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INTRODUCTION

Chitosan is a commercially important biopolymer with a
wide variety of industrial applications especially in pharma-
ceutical industries. The structural integrity and stability of the
compound has attracted many scientists for its application in
medical fields such as wound healing, drugs and gene delivery
[1]. One of the most important aspects of gene delivery is the
use of a carrier compound that when incorporated in the body
can be targeted properly and can endure enzymatic degra-
dation [2]. Many substances are available today for the gene
delivery application but its instability and undesirable efficiency
causes other side effects in the body. Chitosan has been studied
and reported in various reports as a potential drug delivery device
due to properties of controlled drug release, mucoadhesion,
antimicrobial features and more [3].

The use of different polymer materials like hydrogels have
also been experimented with chitosan as a scaffold material for
the purpose of drug delivery. Both invasive and non-invasive
routes are used for the drug administration [4]. The advantages

Published online: 10 March 2022; AJC-20718

The battle of the human race with genetic disorders was prevailing from the time immemorial. Revolutions and modernizations in science |
and technology have clearly improved our understanding regarding the molecular basis of genetic disorders thereby aiding in designing |
new therapeutic interventions in their treatment and prevention. With the advent and development of gene therapy in the last few decades,
promising windows were opened for treatment and prevention of genetic disorders and cancer. Despite of its remarkable significance in |
medicine, the common practice of using viral vectors as gene delivery agents has created controversies and concerns among the scientific |
community. This made the research focus on biobased polymers as alternative non-viral vector systems for gene and drug delivery for |
treating genetic disorders and cancer. Chitosan is a cationic polymer that can be easily tailored to serve as gene and drug delivery due to
their biocompatibility and biodegradability. Their structural integrity and stability have made them widely used for various applications in |
the biomedical field. Chitosan and its derivatives have gained more attention as vectors for gene delivery and cancer therapy in the past |
decade. The amenability of structural modification, non-toxicity and high biodegradability of chitosan derivatives can make them prospective |
|
|

Keywords: Chitosan, Gene therapy, Drug delivery, Biopolymers, Gene delivery, Vectors.

and disadvantages of different routes of administration of
chitosan are described in Table-1. Scientists have attempted
the use of chitosan nanoparticles for improving efficiency in
the gene delivery methodology. Using the biodegradable prop-
erty of chitosan, the drugs are encapsulated by chitosan nano-
particles which degraded later to slowly release the drug into
the system can be seen in Fig. 1.

Ameeduzzafar et al. [5] in their study have used chitosan
nanoparticles (CH-NPs) for encapsulating levofloxacin, which
acts as an antibacterial agent for the treatment of ocular
infection. The study concluded that chitosan was a potential
carrier for the antibacterial drug delivery [5]. Marciello et al.
[6] used chitosan-based nanoparticles for its application as
vaginal drug delivery for the purpose of peptide based vaccines
in order to treat different sexually transmitted diseases. The
study was able to prove the successful delivery of mucoadhe-
sive nanoparticles and peptides using chitosan nanoparticles.
Another study used the natural polymer, chitosan for the
delivery of curcumin targeted therapy and controlled delivery
[7]. The use of chitosan due to its bio-compatibility has made
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TABLE-1

ADVANTAGES AND DISADVANTAGES OF DIFFERENT ROUTES FOR ADMINISTRATION OF CHITOSAN

Chitosan drug
delivery systems

Advantages

Disadvantages

Oral drug delivery
Gastric-specific
drug delivery
Colon-specific drug

delivery

Buccal drug
delivery

Ocular drug
delivery

Nasal drug delivery

Vaginal drug
delivery

Rectal drug delivery

Improves patient comfort level, compliances and
provides flexibility of accommodating various
formulations.

Shows resistance to acidic environments and does
not cause irritation in the stomach.

Near neutral pH, poor activity of digestive enzyme
and extended transit time

High bioavailability because the area is extremely
vascularized and avoidance of first-pass metabolism,
lesser enzymatic activity and mucosa layer is
comparatively immobile.

Prolong the retention, improve biodistribution and
therapeutic efficacy applied onto the eye surface.

Thin and well-vascularized mucosa, elimination of
needle phobia attached with parenteral route and
possible self-administration leading patient
convenience

Avoidance of presystemic metabolism, rich
vascularization, poor enzymatic activity, obvious
large surface area and absence of gastrointestinal
irritation and side effects. In addition, it provides
scope for self-administration.

Effective in cases where the patient cannot take oral
route, nausea, irritation and vomiting

Difficulty in surviving different gastro-intestinal tract
secretions such as various degrading enzymes and
different pH conditions.

Poor absorption due to physiological adversities such as
short gastric residence time and unpredictable gastric
emptying time.

Susceptible to bacterial enzymes present in colon which
breaks the glycosidic linkage of chitosan

Barrier property of buccal mucosa, accidental
swallowing of delivery system, restriction of eating and
drinking and salivary scavenging due to enzymes.

Achieve desired drug concentration in both anterior and
posterior segments of eye because of many factors
including nasolacrimal drainage, tear turnover, poor
permeation across the cornea and reflex blinking

Nasal obstacles such as low membrane permeability, a
short local residence time and high turnover rate of a
secretion in nasal cavities, the bioavailability of nasally
administered drugs is often comparatively poor
Limited acceptance, limited to specific gender, irritation
and hygiene problem in patient and lesser
bioavailability.

Lesser motility while sitting and sleeping makes
absorption difficult. Absence of villi or microvilli

(12]

[13]

[14]

[16]

decreases surface area for absorption.

Chitosan matrix

Drugs molecules

Biodegradable
chitosan carrier

Chitosan
degradation
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released to the

® system
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Fig. 1. Drug delivery using chitosan as carrier polymer

it an ideal substance for cancer therapy treatments. Studies
have been conducted for evaluating the efficiency of chitosan-
based systems for controlled drug release in cancer and tumor
therapy [8,9]. Chitosan is highly modified based on its use
and requirement in order to make it more compatible for
specific gene delivery. Boonthum et al. [10] showed the use
of modified chitosan for its application as a gene delivery
agent to gonadotropin-releasing hormone receptor (GnRHR)-
expressing cells. The GnRH-conjugated chitosan (GnRH-CS)
showed positive results of higher transfection activity in the
cells.

In several diseases, gene therapy is a promising way of
treatment and prevention over the conventional methods of
treatment [19]. Gene therapy is effective in cancer treatment,
cardiovascular, viral infections and genetic diseases, as they
targets to repair or replace the direct origin of genetic diseases
through insertion of nucleic acid polymers to patient cells aiming
to cure the cause of the disease instead of curing the symptoms
[20]. Gene replacement therapy, gene editing, genetically
engineered T cell therapies and gene modulation through the
use of RNA interference (RNA1) are the 4 major categories of
gene therapy [21]. Gene replacement therapy was first disco-
vered in the 1970’s [22]. For delivering the genetic material
viral vectors are one of the most effective means as they are
naturally evolved for such purposes and some viruses such as
herpes simplex virus (HSV), retro- or lenti-virus, adenovirus
and adeno associated virus (AAV) are engineered for the goal
of therapeutic gene delivery [23]. Even though viral vectors
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are a highly efficient method of gene delivery, physiological
barriers and safety in clinical application is still a major concern.
High immunogenicity, acute inflammation, cost of treatment
and effect of some drugs such as anticoagulants on the inhib-
ition of viral vectors are also some of its limitations in clinical
implementation [24]. The limitation in package size is also a
drawback of viral vectors, as they can deliver genetic material
with a certain number of base pairs only [25].

The challenges and safety concerns raised by the viral
vectors highlight the importance of bringing up a non-viral
vector system or the development of an alternative gene delivery
system for safe and promising nucleic acid delivery while miti-
gating cost concerns. Alternative gene delivery systems include
lipid-based vectors and cationic polymers which use similar
mechanisms of viruses to enter the cell but with improved
safety, immunogenicity and cost [26]. Alternative gene delivery
systems have various benefits over viral vectors such as greater
biocompatibility, better payload capacity, the potential to
engineer their surfaces via functionalization and transfection
of a wide variety of cell types[27]. One of the most widely
studied systemic gene delivery carriers are lipid based vectors.
Toxicity of permanently charged cationic lipids, unstable
systems which result in low half-life stability on storage and
the low transfection efficiency of lipid-based vectors are their
major drawbacks in clinical application [28]. Chitosan, which
is a cationic polymers exhibits better ability to select target
tissues, enhanced large-scale production, lesser cell toxicity
and immunogenicity [29]. This review article discusses the
recent updates on applications of chitosan in gene and drug
delivery with special emphasis on cancer therapy.

Properties of chitosan for drug delivery: The potential
use of chitosan for medical application and drug delivery has
been widely explored by various researchers. Chitosan as a
biopolymer has shown different properties for its successful
applications in the field of medicine, food technology and
marine. The characteristic properties of the compound incor-
porate features like biodegradability, adsorption, antimicrobial
activities, non-toxicity and more [30,31]. Chitosan has been
studied for its property of drug delivery and release, researchers
studied the drug dissolution, diffusion and other factors by
releasing anionic drug naproxen using chitosan as the matrix
system and the results were found to be more potent and stable
[32]. The chitosan has also been explored for its adhesive prop-
erties. The structure of the chitosan in specific to its cationic
substructures make it compatible for being a mucoadhesive
compound [33]. Although chitosan has cationic charges, when
compared to other molecules that are used for transfection
enhancing properties it has less toxic cation polymers. This
factor makes chitosan a promising applicant in chitosan-DNA
based drug complexes. But the effectiveness of chitosan for
transfection has been shown to work and improve only with
modified polysaccharide in chitosan [34]. Foger et al. [35] in
their studies have worked on discovering the efflux pump inhi-
bitory properties that chitosan beholds. The study positively
demonstrated the mechanism of efflux pump inhibition [36].
In addition to these properties chitosan also inherits properties
of in situ gelling, Gupta [36] combinedly used polyacrylic acid

and chitosan as a gelling delivery system. Chitosan also has
permeation characteristic which makes it interact with the cell
membrane, to prove the permeability feature. Kast & Bernkop-
Schniirch [37] demonstrated the structural functionality of
chitosan including molecular mass 181 and degree of deacet-
ylation, which in order was responsible for increase in epithelial
permeability which further could be increase by increasing
molecular mass of chitosan.

Chitosan structural compatibility: Chitosan is a highly
basic polysaccharide which is a linear copolymer of o-(1-4)-
linked N-acetyl-2-amino-2-deoxy-D-glucose (acetylated, A-
unit) and 2-amino-2-deoxy-D-glucose (deacetylated, D-units)
[38]. Some specific properties shown by chitosan are viscosity,
solubility in different media, mucoadhesive, polyoxy salt form-
ation, polyelectrolyte behaviour, potential to form films, metal
chelators, optical and structural characteristics [39]. One of
the major reasons for chitosan showing various chemical and
biological properties is due to the presence of two reactive
groups (—-NH; and —OH). The interaction between the chitosan
and negatively charged nucleic acid by electrostatic interaction
is due to the presence of several amine groups, which are proto-
nated at mildly acidic pH. Another major factor that affects
the stability of chitosan/DNA complex is the molecular weight
of chitosan, which also in turn affects the cell entry mechanism,
unpacking of DNA after endosomal escape and transfection
efficiency. Desirable properties of chitosan for gene delivery
can be enhanced by chemically modifying chitosan [40]. For
better bioavailability of drugs and to overcome the mucosal
delivery barriers, mucoadhesive materials are used to make
up mucoadhesive drug/gene delivery systems [41]. Chitosan
which is a natural mucoadhesive uses electrostatic attraction,
hydrogen bonding and hydrophobic effects to interact with
negatively charged mucin [42].

Chitosan modifications for gene delivery: The existing
chemical and biological properties of chitosan along with some
specially desired properties for specific application in gene
delivery can be achieved by making modifications on the
chitosan backbone. Several studies have been reported for these
modifications of chitosan [43]. Chitosan is soluble in slightly
acidic pH, but due to the hydrophobic effect of the chitosan
backbone and the strong intermolecular hydrogen bonding
formed by —OH and —NH, groups, chitosan shows weaker
solubility in alkaline and neutral pH, which in turn affects its
application in drug and gene delivery [44]. Reducing the mole-
cular weight of chitosan is the most direct method to enhance
its solubility in neutral water [45]. Compared to highly hydro-
phobic chitin and mildly soluble chitosan, low molecular weight
chitosan has shown better solubility in water [46]. Another
common method of increasing the solubility of chitosan is by
chemical modification and the most common derivatives of
chitosan with improved solubility are N,N,N-trimethyl chitosan
(TMC), amphoteric carboxymethyl chitosan (CMC) and
PEGylated chitosan [47].

The aim of gene therapy is to introduce an exogenous
gene into target cells, with the goal of modifying the expression
of targeted genes and thus efficient delivery of genes to the
target cells plays a vital role in gene therapy. Modifying chitosan
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chitosan with target ligands such as proteins, aptamers,
peptides, carbohydrates and several smaller molecules have
exhibited enhanced targetability [48]. As a ligand, the use of
arginine-glycine-aspartate-cysteine (RGDC) peptide in gene
delivery vectors fabricated by chitosan to target the ovf33
integrin has been reported by Hu et al. [49]. Several studies of
modifying chitosan using aptamers have been reported, where
aptamers are oligonucleotides which can bind exclusively to
target substances like proteins and membrane receptors. Due
to the absence of Fc region and finer permeability for particles
of smaller molecular weights, aptamers have lower immuno-
genicity than antibodies [50]. These aptamers are used for
forming gene targeting delivery systems by combining with
chitosan [51]. The CD44 receptors of hyaluronic acid (HA)
which is a natural polysaccharide composed of glucuronic acid
and N-acetyl glucosamine is a widely studied receptor for its
application in cancer treatment [52]. Some carbohydrate-protein
interactions bring out several properties in carbohydrates provi-
ding differentiation, cell recognition and promote endocytosis.
In several cancer cells originating from the epithelium shows
the over expression of folate receptors, which have higher
affinity for folic acid (FA) and therefore making FA-based
tumor targeting is a promising and potent method for cancer
treatment [53]. After the cellular uptake the major step is
escaping the endosomes that will combine with the lysosomes,
which have low pH and hydrolytic enzymes that can degrade
the nucleic acids [54]. Cationic polymers such as PEI have
shown the capacity to perform endosomal escape by the “proton
sponge effect” which is dependent on the buffering capacity
of the polymers [55]. It is important to improve buffering
capacity of chitosan for the sake of enhancing transfection
efficiency. The modified chitosan is used as a promising vector
in gene delivery to gonadotropin releasing hormone receptor
(GnRHR) expressing cells. This gene carrier is highly needed
for gene therapy to cancers related with the reproductive system,
genetic disorders of sexual development and fertility [10].
Applications in cancer treatment: Cancer is one of the
most challenging diseases that we come across today and
although the medical science field has overcome few important
factors for the successful treatment of a few cancer types. It is
amajor reason for death in many people due to its complexity.
Few reasons for the failure or unsuccessful attempts of cancer
treatment are due to unable drug delivery methodology, painful
side effects and sometimes low effectiveness [56]. With the
growing demand for cost-effect cancer therapy treatment, the
field of nanotechnology has introduced a better and effective
way for cancer therapy treatments. With the use of polymerase
such as chitosan with the combination of nanotechnology,
scientists have introduced a potential carrier for cancer research
[57]. The use of chitosan for drug delivery systems is growing
exponentially mainly due to the structural and chemical prop-
erties of chitosan with features like high durability, eco-friendly,
cost-effectiveness and more [8,58]. Chitosan has been well
studied for medical application but its use for different cancer
therapy processes such as drug delivery purposes, gene
delivery, immune-adjuvant and as nanoparticle carrier for
chemotherapeutic drugs and in immune-adjuvant therapy for

cancer has grown in the past few years [59]. Chitosan nano-
particles have been already approved by FDA for their use due
to their low toxicity and high biocompatibility factor. Scientists
have tried different combinations and different modifications
on chitosan in order to enhance its effectiveness for cancer treat-
ment starting from increasing immune effects, enhancing antibody
response to activation of immune response for immunogenicity
of peptide epitope [60,61].

Shi et al. [62] in their research on melanoma mice was
capable of designing an antitumor vaccine using chitosan nano-
particles for its application in cancer immunotherapy with its
ability to produce cytotoxic T lymphocytes response. Rao et al.
[63] on the other hand worked in developing a cancer drug
consisting of encapsulated chitosan with doxorubicin encap-
sulated polymeric nanoparticles with specificity towards the
CD44 receptor of cancer cells. The study was successful in
observing a reduction in cytotoxicity and tumor size in a xeno-
graft tumor model. Another study conducted in 2016 by Han
et al. [64] showed effective results of using chitosan-based
nanoparticles as an immune response modulatory vaccine, the
study showed an increased maturation of dendritic cells for
developing antigen-specific CD8+ T cell immunity. Researchers
have also worked on using metals like zinc along with chitosan
for creating CS-nanoparticles-linked zinc (Zn-CSNPs), which
was further studied for cancer therapy and have shown a decre-
ase in the rate of cancer cells and activate apoptotic pathway
leading to an activated immune system for blood cancer therapy
[65]. Specific changes on chitosan can have different effects
and can be used for specific targeting on cells. Specific charges
on chitosan can have different effects and used for specific
targeting on cells. Studies have shown modification on chitosan
covalently and non-covalently using various polymer moieties
such as peptides, antibodies and more can effectively increase
the process of drug delivery. Few studies have indicated that
the toxicity level of drugs has been seen to decrease with the
integration of chitosan with different conjugated drugs [66].
More scientific work has been carried out lately, which proves
the potential of using chitosan for anticancer treatments. Active
use of anticancer drugs coated with chitosan polymer has
shown effectiveness along with the reduced growth of cancerous
cells.

Chitosan in CRISPR/Cas9 delivery systems: The concept
of gene delivery has been in the medical field for a long time
now and its use has been increasing for the treatment of different
diseases and infections as well. The use of chitosan as a potential
gene delivery system has been studied by many researchers
and has been proven to be a successful one [21]. With new
discoveries and gene therapy methodologies a recent develop-
ment of the use of CRISPR/Cas9 has also been highlighted by
many refreshers for various cancer treatments and other related
diseases [67]. The utilization of chitosan has been seen for
delivering CRISPR/Cas9 complex, Srivastav et al. [68] have
studied the potential of chitosan-coated nanoparticles for the
delivery of siRNA and CRISPR/Cas9 complex and it was observed
that chitosan with its biodegradable abilities successfully were
able to delivery intact CRISPR complex. Another study conducted
by Rabiee et al. [69] also studied the use of nano-chitosan
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tetrazole for CRISPR delivery, the study concluded by rate of
transfection efficiency of the chitosan was observed to be more
than 25% that being higher than most other methodologies.
The use of chitosan based nanocomplexes have been used in
general for gene therapy processes and have shown great poten-
tial for its use in CRISPR delivery for anti-tumorigenic effects
[70]. Thus, with the recent studies and development the prospects
of gene therapy using chitosan and its derived complexes can
be highly versatile in the CRISPR/Cas9 system delivery. Although
there are many other ways and methods that can be explored
for much more efficient gene delivery using chitosan such as
by improving solubility of chitosan, use of low molecular
weight chitosan derivatives, certain chitosan chemical modifi-
cation, modification of its protein structures and more [21].

Conclusion

Chitosan is a widely applied biopolymer in the pharma-
ceutical sector, especially in drug and gene delivery, due to its
various properties and structural compatibility. Biodegradability,
adsorption, antimicrobial activities and non-toxicity are some
major characteristics of chitosan, which makes it a major appli-
cant in the field of medicine. The presence of -NH, group and
—OH provides various chemical and biological properties for
chitosan and the cell entry mechanism, unpacking of DNA
after endosomal escape and transfection efficiency is also influ-
enced by the molecular weight of chitosan. For specific appli-
cation in gene delivery, some specially desired properties such
as increasing the solubility, buffering capacity, efc. are incorpo-
rated by modifying the structure of chitosan. Chitosan with
the combination of nanotechnology is a promising methodology
of drug delivery for cancer treatment, which reduces painful
side effects, cost-effectiveness and increases treatment efficiency.
Reduction in growth of cancer cells are also widely observed
by the active use of anticancer drugs coated with chitosan
polymer. The emerging technologies and developments in gene
therapy support the use of CRISPR/Cas9 coated with chitosan
nanoparticles in cancer treatment, cardiovascular, viral infections
and genetic diseases.
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