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Resveratrol Delivery via Gene Therapy: Entering
the Modern Era

Gen Terapisi Yoluyla Resveratrol iletimi: Modern Caga Girme

© Gurinder SINGH*
Micro Labs GmbH, Frankfurt, Germany
ABSTRACT

Resveratrol is a natural compound (an antioxidant) and exhibits numerous therapeutic activities. From a pharmacokinetic perspective, it is unclear
whether resveratrol targets the site of action after oral administration because of quick metabolism and excretion that creates doubt on the
biological application of the high doses characteristically used for clinical trials. However, these limitations act as a barrier and a challenge for
the development of new delivery systems. Recently, gene delivery offers various advantages and has provided treatment options for diseases
that are beyond the reach of traditional approaches. The objective of gene therapy for genetic diseases is to achieve durable expression of the
therapeutic gene at a level sufficient to alleviate or cure disease symptoms with minimal adverse events. The perception of the molecular and
cellular mechanisms steering to therapy and vector-related hindrances have caused in the progress of extremely complex gene delivery with
enhanced protection and effectiveness. With the help of gene therapy, it could be possible to target the delivery of resveratrol directly into the
host cells and bypass its pharmacokinetic limitations and enhancement of its therapeutic effect. This review is to provide a holistic view of the
development of resveratrol gene treatment as a powerful option to treat various deadly diseases.
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Resveratrol, dogal bir bilesiktir (bir antioksidan) ve gok sayida terapotik aktivite sergiler. Farmakokinetik bir perspektiften, resveratrolin, klinik
deneyler igin karakteristik olarak kullanilan yiuksek dozlarinin biyolojik uygulamasinda stiphe yaratan hizli metabolizma ve atilim nedeniyle oral
uygulamadan sonra etki alanini hedefleyip hedeflemedigi agik degildir. Bununla birlikte, bu sinirlamalar, yeni dagitim sistemlerinin gelistirilmesi
icin bir engel ve zorluk teskil etmektedir. Son zamanlarda, gen dagitiminin gesitli avantajlar sagladigi ve geleneksel yaklasimlarin ulasamayacagi
hastaliklar igin tedavi segenekleri sagladigi gérulmustir. Genetik hastaliklar igin gen terapisinin amaci, minimum yan etki ile hastalik semptomlarini
iyilestirmek veya iyilestirmek igin yeterli bir seviyede terap6tik genin kalici ifadesini elde etmektir. Tedaviye yonlendiren molekdler ve hicresel
mekanizmalarin algilanmasi ve vektore bagli engeller, gelismis koruma ve etkililik ile asiri derecede karmasik gen dagitiminin ilerlemesine neden
olmustur. Gen terapisinin yardimiyla, resveratroliin dogrudan konakgi hiicrelere verilmesini hedeflemek ve farmakokinetik sinirlamalarini ve terapétik
etkisinin arttirilmasini atlamak mimkin olabilir. Bu derleme, gesitli 6limctl hastaliklari tedavi etmek igin giiclu bir segenek olarak resveratrol gen
tedavisinin gelisiminin buttinsel bir gérinimini saglamaktir.

Anahtar kelimeler: Gen tedavisi/dogum, lentiviris, resveratrol, viral vektérler

INTRODUCTION of an extensive variety of illnesses including cardiovascular
disease* and HIV/AIDS.5® Nevertheless, beneficial applications
of resveratrol are inadequate by virtue of its low biological
half-life and rapid metabolism.” /n vivo data designate that
the resveratrol bioavailability is practically zero, which mold

Resveratrol is a natural compound separated from Veratrum
grandiflorum plant, in the 1940s! It is originated in various
plants, particularly peanuts, grapes, and berries. Recently,

resveratrol enticed several research considerations because of distrust on the high doses usually used in vitro? It is expressed
its stimulating pharmacological ability.2* Some clinical studies that after an oral administration, the resveratrol bioavailability
state that resveratrol can avert and slow down the evolution in systemic circulation and in tissues is very less due to raid
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metabolism.? Correspondingly, in the case of nanocarriers,
it is a promising approach to be a potential bio-nanocarrier
for the drug delivery system. Some recent reports depicted
that nanocarriers (to some extent) might be an appropriate
transporter for oral administration and released the drug in a
controlled manner® Thus, there is an urgent need to develop
suitable systems of delivering resveratrol at a site of action,
which can protect from diseases and give new hope in the
treatment options. Such a system called “gene therapy” is
widely available and is under clinical trial consideration."

Gene therapy is the delivery of a genetic substances to a patient
to target tissues or cells to treat a disease.” Gene therapy is
specifically designed to alter the expression of a gene or to
modify the biological attributes of cells for beneficial use.**
In the future, this practice might permit specialists to address
a syndrome by implanting a gene into a patient’s cells in lieu of
other drug delivery approaches.” It includes the use of nucleic
acids for the therapy, heals or preclusion of patient illness®
Genetic material is intended to introduce into cells to redress
for irregular genes and to produce a beneficial protein. This
treatment is capable of presenting a usual copy of the gene to
restore the function of the protein if a metamorphosed gene
produces a required defective or lost protein!® Gene therapy
can operate by numerous mechanisms viz. a virus-infected
gene can be exchanged with a healthy gene, inactivate the gene
caused by disease which is not working appropriately, and to
treat a disease, inserting a modified gene into the body.4™

Several approaches for current gene delivery have been
developed and classified as viral vectors, non-viral vectors
(chemical and physical), and vaccination.” Viral vector-
based gene delivery systems can deliver genetic material,
the most widely used ones are depicted in Table 1. A gene
that is introduced directly into a cell typically does not work.
Therefore, a transporter named as a vector is hereditarily/
genetically engineered to transport the gene.® Specific viruses
are frequently used as vectors in view of the fact that they may
transport the new gene by infecting the cell. The viruses are
altered so they cannot induce disease when used in patients.>"?
Retroviruses consolidate their genetic material (including the
new gene) into the cell without altering the cell's own genetic
material.®

The vector can be injected intravenously, in the body it is then
occupied by specific cells. Consecutively, in the laboratory a
sample of the patient’s cells can be withdrawn and revealed.
The cells comprising the vector are then returned to the patient.
If the therapy is successful, the novel gene transported by the
vector will lead to the production of a functioning protein./®2"22
There is a possibility where vector-resveratrol can be delivered
to the cells or particular tissues to treat various diseases and
enhance the therapeutic potential of resveratrol. Recent reports
on resveratrol gene therapy have fascinated attention with 872
articles/manuscripts available on the PubMed portal between
1993 and 2020 are illustrated in Figure 1.2°

SCOPE OF THE REVIEW

This review attempted on the present inventions of resveratrol
gene therapy to augment its therapeutic effect. As per literature
survey, this is the first review analysis on resveratrol gene
therapy as literature lacks such review data.

DELIVERY OF LENTIVIRAL VECTORS IN GENE
THERAPY

Gene therapy carries an excessive possibility for addressing an
abundant various diseases, some of which are not curable.?? A
virus called a vector to transport/deliver therapeutic genes into
cells is a approach. Viral vectors are expressly altered so they
cannot replicate/multiply within the target cells.*? Viruses
are compact parasites with either an RNA or DNA genome
that are enclosed by a defensive protein coat and transmission
their genetic material to infected cells. Lentivirus is a class of
retroviruses that causes deadly diseases categorized by long
incubation periods. Lentiviral vectors (LVs), derived from HIV,
have been broadly examined and considered.?®?” To accurate
main immunodeficiencies and hemoglobinopathies, self-
inactivating (third generation) LV has been used in several
medical studies to insert genes into hematopoietic stem cells.?®
Because of LV capability to further proficiently transform non-
proliferating cells, it has become predominantly attractive for
clinical demands.? LV present exceptional benefits over diverse
gene delivery systems, specifically the capability to incorporate
transgenes into the genome of dividing and non-dividing cells.?

Table 1. Viral vector for gene delivery

Gene delivery method (viral

Functional components Features Features

vectors)

Retrovirus RNA High efficiency Random integration

Lentivirus RNA High effluency . Random integration
sustained gene expression

. High efficiency, . .

Adenovirus Double stranded DNA . . Host inmate immune response
sustained gene expression,

Adenovirus associated virus Single stranded DNA Non-pathogemc, . Integration may happen
sustained gene expression small volume of transgene

Herps simplex virus Double stranded DNA No integration Small transduction efficacy

sustained gene expression
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Figure 1. Graphical illustration of publications year wise on resveratrol
gene therapy/expression over the last 28 years

Non-integrating vectors, such as adeno-associated viruses (AAV)
transduce inactive or slowly dividing cells, as they can be rapidly
vanished from dividing cells.®*® The cumulative number of fruitful
clinical studies has pushed the progress of gene transfer techniques
in various diseases, such as cancer,® neurodegenerative
diabetes,® HIV/AIDS,* and metabolic liver diseases.®

EX VIVO GENE TREATMENT

Ex vivo gene treatment includes the collecting of the patient
cells accompanied by following viral transduction ex vivo in a
lab by a virus transporting the therapeutic gene. The cells have
been transformed and got back to the patient. Contrary, in vivo
treatment comprises the inoculation of a virus transporting
the healing gene straight into a body.* Lentivirus, adenovirus,
retrovirus and AAV are the utmost usual viral vectors exploit for
ex vivo and in vivo gene therapy. AAV has numerous exceptional
characteristics that turn it a superlative vector for gene delivery.
Gene expression for a long period, AAV vectors may dwell for
the complete lifecycle of a given cell is highly recommended and
used, which reduces the amount of therapy. Contrarily, to carry
on a small period (days to weeks) gene expression, adenovirus
is classically used in circumstances where the essential level
of expression is required.>"3®

RESVERATROL GENE DELIVERY

Resveratrol performs a valuable character in the inhibition and
in the progress of long-lasting diseases such as cardiovascular,
cancers, liver disorders, diabetes, neurodegeneration, and
many more. The idea of gene treatment is an investigational
system that uses genes to cure or stop disease and viruses. The
non-existence of appropriate therapy has converted a rational
basis for encompassing the possibility of gene therapy.®*
Resveratrol gene therapy presents numerous advantages such
as, the impact of a treatment is long-lasting and less time
consuming and can eliminate diseases and strengthen the
quality of life.*4? The strategy of new resveratrol gene therapy
is to target oxidative stress and redox imbalance could signify
imperative beneficial methods towards neurological diseases.”
Further, resveratrol gene therapy could bring the solution of
resveratrol pharmacokinetics limitations which enhances its
therapeutic effect.

RESVERATROL GENE THERAPY IN CANCER

Cancer is one of the utmost frequently identified diseases and
establishes a substantial illness globally. However, countless
efforts have been made to find a therapy but remains an
eminent source of mortality in individuals, and effectual
therapy/cure remains a terrific challenge.***® Notwithstanding
numerous new developments in diagnosis and investigation,
the cancer endurance amount has not enhanced. Recently,
novel/targeted treatments have developed, providing better
results for cancer patients. Existing cancer treatments include
chemotherapy, nano-carriers, radiation, and surgery, have
boundaries subsequent from the progress of resistance to the
therapy.** Recently, a substantial volume of investigation has
designated that consumption of resveratrol may prevent the
development of cancer.®® Since then researchers have started
a resveratrol gene therapy against cancer. Izquierdo-Torres et
al.®® investigated the epigenetic mechanisms of resveratrol-
induced ATP2A3 up-regulation. The outcomes designated that
approximately 50% decreased in HDAC activity and nuclear
HDAC2 expression was observed. Further finding suggests
that HAT activity can be increased with resveratrol therapy;
nevertheless, pharmacological hindrance of p300, one of the
main HATs, have not shown important impacts in resveratrol
gene expression.® In another study, authors reported the
exceptional properties of resveratrol, if they could empower
viral vectors, used in gene therapy to deliver genes, to enter
blood stem cells more easily. The provisional co-application
of resveratrol trimer caraphenol A augments LV gene delivery
productivity to primate hematopoietic stem. Results showed
that the alteration of important immune constraint factors is
a capable and non-toxic method to enhance resveratrol LV-
mediated gene therapy.”? Shi et al“ reproduced natural or
synthetic Egr-1 promoter upstream of GADD45c cDNA to
produce a suicide gene therapy vector. Authors analysed
that synthetic promoter that comprises of CArG elements
important in the Egr-1 promoter to initiative the expression of
GADD45a. following resveratrol therapy. Results affirmed that
both promoters were capable of activating the expression of
GADD450. with resveratrol, and consequently directed to the
abolition of cell multiplication and apoptosis.® Novel peptide-
cationic lipid (CDO14) liposome was developed to combine the
delivery of resveratrol and p53 gene for gene transfer capability
of resveratrol liposomes and antitumor effect on breast cancer
cells was examined. MTT assay demonstrated that combination
therapy of resveratrol and p53 had greater progress restraint on
breast cancer cells.*’

Xiao et al* investigated that resveratrol might augment
intercellular transmission at the opening intersections in
CBRH7919 hepatoma cells and thus boost the spectator killing
impact of GCV on CBRH7919TK cells. The outcomes determine
that co-treatment of resveratrol and GCV in tumor-bearing
mice with CBRH7919TK and CBRH7919WT cells resulted in a
momentous reduction in the size and mass of the tumor.*® DNA
methylation on human multidrug resistance gene 1 (MDR1) was
scrutinized and the effect of resveratrol and prednisolone on
MDR1 gene agent in the CCRF-CEM cell line was appraised.
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Results suggested that in spite of a substantial influence to
decrease the MDR1 expression, methylation form was not later
by resveratrol and prednisolone, which needs additional studies
to understand the mechanisms.* Bickenbach et al.*° stated that
resveratrol stimulates the cancer gene therapy vector Ad.Egr.
TNF and in vitro prevention of SIRT1 activity did not revoke
the resveratrol mechanism of Egr-1 expression. The authors
concluded that control of transgene expression via resveratrol
stimulation of Egr-1 might spread the use of Ad. Egr. TNF to
candidate indignant of cytotoxic treatment and provide a new
means for the progress of further gene therapies.*®

RESVERATROL GENE THERAPY IN OSTEOGENESIS
IMPERFECTA

Osteogenesis imperfecta is an intermittent genetic disorder
of bone and connective tissue defined by bone brittleness
which results in bones that breakdown effortlessly.” It has
been reported that SIRTT gene as an applicant for therapy of
osteogenesis and augments adipogenesis.®> Some studies
speculated that resveratrol may boost osteogenesis through
SIRT1, but the mechanism stays uncertain. Tseng et al.%®
investigated and found that resveratrol can modify and promote
natural osteogenesis in human mesenchymal stem cells and
upregulated the expression of osteo-lineage genes RUNX2.
Further, resveratrol triggered SIRT1 action and boosted
FOXO3A protein expression, recognised goal of SIRT
Ectopic overexpression plays a vital character for SIRT1-
FOXO3A complex in governing resveratrol-induced RUNX2
gene transcription. In the end, these results designated that the
resveratrol upregulating RUNX2 gene expression via the SIRT1/
FOXO3A.%3 The impacts of resveratrol on trauma from occlusion-
induced bone loss in mice was investigated. Resveratrol was
administered for around 15 days and the impact on bone
resorption was evaluated. /n vitro outcome of resveratrol was
assessed on RAW 264.7 cells and macrophages into osteoclastic
cells. The authors concluded that resveratrol expressively
declined the bone loss and blocked the raised expression of
osteoclastogenesis-related gene in periodontal ligament tissue
by trauma from occlusion.>* Zhou et al. studied the resveratrol
osteogenic effect on mesenchymal stem cells, AMP-activated
protein kinase and reactive oxygen species signaling pathway.
Results demonstrated that resveratrol therapy undoubtedly
boosted the osteogenic-related genes expression prevented
the reactive oxygen species, whereas AMP-activated protein
kinase expression was improved by resveratrol.>® The impact
of resveratrol on the gene expression of osteogenic markers
was investigated. Two calvarial defects were created and rats
were administered resveratrol 10 mg/kg (n=15) for 1 month and
placebo (control group, n=15) and sacrificed. Histomorphometric
analysis was performed on one calvarial defects and the tissue
was collected for mRNA quantification of bone morphogenetic
protein. Results confirmed resveratrol augmented the repair of
bone defects and may boost the gene expression of significant
osteogenic markers.%®

RESVERATROL GENE THERAPY IN DIABETES

Diabetes mellitus is a permanent metabolic syndrome and
has been growing gradually worldwide. It is a collection of
metabolic diseases categorized by hyperglycemia resulting
from shortcomings in insulin secretion. Long-lasting
hyperglycemia is related to injury and failure of organs.”’
Published data demonstrated that inhibition of beta-cell
autoimmunity is a precise gene therapy for stoppage of type 1
diabetes, while enhancement in insulin sensitivity of peripheral
tissues is an exact gene therapy for type 2 diabetes.® Welsh,
suggested that progress in gene transfer methods are checked
on the pancreatic insulin manufacturing beta-cell. If effective
and harmless vectors are existing that transduce beta-cells
in vivo/ex vivo, autoimmune beta-cell devastation in type 1
diabetes might be prohibited and gene delivery will defend the
rest beta-cell mass in a pre-diabetic patient at a serious threat
of becoming diabetic from autoimmune obliteration.’® Sarkar et
al.®% investigated the impacts of resveratrol and mangiferin on
biochemical parameters of PPARy and FALDH gene expression
in adipose tissue of streptozotocin nicotinamide diabetic rats.
Rats were analysed after giving an oral dose of resveratrol
(40 mg/kg), mangiferin (40 mg/kg) and glibenclamide (0.6
mg/kg). Results portrayed that resveratrol and mangiferin to
streptozotocin nicotinamide induced diabetic rats exhibited
the noteworthy defensive outcome on all the biochemical
parameters. Additionally, both resveratrol and mangiferin
presented substantial augmentation of PPARy and FALDH gene
expression in rat adipose tissue related to non-treated rats.®

RESVERATROL GENE THERAPY IN LIVER

DISORDERS

Studies verified that resveratrol has numerous therapeutic
effects on liver disorders. Resveratrol considerably decreased
fat deposition and protect the liver from chemical and alcohol
injury. It may augment glucose metabolism and lipid profile
and reduce liver fibrosis and steatosis.® Azirak et al.®
studied the impact of resveratrol on the fatty acid synthase
gene expression towards the adverse effects of risperidone
in rat liver. The resveratrol therapy expressively diminished
weight gain and the fatty acid synthase gene expression level
improved pointedly in the RSV1 group. Findings concluded that
treatment with resveratrol could guard liver tissue towards the
undesirable effects of risperidone over fatty acid synthase gene
expression.s?

CONCLUSION

Conventional resveratrol delivery systems display poor
absorption and pose a daunting challenge for the existing
methods for bioavailability limitations. Considering these
obstacles, the nanocarriers are being measured as
extraordinary inventions to conquer these glitches of deprived
and inconsistent bioavailability, but it is unclear whether
this entity targets the site of action after oral administration.
Recently, resveratrol gene therapy is an auspicious option
for numerous diseases (HIV/AIDS, cancer, cardiovascular,
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liver disorders, and infections). For example, resveratrol may
act as an anticancer agent for breast cancer by influencing
the epigenetics of breast cancer-associated genes. Similarly,
resveratrol influences other disease-associated genes. There
is a possibility where vector-resveratrol can be delivered to the
cells or particular tissues to treat various diseases and enhance
the therapeutic potential of resveratrol which both directly and
indirectly overcome the pharmacokinetic limitations. The huge
volume of preclinical findings in support of resveratrol's use
as chemotherapeutic agents warrants further clinical studies.
With gene therapy, resveratrol and its by-products may lead to
treatments in diseases as an attempt to decline or eradicate the
reservoir of disease-ridden cells with the anticipation of finally
healing a patient. This method remains dangerous and is under
testing to ensure that it will be safe and efficient. The cost of
these therapies has been highlighted as a subject that may
hamper the growth of gene therapies as commercially feasible
treatments. The anticipation is that the sustained benefits of
these one-time treatments will validate the excessive costs.
Beyond that, the administration bodies of the developed nations
and authorities like Food and Drug Administration/World Health
Organization/ European Medicines Agency should take a step to
initiate these therapies with courage and expectation otherwise
these treatments might no longer be acceptable solitary as
a substitute therapy for incurably sick individuals who failed
conventional therapies. Further studies are obligatory to
elucidate whether resveratrol gene therapy has any effect on
the normal function and shows any therapeutic potential to the
number of incurable diseases.
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