans,
S.; De Windt, L.J.; et al. Regulation of Cardiac Gene Expression by KLF15, a Repressor of Myocardin Activity. J. Biol. Chem. 2010,
285, 27449-27456, doi:10.1074/jbc.M110.107292.

31. Lavallée, G.; Andelfinger, G.; Nadeau, M.; Lefebvre, C.; Nemer, G.; Horb, M.E.; Nemer, M. The Kruppel-like Transcription
Factor KLF13 Is a Novel Regulator of Heart Development. EMBO ]. 2006, 25, 5201-5213, d0i:10.1038/sj.emboj.7601379.

32. Ritchie, H.; Spooner, F.; Roser, M. Causes of Death Available online: https://ourworldindata.org/causes-of-death.

33. Saucerman, J.J.; Tan, P.M.; Buchholz, K.S.; McCulloch, A.D.; Omens, ].H. Mechanical Regulation of Gene Expression in Cardiac
Myocytes and Fibroblasts. Nat. Rev. Cardiol. 2019, doi:10.1038/s41569-019-0155-8.

34. Chaitra, K.L.; Ulaganathan, K.; James, A.; Ananthapur, V.; Nallari, P. MiRNA Regulation during Cardiac Development and
Remodeling in Cardiomyopathy. EXCLI J. 2013, 12, 980-992.

35. Islas, J.; Moreno-Cuevas, J. A MicroRNA Perspective on Cardiovascular Development and Diseases: An Update. Int. J. Mol. Sci.
2018, 19, 2075, d0i:10.3390/ijms19072075.

36. Iyer, D.; Belaguli, N.; Flu, M.; Rowan, B.G.; Wei, L.; Weigel, N.L.; Booth, F.W.; Epstein, H.F.; Schwartz, R.]J.; Balasubramanyam,
A. Novel Phosphorylation Target in the Serum Response Factor MADS Box Regulates. 2003, 7477-7486.

37. Zheng, G.; Tao, Y.; Yu, W.; Schwartz, R.]. Brief Report: Srf-Dependent MiR-210 Silences the Sonic Hedgehog Signaling during
Cardiopoesis. Stem Cells 2013, 31, 2279-2285, doi:10.1002/stem.1464.

38. Liu, Y.; Schwartz, R.J. Transient Mesp1 Expression: A Driver of Cardiac Cell Fate Determination. Transcription 2013, 4, 92-96,
doi:10.4161/trns.24588.

39. Mozaffarian, D.; Benjamin, EJ.; Go, A.S.; Arnett, D.K.; Blaha, M.J.; Cushman, M.; Das, S.R.; Ferranti, S. De; Després, J.P.;
Fullerton, H.J.; et al. Heart Disease and Stroke Statistics-2016 Update a Report from the American Heart Association. Circulation
2016, 133, e38—e48, doi:10.1161/CIR.0000000000000350.

40. Drosatos, K.; Pollak, N.M.; Pol, C.J.; Ntziachristos, P.; Willecke, F.; Valenti, M.C.; Trent, C.M.; Hu, Y.; Guo, S.; Aifantis, L; et al.
Cardiac Myocyte KLF5 Regulates Ppara Expression and Cardiac Function. Circ. Res. 2016, 118, 241-253.

41. Borghetti, G.; Von Lewinski, D.; Eaton, D.M.; Sourij, H.; Houser, S.R.; Wallner, M. Diabetic Cardiomyopathy: Current and
Future Therapies. Beyond Glycemic Control. Front. Physiol. 2018, 9, 1-15, d0i:10.3389/fphys.2018.01514.

42. Francula-Zaninovic, S.; Nola, .A. Management of Measurable Variable Cardiovascular Disease’ Risk Factors. Curr. Cardiol. Rev.
2018, 14, 153-163, doi:10.2174/1573403X14666180222102312.

43. Sarre-Alvarez, D.; Cabrera-Jardines, R Rodriguez-Weber, F. Enfermedad Cardiovascular Aterosclerdtica. Revisiéon de Las
Escalas de Riesgo y Edad Cardiovascular. Med Int Mex 2018, 6, 910-923.

44. Honigberg, M.C.; Zekavat, S.M.; Aragam, K.; Klarin, D.; Bhatt, D.L.; Scott, N.S.; Peloso, G.M.; Natarajan, P. Long-Term
Cardiovascular Risk in Women With Hypertension During Pregnancy. ]. Am. Coll. Cardiol. 2019, 74, 2743-2754,
doi:10.1016/j.jacc.2019.09.052.

45. Bastien, M.; Poirier, P.; Lemieux, L; Després, ].P. Overview of Epidemiology and Contribution of Obesity to Cardiovascular
Disease. Prog. Cardiovasc. Dis. 2014, 56, 369-381, doi:10.1016/j.pcad.2013.10.016.

46. Angelova, P.R.; Abramov, A.Y. Role of Mitochondrial ROS in the Brain: From Physiology to Neurodegeneration. FEBS Lett.
2018, 592, 692-702, doi:10.1002/1873-3468.12964.

47. Tan, B.L; Norhaizan, M.E. Effect of High-Fat Diets on Oxidative Stress, Cellular Inflammatory Response and Cognitive
Function. Nutrients 2019, 11, 2579, d0i:10.3390/nu11112579.

48. Starke, RM.; Thompson, ] W.; Ali, M.S.; Pascale, C.L.; Martinez Lege, A.; Ding, D.; Chalouhi, N.; Hasan, D.M.; Jabbour, P.;
Owens, G.K; et al. Cigarette Smoke Initiates Oxidative Stress-Induced Cellular Phenotypic Modulation Leading to Cerebral
Aneurysm Pathogenesis. Arterioscler. Thromb. Vasc. Biol. 2018, 38, 610621, doi:10.1161/ATVBAHA.117.310478.

49. Banks, E.; Welsh, ].; Joshy, G.; Martin, M.; Paige, E.; Korda, R.J. Comparison of Cardiovascular Disease Risk Factors, Assessment
and Management in Men and Women, Including Consideration of Absolute Risk: A Nationally Representative Cross-Sectional
Study. BM] Open 2020, 10, e038761, doi:10.1136/bmjopen-2020-038761.

50. Fan, Y.; Lu, H,; Liang, W.; Hu, W.; Zhang, ].; Chen, Y.E. Kriippel-like Factors and Vascular Wall Homeostasis. ]. Mol. Cell Biol.
2017, 9, 352-363, doi:10.1093/jmcb/m;jx037.

51. Dabravolski, S.A.; Sukhorukov, V.N.; Kalmykov, V.A.; Grechko, A. V.; Shakhpazyan, N.K,; Orekhov, A.N. The Role of KLF2 in
the Regulation of Atherosclerosis Development and Potential Use of KLF2-Targeted Therapy. Biomedicines 2022, 10, 254,
doi:10.3390/biomedicines10020254.

52.  Zhou, J.; Herring, B.P. Mechanisms Responsible for the Promoter-Specific Effects of Myocardin. |. Biol. Chem. 2005, 280, 10861—
10869, doi:10.1074/jbc.M411586200.

53. Patel, R.; Varghese, ].F.; Singh, R.P.; Yadav, U.C.S. Induction of Endothelial Dysfunction by Oxidized Low-Density Lipoproteins
via Downregulation of Erk-5/Mef2c/KLF2 Signaling: Amelioration by Fisetin. Biochimie 2019, 163, 152-162,
doi:10.1016/j.biochi.2019.06.007.

54. Xu, Y., Xu, S.; Liu, P.; Koroleva, M.; Zhang, S.; Si, S.; Jin, Z.G. Suberanilohydroxamic Acid as a Pharmacological Kruppel-Like
Factor 2 Activator That Represses Vascular Inflammation and Atherosclerosis. . Am. Heart Assoc. 2017, 6,
doi:10.1161/JAHA.117.007134.


https://doi.org/10.20944/preprints202212.0212.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2022 d0i:10.20944/preprints202212.0212.v1

55. Nayak, L.; Lin, Z,; Jain, M.K. “Go With the Flow”: How Kriippel-Like Factor 2 Regulates the Vasoprotective Effects of Shear
Stress. Antioxid. Redox Signal. 2011, 15, 1449-1461, doi:10.1089/ars.2010.3647.

56. Xie, Z; Chen, J.; Wang, C.; Zhang, J.; Wu, Y,; Yan, X. Current Knowledge of Kriippel-like Factor 5 and Vascular Remodeling:
Providing Insights for Therapeutic Strategies. J. Mol. Cell Biol. 2021, 13, 79-90, d0i:10.1093/jmcb/mjaa080.

57. Ghaleb, AM. Yang, V.W. Kriippel-like Factor 4 (KLF4): What We Currently Know. Gene 2017, 611, 27-37,
doi:10.1016/j.gene.2017.02.025.

58. Yoshida, S.; Miyagawa, S.; Fukushima, S.; Kawamura, T.; Kashiyama, N.; Ohashi, F.; Toyofuku, T.; Toda, K.; Sawa, Y.
Maturation of Human Induced Pluripotent Stem Cell-Derived Cardiomyocytes by Soluble Factors from Human Mesenchymal
Stem Cells. Mol. Ther. 2018, 26, 2681-2695, d0i:10.1016/j.ymthe.2018.08.012.

59. Adam, P.J.; Regan, C.P.; Hautmann, M.B.; Owens, G.K. Positive- and Negative-Acting Kruppel-like Transcription Factors Bind
a Transforming Growth Factor 3 Control Element Required for Expression of the Smooth Muscle Cell Differentiation Marker
SM22a in Vivo. J. Biol. Chem. 2000, 275, 37798-37806, d0i:10.1074/jbc.M006323200.

60. Shankman, L.S.; Gomez, D.; Cherepanova, O.A.; Salmon, M.; Alencar, G.F.; Haskins, R.M.; Swiatlowska, P.; Newman, A.A.C;
Greene, E.S; Straub, A.C.; et al. KLF4-Dependent Phenotypic Modulation of Smooth Muscle Cells Has a Key Role in
Atherosclerotic Plaque Pathogenesis. Nat. Med. 2015, 21, 628-637, doi:10.1038/nm.3866.

61. Yoshida, T.; Kaestner, K.H.; Owens, G.K. Conditional Deletion of Kriippel-like Factor 4 Delays Downregulation of Smooth
Muscle Cell Differentiation Markers but Accelerates Neointimal Formation Following Vascular Injury. Circ. Res. 2008, 102, 1548
1557, doi:10.1161/CIRCRESAHA.108.176974.

62. Yoshida, T.; Yamashita, M.; Horimai, C.; Hayashi, M. Deletion of Kriippel-like Factor 4 in Endothelial and Hematopoietic Cells
Enhances Neointimal Formation Following Vascular Injury. . Am. Heart Assoc. 2014, 3, 1-14, doi:10.1161/JAHA.113.000622.

63. Pedro-Botet, J.; Climent, E.; Benaiges, D. Atherosclerosis and Inflammation. New Therapeutic Approaches. Med. Clin. (Barc).
2020, 155, 256-262, doi:10.1016/j.medcli.2020.04.024.

64. Talman, V.; Ruskoaho, H. Cardiac Fibrosis in Myocardial Infarction —from Repair and Remodeling to Regeneration. Cell Tissue
Res. 2016, 365, 563-581, d0i:10.1007/s00441-016-2431-9.

65. Dirkx, E.; da Costa Martins, P.A.; De Windt, L.]. Regulation of Fetal Gene Expression in Heart Failure. Biochim. Biophys. Acta -
Mol. Basis Dis. 2013, 1832, 2414-2424, doi:10.1016/j.bbadis.2013.07.023.

66. Belian, E.; Noseda, M.; Abreu Paiva, M.S.; Leja, T.; Sampson, R.; Schneider, M.D. Forward Programming of Cardiac Stem Cells
by Homogeneous Transduction with MYOCD plus TBX5. PLoS One 2015, 10, e0125384, d0i:10.1371/journal.pone.0125384.

67. Pietronave, S.; Zamperone, A.; Oltolina, F.; Colangelo, D.; Follenzi, A.; Novelli, E.; Diena, M.; Pavesi, A.; Consolo, F.; Fiore, G.B.;
et al. Monophasic and Biphasic Electrical Stimulation Induces a Precardiac Differentiation in Progenitor Cells Isolated from
Human Heart. Stem Cells Dev. 2014, 23, 888-898, d0i:10.1089/scd.2013.0375.

68. Garry, G.A,; Bassel-Duby, R.; Olson, E.N. Direct Reprogramming as a Route to Cardiac Repair. Semin. Cell Dev. Biol. 2022, 122,
3-13, doi:10.1016/j.semcdb.2021.05.019.

69. Yamanaka, S. Strategies and New Developments in the Generation of Patient-Specific Pluripotent Stem Cells. Cell Stem Cell 2007,
1, 39-49.

70. Feng, B; Jiang, J.; Kraus, P.; Ng, ].H.; Heng, ].C.D.; Chan, Y.S.; Yaw, L.P.; Zhang, W.; Loh, Y.H.; Han, J.; et al. Reprogramming
of Fibroblasts into Induced Pluripotent Stem Cells with Orphan Nuclear Receptor Esrrb. Nat. Cell Biol. 2009, 11, 197-203,
doi:10.1038/ncb1827.

71. Carey, B.W.; Markoulaki, S.; Hanna, J.; Saha, K.; Gao, Q.; Mitalipova, M.; Jaenisch, R. Reprogramming of Murine and Human
Somatic Cells Using a Single Polycistronic Vector. 2008.

72. Zhang, Y.;Wang, Y.; Liu, Y.; Wang, N.; Qi, Y.; Du, J. Kriippel-Like Factor 4 Transcriptionally Regulates TGF-B1 and Contributes
to Cardiac Myofibroblast Differentiation. PLoS One 2013, 8, 0-9, doi:10.1371/journal.pone.0063424.

73. Hoffman, M,; Palioura, D.; Kyriazis, 1.D.; Cimini, M.; Badolia, R.; Rajan, S.; Gao, E.; Nikolaidis, N.; Schulze, P.C.; Goldberg, L].;
et al. Cardiomyocyte Kriippel-Like Factor 5 Promotes De Novo Ceramide Biosynthesis and Contributes to Eccentric Remodeling
in Ischemic Cardiomyopathy. Circulation 2021, 143, 1139-1156, doi:10.1161/CIRCULATIONAHA.120.047420.

74. Stanley, W.C.; Recchia, F.A.; Lopaschuk, G.D. Myocardial Substrate Metabolism in the Normal and Failing Heart. Physiol. Rev.
2005, 85, 1093-1129, doi:10.1152/physrev.00006.2004.

75. Kyriazis, 1.D.; Hoffman, M.; Gaignebet, L.; Lucchese, AM.; Markopoulou, E.; Palioura, D.; Wang, C.; Bannister, T.D.;
Christofidou-Solomidou, M.; Oka, S.L; et al. KLF5 Is Induced by FOXO1 and Causes Oxidative Stress and Diabetic Cardiomyopathy;
2021; Vol. 128; ISBN 1215707142.

76. Tabish, A.M.; Azzimato, V.; Alexiadis, A.; Buyandelger, B.; Knéll, R. Genetic Epidemiology of Titin-Truncating Variants in the
Etiology of Dilated Cardiomyopathy. Biophys. Rev. 2017, 9, 207-223, doi:10.1007/s12551-017-0265-7.

77. Di, RM;; Yang, C.X.; Zhao, CM.; Yuan, F.; Qiao, Q.; Gu, ].N.; Li, XM.; Xu, Y.J; Yang, Y.Q. Identification and Functional
Characterization of KLF5 as a Novel Disease Gene Responsible for Familial Dilated Cardiomyopathy. Eur. |. Med. Genet. 2020,
63, 103827, d0i:10.1016/j.ejmg.2019.103827.

78. Thomas, M.C. Type 2 Diabetes and Heart Failure: Challenges and Solutions. Curr. Cardiol. Rev. 2016, 12, 249-255,
doi:10.2174/1573403X1266616060.

79. Palioura, D.; Lazou, A.; Drosatos, K. Kriippel-like Factor (KLF)5: An Emerging Foe of Cardiovascular Health. J. Mol. Cell. Cardiol.
2022, 163, 56-66, doi:10.1016/j.yjmcc.2021.10.002.


https://doi.org/10.20944/preprints202212.0212.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2022 d0i:10.20944/preprints202212.0212.v1

80. Zhang, Y. nan; Xie, B. dong; Sun, L.; Chen, W.; Jiang, S.L.; Liu, W.; Bian, F.; Tian, H.; Li, R K. Phenotypic Switching of Vascular
Smooth Muscle Cells in the “normal Region” of Aorta from Atherosclerosis Patients Is Regulated by MiR-145. ]. Cell. Mol. Med.
2016, 20, 1049-1061, d0i:10.1111/jemm.12825.

81. Liu, Y, Sinha, S.; McDonald, O.G.; Shang, Y.; Hoofnagle, M.H.; Owens, G.K. Kruppel-like Factor 4 Abrogates Myocardin-
Induced Activation of Smooth Muscle Gene Expression. J. Biol. Chem. 2005, 280, 9719-9727, doi:10.1074/jbc.M412862200.

82. Zheng, H.; Pritchard, D.M.; Yang, X.; Bennett, E.; Liu, G.; Liu, C.; Ai, W. KLF4 Gene Expression Is Inhibited by the Notch
Signaling Pathway That Controls Goblet Cell Differentiation in Mouse Gastrointestinal Tract. AJP Gastrointest. Liver Physiol.
2009, 296, G490-G498, doi:10.1152/ajpgi.90393.2008.

83. McDermott, D.A.; Fong, ].C.; Basson, C.T. Holt-Oram Syndrome; 1993;

84. Darwich, R; Li, W.; Yamak, A.; Komati, H.; Andelfinger, G.; Sun, K.; Nemer, M. KLF13 Is a Genetic Modifier of the Holt-Oram
Syndrome Gene TBX5. Hum. Mol. Genet. 2017, 26, 942-954, doi:10.1093/HMG/DDX009.

85. Li, W,; Li, B,; Li, T.; Zhang, E.; Wang, Q.; Chen, S.; Sun, K. Identification and Analysis of KLF13 Variants in Patients with
Congenital Heart Disease. BMC Med. Genet. 2020, 21, 1-8, d0i:10.1186/512881-020-01009-X/FIGURES/3.

86. Nemer, G.; Fadlalah, F.; Usta, J.; Nemer, M.; Dbaibo, G.; Obeid, M.; Bitar, F. A Novel Mutation in TheGATA4 Gene in Patients
with Tetralogy of Fallot. Hum. Mutat. 2006, 27, 293-294, doi:10.1002/humu.9410.

87. Wang,S.-S.; Wang, T.-M.; Qiao, X.-H.; Huang, R.-T.; Xue, S.; Dong, B.-B.; Xu, Y.-].; Liu, X.-Y.; Yang, Y.-Q. KLF13 Loss-of-Function
Variation Contributes to Familial Congenital Heart Defects. Eur. Rev. Med. Pharmacol. Sci. 2020, 24, 11273-11285,
doi:10.26355/eurrev_202011_23617.

88. Abhinav, P.; Zhang, G.-F.; Zhao, C.-M.; Xu, Y.-].; Wang, J.; Yang, Y.-Q. A Novel KLF13 Mutation Underlying Congenital Patent
Ductus Arteriosus and Ventricular Septal Defect, as Well as Bicuspid Aortic Valve. Exp. Ther. Med. 2022, 23, 311,
doi:10.3892/etm.2022.11240.

89. Sponseller, P.D.; Hobbs, W.; Riley, L.H.; Pyeritz, R.E. The Thoracolumbar Spine in Marfan Syndrome. J. Bone Jt. Surg. 1995, 77,
867-876, doi:10.2106/00004623-199506000-00007.

90. Brown, O.R.; DeMots, H.; Kloster, F.E.; Roberts, A.; Menashe, V.D.; Beals, R.K. Aortic Root Dilatation and Mitral Valve Prolapse
in Marfan’s Syndrome: An ECHOCARDIOgraphic Study. Circulation 1975, 52, 651-657, d0i:10.1161/01.CIR.52.4.651.

91. Pedroza, A.J; Tashima, Y.; Shad, R.; Cheng, P.; Wirka, R.; Churovich, S.; Nakamura, K.; Yokoyama, N.; Cui, ].Z.; losef, C.; et al.
Single-Cell Transcriptomic Profiling of Vascular Smooth Muscle Cell Phenotype Modulation in Marfan Syndrome Aortic
Aneurysm. Arterioscler. Thromb. Vasc. Biol. 2020, 40, 21952211, doi:10.1161/ATVBAHA.120.314670.

92. Chin, D.D.; Poon, C; Wang, J.; Joo, J.; Ong, V.; Jiang, Z.; Cheng, K.; Plotkin, A.; Magee, G.A.; Chung, E.J. MiR-145 Micelles
Mitigate Atherosclerosis by Modulating Vascular Smooth Muscle Cell Phenotype. Biomaterials 2021, 273, 120810,
doi:10.1016/j.biomaterials.2021.120810.

93. Petsophonsakul, P.; Furmanik, M.; Forsythe, R.; Dweck, M.; Schurink, G.W.; Natour, E.; Reutelingsperger, C.; Jacobs, M.; Mees,
B.; Schurgers, L. Role of Vascular Smooth Muscle Cell Phenotypic Switching and Calcification in Aortic Aneurysm Formation.
Arterioscler. Thromb. Vasc. Biol. 2019, 39, 1351-1368, doi:10.1161/ATVBAHA.119.312787.

94. Wang, T.-M.; Chen, K.-C.; Hsu, P.-Y.; Lin, H.-F.; Wang, Y.-S.; Chen, C.-Y.; Liao, Y.-C.; Juo, S.-H.H. MicroRNA Let-7g Suppresses
PDGF-Induced Conversion of Vascular Smooth Muscle Cell into the Synthetic Phenotype. J. Cell. Mol. Med. 2017, 21, 3592-3601,
doi:10.1111/jemm.13269.

95. Shyu, K.G.; Cheng, W.P.; Wang, B.W. Angiotensin II Downregulates MicroRNA-145 to Regulate Kruppel-like Factor 4 and
Myocardin Expression in Human Coronary Arterial Smooth Muscle Cells under High Glucose Conditions. Mol. Med. 2015, 21,
616-628, doi:10.2119/molmed.2015.00041.

96. Zheng, B.; Han, M.; Wen, J.-K. Role of Kriippel-like Factor 4 in Phenotypic Switching and Proliferation of Vascular Smooth
Muscle Cells. IUBMB Life 2010, NA-NA, doi:10.1002/iub.298.

97. Cordes, K.R.; Sheehy, N.T.; White, M.P.; Berry, E.C.; Morton, S.U.; Muth, A.N.; Lee, T.H.; Miano, ].M.; Ivey, K.N.; Srivastava, D.
MiR-145 and MiR-143 Regulate Smooth Muscle Cell Fate and Plasticity. Nature 2009, 460, 705-710, do0i:10.1038/nature08195.

98. Yin,],;Bai, Z,;Song, J.; Yang, Y.; Wang, J.; Han, W.; Zhang, ].; Meng, H.; Ma, X.; Yang, Y.; et al. Differential Expression of Serum
MiR-126, MiR-141 and MiR-21 as Novel Biomarkers for Early Detection of Liver Metastasis in Colorectal Cancer. Chinese ].
Cancer Res. 2014, 26, 95-103, d0i:10.3978/j.issn.1000-9604.2014.02.07.

99. Boon, R.A.; Dimmeler, S. MicroRNA-126 in Atherosclerosis. Arter. Thromb Vasc Biol 2014, 34, :el5-el6,
doi:10.1161/ATVBAHA.114.303572.

100. Miano, J.M. Role of Serum Response Factor in the Pathogenesis of Disease. Lab. Investig. 2010, 90, 1274-1284,
doi:10.1038/labinvest.2010.104.

101. Wang, D.Z.; Chang, P.S.; Wang, Z.; Sutherland, L.; Richardson, J.A.; Small, E.; Krieg, P.A_; Olson, E.N. Activation of Cardiac
Gene Expression by Myocardin, a Transcriptional Cofactor for Serum Response Factor. Cell 2001, 105, 851-862,
doi:10.1016/S0092-8674(01)00404-4.

102. Navickas, R.; Gal, D.; Laucevicius, A.; Taparauskaité, A.; Zdanyté, M.; Holvoet, P. Identifying Circulating MicroRNAs as
Biomarkers of Cardiovascular Disease: A Systematic Review. Cardiovasc. Res. 2016, 111, 322-337, d0i:10.1093/cvr/cvw174.

103. Torella, D.; Iaconetti, C.; Catalucci, D.; Ellison, G.M.; Leone, A.; Waring, C.D.; Bochicchio, A.; Vicinanza, C.; Aquila, I.; Curcio,
A.; et al. MicroRNA-133 Controls Vascular Smooth Muscle Cell Phenotypic Switch In Vitro and Vascular Remodeling In Vivo.
Circ. Res. 2011, 109, 880-893, d0i:10.1161/CIRCRESAHA.111.240150.


https://doi.org/10.20944/preprints202212.0212.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2022 d0i:10.20944/preprints202212.0212.v1

104. Horie, T.; Ono, K.; Nishi, H.; Iwanaga, Y.; Nagao, K.; Kinoshita, M.; Kuwabara, Y.; Takanabe, R.; Hasegawa, K ; Kita, T.; et al.
MicroRNA-133 Regulates the Expression of GLUT4 by Targeting KLF15 and Is Involved in Metabolic Control in Cardiac
Myocytes. Biochem. Biophys. Res. Commun. 2009, 389, 315-320, doi:10.1016/j.bbrc.2009.08.136.

105. Mitchelson, K.R. Roles of the Canonical MyomiRs MiR-1, -133 and -206 in Cell Development and Disease. World |. Biol. Chem.
2015, 6, 162, d0i:10.4331/wijbc.v6.i3.162.

106. Leenders, ]J.J.; Wijnen, W.].; van der Made, I; Hiller, M.; Swinnen, M.; Vandendriessche, T.; Chuah, M.; Pinto, Y.M.; Creemers,
E.E. Repression of Cardiac Hypertrophy by KLF15: Underlying Mechanisms and Therapeutic Implications. PLoS One 2012, 7,
1-10, d0i:10.1371/journal.pone.0036754.

107. Fang, Y.; Davies, P.F. Site-Specific MicroRNA-92a Regulation of Kriippel-Like Factors 4 and 2 in Atherosusceptible Endothelium.
Arterioscler. Thromb. Vasc. Biol. 2012, 32, 979-987, d0i:10.1161/ATVBAHA.111.244053.

108. Loyer, X.; Potteaux, S.; Vion, A.-C.; Guérin, C.L.; Boulkroun, S.; Rautou, P.-E.; Ramkhelawon, B.; Esposito, B.; Dalloz, M.; Paul,
J.-L.; et al. Inhibition of MicroRNA-92a Prevents Endothelial Dysfunction and Atherosclerosis in Mice. Circ. Res. 2014, 114, 434—
443, d0i:10.1161/CIRCRESAHA.114.302213.

109. Dai, Y.; Yan, T.; Gao, Y. Silence of MiR-32-5p Promotes Endothelial Cell Viability by Targeting KLF2 and Serves as a Diagnostic
Biomarker of Acute Myocardial Infarction. Diagn. Pathol. 2020, 15, 19, d0i:10.1186/s13000-020-00942-y.

110. Gao, C.; Qian, H.; Shi, Q.; Zhang, H. MicroRNA-363-3p Serves as a Diagnostic Biomarker of Acute Myocardial Infarction and
Regulates Vascular Endothelial Injury by Targeting KLF2. Cardiovasc. Diagn. Ther. 2020, 10, 421-430, d0i:10.21037/cdt-19-700.

111. Bayoumi, A.S.; Park, K.; Wang, Y.; Teoh, J.; Aonuma, T.; Tang, Y.; Su, H.; Weintraub, N.L.; Kim, I. A Carvedilol-Responsive
MicroRNA, MiR-125b-5p Protects the Heart from Acute Myocardial Infarction by Repressing pro-Apoptotic Bakl and KlIf13 in
Cardiomyocytes. J. Mol. Cell. Cardiol. 2018, 114, 72-82, doi:10.1016/j.yjmcc.2017.11.003.

112. Uray, K.; Major, E.; Lontay, B. MicroRNA Regulatory Pathways in the Control of the Actin-Myosin Cytoskeleton. Cells 2020, 9,
1649, doi:10.3390/cells9071649.

113. Wang, K,; Liu, F,; Liu, C.; An, T.; Zhang, ].; Zhou, L.; Wang, M.; Dong, Y.; Li, N.; Gao, J.; et al. The Long Noncoding RNA NRF
Regulates Programmed Necrosis and Myocardial Injury during Ischemia and Reperfusion by Targeting MiR-873. Cell Death
Differ. 2016, 23, 1394-1405, d0i:10.1038/cdd.2016.28.

114. Long, X.; Miano, J.M. Transforming Growth Factor-B1 (TGF-B1) Utilizes Distinct Pathways for the Transcriptional Activation
of MicroRNA 143/145 in Human Coronary Artery Smooth Muscle Cells. |. Biol. Chem. 2011, 286, 30119-30129,
doi:10.1074/jbc.M111.258814.

115. Xie, C.; Huang, H.; Sun, X.; Guo, Y.; Hamblin, M; Ritchie, R.P.; Garcia-Barrio, M.T.; Zhang, J.; Chen, Y.E. MicroRNA-1 Regulates
Smooth Muscle Cell Differentiation by Repressing Kruppel-Like Factor 4. Stem Cells Dev. 2011, 20, 205-210,
d0i:10.1089/scd.2010.0283.

116. Zhao, T.; Qiu, Z.; Gao, Y. MiR-137-3p Exacerbates the Ischemia-Reperfusion Injured Cardiomyocyte Apoptosis by Targeting
KLF15. Naunyn. Schmiedebergs. Arch. Pharmacol. 2020, 393, 1013-1024, doi:10.1007/s00210-019-01728-w.

117. Nicoli, S.; Standley, C.; Walker, P.; Hurlstone, A.; Fogarty, K.E.; Lawson, N.D. MicroRNA-Mediated Integration of
Haemodynamics and Vegf Signalling during Angiogenesis. Nature 2010, 464, 1196-1200, doi:10.1038/nature08889.

118. Zheng, B.; Zheng, C.; Zhang, Y.; Yin, W.; Li, Y.; Liu, C,; Zhang, X.; Nie, C.; Zhang, H.; Jiang, W.; et al. Regulatory Crosstalk
between KLF5, MiR-29a and Fbw7/CDC4 Cooperatively Promotes Atherosclerotic Development. Biochim. Biophys. Acta - Mol.
Basis Dis. 2018, 1864, 374-386, d0i:10.1016/j.bbadis.2017.10.021.

119. Nan, S.; Wang, Y.; Xu, C.; Wang, H. Interfering MicroRNA-410 Attenuates Atherosclerosis via the HDAC1/KLF5/IKBa/NF-KB
Axis. Mol. Ther. - Nucleic Acids 2021, 24, 646-657, d0i:10.1016/j.omtn.2021.03.009.

120. Wang, X.; Gao, S.; Dai, L.; Wang, Z.; Wu, H. Identification of Key MicroRNAs in the Carotid Arteries of ApoE-/- Mice Exposed
to Disturbed Flow. Hereditas 2019, 156, 35, d0i:10.1186/s41065-019-0112-x.

121. Dong, J.; Zhang, Z.; Huang, H.; Mo, P.; Cheng, C; Liu, J.; Huang, W.; Tian, C.; Zhang, C.; Li, ]. MiR-10a Rejuvenates Aged
Human Mesenchymal Stem Cells and Improves Heart Function after Myocardial Infarction through KLF4. Stem Cell Res. Ther.
2018, 9, 151, d0i:10.1186/s13287-018-0895-0.

122. Tian, Z.; Zhang, Y.; Lyu, X. Promoting Roles of KLF5 in Myocardial Infarction in Mice Involving MicroRNA-27a Suppression
and the Following GFPT2/TGF-f3/Smad2/3 Axis Activation. Cell Cycle 2021, 20, 874-893, doi:10.1080/15384101.2021.1907512.

123. Zhang, Y.; Fan, X.; Yang, H. Long Noncoding RNA FTX Ameliorates Hydrogen Peroxide-Induced Cardiomyocyte Injury by
Regulating the MiR-150/KLF13 Axis. Open Life Sci. 2020, 15, 1000-1012, doi:10.1515/biol-2020-0100.

124. Liu, H.; Li, G.; Zhao, W.; Hu, Y.; Zhao BCDE, W.; Hu, Y. Inhibition of MiR-92a May Protect Endothelial Cells After Acute
Myocardial Infarction in Rats: Role of KLF2/4. Med. Sci. Monit. 2016, 22, 2451-2462, d0i:10.12659/MSM.897266.

125. Nagata, K.; Hama, I; Kiryu-Seo, S.; Kiyama, H. MicroRNA-124 Is down Regulated in Nerve-Injured Motor Neurons and It
Potentially Targets MRNAs for KLF6 and STAT3. Neuroscience 2014, 256, 426-432, doi:10.1016/j.neuroscience.2013.10.055.

126. Tang, Y.; Yu, S.; Liu, Y.; Zhang, J.; Han, L.; Xu, Z. MicroRNA-124 Controls Human Vascular Smooth Muscle Cell Phenotypic
Switch via Sp1. Am. . Physiol. Circ. Physiol. 2017, 313, H641-H649, doi:10.1152/ajpheart.00660.2016.


https://doi.org/10.20944/preprints202212.0212.v1

	1. Introduction
	2. KLFs structure and domains
	2.1. KLFs phylogenetic classification

	3. Cardiovascular diseases (CVDs)
	3.1. KLFs in atherosclerosis
	3.2. KLFs in ischemic disease, remodeling, and heart failure
	3.3. KLFs in Congenital Heart Diseases

	4. KLFs & miRNA in cardiovascular diseases
	5.Conclusion
	Author Contributions: Conceptualization: MGS-S, JDM-M, GRP-R, Investigation: GRP-R, Resources: LG-O, GA-M, Writing-original draft preparation: AGQ-R, DFB-C, ENG-T, JAR-P, Writing-review editing: MGS-S, JLD-G, JFI, Supervision JFI
	References

