
Review Article
Volume 2 Issue 3-  July  2017
DOI: 10.19080/JETR.2017.02.555587

J Endocrinol Thyroid Res
Copyright © All rights are reserved by  Akira Sugawara

Rehana Parvin, Akiko Saito-Hakoda, Susumu Suzuki, Erika Noro, Hiroki Shimada, Atsushi Yokoyama and Akira 
Sugawara*
Department of Molecular Endocrinology, Tohoku University Graduate School of Medicine, Japan

Submission: June 20, 2017; Published: July 06, 2017

*Corresponding author: Akira Sugawara, Professor, Department of Molecular Endocrinology, Tohoku University Graduate School of Medicine, 2-1, 
Seiryo-machi, Aoba-ku, Sendai, Miyagi, 980-8575, Japan,Tel: ; Fax: ; Email: 

J Endocrinol Thyroid Res 2(3): JETR.MS.ID.555587 (2017)  001

Effects of Retinoids on Vasculatures

Abstract 

Retinoids are natural and synthetic derivatives of retinol, otherwise known as vitamin A. Retinoids bind to several classes of proteins 
including retinoid-binding proteins and retinoid nuclear receptors leading to the activation of specific regulatory elements of DNA that are 
involved in regulating cell growth, differentiation, and apoptosis. Several clinical studies have examined the role of retinoids in disease, and 
research is still ongoing. A natural retinoid, all-transretinoic acid, possesses various beneficial effects on the vasculature. ATRA regulates 
various types of important cellular functions via retinoic acid receptor. Thromboxane induced contraction and proliferation of vascular smooth 
muscle cells was completely abrogated by retinoid treatment,which has been recognized to have beneficial effects against atherosclerotic 
vascular disorders. Therefore retinoids can be a potential therapeutic candidate against vascular disorders. At present, retinoids are used 
in various fields of medicine. This paper aims to review the recently revealed actions of retinoids on the vasculature as well as some of their 
current use in vasculogenesis.
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Introduction
Retinoids are natural active metabolites and synthetic 

derivatives of vitamin A (retinol) [1]. Though vitamin A was 
discovered more than one hundred years ago, the research 
history of vitamin A began in 1925 when rats deprived of 
dietary vitamin A showed increased epithelial growth, including 
neoplastic responses [2]. Vitamin A is an essential vitamin a 
deficiency of which causes impaired cellular differentiation, 
reduced resistance to infection, anemia and even death. In 
contrast, many aquatic species like sharks may be protected 
from cancer as a result of their high vitamin A content [3]. At 
present, retinoids are used in dermatological diseases [4], as a 
primary treatment for acute promyelocytic leukemia [5] and also 
for Cushing’s disease [6].

Retinoids
Almost three decades ago, nuclear retinoic acid receptors 

were identified that belong to the superfamily of nuclear 
receptors, which led to significant progress in understanding the  

 
mechanism of action of retinoids. Retinoids show their biological 
effects through specific members of the steroid hormone nuclear 
receptor family, including retinoic acid receptor (RAR) and 
retinoic X receptor (RXR). RAR and RXR possess three subtypes, 
α, β, and γ with various isoforms. Active metabolites of retinol, 
retinoic acid (RA) have different forms, including all-trans RA 
(ATRA), 9 cis RA, all-trans 3-4 didehydro RA, and 4-oxo RA, 
whose synthesis is probably cell specifically modulated [7-10]. 
RARs α, β and γ bind both ATRA and 9-cis RA with high affinity, 
while RXR α, β and γ only bind rapaciously to 9-cis RA, and 
13-cis-RA activates neither RAR nor RXR. The physiological 
function of 13-cis RA is detected at very lower concentrations 
in both mice and humans [11,12]. The retinoid,13-cis RA is not 
a ligand for retinoid receptors, but can be readily converted to 
one. Moreover, 13-cis-RA and ATRA occur in vivo, whereas the 
in vivo occurrence of 9-cis-RA remains controversial [12,13]. 
RARα, RXRα, and RXRβ are ubiquitously expressed, whereas 
RARβ, γ, and RXRγ are expressed in tissue-restricted patterns 
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[14-16]. RXRs regulate transcription as either a homodimer or as 
an obligatory heterodimeric partner for various other subclass 
I nuclear receptors, including RARs, peroxisome proliferator-
activated receptors (PPARs), the vitamin D receptor (VDR), 
thyroid hormone receptors (THR), the farnesoid X receptor 
(FXR), and the liver X receptor (LXR). In the absence of a ligand, 
RXR forms homo-tetramers that are transcriptionally inactive 
but rapidly dissociate into active dimers upon ligand binding 
[17-19]. RA mediates its biological functions through binding 
to and activating ligand-activated transcription factors that 
regulate gene expression [17,18]. Thus, RARs and RXRs help 
maintain homeostasis and function as metabolite sensors either 
directly, through their own action, or as a necessary partner for 
the other key transcriptional regulators [20,21].

Retinoids and Vasculature
Retinoids possess pleiotropic agents of therapy for vascular 

diseases, dermatological and neoplastic diseases. Since vascular 
smooth muscle cells (VSMCs) and endothelial cells (ECs) express 
most retinoid receptors, the mechanisms underlying retinoid-
mediated events in these cells and the vessel wall are related to 
altered genetic variations. Therefore, retinoid-response genes 
represent promising therapy targets for the treatment of vascular 
diseases [22]. In this review, we will consider the recent advances 
in the understanding of retinoids and their relationship with the 
vasculature. Retinoids are versatile biological response modifiers 
of the vascular smooth muscle phenotype [23]. Other research 
has demonstrated a novel function for retinoids in the induction 
of an A-kinase anchoring protein (AKAP) tumor suppressor that 
blocks VSMC growth providing novel molecular observations 
concerning how retiniods may utilize their anti-proliferative 
effects in the injured vessel wall [24]. ATRA has been reported to 
be beneficial for atherosclerotic vascular disorders by inducing 
differentiation and inhibiting the proliferation of VSMCs 
[23,25,26]. Moreover, retinal pigment epithelium rescues the 
vascular endothelium from retinoic acid-induced apoptosis [24]. 
RA and nuclear receptor, RAR-mediated signalling have protective 
effects on the vascular system. Whether the circulating levels of 
RA are associated with mortality in patients with coronary artery 
disease is still not known [27]. Our previous research showed 
that thromboxane (TX) A2 induces contraction and proliferation 
of VSMCs through its specific membrane TX receptor (TXR), 
probably leading to the progression of atherosclerosis. TXR 
gene expression and transcriptional activity were diminished 
by ATRA or 9-cis retinoic acid. TX induced contraction and 
proliferation of VSMCs were completely abrogated by ATRA 
treatment, which has been recognized to have a beneficial effect 
against atherosclerotic vascular disorders. Our study revealed a 
novel anti-atherosclerotic action of retinoids in VSMCs [28].

ATRA increases the antithrombotic effect in microvascular 
EC, a very relevant compartment for tumor and/or 
antitumor therapy-associated vascular complications [29]. 

Retinoid-regulated cellular responses, such as cell growth 
and differentiation, are also central to vascular injury and 
atherosclerosis. There are many fundamental issues regarding 
the effects of retinoid, and retinoid receptors play a role in 
atherosclerosis and cardiovascular disease in general. ATRA can 
play an important role in the early steps of lymphatic vasculature 
development [30]. The RA metabolic pathway is activated in 
CAD patients with different levels of heart functionality and 
human atherosclerotic plaques. Moreover, the effects of ATRA 
on the expression of RA target genes and the proliferation of 
endothelial cells, smooth muscle cells, cardiofibroblasts, and 
cardiomyocytes were examined. ATRA may be used to delay 
remodelling, decrease restenosis, and preserve the functions of 
the cardiovascular system [31].

ATRA has been reported to promote differentiation 
and inhibit proliferation, cell migration, inflammation, and 
extracellular matrix synthesis of VSMCs as well as repress 
neointima formation and restenosis after balloon injury 
[23,32]. ATRA has also been reported to attenuate ventricular 
remodelling after myocardial infarction [33]. In addition, we 
have recently shown that ATRA stimulates nitric oxide (NO) 
production by endothelial NO synthase (eNOS) phosphorylation 
through RAR-mediated activation in vascular ECs [34]. NO is a 
potent vasodilator and signal modulator molecule that plays 
important roles in controlling vascular function. Therefore, ATRA 
may be a novel therapeutic candidate for vascular disorders with 
endothelial damage. ATRA ameliorated high fat diet-induced 
atherosclerosis in rabbits by inhibiting platelet activation and 
inflammation [35]. Additionally, RARα/b agonist Am80 has been 
reported to prevent in-stent neointima formation [36], suppress 
macrophage foam cell formation, prevent atherogenesis [37], 
and ameliorates murine vasculitis [38]. The RA signalling 
pathway is activated in post-ischemic hearts and may play a role 
in regulating damage and repair during remodelling [39]. Am80 
repressed the transcriptional activity of Kruppel-like zinc-finger 
transcription factor 5 (KLF5), which seems to be a key element 
linking external stress and cardiovascular remodelling [40,41]. 
Am80 also affected the function of KLF5 via RAR and then 
induced the expression of the growth arrest gene p21, inhibiting 
the proliferation of the smooth muscular cells [42]. Kruppel-like 
zinc-finger transcription factor 4 (KLF4) is required for VSMC 
differentiation and is augmented by ATRA [43].

The new RXR agonist HX630 exerts antiproliferative effects in 
VSMCs in vivo and in vitro suppressing intimal hyperplasia. Thus, 
the RXR may serve as a therapeutic target for vascular injury and 
intimal thickening [44]. The altered gene expression profile of 
CD34+ cells in coronary artery disease (CAD) patients was related 
to activation and differentiation by a RA-induced differentiation 
program leading to a reduced capacity to migrate to ischemic 
tissues in CAD patients [45]. In this review, ATRA was also 
reported to be beneficial for atherosclerotic vascular disorders 
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by inducing differentiation and inhibiting the proliferation of 
VSMCs, which is recently receiving more attention in researchon 
cardiovascular disorders [23,25,28,30,33,34,39,37].

ATRA attenuates hepatic ischemia/reperfusion (IR) injury 
in rats [46]. Moreover, RARα mediated ATRA pre-treatment 
alleviated liver IR injury by inducing autophagy [47]. RA and 
environmental enrichment alter the sub-ventricular zone and 
striatal neurogenesis after stroke [48]. RA participates in blood 
brain barrier (BBB) development, preventing the disruption of 
BBB in ischemic stroke. Therefore, RA could be a good treatment 
for alleviating the ischemic stroke-induced increase of vascular 
permeability, as suggested in rat models of middle cerebral 
artery occlusion (MCAO) [49]. Moreover, RA-loaded polymeric 
nanoparticles improve the vascular regulation of neural stem 
cell survival and differentiation after ischemia [50]. From the 
above discussion, it can be concluded that retinoids could be a 
promising candidate for the treatment of vasculature-related 
diseases of the heart, liver, and brain.

Conclusion
Almost one century has passed since retinoid research 

was first reported. Reports describing novel pleotropic effects 
are still being published. In our previous research, we showed 
that ATRA increases NO production by eNOS phosphorylation 
through RARα mediated activation in vascular ECs and probably 
has beneficial effects in the vascular endothelium. Therefore, 
retinoids may be novel therapeutic agents against vascular-
related disorders with endothelial damage. In this review, we 
considered recent advances in research on retinoids and their 
relationship with atherosclerosis and vascular disorders.Very 
recently we demonstrated the inhibitory effect of HX630 on 
Pomc gene regulation via RXR [6]. In the future, it could be useful 
to examine the RXR-mediated effect of HX630 on vasculature-
related genes in VSMC and EC, which may lead to the discovery of 
new treatments for various types of vascular disease. Additional 
studies are needed to elucidate how metabolite-specific retinoid 
effects affect the vasculature in various organs including the 
heart, brain and liver. 
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