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Abstract

Natural polymers have been commonly applied in medicine and pharmacy. Their primary function is to en-
hance drug delivery, tissue regeneration or wound healing, and diagnostics. Natural polymers appear promis-
ing for photodynamic protocols, including photodiagnosis (PDD) and photodynamic therapy (PDT). Currently,
the most challenging issue with natural polymers is to appropriately select the most effective material
regarding the type of cancer treated. The technological achievements enable functionalization of natural
polymers by specific antibodies, or enhancement using fluorescent or quantum dot markers for diagnostic
applications. This review will discuss the types and properties of natural polymers and available applications
of PDD and PDT which seem to be promising in cancer treatment. Treatment of neoplastic diseases is still
achallenge for both physicians and scientists, so the search for alternative methods of treatment and diagnosis
based on natural materials is relevant.
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Streszczenie

Naturalne polimery sa powszechnie stosowane w medycynie i farmadji. Ich podstawowym zadaniem jest
lepsze dostarczanie lekow, regeneracja tkanek i gojenie ran oraz diagnostyka. Naturalne polimery s3 obie-
cujace w protokotach fotodynamicznych, w tym fotodiagnostyce (PDD) i terapii fotodynamicznej (PDT).
Jednak najwiekszym wyzwaniem jest odpowiedni dobdr optymalnego i skutecznego materiatu pod katem
wybranego typu nowotworu. Osiggniecia technologiczne umozliwiaja funkcjonalizacje naturalnych polime-
réw przez specyficzne przeciwciata lub wzmocnienie za pomoca znacznikéw fluorescencyjnych lub kropek
kwantowych do zastosowari diagnostycznych. W niniejszej pracy przegladowej oméwiono i podsumowano
ostatnie dane dotyczace rodzajow i whasciwosci naturalnych polimeréw oraz ich mozliwe zastosowania w PDD
i PDT, ktére wydaja sie obiecujace w leczeniu choréb nowotworowych. Leczenie choréb nowotworowych
wciaz jest wyzwaniem zardwno dla lekarzy, jak i naukowcéw, zatem poszukiwanie alternatywnych metod
leczenia i diagnozowania w oparciu o naturalne materiaty jest wciaz aktualne.

Stowa kluczowe: terapia fotodynamiczna, diagnostyka fotodynamiczna, naturalne polimery, terapia
przeciwnowotorowa
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Introduction

Cancer remains a worldwide health problem and is one
of the pathologies with the most severe impact on global
health. Despite advances in knowledge on recent techno-
logical improvements, the mechanisms of recurrence and
metastasis, progression, and development of these can-
cers remain unclear."? Current treatments such as surgery,
chemo- and radiotherapy are not effective and have side
effects. Photodynamic therapy (PDT) and diagnosis (PDD)
are still promising and alternative treatment options for
cancer. Early detection of cancer, particularly at a curable
stage, is an essential factor to effectively reduce mortality
rates.® Unfortunately, conventional imaging technologies,
including ultrasonography (US), computed tomography
(CT) or magnetic resonance imaging (MRI), provide only
anatomical and physiological information.* Their limita-
tions include a lack of possibility for distinction of ma-
lignancies from benign lesions. Moreover, nonspecific
distribution throughout the body, fast metabolism and
other side effects affecting individual’s comfort need to be
taken into consideration. Similar drawbacks are associated
with conventional chemotherapy. Issues of drug resistance
development and poor bioavailability need to be taken
into account as well.> Thus, PDT or PDD combined with
natural polymers for the enhanced photosensitizing agent
delivery may represent an excellent alternative therapy
for controlling malignant diseases. This therapy is based
on the photosensitizer (PS) molecule application, which
is excited by the light in an established wavelength and,
after excitation, can react with oxygen. This reaction gen-
erates reactive oxidant species (ROS) such as singlet oxy-
gen, hydroxyl radical and hydrogen peroxide superoxide
anion radical, leading to an oxidative imbalance in cells.
The oxidant species attack many molecules in cells, in-
cluding nucleic acid proteins, and lipids. The ROS cause
severe changes in the physiological mechanism of signaling
cascade or gene expression regulation and lead to cell death
by apoptosis, necrosis or autophagy. The type of death
depends on different conditions (PS, localization of PS,
energy applied, and individual tumor resistance).®®

The PDT involves the photosensitized oxidation of bio-
molecules which may undergo 2 mechanisms (type I and
type II). Type L involves the light energy being transferred
from excited molecules to biomolecules through electron/
hydrogen transfer. It is involved in the damage of specific
biomolecules and the initiation of radical chain reactions.
In type II, the excitation energy is transferred to molecular
oxygen, leading to the formation of highly electrophilic
singlet oxygen that directly causes damage to membranes,
proteins and DNA. The consequence of PDT critically
depends on the intracellular efficiency of the PS. The avail-
able PSs can be engaged in both PDT mechanisms with
various activities. These activities can be divided into
the following groups depending on their solubility: hydro-
phobic, hydrophilic and amphiphilic.” However, in clinical
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practice, another classification into short-acting, interme-
diate-acting and long-acting PSs is utilized.’° The primary
“weapon” of PDT against cancer is its ability to promote
protein damage and membrane destruction; therefore,
it is crucial to optimize the cytotoxic efficiency of this
anticancer strategy. Furthermore, a higher degree of PS
accumulation in cancer cells usually causes more cyto-
toxic effects.!>!? Free radicals and singlet oxygen formation
provoke a secondary effect of lipid peroxidation, resulting
in leakage out of the membrane.® The PS is one of the 3 de-
cisive elements of PDT, the other 2 being from light and
oxygen.!? Because of their photochemical properties and
uptake efficiency, only a few PSs have official approval for
clinical application — mainly, porfimer sodium (Photofrin),
mTHPC (Foscan), talaporfin sodium (NPe6, Laserphyrin),
SnEt2 (Purlytin), veteprofin (Visudyne), and motexafin
lutetium (LuTex).1*!> Numerous investigations have fo-
cused on a better characterization and development of PS
with higher wavelengths, allowing for deeper penetration,
a phenomenon known as the 2" generation of PSs. The 3¢
generation of PSs is the most effective in targeting can-
cer cells. These PSs are directed by antibodies or loaded
in nanocarriers.!® The PDT can be involved in 3 crucial
mechanisms of cancer tissue destruction. In the 1% one,
cancer cells are killed directly by the damaging action
of ROS induced by PS excitations, leading to cell death
through necrosis or apoptosis.® Photodynamic therapy can
also lead to indirect tumor destruction through damage
of tumor vasculature, which obstructs the supply of oxy-
gen, nutrients and vitamins, as well as to the activation
of the immune system that stimulates inflammation and
an immune response against tumor cells.”!718

The PDT may also be improved through connection with
other anticancer therapies such as chemo- or radiotherapy
and electropermeabilization of cancer cell membranes.!*-2!
Currently, PDT has been used to treat various cancers,
such as skin, lung, bladder, breast, brain, ovarian, etc.,
in preclinical models and clinical investigations. Photo-
dynamic reaction may also find use as a method of early
cancer diagnosis, and as such is named photodynamic
diagnosis (PDD). The PDD includes exciting and detecting
tissue fluorescence from an earlier administered photosen-
sitizing drug and illustrating diagnostic conclusions from
the signals achieved. Finally, other non-cancer illnesses can
also be treated by PDT, such as dermatological, mouth and
cardiovascular diseases.?*"2*

Types of polymeric materials

Natural polymers, called biopolymers, are structures
created in the life cycle of plants, fungi, bacteria, or ani-
mals. Most of the biopolymers found in nature are pro-
duced by a highly energy-efficient process termed molecu-
lar self-assembly. Overall, the driving forces of this process
display structural compatibility through non-covalent,
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weak interactions and chemical complementarity.?>2°
Biopolymers are assigned into the following groups: poly-
peptides, polysaccharides and polynucleotides. In particu-
lar, polysaccharide-based polymers exhibit high stability,
biodegradability, biocompatibility, and a lack of toxicity.?”
Different biopolymers such as pullulan, dextran, alginate,
chitin, chitosan, albumin, hyaluronic acid (HA), gelatin,
and guar gum are used for the creation of nanocarriers
for drug delivery, especially in cancer drugs.?® It has been
shown that some biopolymers have an anti-tumor effect
themselves.?” For example, chitosan can induce membrane
disruption in tumor cells and induce apoptosis. Biopoly-
mers are also applied as a foundation to which drugs can
be attached and delivered to targeted cells, which can
result in less drug loss and lower toxicity for the whole
organism.?” Moreover, proteins are used for drug delivery
systems. For instance, collagen is used in ophthalmology
as a component of the drugs delivery system — gelatin
is easily cross-linkable and forms valuable hydrogels, and
these are used to create matrices in tissue engineering.?’
Likewise, albumin is used as a matrix in endovascular drug
delivery systems.?

Collagen

In human tissues, the structural and biochemical sup-
port of cells is given by the external cellular matrix (ECM).
The structure of the ECM is formed by a three-dimen-
sional (3D) collagen scaffold to which adhesive glycopro-
teins and proteoglycans are attached.®® Collagen is an es-
sential ECM component and one of the most beneficial
scaffolding materials in tissue engineering. Apart from
the fact that it is very well tolerated and biodegradable,
its presence promotes the attachment and proliferation
of the host cells. It also has good mechanical properties.?”
Collagen proteins are made of triple helices which oligo-
merize into fibrils by self-assembly. Currently, 29 types
of collagen have been identified, and differ based on the 3
chains that make up their triple helix.?> The most com-
mon type of collagen is collagen I, which can be found
in tendons, skin and bones. Type II collagen dominates
in intervertebral discs, cartilage and cornea.?!

The sources of collagen type I for in vitro studies are
bovine skin, bovine Achilles tendons and rat tails, while
collagen type II is mainly obtained from articular carti-
lage.?> An alternative to obtaining collagen is its laboratory
production using genetic engineering techniques devel-
oped by the Fibrogen company.32 Collagen obtained in this
way is characterized by a defined composition and lower
immunogenicity. The hierarchical organization of the col-
lagen scaffold ensures excellent mechanical properties
and supports cell adhesion. Its limitation is sensitivity
to elevated temperature and gamma radiation. Despite
the above limitations, collagen structures have found wide
application in skin regeneration therapies. Collagen hydro-
gels that bind fibroblasts are a respectable substitute for
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the skin. By using different cross-linking collagen assem-
blies, it is possible to influence the tensile strength and bio-
degradability of the entire structure. Furthermore, these
collagen hydrogels containing fibroblast cells are used
to heal chronic wounds. Growth factors secreted by fibro-
blasts positively affect wound regeneration, while the col-
lagen structure itself protects it against contamination.?®
An example of a commercial collagen hydrogel dressing
is Apligraf®.3? Freeze-drying collagen solutions produce
collagen sponges with pore diameters ranging from 50 um
to 200 um. Such structures can be enriched with other
ECM structures like fibronectin or glycosaminoglycans.?*
This modification improves the rate of cell adhesion and
promotes their proliferation. These products are perfect
for the treatment of extensive burn wounds. Other uses
of collagen are nerve regeneration, tendon regeneration,
bone regeneration, and intervertebral disc regeneration.?

Elastin

Elastin is another significant and important compo-
nent of the ECM. It is a hydrophobic, fibrillar, structural
protein found in connective tissue, and the main compo-
nent of tendons, ligaments, lung tissue, and walls of larger
blood vessels. Remarkably, tissues abundant in elastin are
capable of regaining their original size and shape follow-
ing stretching or compression.?> The elastin maturation
process is called elastogenesis. Ripe elastin is a highly
solid biopolymer, and its half-life is approx. 40 years.3®
Its biomedical application concerns skin repair processes
and the reconstruction of blood vessels.3® Elastin is often
combined with collagen to create an environment with
adequate mechanical strength, and to promote cell adhe-
sion and proliferation.?® A technique for producing re-
combinant elastin has also been developed in a way that,
depending on the temperature, can assume a disordered,
fully hydrated or organized and cross-linked structure.
These modified elastins are used in eye regeneration, bone
regeneration or vascular grafting.?’

Silk

Although the human body does not naturally produce
silk, structures based on it are used in tissue engineering
to regenerate liver tissues, bones, blood vessels, cartilage,
ligaments, and cornea. The structure of silk shows excep-
tional mechanical properties, surpassing even synthetic
materials.®® Natural silk fibers mainly consist of fibroin
fibers stuck together with sericin. Fibroin is a protein from
the scleroprotein group; its chains are mostly composed
of glycine (about 40%), alanine, serine, and tyrosine. Seri-
cin (silk glue), in turn, is a protein that binds fibroin fibers
together. It contains serine, glycine and aspartic acid resi-
dues. Silk is produced by various arthropods. Furthermore,
the leading natural producer of this biopolymer is the mul-
berry silkworm Bombyx mori.* Also noteworthy is the fact
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that in order to use silkworm-derived silk as a biomaterial,
removal of sericin must be performed to ensure biocompat-
ibility. Nevertheless, this negatively affects the biomaterial
features.* With the use of genetic engineering techniques,
it is possible to create silk-based chimeric proteins with de-
sirable properties on a large scale and with low variability
of the obtained biopolymer.* Various forms of silk-based
biopolymers are currently produced, including hydrogels,
fibers, foams, and meshes. Silk is also combined with other
materials, such as elastin or peptides with antimicrobial
properties, to increase its usefulness. Silk-based materials
have also been shown to promote cell attachment, pro-
liferation and differentiation of fibroblasts, osteoblasts,
osteoclasts, and mesenchymal stem cells.?’

Marine biopolymers

Marine organisms are a powerful source of highly
functional polymer structures that create 3D scaffolds
with high mechanical strength.?> These structures are
increasingly used as scaffolds in tissue engineering.
The main building materials of marine biopolymers are
carbonate and calcium phosphate, but they also con-
tain an admixture of an organic component in the form
of proteins. Three types of collagen exist in sea sponges,
along with human growth factor analogs. The main ma-
rine producers of biopolymers used in bone tissue engi-
neering are corals, sea sponges, cuttlefish, and starfish.*?
Finally, trace elements such as strontium, fluorine and
magnesium present in the inorganic part of these struc-
tures are of key importance for the induction of bone
mineralization.3

Marine organisms are also a rich reservoir of biopoly-
mers used in the engineering of soft shells. These include
HA, alginate and chitosan. Hyaluronic acid is a high molec-
ular weight water-soluble polysaccharide and it is mainly
derived from the ECM of cartilaginous fish. It is a linear
polymer composed of alternating 1-4-D-glucuronic and
1-3-N-acetyl-D-glucosamine residues.** Hyaluronic acid
exhibits viscoelastic properties, and because of this, is used
to regenerate synovial fluid, treat rheumatoid arthritis
and wounds, and to create skin substitutes.2®> Modifica-
tions of HA are also used to reduce its solubility and slow
its quick biodegradation. These modifications include
esterification and combination with collagen, gelatin
or chitosan.®

Alginate is a polysaccharide that builds the cell walls
of brown algae. It consists of unbranched mannuronic and
guluronic acid chains connected by glycosidic bonds.*
The main useful property of alginate is its gelling ability,
which is why it is used to form wound dressings. Gelling of al-
ginate helps absorb wound exudate and promote healing.’

Chitosan is a product of the deacetylation of chitin,
a polymer that builds crustaceans. The structure of chi-
tosan consists mainly of D-glucosamine (70-90%) and
N-acetyl-D-glucosamine (10—-30%) chains that are linked

J. Kulbacka et al. Natural polymers in PDT and PDD

by glycosidic bonds. Due to its antibacterial, moisturiz-
ing and hemostatic properties, chitosan is widely used
in wound products.*®

Nanocarriers based
on biopolymers

Biopolymers are used to create systems for the effec-
tive and safe delivery of drugs to specific tissues. Using
nanoencapsulation, it is possible to modulate the physi-
cochemical and pharmacological properties of the trans-
ferred substances,* increase the stability and bioavail-
ability of drugs, while simultaneously reducing their side
effects.>® The gelling and bioadhesive properties of bio-
polymers are used to form hydrogels to deliver anti-cancer
compounds. The phenomenon of the sol-gel process, which
is temperature-dependent, is exploited when administer-
ing the drug in a liquid form with the subsequent forma-
tion of a 3D matrix at the body temperature (ca. 37°C).
The adhesive properties promote the appropriate residence
time of the drug in the matrix, which allows for avoiding
the side effects of conventional systemic administration
of therapeutics. Paclitaxel nanoformulation (PTX) with
endogenous serum albumin is currently the first-line treat-
ment in metastatic breast cancer, pancreatic cancer and
advanced non-small cell lung cancer.* This high-pressure
homogenization procedure favors the reversible non-co-
valent albumin-PTX bonds and the formation of 130-nm
nanoparticles (NPs). The drug accumulates more effi-
ciently in solid tumors in this form due to the interaction
between albumin particles and gp60 glycoprotein.>! Pre-
viously, Yoshioka et al. developed a hydrogel based on so-
dium alginate with an admixture of hydroxyapatite for
the controlled release of the cytostatic.>> These hydrogel
structures retain a high degree of structural integrity and
release the bound drug at an appropriate rate.*® Further-
more, Ruel-Gariépy et al. have developed a chitosan-based
hydrogel loaded with cytostatic, which was administered
to the sites after tumor resection to inhibit its regrowth.
The starting material was the patented formula of chitosan
and B-glycerophosphate that undergoes a sol-gel transfor-
mation after reaching body temperature.”® This chitosan-
based hydrogel is a promising strategy to avoid the draw-
backs of systemic chemotherapy, providing relatively high
local drug concentrations. Moreover, chitosan itself has
a pro-apoptotic effect, inhibits the glycolytic pathway and
modulates the activity of macrophages, leukocytes, and
interleukin (IL)-1 and IL-2.53

Watanabe et al. have developed a HA nanoparticle-
loaded PTX that was embedded in a hydrogel based on col-
lagen. Researchers observed that highly transducing breast
cancer cells were very susceptible to the above hydrogel,
which was explained by the release of cytostatic from
nanostructures under the influence of metalloproteinases
(MMPs) released by cancer.>*
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Biodegradability and non-toxicity are the essential fea-
tures of innovative drug delivery systems. The use of gell-
ing and adhesive properties of various polysaccharides and
proteins to obtain a formulation using a local bioactive
compound is a reasonable strategy to maximize the thera-
peutic effectiveness of different molecules.*’

Natural polymer-based delivery
of photosensitizers

Although numerous platforms exist for enhanced drug
distribution, natural polymers seem to be promising in PS
delivery. The main aim for PSs encapsulation is to improve
the stability of hydrophobic PSs, protect the cargo and
facilitate drug activity by longer release.”*>>¢ The other
crucial issue is the enhanced permeability and retention
(EPR) effect, where tumor vasculature is efficiently used
in nanomedicine. However, in solid and low vascularized
tumors, PSs delivery is still challenging.>”® This problem
can be solved with natural and biodegradable polymers,
which are easily eliminated from the body. In the photody-
namic procedures, polymeric nanocarriers were prepared
from natural polymers, such as albumin, HA or chitosan.”
Wacker et al. used human serum albumin (HSA) as a drug
carrier system for 5,10,15,20-tetrakis (m-hydroxyphenyl)
porphyrine (mTHPP) and 5,10,15,20-tertrakis (m-hy-
droxyphenyl) chlorin (mMTHPC). They examined the ef-
ficacy of these nanosystems against human leukemia cells.
The previously performed study revealed that PSs were
efficiently delivered and induced an increased singled
oxygen generation in photodynamic protocols.®® In an-
other study, bovine serum albumin (BSA) nanospheres
were developed for the treatment of human esophageal
carcinoma (Eca-109). These nanospheres synchronously
encapsulated Au,Se/Au core—shell nanostructures and sig-
nificantly increased PS efficiency in cancer phototherapy.®!
Portilho et al. also used BSA for nanosphere preparation
and encapsulation of zinc-phthalocyanine tetrasulfonate
(ZnPcS4-AN). Nanospheres were tested on in vivo model
(Swiss albino mice) with breast cancer. That study indi-
cated that nanosphere administration may inhibit tumor
growth and necrotic cell death, with no side effects.®?

The other type of polymers used in PDT is chitosan-
based material. Chitosan is a biocompatible polysaccharide
carrier that is an excellent material for producing highly
biocompatible chlorin e6-loaded chitosan NPs. Ding et al.
verified NPs in vitro and observed that PDT efficiency
of Ce6-loaded CNPs considerably improved, in contrast
to free Ce6, based on MTT and flow cytometry (FCM)
assays.®® Kardumyan et al. chose a different approach;
they used the presence of chitosan in a model reaction
of tryptophan photo-oxidation. In their study, various por-
phyrins were used: disodium salt of 3,8-di (1-methoxy-
ethyl) deuteroporphyrin IX, and sodium salts of chlorin
€6, 5,10,15,20-tetraphenylporphyrin, and fluorinated
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tetraphenyl porphyrin-5,10,15,20-tetrakis (pentafluoro-
phenyl) porphyrin. Physicochemical studies indicated that
PSs in the presence of chitosan exhibited higher photo-
catalytic activity. In the case of PSs solubilized addition-
ally in Pluronic F127, higher efficiency of singlet oxygen
generation was observed.®*

Chitosan NPs were also implemented for the early diag-
nosis of cancer. It was reported that MRI contrast agents
loaded in chitosan nanosystems can be of use in cancer
imaging.®® Further studies by Wang et al. documented
the application of chitosan particles in photothermal ther-
apy (PTT). Authors developed chitosan polymers with gold
nanorods for stabilization, and these nanosystems dem-
onstrated improved stability and biocompatibility in hu-
man colon HT-29 cancer cells.®® In other research, ara-
chidyl chitosan (chitosan oligosaccharide-arachidic acid;
CSOAA)-based self-assembled nanoprobes were used for
cancer MRI imaging. Here, NPs were labeled with Cy5.5
and tested on head and neck cancer cell lines (Hep-2 and
FaDu). In comparison to the commercially applied con-
trast agents, these chitosan-based probes revealed better
effects.®” Li et al. showed that micelles based on the chi-
tosan might be effective in PDT as well. Authors used
Photosan as a photosensitive cargo for the in vitro therapy
on human pancreatic cancer cells (Panc-1). The research-
ers discovered that Photosan-DA-Chitosan micelles dem-
onstrated a strong photocytotoxic effect in their specific
cell model, and provoked an increased release of ROS.%®

Hyaluronic acid can also be used for nanoparticle cre-
ation. It is known that HA-based nanosystems are quickly
captured by reticuloendothelial system (RES),>® which
is a part of the immune system and includes phagocytic
cells such as monocytes and macrophages.® Currently,
surface modification of HA with poly(ethylene glycol)
(PEG) is the most encouraging method to lower RES up-
take.>% Moreover, hyaluronan may affect tumorigenesis
by converting an alternative energy source to glucose for
malignant cells.”” Wang et al. used HA-based polymeric
micelles for targeted delivery of protoporphyrin IX (PpIX)
for photodynamic therapy toward human lung cancer cells
(A549).71 In Table 1 below, a collection of the combinations
of natural polymers and PSs used on in vitro and in vivo
models is shown.

Conjugated nanoparticles

Nanoparticles, natural and synthetic, conjugated with
targeting ligands of the representative cancer cells (e.g.,
antibodies, peptides, organic molecules) or anticancer
drugs, which can be encapsulated by the NPs or attached
directly, significantly enhancing the localization specific-
ity and cytotoxic drug delivery, while minimizing toxic-
ity.>7273 Furthermore, NPs can target other structures
(e.g., vessels) and components of the cancer environ-
ment.” They also enable detection of pathological changes
at the molecular and cellular level in cellular processes
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Table 1. Natural polymers in photodynamic therapy (PDT) procedures in vitro and in vivo

Type of nanocarrier

Chitosan nanoparticles®?

HSA as a drug carrier system>®?

BSA-nanospheres®

BSA — nanospheres with Au,Se/Au core—shell®

Arachidyl chitosan (chitosan oligosaccharide-arachidic
acid; CSOAA)-based self-assembled nanoprobes®

Amphiphilic chitosan derivative (photosan-DA-Chit)
micelles®’

Hyaluronic acid-b-poly (d,-lactide-co-glycolide)
copolymer (HA-b-PLGA micelles)”®

Photosensitizer

chlorin e6

for 5,10,15,20-tetrakis (m-hydroxyphenyl)
porphyrine (mTHPP) and 5,10,15,20-tertrakis
(m-hydroxyphenyl) chlorin (mTHPC)

zinc-phthalocyanine tetrasulfonate (ZnPcS,-

AN)
zinc phthalocyanine (ZnPc) human esophageal carcinoma (Eca-109)
Cy5.5 head and neck cancer cell lines (Hep-2 and
FaDu cells)
photosan human pancreatic cancer cells (Panc-1 cells)

protoporphyrin IX (PplX)

Model in vitro/in vivo

human lung
adenocarcinoma (A549) and human liver cell
(L02)

human leukemia cells
(Jurkat)

Swiss albino mice with breast cancer

human lung cancer (A549 cells)

HSA — human serum albumin; BSA — bovine serum albumin.

of the living cell without disturbing them; e.g., genetic
mutations, protein overexpression or dysregulation, and
cancer cells proliferation and metabolism. Moreover,
Chen et al. emphasized the revolutionizing importance
of theragnostic NPs for the future of treatment manage-
ment.!® This multifunctional system is based on 1 NP
simultaneously linked with diagnostic agents and thera-
peutic compounds. The solution enables the use of tar-
geted therapy while monitoring its progress. According
to these advantages, the use of ligand-conjugated NPs
in molecular imaging or as a drug delivery system indi-
cates that the method may represent a promising solution
in cancer therapy and diagnosis.

Basing the production of these NPs on natural polymers
ensures high biocompatibility, biodegradability, non-tox-
icity, and lack of immunogenicity.> Additionally, the pres-
ence of specific protein binding sites and functional groups
on their surface can improve target transport or tissue en-
gineering protocols for efficient binding with therapeutic
compounds or characteristic ligands.”>”®

Among the NPs widely used in biomedical imaging,
there are silver (AgNPs) and gold NPs (AuNDPs), quantum
dots conjugated NPs, and iron oxide NPs (ION). Recently,
natural cellulosic polymers have found use in the formu-
lation of silver NPs (AgNPs).””78 A few methods of AgNPs
synthesis exist, including biological, chemical and physi-
cal. Unfortunately, each of them is limited by several fac-
tors, such as solvent contamination, toxic reducing agents
or particle aggregation. Abdellatif et al. investigated meth-
ylcellulose (MC), hydroxypropyl methylcellulose (HPMC)
and ethylcellulose (EC).”” The obtained results showed
that cellulosic polymers might act as an efficient reducing
agent for AgNPs production. The AgNPs based on natural
polymers exhibited no aggregation and the MC, HPMC
and EC negative charge enhanced NP stability. Recently,
Zhou et al. reviewed the use of natural polymers, such
as chitosan, lignin, cellulose, and sugarcane bagasse pulp

in the production of carbon dots (CDs).” They appeared
as high-potential green replacements for conventional
high-potential quantum dots (QDs) due to improved bio-
compatibility and great photoluminescence (PL).

The available literature sources report an extensive
analysis of ligand-conjugated NPs based on natural poly-
mers, and present promising candidates to improve can-
cer therapy with reduced toxicity. Among them we can
distinguish: chitosan-based NPs loaded with doxorubicin
(DOX)788% and curcumin®!; alginate-based NPs loaded
with docetaxel (DXL),%? paclitaxel (PXL)%3 or DOX®; and
dextran-based NPs loaded with DOX.8>8¢ Moreover, NPs
used to increase stability or improve delivery and uptake
of microRNAs and siRNAs by tumor cells are currently
in the spotlight.87-%

Conclusions

In conclusion, this review serves as a summary of the ap-
plication of natural polymers in nanocarriers for drug
delivery. Natural materials used in nanosystems are favor-
able because of biodegradability, limited side effects and
improved bioavailability. In PDT, the usability of nanosys-
tems based on natural polymers can solve one of the prob-
lems which involves restrictions in application of vari-
ous PSs because of their low water solubility. The latest
nanotechnology research demonstrates the high potency
in surface functionalization, which aims to selectively de-
tect and destroy cancerous tissues. Thus, natural polymers
in anticancer therapies appear to be suitable and promising
for clinical applications.
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