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Abstract: Resveratrol (trans-3,5,4' -trihydroxystilbene, RSV) is a non-flavonoid dietary polyphenol
with antioxidant, anti-inflammatory and anti-cancer properties that is primarily found in red berries.
While RSV displays many beneficial effects in vitro, its actual effects in vivo or in animal models
remain passionately debated. Recent publications suggest that RSV pleiotropic effects could arise
from its capability to regulate the expression and activity of microRNAs, short regulators themselves
capable of regulating up to several hundreds of target genes. In particular, RSV increases microRNA
miR-663 expression in different human cell lines, suggesting that at least some of its multiple beneficial
properties are through the modulation of expression of this microRNA. Indeed, the expression of
microRNA miR-663 is reduced in certain cancers where miR-663 is considered to act as a tumor
suppressor gene, as well as in other pathologies such as cardiovascular disorders. Target of
miR-663 include genes involved in tumor initiation and/or progression as well as genes involved in
pathologies associated with chronic inflammation. Here, we review the direct and indirect effects
of RSV on the expression of miR-663 and its target transcripts, with emphasise on TGFp1, and their
expected health benefits, and argue that elucidating the molecular effects of different classes of natural
compounds on the expression of microRNAs should help to identify new therapeutic targets and
design new treatments.
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1. Introduction

Recent years have brought an increasing number of publications describing the potentials of
plant natural products to be used for the treatment of human pathologies. Among those molecules,
Resveratrol (trans-3,5,4-trihydroxystilbene, RSV), which is produced by plants in defense against the
pathogen Botrytis cinerea [1], is in particular found in the skins of black and red berries. RSV presents
strong antioxidant, anti-inflammatory and anti-cancer properties [2,3]. While most of these properties
have been demonstrated using cell cultures, RSV precise molecular effects in vivo have remained
controversial, in particular because the bioactivity of this compound is limited by the fact that it is
rapidly metabolized [4]. Finally, whether resveratrol alone is beneficial to the health, or whether
resveratrol metabolites actually participate in delivering beneficial effects, also remains a matter of
debate (discussed in [5]).
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Pre-clinical studies, however, are presently being conducted to determine the true therapeutic
potentials of RSV in the treatment of cancer and cardiovascular diseases [3-8]. On the one hand,
several promising results have been reported. For example, the potentials of RSV as a phytoestrogen,
an inhibitor of aromatase activity and an adjuvant has been explored in the context of breast cancer [3].
Other studies have been conducted in patients with colorectal, multiple myeloma neuroendocrine
tumors, with variable results [7,8]. Beneficial effects of RSV on patients with neurologic, metabolic,
and cardiovascular pathologies have also been reported [6,9-12]. Thus, in animal models, resveratrol
has been shown to be anti-hypertensive, to modulate the levels of HDLs and LDLs in rats subjected to
high fat diet, to reduce myocardial ischemia and ischemia-reperfusion injury, and to reduce cardiac
hypertrophy; however, several studies have reported no RSV effect in each type of pathologies
(reviewed by [5]).

The biggest challenge finally rests on determining the molecular pathways through which RSV acts
in different pathological contexts, determining the optimal RSV dose, the best mode of RSV delivery,
and how to increase the bioavailability of RSV in different tissues (discussed in [6]). Based on studies
conducted in animal models such as swine, mouse or monkeys, the absorption of regular, low doses
of RSV seems to bear promising potentials for preventive therapeutics [6]. Transferring these results
in human, however, remains particularly challenging, in particular when it comes to measuring RSV
protecting effects in healthy subjects, given in particular the impossibility of conducting long or very
long-term studies, that, beyond considerable cost, carry high risks of bias [6]. Thus, while beneficial
effects have been reported following RSV treatment of patients that were either healthy, obese or
presenting different pathologies associated with the metabolic syndrome, other studies reported a lack
of effects of this molecule (discussed by [6]).

One fact could potentially explain the apparent paradox of a molecule with low biological
availability providing pleiotropic beneficial effects in many different contexts: it is that RSV can
globally change the composition of endogenous microRNA populations [13]. MicroRNAs are small
(19-23-nt in length) non-coding regulatory RNAs that regulate the stability and/or translation of their
target transcripts. MicroRNAs have been progressively implicated in all aspects of cell biology and
homeostasis and established as key players in a number of pathologies, including, but not limited to,
inflammatory, metabolic and cardiovascular diseases, neuropathologies, and cancers [14-26].

2. Resveratrol-Inducible MiR-663 in Health and Disease

MicroRNAs that regulate fundamental functions, such as metabolism, cell proliferation and
differentiation, or development, have generally been very well conserved between invertebrates and
vertebrates during evolution. In contrast, other microRNAs are found in vertebrates only: thus,
miR-155, a microRNA that has been implicated in inflammatory response and inflammation-associated
cancers. Finally, some microRNAs are only found in one or a few species of vertebrates. This is the
case for miR-663 (a.k.a. miR-663a) that appears to be primate-specific. A few years ago, it was shown
that, upon RSV treatment, miR-663 was upregulated both in human THP-1 monocytes, where it targets
transcripts encoding pro-inflammatory JunB and JunD, and in human SW480 colon cancer cells, where
it targets TGFp1 transcripts [27,28] (Table 1). At first, this suggested that this microRNA by and large
would deliver beneficial effects to the body. Nevertheless, available literature shows that this is not
always the case (see here after), indicating that miR-663 can be harmful as well, depending on the
cellular context.

2.1. MiR-663 in Inflammation

The capability of RSV to modulate a wide range of signaling pathways implicated in both
the mounting and the termination of the immune response have puzzled scientists for a long time.
It is becoming increasingly clear that many of these effects of RSV are through the modification of
the composition of microRNA populations within the cell [13,29]. Namely, microRNAs are global
regulators with the capability to directly regulate tens to hundreds of target transcripts, and many more
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through indirect regulation that results from microRNAs targeting transcripts encoding regulators
such as transcription factors, factors implicated in different signal transduction pathways, such as
kinases or phosphatases, or epigenetic regulators such as methylases or demethylases.

For example, miR-663 has been shown to decrease AP-1 activity, that is critical for the mounting
of the inflammatory response, by directly targeting JunB and JunD transcripts, at least in part through
the downreguation of miR-155 [27]. In addition, RSV impairs the up-regulation of pro-inflammatory
miR-155 at least in part through increasing miR-663 expression [27]. This property of RSV is likely to
have major consequences, for miR-155 is implicated in the mounting of both the innate and adaptative
immune responses [16,30]. A study conducted on 35 hypertensive patients with coronary artery
disease and type 2 diabetes showed that, after ingesting a grape extract containing RSV for one year,
patients presented with peripheral blood mononuclear cells that expressed less pro-inflammatory
IL-13 and TNFa cytokines, less pro-inflammatory miR-155, and more anti-inflammatory miR-663.
Although conducted on a relatively small sample of patients, this study provides a good evidence that
long lasting, low RSV doses have actual beneficial effects on patient health [31]. Incidentally, it further
suggests that RSV might be a better candidate for preventive rather than for curative therapeutics,
at least when it comes to inflammation-related pathologies.

In contrast, in patients with systemic lupus erythematous, miR-663 impairs the proliferation and
migration of bone marrow-derived mesenchymal stem cells, thus shifting the imbalance between
follicular T helper cells and regulatory T cells toward less regulatory T cells and more follicular
T helper cells. As regulatory T cells reduce the capability of B cells to augment autoimmunity, miR-663
activity, by reducing the secretion of TGFB1 by T cells, worsens lupus development [32]. In addition,
miR-663 activity proved deleterious in theumatoid arthritis, a disease linked to synovial inflammation,
cartilage erosion and joint destruction. In fibroblast-like synoviocytes from rheumatoid arthritis
patients, increased levels of miR-663 suppressed the expression of Adenomatous polyposis coli (APC) gene,
triggering the activation of the canonical Wnt signaling pathway through accumulation of 3-catenin.
This activation increases the production of pro-inflammatory cytokines and, as a consequence of
increased inflammation in joints, disturb the osteoblast-osteoclast axis and increases bone resorption
by osteoclasts [33].

Nuclear factor TDP-43 (trans-activation response element DNA-binding protein 43) is an
RNA-binding protein that shuttles between the nucleus and the cytoplasm. TDP-43 in particular plays
a role in the biogenesis of microRNAs through its interactions with the nuclear Drosha complex, which
generates pre-miRNAs from pri-miRNAs, and the cytoplasmic Dicer complex, which then produces
mature miRNAs from pre-miRNAs [34]. TDP-43 has been shown to be causative in amyotrophic lateral
sclerosis (ALS) and frontotemporal dementia (FTD) [35]. Interestingly, TDP-43 can bind microRNAs
such as let-7b and miR-663. TDP-43 knockdown in cultured cells decreases let-7b levels while increasing
that of miR-663, thus modulating their activities [36]. It is thus possible that the role played by TDP-43
in neurodegenerative pathologies might be linked to its differential effects on microRNA production,
and ultimately depends on whether these microRNAs are beneficial or deleterious in the context.

Finally, radiation-induced bystander effect corresponds to the biological response to radiations of
cells that, while not being located in the path of ionizing rays, receive signals produced by directly
irradiated cells that lead them to amplify or exaggerate the action of low dose radiation. This effect
can significantly increase radiation risk and tissue damage. In particular, TGFB1 secretion by directly
irradiated Hela cells reduces the expression of miR-663 in both directly irradiated and bystander Hela
cells, which correlates with increased DNA damage and reduced rate of cell survival. At the same time,
TGFp1 signaling increases the expression of miR-663 in bystander cells, which in turn decreases the
levels of TGFB1 by targeting TGFp1 transcripts. By reducing TGFB1-induced DNA damage, miR-663
increases the survival of bystander cells, thus limiting the propagation of radiation-induced bystander
effects [37]. Hence, the study of the effects of a low irradiation dose provides a further evidence for
miR-663 activity being at the same time beneficial as well as deleterious.
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Therefore, the functions of miR-663 seem to be context-dependent: it may well be that, in a
given setting, the outcome of miR-663 activity might depend on the context, i.e., on the transcriptome
expressed in a given cell, and especially the panel of miR-663 target transcripts that are present. It is
also most probable that miR-663 effects might be dose-dependent, and that it might target different
transcripts as it has previously been shown for several microRNAs. For example, miR-155 targeting of
Quaking transcripts in RAW264.7 macrophages occurred at low concentration only [38], and, in myeloid
cell from patients with acute myeloid leukemia, miR-155 activity increases and decreases the levels
of different set of transcripts depending of the level of miR-155 expression [39]. Of note, RSV has the
capability to change the level of expression of both miR-155 and miR-663 microRNAs, in both cases
with apparent beneficial outcome [26,27]. Many other pathologies have also been associated with high
levels of miR-155. For example, this microRNA has recently been shown to be causative in paralysis
that develops following thoracic abdominal aortic aneurysm repair [40]. On the other hand, increased
expression of chromosome 21-located miR-155 in the brain of individuals with Down’s dementia has
been linked with the presence of hyperphosphorylated tau protein and the reduction of the levels of
several miR-155 targets, including BACH1, CoREST1, BCL6, BIM, BCL10, Cyclin D, and SAPK4 [41].
Therefore, the capability of miR-663 to decrease miR-155 expression [29] and reported capability of
RSV to cerebral ischemia, in particular through its anti-inflammatory effects, [9] suggests that this
compound might be protective when administered ahead of programmed surgery or intervention.

2.2. MiR-663 in Cancer

It is now recognized that microRNAs play a central role in molecular dysfunctions linking
inflammation with cancer [42,43]. While certain microRNAs are generally considered as pro-oncogenic
or oncomiRs and others as tumor-suppressors, it seems that their actual impact on cancers might be
context- and/or dose-dependent. This is in particular the case for miR-155, that is implicated in the
mounting of a robust anti-tumor immunity when expressed at high doses but favors tumorigenesis
when expressed at moderate level [39,42,43]. More generally, changes in microRNA expression either
are causative in the initiation of cancers, or a consequence of the process of tumorigenesis itself.
Remarkably, miR-155 displays mutator activity, in particular due to its targeting of transcripts encoding
the cell-cycle regulator WEE1 [44].

As seen here above for inflammation, miR-663 can either inhibit or favor cell proliferation and/or
migration in different settings. In human MCF7 breast cancer cells, miR-663 targets transcripts
encoding Eukaryotic translation elongation factor 1A2 (eEF1A2), which results in slowing the
proliferation of MCF7 cells. RSV treatment of these cells increased the expression of miR-663 and
miR-744, with a similar output [45]. Breast cancer has a higher incidence in young Lebanese women
as compared with American woman. A comparative profiling study showed that, in Lebanese
breast cancer patients, 21 miRNAs, including miR-663, were specifically deregulated, possibly as
a result of differential methylation of their promoter [46]. Another study showed that miR-663 is
up-regulated in multidrug-resistant MDA-MB-231-derived ADM cell line, and that increased miR-663
expression was associated with the downregulation of Heparin sulfate proteoglycan 2 (HSPG2) and
chemoresistance [47].

MiR-663 was also shown to increase the proliferation of nasopharyngeal carcinoma NPC C666-1
cells by directly targeting the cell cycle negative regulator CDKN2A [48]. Accordingly, miR-663
expression was higher in the serum of nasopharyngeal carcinoma patients, as compared with controls,
and increasing miR-663 levels were correlated with malignant progression and poor prognosis. On the
other hand, miR-663 expression was decreased by chemoradiotherapy [49]. The oncogenic activity of
miR-663 in nasopharyngeal carcinoma was due to its targeting of p21(WAF1/CIP1) that promotes the
cellular G1/S transition [50]. In contrast, in two papillary thyroid carcinoma cell lines, miR-663 behaved
as a tumor-suppressor by targeting TGFS1, thus inhibiting epithelium-to-mesenchyme transition [51],
similar to what was previously found in SW480 colon cancer cells [28]. Similarly, miR-663 levels were
low in several human gastric cancer cell lines, and transfecting the two human gastric cancer cell lines



Medicines 2018, 5, 74 50f 13

BGC823 and SNUS with miR-663 suppressed their proliferation and induced a phenotype of mitotic
catastrophe, indicating that miR-663 behaves as a tumor-suppressor in this type of cancer [52]. A study
about the effects of sunitinib treatment of metastatic renal cell carcinoma patients showed that the
resistance that these patients develop eventually is linked to the downregulation of miR-1 and miR-663.
This downregulation was associated with the acquisition of a migratory phenotype, as established
on xenografts. In sunitinib resistant tumor cells, miR-663 targets FRAS1 (Fraser Extracellular Matrix
Complex Subunit 1) and MDGA1 (MAM Domain Containing Glycosylphosphatidylinositol Anchor 1)
transcripts. Restoring miR-1 and miR-663 levels or knocking down MDGA1 decreased renal cancer cell
proliferation and migration [53]. The expression of miR-663 was upregulated in HepG2 hepatocellular
carcinoma cells co-incubated with the endoplasmic reticulum stress inducer tunicamycin. In these
cells, miR-663 inhibited apoptosis induced by endoplasmic reticulum stress by targeting TGFp1
transcripts [54]. In agreement with this result, miR-663 was one of seven microRNAs whose expression
was specifically changed in patients with hepatitis B virus-related HCC [55]. In pancreatic cancer tissues
and cell lines, the downregulation of miR-663 inversely correlated with the upregulation of transcipts
encoding eEF1A2. eEF1A2 and miR-663 levels were linked with TNM (tumor/node/metastasis) stage
and node metastasis status in the patients. MiR-663 was shown to decrease the proliferation and
invasion potentials of pancreatic cancer cells both in vitro and in vivo by directly targeting eEF1A2 [56].
A study about colorectal cancer, based on 109 biopsy specimens, compared biopsied from patients with
tubulovillous adenomas and high-grade dysplasia versus biopsies from patients with normal mucosa
or hyperplastic polyps. It showed that, among 99 microRNAs whose expression was different between
the two groups, miR-663, miR-1268, miR-320b, miR-1275, and miR-320b were the most upregulated
microRNAs in the biopsies of the first group of patients [49]. MiR-663 was also upregulated in biopsies
from cutaneous tissues with malignant melanoma [57].

Patients with lung cancers present with high level of miR-663 expression, and miR-663 direct or
indirect targeting of TGFB1, P53, Bax, and Fas transcripts increased the proliferation of A549 lung cancer
cells [58]. Accordingly, miR-663 proved deleterious in non-small cell lung cancer cells by targeting
PUMA/BBC3 (p53 up-regulated modulator of apoptosis/Bcl-2 binding component 3) and BTG2 (B-cell
translocation gene 2) transcripts, thus allowing cancer cells to escape apoptosis and promoting tumor
onset and development [59]. Nevertheless, waltonitone treatment inhibited proliferation and induced
apoptosis of H460 and H3255 lung cancer cell lines at least in part through inducing the targeting of
Bcl-2 by miR-663 [60]. These results provide a further illustration of the ambiguous role miR-663 can
play in a particular type of tumor.

In a study on glioblastomas, the most aggressive brain tumor, the grade of tumors correlated
with the level of PI3KCD activity (phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit
delta) but inversely correlated with the level of miR-663 expression. Higher miR-663 levels were
associated with increased patient survival, which was linked with miR-663 targeting transcripts
encoding PI3KCD [61]. MiR-663 was also shown to decrease glioblastoma by targeting transcripts
encoding CXCR4, the receptor of chemokine CXCL12 that is known to be involved in glioblastoma
progression, and miR-663 overexpression prolonged survival of mice with glioblastoma [62]. MiR-663
was downregulated in A172 and U87 glioblastoma cell lines. Transfecting these cells with miR-663
inhibited their proliferation, migration and invasion. These effects were through miR-663 direct
targeting of TGFf1, as well as transcripts encoding TGFB1 downstream mediators MMP2 (Matrix
metalloprotease 2) and E-cadherin [63]. On the other hand, miR-663 expression was upregulated in
castration-resistant prostate cancer tissues, and miR-663 overexpression in LNCaP prostate cancer
cells increased their potentials for proliferation, invasion and neuroendocrine differentiation, while
reducing dihydrotestosterone-induced upregulation of prostate-specific antigen expression. In situ
hybridization experiments established that the level of expression of miR-663 correlates with TNM
stage and Gleason score and is a good predictor of cancer recurrence [64]. In a meta-analysis,
STATS3 (Signal Transducers and Activators of Transcription 3), JUN and JUNB transcription factors
were identified as key signatures of a metastatic integrative regulatory network in prostate cancer
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progression. MiR-663, that is overexpressed in these types of cancers, was one of five microRNAs
responsible for the down-regulation of the genes encoding these three transcription factors [65].
MiR-663, along with miR-622 and miR-647, was upregulated in Taxol-resistant ovarian cancer cells,
and the survival of Taxol-resistant patients with lower levels of miR-663 and miR-622 expression was
significantly longer than patients with higher levels of expression of these two microRNAs [66].

As for liquid malignancies, miR-663 was downregulated in K-562 cell line and in the white
blood cells of certain patients with chronic myelogenous leukemia, due to the aberrant methylation
of CpG islands upstream of miR-663 gene. MiR-663 suppressed K-562 cell proliferation at least in
part through the targeting of H-ras transcripts [67]. The promoter of miR-663 was also found to
be hypermethylated in Chinese pediatric acute myeloid leukemia [68]. MiR-663 was one of nine
microRNAs most constantly upregulated in multiple myeloma cell lines. The upregulation of these
microRNAs, including miR-663 and miR-155, was linked with decreased viability, migration and colony
formation of these cell lines. In addition, the higher expression levels of these microRNAs correlated
with better patient survival [69]. Thus, miR-663 behaves as a tumor-suppressor in liquid malignancies,
in agreement with previous results showing that all-trans retinoic acid, a powerful pro-differentiation
agent, induces the differentiation of HL-60 acute myeloid leukemia cells through the up-regulation of
miR-663 [70].

Epigenetic deregulation of miR-663 expression appears to be a rather general feature of liquid
malignancies. Of note, it was recently shown that the regulation of miR-663 expression through
epigenetic modification of its promoter depends of mitochondria-to-nucleus retrograde signaling,
as shown by the downregulation of miR-663 in cells lacking mitochondria, and also that miR-663
mediates mitochondria-to-nucleus retrograde signaling [71]. Mitochondrial impairment through
pharmacological disruption of oxidative phosphorylations, that increases reactive oxygen species,
reduces miR-663 expression. MiR-663 regulates the expression of nuclear-encoded respiratory chain
subunits involved in Complexes I, II, I1I, and IV, as well as that of Complexes I (NDUFAF1), Il (SDHAF2),
II (UQCC2), and 1V (SCO1) assembly factor. In particular, miR-663 activity is required for stabilizing
respiratory supercomplexes, and directly regulated UQCC2 expression. Mitochondrial dysfunction
is one of the hallmarks of cancer, and indeed miR-663 ectopic expression decreased tumor weight in
xenografts and decreased cellular invasiveness of MCF7 and MDA-MB-231 breast cancer cell lines [71].

In conclusion, miR-663 can either promote or inhibit tumorigenesis and metastasis depending on
the context and the type of tumors. It remains to be shown whether it could be possible to turn miR-663
from deleterious to beneficial in tumors where its activity correlates with increased tumorigenesis,
rather than trying to inhibit its expression. RSV could be a good candidate compound, given its
established anti-proliferation and anti-tumors effects associated with it capability to modulate the
expression of miR-663 along with that of other microRNAs. Of note, RSV effects in different cancers
may have epigenetic bases, given its capacity to modulate the expression of NAD*-dependent histone
deacetylases (Sirtuins), and particularly to activate Sirtl and Sirt5 while inhibiting Sirt3 activity [72].

2.3. MiR-663 in Atherosclerosis

Atherosclerosis is a chronic inflammatory disease of the vascular wall, which, if left unchecked,
turns into pathologies such as myocardial infarction and ischemic stroke, that are some the most
prevalent causes of morbidity and lethality in the most developed countries. Atherosclerosis, although
associated with systemic risk factors such as hypercholesterolemia, hypertension, and diabetes
mellitus, most usually initiates in regions exposed to disturbed blood flow (d-flow), while arterial
regions exposed to stable flow (s-flow) remain healthy [73]. It has been established that d-flow
induces, and s-flow prevents endothelial dysfunction and atherosclerosis, respectively, at least in
part through alterations in gene expression associated with changes in the epigenetic landscape [73].
Among these genes, microRNAs have been classified into three categories depending on their effects
on atherogenesis: antiatherogenic mechano-miRs, proatherogenic mechano-miRs, and dual-role
mechano-miRs [73].
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MiR-663 was identified among microRNAs that were upregulated in umbilical vein endothelial
cells (HUVECs) submitted to oscillatory shear stress. In these cells, miR-663 was implicated in monocyte
adhesion but not in apoptosis [74]. It was subsequently shown that, in endothelial cells, miR-663 plays
a role in the upregulation of the gene encoding the transcription factor ATF4 and of its downstream
gene VEGEF, as well as in the activation of the ATF4 branch of unfolded protein response by oxidized
phospholipids [75]. It was further shown that high concentrations of uric acid inhibit endothelial cell
migration by upregulating miR-663, that directly targets TGFB1. Higher miR-663 levels were also found
in the serum of hyperuricemic patients and animals [76]. Nevertheless, miR-663 was shown to inhibit
vascular smooth muscular cell phenotypic switch (the transformation from a contractile, differentiate
phenotype to a synthetic, dedifferentiated phenotype associated with artery injury) by targeting JUNB
and MYH9 (myosin light chain 9 expression) transcripts [77]. MiR-663 was further implicated in the
induction of atherosclerosis by Helicobacter pylori [78].

Table 1. Validated and putative target transcripts of miR-663 that link this microRNA with inflammatory,
neurodegenerative and cardiovascular diseases, as well as with cancer.

Target Transcripts MiR-663 Effects References
Opposite effects on inflammation
JunB, JunD Anti-inflammatory, through reducing AP-1 activity and miR-155 expression [27]
TGFp1 Worsens lupus erythematous development [32]
APC Pro-inflammatory through the activation of Wnt pathway [33]
Stimulation of cell proliferation and migration
TGFpB1 Increases the survival of non-irradiated bystander cells [37]
HSPG2 Increases chemoresistance of MDA-MB-231/ADM cell line [47]
TGFp1 Inhibits apoptosis induced by endoplasmic reticulum stress [54]
TGFp1, P53, Bax, Fas Increases lung cancer cell proliferation [57]
PUMA/BBC3, BTG2 Inhibits apoptosis and promotes tumor development [59]
Inhibition of cell proliferation and migration
eEF1A2 Impairs the proliferation of MCF?7 cells [45]
CDKN2A Promotes the proliferation of nasopharyngeal carcinoma C666-1 cells [48]
p21(WAF1/CIP1) Promotes the proliferation of nasopharyngeal carcinoma cells [50]
TGFp1 Antimetastatic in SW480 colorectal cancer cells [28]
TGFp1 Inhibits epithelium-to-mesenchyme transition of two thyroid carcinoma cell lines [51]
MDGAI1, FRAS1 decreases renal cancer cell proliferation and migration [53]
eEF1A2 Inhibits proliferation and invasion of pancreatic cancer cells [56]
Bcl-2 Implicated in waltonitone treatment-induced inhibition of lung cancer cell line proliferation [60]
PI3KCD Inhibits proliferation and invasiveness of glioblastoma cells [61]
CXCR4 Increases survival of mice with glioblastoma [62]
TGFB1, MMP2, E-Cadherin Inhibits proliferation and invasiveness of glioblastoma cells [63]
H-ras Inhibits proliferation of K-562 cells [67]
uQcc2 Increases phosphorylative oxidations and decreases tumor development [72]
Prevention of arterial injury
TGFB1 Inhibits endothelial cell migration under high concentrations of uric acid [76]
JUNB, MYH9 Inhibits vascular smooth muscular cell phenotypic switch [77]

Finally, as previously mentioned, a study conducted on peripheral blood mononuclear cells of
type 2 diabetes and hypertensive patients with coronary showed that one-year supplementation with
a grape extract containing RSV modulates the expression of inflammation-related microRNAs and
cytokines expression [31]. In particular, pro-inflammatory miR-155 was down-regulated, while miR-663
was up-regulated, with correlative downregulation of JUND [31], a validated target of miR-663 [27].

3. Conclusions

The literature analyzed here above clearly demonstrates that it goes for microRNAs as it goes for
coding genes: none of them is just only detrimental, none of them is capable of producing beneficial
effects in all circumstances. Thus, the analysis of molecular effects and functions of this class of
regulators requires a rather expressionist approach, looking for bright effects aside the deleterious
ones. This is in particular the case for miR-663, that, as seen in Table 1, depending on the context and
the type of cells and tumors considered, can be either pro- or anti-inflammatory, or behave either as
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a tumor-suppressor gene or well favor tumorigenesis. Also, while miR-663 has been several times
described as a “bad” microRNA, it nevertheless seems capable to deliver tumor-suppressive effects
and to prevent vascular smooth muscular cell phenotypic switch that is associated with arterial injury.

Although microRNAs can successively, or possibly at the same time, behave as the bad, the
good or the ugly, like the heroes of the classical Western movie with a similar name, one impressive
conclusion that can be drawn from the study of the effects of RSV on miR-663 expression is that this
biological compound has the remarkable propriety to induce the good behavior while inhibiting the
bad and the ugly ones. Thus, it has been previously shown that RSV treatment of SW480 colon cancer
cells leads to both the downregulation of microRNAs known to favor cancer initiation and progression
and the upregulation of microRNAs usually considered as tumor-suppressors, including miR-663 in
this context [28]. In this respect, it should be noted that both, miR-663 and RSV are implicated in the
regulation of the TGFf1 signaling pathway. This might possibly explain at least in part why RSV
can deliver beneficial effects trough the modulation of miR-663 expression, given that TGFB1 can be
cytostatic at the early stages of cancer while also favoring epithelium-to-mesenchyme transition at
more advances stages of tumorization, owing to the similar function it plays during development.
In addition, TGFf1 is also implicated in the regulation of the immune response, and systemic immune
suppression and inhibition of host immunosurveillance favors cancer development [79]. Furthermore,
it has been shown that TGFp1 up-regulates miR-155 in hepatocellular carcinoma cells, thus promoting
epithelium-to-mesenchyme transition, invasion and metastasis [80], and that miR-155 plays a role
in mediating TGFB1-induced podocyte injury via nephrin, desmin and caspase-9 [81]. Therefore,
the capability of RSV to modulate, directly or indirectly, the levels of miR-155, miR-663 and TGFf1
activity, and the fact that the three last molecules display dose-dependent activity and can be either
beneficial or deleterious to the body, depending on the context, may possibly explain the apparent
pleiotropic beneficial effects of RSV, and certainly warrants further studies.

Given that RSV seems to be active while provided at low dose for a sustained period, rather than at
higher doses for a shorter period, it is possible that the wide range of beneficial properties of this plant
polyphenol may rely on its capacity to simultaneously reset the expression of multiple microRNAs
within a range of concentrations where they would work for the health of the organism, rather than
just sharply increasing or decreasing their expression. This might possibly explain RSV apparent lack
of delivering increasingly beneficial effects at increasing doses, a fact that led to suggestion that most
of RSV apparent properties may rather result from experimental artifacts. Beside all its proved or
potential beneficial effects to the health of the individual, RSV may well provide us with a new tool
for the study of dose-dependent activity of microRNAs and other non-coding regulatory RNAs in
the future.
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