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Abstract

Cardiovascular diseases are the leading cause of deaths in the world. Endothelial dysfunction
followed by inflammation of the vessel wall leads to atherosclerotic lesion formation that causes
ischemic heart and myocardial hypertrophy, which ultimately progress into cardiac dysfunction
and failure. Histone deacetylases (HDACS) have been recognized to play crucial roles in
cardiovascular disease, particularly in the epigenetic regulation of gene transcription in response to
a variety of stresses. The unique nature of HDAC regulation includes that HDACs form a complex
co-regulatory network with other transcription factors, deacetylate histones and non-histone
proteins to facilitate the regulatory mechanism of the vascular system. The selective HDAC
inhibitors are considered as the most promising target in cardiovascular disease, especially for
preventing cardiac hypertrophy. In this review, we discuss our present knowledge of the cellular
and molecular basis of HDACs in mediating the biological function of vascular cells and related
pharmacologic interventions in vascular disease.
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Introduction

Cardiovascular disease (CVD) is highly prevalent among the general population and
represents the leading cause of mortality and morbidity in developed countries. CVD refers
to a broad range of diseases that inflict the cardiovascular system, which includes the heart
and blood vessels. Atherosclerosis is a progressive process in which the inner layers of
artery walls become thick and irregular as a result of deposits of fat, cholesterol and other
substances. A comprehensive understanding of the regulatory mechanisms of vascular
physiology will prove a foundation for understanding the novel mechanism(s) underlying
vascular disease and designing more specific molecular targets for vascular function. Lysine
acetylation is reversible and is controlled by the opposing actions of acetyltransferase and
deacetylase through HATs and HDACs, which manifest an opposing fashion to control the
acetylation state of nucleosomal histones [1-5]. A plenty of evidence in recent years reports
the critical function of HDACSs in regulating vascular cell homeostasis and atherosclerosis.
An increased understanding of the regulatory role of HDAC in vascular physiology may
result in new therapeutic approaches for specifically targeting CVD that act at the risk-factor
level, as well as directly on the vascular system.

Eighteen mammalian histone deacetylases have been classified into four distinct classes
(classes I, lla, 1lb, 111 and 1V) based on their phylogenetic analyses of the sequence
homology, enzymatic activity, domain structure, and functional similarity (Table 1). Class I,
which is homologous to Rpd3, including HDACs 1, 2, 3, and 8, is found to be ubiquitously
expressed in human tissues. Class | HDACs show high enzymatic activity and reside
predominantly in the nucleus. Class | HDACs are closely associated with several other
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subunits such as Sin3 and N- CoR, to modulate histone deacetylation and transcriptional co-
repression [2, 6]. Class Il is homologous to yeast Hdal, and its N-terminal extension
possesses conserved domains that regulates protein-protein interaction. Class Il HDACs is
further divided into two subclasses: lla (HDAC 4, 5,7, and 9) and Ilb (HDAC 6 and 10).
Class lla HDACs manifest a more restricted pattern of expression, but is traditionally
considered to show enzymatic activity under certain condition, and serves as signal
transducers that shuttle between the cellular compartments [7, 8]. The enzymatic activity of
Class 11 HDACs depends on the formation of a multiprotein complex [9]. Class I11 or sirtuin,
is homologous to the silent information regulator 2 (Sir2) family, which includes SIRT1-7.
Sirtuins require NAD+ for deacetylation and play a critical regulatory function in
transcriptional repression [4]. Finally, class IV HDAC consists of a solitary member,
HDAC11, which is homologous to class | and class Il HDACs. However, because of low
sequence similarities, class 'V HDACSs has not yet been classified into any of the three
existing classes [10].

1. The function of HDACs in modulating the function of endothelial cell

Endothelial cells control vascular tone, blood coagulation and serve as the most important
mediators of inflammatory reaction. HDACs are considered to be critical transcriptional
cofactors recruited to promoters by sequence-specific transcription factors to mediate gene
expression for vascular homeostasis and vessel development.

1.1. Class | HDACs—It was shown that oscillatory shear stress increased cyclin A, but
down-regulated p21 in endothelial cells and induced proliferation, which were mediated by
HDACSs 1, 2 and 3. Oscillatory shear stress-induced HDAC signaling and responses in EC
are highly related to PI3K/Akt [11]. Overexpressed HDACLI resulted in the downregulation
of p53 and von HippelLindau tumor suppressor genes and increased the angiogenesis of
human endothelial cells, but inhibition of HDACs led to downregulation of the vascular
endothelial growth factor, and also suppressed both angiogenesis /n vitroand in vivo[12].
FK228, a macrocyclic polypeptide, was used as a molecular tool to compare its binding
conformation in HDAC1 and HDACS to study the molecular mechanism for inhibiting
HDACL [13]. FK228 significantly attenuated the content of vascular endothelial growth
factor (VEGF) in response to hypoxia, indicating that FK228 plays a contributable role in
modulating angiogenesis. FK228 was also found to block angiogenesis induced by hypoxia
in the Lewis lung carcinoma model, suggesting that FK228 downregulates hypoxia-
responsive angiogenesis by attenuating HIF-1a activity [14].

Overexpression of HDAC?2 suppressed Arg2 expression in human aortic endothelial cells,
but knockdown of HDAC?2 enhanced the expression of Arg2. HDAC2 overexpression
suppressed oxidized low-density lipoprotein-induced vascular dysfunction [15]. HDAC3
plays a critical role in modulating endothelial cell differentiation from embryonic stem cells
[16,17]. HDAC3 are also crucial for the maintenance of endothelial integrity associated with
the PI3K/Akt- and TGFp2-dependent mechanism [18]. Nox4, a member of the NADPH
oxidase family, represents a major source of generation of reactive oxygen species (ROS) in
the vascular wall. siRNA-mediated knockdown of HDAC3 was reported to be associated
with down- regulation of Nox4 in human umbilical vein endothelial cells (HUVEC) [19].
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The evidence suggests the critical role of class | HDACs involved in mediating the function
of endothelial cells.

1.2. Class Il HDACs—Class lla HDACs are signal-responsive regulators of gene
expression, involved in modulating vascular homeostasis. Nitric oxide modulates the
function of endothelial cells and initiates class II HDACs 4 and 5 nuclear shuttling.
MC1568, a class Il HDAC selective inhibitor, rescued serum-dependent histone acetylation
in nitric oxide-treated HUVECs. Nitric oxide-induced HDAC4 and HDACS5 nuclear shuttling
related to the activation of the protein phosphatase 2A (PP2A). In addition, nitric oxide was
found to induce the formation of a macromolecular complex with HDAC3, HDAC4,
HDACS, and an active PP2A [20]. HDACS acts as a repressor of angiogenesis, which
mediates the angiogenic gene expression pattern of endothelial cells. HDAC5
overexpression attenuated sprout formation [21]. Inhibition of HDAC5 demonstrated a
unique pro-angiogenic effect by stimulating endothelial cell migration, sprouting, and tube
formation. However, HDACS overexpression mitigated sprout formation, suggesting that
HDACS serves as a negative regulator of angiogenesis [22]. Blockade of HDACS in the ECs
of systemic sclerosis restored normal angiogenesis, which is consistent with the evidence
that knockdown of HDACS in ECs led to systemic sclerosis, identifying key HDAC5-
regulated genes involved in angiogenesis [23]. Impaired MEF2 activity in pulmonary arterial
hypertension is mediated by excess nuclear accumulation of HDAC4 and HDACS.
Pharmacological inhibition of class Ila HDACs caused a restoration of MEF2 activity in
pulmonary artery endothelial cells, as evident by increases in its transcriptional factors and a
reduced proliferative rate[24]. In addition, treatment of mice with a selective HDAC6
inhibitor, tubastatin A, alleviated angiotensin ll-induced high blood pressure and
vasoconstriction, which is related to the recovered Angll-mediated decreased H2S levels in
endothelial cells that contribute to the alleviation of hypertension [25]. It has been noted that
new potent and selective hydroxamate-based HDACS6 inhibitors were developed on the
phenothiazine system as a cap group scaold. On the basis of a HDAC pharmacophore model
containing cap group, linker, and ZBG [26], the introduction of nitrogen atoms into the
phenothiazine system has resulted in inhibitors for HDACG6, with azaphenothiazine 7i as the
most potent and selective inhibitor, which provides an excellent tool for identifying its
physiological role in the regulation of vascular biology.

Silencing of HDAC7 upregulated the key factors platelet-derived growth factor-B (PDGF-B)
and its receptor (PDGFR-beta). HDACY silencing was also partially contributable for the
inhibition of endothelial cell migration [27]. It was also reported that vascular endothelial
growth factor treatment resulted in a decrease in HDAC?Y via the PLCgamma-1P3K pathway
and partially rescued HDACT7-induced attenuation of proliferation. HDAC7 knockout mice
died at E11.5 from vascular defects, which is likely resulting from suppressing a matrix
metalloproteinase, Mmp10, to maintain the matrix environment and integrity of vessels [28].
In agreement with this, Mottet et al. reported that HDAC?7 inhibition altered the morphology,
migration, and capacity to form capillary tube-like structures in endothelial cells in vitro.
Furthermore, HDAC?7 also interacts with beta-catenin to form a complex with 14-3-3
epsilon, zeta, and eta proteins to regulate endothelial cell development [29].
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Hypoxia-inducible factor (HIF)-1 is known as a transcription factor to regulate the
expression of genes such as VEGF and erythropoietin. HDAC7 enhanced the transcriptional
activity of HIF-1a in the nucleus through the formation of a complex between HIF-1a and
HDACT [30]. Clinical data shows that HDAC?7 reduction causes a defect in HIF-1a in
response to hypoxia in association with an impaired VEGF gene expression in COPD [31].
In addition, activation of the HDAC7 pathway could stimulate endothelial progenitor cell
migration and tube formation through a phospholipase Cg/protein kinase C/protein kinase
D1 (PKDI)-dependent mechanism [32]. Infection of ECs with adenoviruses encoding
HDACT deficient mice blocked VEGF-induced primary aortic endothelium cell migration
[33]. Very recently, PCI-34051, which is an indole-based derivative, is currently considered
as among the most selective HDACS inhibitors, serving as an excellent chemical tool for
assessing the functional role of HDACS [34]. In an angiotensin I1-regulated mouse model,
PCI134051 administration could lower high blood pressure by modulating arterial remodeling
and vasoconstriction, indicating that HDACS inhibitor is a potential therapeutic target for
hypertension [35]. Lobera et al. have identified trifluoromethyloxadiazole (TFMO)-based
metal binding group inhibitors that target the acetyl- lysine sites of class lla HDACs,
circumventing the selectivity and pharmacologic liabilities of hydroxamates 36]. It was
demonstrated that TMP269 mitigated the abnormal endothelial cell permeability changes in
a cerebral ischemia/reperfusion model, suggesting that TFMO-based HDAC inhibitors could
be developed as a target to treat vascular damage [37]. HDAC9 was found to contribute to
for oxygen-glucose deprivation-induced brain microvessel endothelial cell dysfunction and
endothelial cell permeability dysfunction in the ischemic cerebral hemisphere[38]. HDAC10
overexpression stimulated tube formation in HUVECs, whereas silencing of HDAC10 in
HUVECs attenuated tube formation involving extracellular-regulated kinase 1/2 (ERK1/2)
activation [39].

1.3. Class IV HDAC—Class IV HDAC consists of the solitary member HDAC11,
homologous to both class I and class |1 HDACs. However, because the overall sequence
similarities are low, it has not yet been grouped into any of the three existing classes [10].
HDAC11 restored angiogenic factor with G-patch and FHA domain 1 (Aggfl) expression
and abrogated vascular smooth muscle cell phenotypic modulation in the vessels after
carotid artery ligation in mice, but treatment with a HDAC11 inhibitor attenuated vascular
injury in mice, indicating that the key role of HDAC11 is related to vascular injury [40].

1.4. SIRTs—SIRT1 is crucially required for neovascularization by controlling the
angiogenic activity in response to angiogenic cues. SIRT1 is found to be highly expressed in
the growing vascular endothelium and contributes critically to the angiogenic activity [41].
SIRT1 deacetylate to repress the transcription of Foxo transcription factors in vascular
endothelial homeostasis [42—44], which are important negative regulators of postnatal
angiogenesis and restrain endothelium cell proliferation, migration, and neovessel formation
[45,46]. Knockdown of Foxol partially rescued the inhibitory effects of S/R71 gene
silencing on the angiogenic activity of endothelial cells, revealing that SIRT1 mediates
endothelial angiogenic responses, at least in part, through modulating Foxo1l transcription
factor.
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Angiotensin Il resulted in a significant increase in cell migration, which was mitigated
through pretreatment with sirtinol (a cell-permeable inhibitor of sirtuin NAD+-dependent
deacetylases) and depletion of SIRT2. Angiotensin Il and mechanical stretch induced
microtubule redistribution and deacetylation via SIRT2, implying an important role of SIRT
in mediating hypertension-induced vascular remodeling in endothelial cells [47].

SIRT6 is demonstrated to prevent endothelial cells from senescence. SIRT6 depletion by
RNA interference reduces cell proliferation, increases the fraction of senescence-associated-
beta- galactosidase-positive cells in the models of HUVEC and aortic endothelial cells, and
suppresses the formation of tubule networks. SIRT6 confers protection from telomeres and
genomic DNA damage in endothelial cells, thus preventing a decrease in replicative capacity
and the onset of premature senescence[48].

2. HDAC modulates smooth muscle cell proliferation and migration

Vascular smooth muscle cells play a key role in modulating blood pressure, and tissue repair
and progression to aging and diseased arteries. The migration of VSMCs is associated with
vascular remodeling, which contributes largely to the pathogenesis of vascular diseases, for
instance atherosclerosis and restenosis.

2.1 Class | HDAC—It was shown that short interfering RNA-mediated suppression of
HDAC:Ss 1, 2, or 3 and pharmacological blockade of HDAC attenuated mitogen-induced
smooth muscle cell proliferation [49]. HDAC1 and HDACS were elevated in lungs from
human idiopathic pulmonary arterial hypertension and also in the right ventricle. Inhibition
of class I, 11, and IV HDACs attenuated the development of hypoxia-induced pulmonary
hypertension, which was associated with inhibition of the imprinted highly proliferative
phenotypes of fibroblasts and PDGF-induced growth of human VSMCs [50]. In response to
PDGF, inhibition of class | HDAC counteracted the hyperproliferative effect, suppressing
both proliferation and migration in pulmonary artery smooth muscle cells, while class Il was
ineffective [51].

HDAC3 mitigates smooth muscle differentiation, which is related to downregulation of the
Notch ligand Jagged1, a key driver of smooth muscle differentiation in the aortic arch
arteries[52].. Loss of HDAC3 in the neural crest leads to perinatal lethality and vascular
abnormalities such as interrupted aortic arch type B, aortic arch hypoplasia, double-outlet
right ventricle, and ventricular septal defect. ROS attenuated IGF1R expression and induced
apoptosis in VSMCs[53], which is related to recruiting HDAC1 to the /GFIR promoter.
HDACS is a prominent cytosolic marker of smooth muscle differentiation [54]. HDACS8
shows a striking stress fiber-like pattern of distribution and is coexpressed /n vivo with
smooth muscle alpha-actin. HDACS silencing through RNAI strongly mitigates the capacity
of human vascular smooth muscle cells to contract collagen lattices. HDACS8 forms a
partnership with the smooth muscle actin cytoskeleton to regulate the contractile capacity of
smooth muscle actin [55].

2.2. Class Il HDACs—The suppession of activity of class I, Il HDACs by apicidin and
HDACI VIII attenuated proliferation of newborn pulmonary arterial smooth muscle cells and
induced cell cycle arrest in G1 phase [56]. In human aortic SMCs, HDAC inhibition
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mitigated the effect of Notch to increase smooth muscle a-actin levels, indicating that HDAC
activity was required for Notch differentiation signaling [57]. HDAC4 and HDACS are
regulated in a CaMKII-dependent manner in vascular smooth muscle cells [58-60].
CaMKII-5 mediated MEF2-dependent gene transcription through modulation of HDAC4
and HDACS in VSMCs, [59]. Mechanical cyclic strain inhibited migration and upregulated
acetylated histone H3 and HDAC7 while mitigating the magnitudes of HDAC3/4 in VSMCs,
but the mechanically induced VSMC migration was diminished by treatment with tributyrin,
a HDAC inhibitor [61]. In addition, LMK235, a class | and histone deacetylase (HDACG6)-
preferential HDAC inhibitor, augmented nitric oxide production in HUVECs and inhibited
the increase of aortic wall thickness in hypertensive rats. This may be related to suppressing
calcium calmodulin-dependent protein kinase 11 (CaMKII) a, which is related to vascular
smooth muscle cell proliferation [62]. It was shown that HDAC inhibition using butyrate
abrogated the activation of Akt, resulting in differential effects on Akt downstream targets,
promoting convergence of their cross-talks leading to vascular smooth muscle growth by
arresting proliferation [63]. It has been shown that mercaptoacetamide histone deacetylase
inhibitors act as neuroprotective agents, without exhibiting the genotoxicity induced by
hydroxamate inhibitors [64], revealing chemical differences in the binding of
mercaptoacetamides and hydroxamates to HDAC6 and HDACS [65] and mediating their
selectivity and activity [66]. Moreover, the mercaptoacetamide HDAC inhibitor, ubacin, a
compound to selectively inhibit HDACS, enhanced eNOS content in endothelial cells and
protected endothelial cells in mice, respectively [ 67, 68].

2.3 SIRT—Overexpression of SIRT1 inhibited the expression of angiotensin Il type |
receptor whereas nicotinamide, an inhibitor of SIRT1, enhanced the expression of
angiotensin 1 type | receptor [69]. SIRT1 inhibited angiotensin Il-induced hypertrophy of
VSMCs [58]. VSMC-specific S/RT1 transgene alleviated angiotensin Il-induced systolic
blood pressure, attenuated angiotensin 11 -induced vascular remodeling, abrogated the
associated pathological changes, and TGF-01 contents [70]. Li et al. found that SIRT1
modulated vascular smooth muscle cell proliferation and migration and led to cell cycle
arrest at G1/S transition [71]. SIRT3 was stably expressed in mouse VSMCs and angiotensin
Il can elevate SIRT3 in VSMCs. However, S/R73silencing was found to result in an
increase in cell proliferation [72].

3. The function of HDACSs in regulation of atherosclerosis

Many biological processes are implicated in the development of pathophysiologic events
during atherogenesis. These include endothelial denudation, injury, or activation, shear
stress; local adherence of platelets; lipoprotein oxidation; lipoprotein aggregation;
macrophage-elicited inflammatory responses and foam cell formation [73-75]. Macrophages
play a key regulatory role as immune cells in forming atherosclerotic plaques and critically
shape atherosclerotic disease development [76-79]. Class I, lla, 1lb, and IV HDAC
isoenzymes were reported to be significantly elevated in human atherosclerotic tissue and in
the atherosclerotic aorta of ApoE ™’ mice. Treatment of Apo£~~ mice with SAHA
attenuated the extent of atherosclerotic lesions and NADPH-stimulated ROS production and
expression of pro-inflammatory markers [80]. The expression of HDAC1 was dramatically
decreased in atherosclerotic lesions and Ox-LDL treated human aortic endothelial cells.
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TargetScan predicted that HDAC1 is a potential target of miR-34 and suggested that HDAC1
was directly targeted by miR-34a to mediate the cell viability of human aortic endothelial
cells and cell apoptosis [81]. Arginase 2 (Arg2) acts as a critical target in developing
atherosclerosis because it controls the production of endothelial nitric oxide, proliferation,
fibrosis, and inflammation. HDAC2 over-expression in human aortic endothelial cells
suppressed Arg2 expression, and knockdown of HDAC2 by siRNA enhanced Arg2
expression. HDAC?2 overexpression attenuates oxidized low-density lipoprotein-mediated
activation in human aortic endothelial cells[82]. Zampetaki et al. showed that HDAC3 level
was up-regulated in areas in the vicinity to branch opening area in which disturbed flow
occurs [83]. In aortic isografts of apolipoprotein E-knockout mice, which are treated with
shHDACS3, there was a robust atheroscleratic lesion. These findings indicate that HDAC3 in
the artery endothelium is crucial in preventing atherosclerosis. The inhibition of HDACs
increased gene expression of the cholesterol efflux regulators: ATP-binding cassette
transporters ABCA1 and ABCG1. HDACS3 inhibition phenocopies the atheroprotective
effects of pan-HDAC inhibitors, indicating that the inhibition of HDACSs, and in particular
HDAC3, in macrophages serves as a novel potential target to treat atherosclerosis [84].
Moreover, HDAC3 was the sole HDAC upregulated in human atherosclerotic lesions in
association with inflammatory macrophages, identifying HDAC3 as a potential novel
therapeutic target in cardiovascular disease [85]. HDAC3 inhibits aspirin-stimulated lysine
acetylation, the enzymatic activity of eNOS, NO production, and subsequent binding of
eNOS to calmodulin, but downregulation of HDAC3 promotes NO lysine acetylation and
generation, addressing that HDAC3 suppressed the effect of aspirin on endothelial NO
production [86].

Endothelial cell-specific SIRT1 transgenic/ApoE~~ compound mice showed fewer
atherosclerotic lesions relative to ApoE~~ controls, which did not affect peripheral lipids
and glucose contents. The endothelium-specific SIRT1 overexpression largely attenuated
atherogenesis by improving endothelial cell survival rate as well as its physiological
function [87]. In endothelial cells and macrophages, SIRT1 demonstrated anti-inflammatory
responses by suppressing various pro-inflammatory cytokines through deacetylation of
RelA/p65-NF-kB. Deacetylation of RelA/p65-NF-kB in macrophages could prevent the
formation of macrophage foam cells [88].

Macrophage-elicited chronic inflammation and SMC-induced vascular remodeling are
considered to be as two major pathophysiologic events during atherogenesis. CIITA (major
histocompatibility class Il transactivator) is found to be a key mediator of these processes by
regulating interferon gamma (IFN-gamma)-induced major histocompatibility class 11
activation and repressing type | collagen. It was found that HDAC2 antagonized CIITA
activation through committing CIITA to protein degradation and decreasing the interaction
of CIITA in a deacetylation-dependent manner [89]. HDACS protein levels in aortas from
high-fat diet-fed ApoE~~ mice were comparable to those in controls, whereas HDAC6
activity was robustly upregulated, indicating that inhibition of HDACS6 activity may improve
endothelial function and prevent or reverse the development of atherosclerosis [90].

Treatment of A10 vascular smooth muscle cells with IGF-1 enhanced HDAC5
phosphorylation. Blockade of the IGF-1 receptor tyrosine kinase mitigated IGF-1-induced
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HDACS phosphorylation. Inhibition of the NAD(P)H oxidase also suppressed IGF-1-
induced phosphorylation of HDACS, indicating that IGF-1-induced HDAC5 phosphorylation
involves the NAD(P)H oxidase-dependent reactive oxygen species generation, which is
related to vascular disorders, such as atherosclerosis [91].

Recently, a genome-wide association analysis showed that a single nucleotide polymorphism
of HDAC9 on chromosome 7p21.1 is related to large vessel ischemic stroke [92]. Unlike the
Caucasian population, rs11984041 was not polymorphic in the Chinese population but two
other SNPs, rs2389995 and rs2240419 on HDAC9 of chromosome 7¢g21.1, were identified
to be largely related to a large-vessel stroke risk. HDAC9 expression was upregulated in
human atherosclerotic plaques in different arteries [93]. Cao et al. showed that deletions of
HDACY in systemic and bone marrow cells attenuated the magnitude of atherosclerosis in
LDLr7~mice in the absence of significant effects on peripheral lipid levels. Deletion of
HDACY led to upregulation of lipid homeostatic genes and downregulation of inflammation
in macrophages. HDAC9 upregulation was associated with atherogenic functions by
suppressing cholesterol efflux and generation of alternatively activated macrophages in
atherosclerosis [94].

In this review, we have summarized the recent progress about the regulatory role of histone
deacetylase in modulating the development of vascular cells as well as atheroscleraosis,
which is outlined in Table 2. We provided the latest views and knowledge about the interplay
between specific HDACs and related partners in controlling vascular cell development and
modulating the progression of vascular pathology, which provides new insights into our
understanding of the critical function of histone deacetylases that contribute critically to the
modulation of vascular biology and diseases. Fully understanding the critical function of
HDACSs in vascular biology will provide potential strategies for vascular disease by targeting
HDAC as a molecular therapy.
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Table 1.

Histone deacetylase (HDAC) classifications.

Class | HDACs: HDAC1, HDAC2, HDAC3, and HDACS,

Class Il HDACs: Ila: HDAC4, HDACS5, HDAC7, HDACS; IIb: HDAC6 and HDAC10
Class 11l HDACs: SIRT1, SIRT2, SIRT3, SIRT4, SIRTS5, SIRT6, SIRT7

Class IV HDACs: HDAC11
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Table 2.

The physiological role of major HDACs in the phenotype on vascular cells.

Subtypes  Models Functions and phenotypes References
HDAC1 ECs Stimulates angiogenesis Kim M S (12)
HAECs Promote cell survival and prevent cell apoptosis LiY (81)
HDAC2 SMC Inhibit cell proliferation Findeisen HM (49)
HAECs Inhibit vascular dysfunction Pandey D 82)
HDAC3 ECs Stimulate EC differentiation Zang L (17)
Macrophages  Upregulate in atherosclerosis Hoeksema MA (85)
HDAC5 ECs Repress angiogenesis Urbich CL (22)
HUVECs Repress angiogenesis Ha CH (21)
HDAC6 Mice Increase blood pressure and vasoconstriction Chi Z (25)
SHR Increase vascular hyperplasia or vasoconstriction ~ Choi SY (62)
ApoE” mice  Develop atherosclerosis Leucker TM (90)
HDAC7 ECs Stimulate cell migration Mottet D(27)
Mouse Rupture of blood vessels Chang S (28)
HDAC8 SMCs The marker of smooth muscle differentiation Waltregny D (54)
HDAC9 Rats Increase EC permeability Shi W (38)
LDLr"mice  Develop atherosclerosis Cao Q (94)
HDAC10 ECs Stimulate tube formation Duan B (39)
HDAC11 Rats Induce vessel injury Zhou B (40)
SIRT1 EC Modulate homeostasis Wan, Z (44)
Mice Inhibit vascular remodeling Gao P (70)
Mice Inhibit neointima formation LiL (71)
HUVECs Enhance EC survival Zhang QJ (87)
ECs Anti-inflammation Stein S (88)
SIRT3 SMCs Decrease proliferation Wu X (72)
SIRT6 ECs Prevent senescence Cardus A (48)
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HAECs: human aortic endothelial cells; HUVECs: human umbilical vein endothelial cells. SHR: spontaneously hypertensive rat. ECs: endothelial
cells: SMCs: smooth muscle cells.

Atherosclerosis. Author manuscript; available in PMC 2021 June 01.



	Abstract
	Graphical Abstract
	Introduction
	The function of HDACs in modulating the function of endothelial cell
	Class I HDACs
	Class II HDACs
	Class IV HDAC
	SIRTs

	HDAC modulates smooth muscle cell proliferation and migration
	Class I HDAC
	Class II HDACs
	SIRT

	The function of HDACs in regulation of atherosclerosis

	Summary
	References
	Table 1.
	Table 2.

