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Cancer is still a serious health problem globally. Conventional therapies have
adverse effects, which affect human life quality. Tumor microenvironment (TME),
also known as surrounding stroma, has a contributory role in cancer development.
Understanding the interaction between TME and cancer progression is a challenge
and helps to develop new therapeutic strategies that neutralize the tracks taken
by cancer cells to grow, spread, and resist therapy. Therefore, targeting TME
components may be effective in improving tumor therapy. Using nanotechnology
for drug delivery is of great interest, where it overcomes some obstacles such as
solubility and absorption of drugs and delivering them to the appropriate place of
action. The main target of nanotechnology for drug delivery is the ability to
differentiate between normal and cancer cells. It can be concluded that TME is
an important complementary strategy for the development of anticancer drugs.
Multitargeted therapy has better efficient potential than individual therapy against

Published: 17 May 2023
cancer.
Egyptian Pharmaceutical Journal 2023,
22:165-176
Keywords:

drug delivery, extracellular matrix, fibroblasts, macrophages, nanotechnology, tumor

microenvironment

Egypt Pharmaceut J 22:165-176
© 2023 Egyptian Pharmaceutical Journal

1687-4315

Introduction

Cancer is still a burden health problem worldwide. It is
the second leading cause of death after cardiovascular
diseases, where it was responsible for nearly 10 million
deaths in 2020. The commonest type of cancer is breast
cancer (2.26 million cases), followed by lung cancer
(2.21 million cases), with the highest mortality rate (1.8
million deaths) globally [1]. In Egypt, liver cancer has
the highest incidence rate (33.6% among men),
followed by breast cancer (32% among women). In
comparison to 2013, the incidence rate will more than
triple by 2050 [2]. The number of new cases for all
cancers in Egypt in 2018 were ~134 632 new cancer
cases, with 89 042 deaths owing to cancer [3]. Figure 1
shows the percent of new cases for all cancers in Egypt.
There is a strong link between behavioral factors and a
variety of malignancies, where smoking, alcohol
consumption, radiation, lack of physical activities,
unhealthy diet, and obesity are risk factors for
cancer, besides chemicals and toxic substances,
chronic infections, and aging. Cancer prevention is
the main way to reduce cancer burden through
environmental intervention and lifestyle [4,5].

Most human cancers share a group of events that
include uncontrolled growth by inhibiting tumor
suppressor genes; oncogene activation for activating
their own growth; genome instability; inhibition of
apoptosis  and system;
angiogenesis; and activation of

immune induction of

invasion and
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metastasis [6]. All these hallmarks represent
mechanisms of tumor cells to inhibit the cytotoxic
effect of chemotherapy, which is known as drug
resistance [7]. Tumor microenvironment (TME),
also known as surrounding stroma, has a
contribution  role in  cancer  development.
Understanding the interaction between TME and
cancer progression is an important complementary

strategy for the development of anticancer drugs.

Methods

Articles that are involved in this work were selected in
relation to TME and its targeting for cancer prevention
and the development of techniques that enable the
delivery of therapeutic agents into cancerous cells with
minimal or no effect on normal cells. They were
reviewed stringently, and then the manuscript was
designed.

Role of tumor microenvironment in carcinogenesis

TME, also known as surrounding stroma, is a set of
components that surround the tumor. The crosstalk
between tumor cells and TME leads to tumor
development and progression [8,9]. TME has been
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discovered with the proposal of the ‘seed and soil
theory in 1889, whereby the cancer cell (seed) needs
a site to grow and metastasize [10,11]. Immune cells,
extracellular matrix (ECM), and stromal cells such as
mesenchymal stromal cells, epithelial cells, lymphatic
endothelial cells, vascular cells, cancer-associated
fibroblasts (CAFs), pericytes, and adipocytes
comprise the TME [12,13]. The interaction
between tumor and its microenvironment, which
through the secretion of cytokines, chemokines, and
other signaling factors (as matrix remodeling enzymes,
growth factors, and inflaimmatory mediators), can
determine the fate of cancer cells if they are
eradicated, metastasized, or have therapeutic
response or drug resistance. These inflammatory
mediators may have resulted from intrinsic and
extrinsic pathways. The intrinsic one resulted from
genetic alteration of neoplastic cells, whereas the
extrinsic one resulted from the immune cells like
macrophages and T cells [14,15]. Studying th
relationship ~ between a  tumor and  its
microenvironment will help to improve therapeutic
drugs that target one or more TME components,
which can improve patient outcomes [16].

Figure 2 shows the interaction between the tumor and
its microenvironment. TME is characterized by an
acidic pH, hypoxia, and an elevation of interstitial
fluid pressure. As cancer size increases, the cells that
are found within the tumor get depleted of oxygen. The
lack of oxygen causes genetic instability, which causes

cancer development, ECM stiffness, and an increment
of hypoxia-inducible factor 1 alpha, which activates
angiogenesis and increases the rate of glycolytic
behavior, which is the production of lactate from
glucose in spite of the presence of oxygen (Warburg
effect). Lactic acid production results in an acidic
microenvironment, which induces degradation of

ECM and increased cell migration [17,18].

Tumor microenvironment components
Stromal cells

The stromal cells (nonmalignant) around the tumor

represent ~90% of TME, whereas tumor represents
10%. The main abundant cells of TME are CAFs [8].

Carcinoma-associated fibroblasts

CAFs are the main component of TME; they originate
from resident fibroblasts, cancer cells, smooth muscle
cells, or bone marrow mesenchymal stem cells [19].
Highly active CAFs can regulate epithelial tumor cell
metabolism and cancer stem cell plasticity and
cell migration, inflammation, and
proangiogenic signals. Their transformation was in
response to a paracrine signal [19,20].

stimulate

They suppress immune cells such as natural killer (NK)
cells and cytotoxic T cells via secretion of transforming
growth factor-p (TGF-B) and interleukin 10 (IL-10)
[21]. They secrete ECM components and remodeling
enzymes, which causes the release of growth factors
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(insulin growth factors I and II) that promote growth,
invasion, and metastasis [21,22]. They feed lactic acid
to cancer cells where this catabolite transfer allows
cancer cells to produce ATP (reverse Warburg
effect) [23]. They induce angiogenesis, invasion, and
metastasis via the secretion of vascular endothelial
growth factor (VEGF), platelet-derived growth
factor, and fibroblast growth factor [24]. They

promote genome instability and mutation [25].

Vascular endothelial cells

The growth factors that are found in the TME, which
are secreted by inflammatory or tumor cells, activate
endothelial cells for tumor growth and the formation of
new blood vessels. The endothelial cells form the blood
vessels’ inner layer and are characterized by leakiness,
which causes blood, oxygen, drugs, and nutrients not to
flow regularly, which in turn causes hypoxia and
metastasis [26].

Pericytes

They give structural integrity and support to blood
vessels and are represented as a part of the tumor
vasculature where they surround endothelial cells.
They are negatively correlated with metastasis

[27,28]. They have a role in angiogenesis and
tumorigenesis through remodeling of the basement
membrane, in addition to their phagocytic action [9].

Adipocytes
They are sometimes present in some cancers and
produce fuel for cancer cells from fatty acids [29].

Lymphatic endothelial cells

In the case of overexpression of VEGF by macrophages
or tumor cells, they can drive lymph-angiogenesis in
TME (lymph hyperplasia), which leads to the spread of
cancerous cells. They also affect TME remodeling and

immune response alteration to the tumor [30].
Immune cells

The innate (macrophages, neutrophils, dendritic cells,
innate lymphoid cells, and NK cells) and adaptive (T
cells and B cells) immune responses are oriented to
recognizing abnormal cells to clean them up. At an
early stage of carcinogenesis, antitumor activities are
shown by immune cells such as CD8" T cells, T helper
1 cells, antigen-presenting cells, NK cells, and M1
macrophages, which suppress the growth of tumor. At
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the site of inflaimmation, the immune cells turn into
anergy state, which is due to the production of
immuno-suppressor cells and inhibitory cytokines [31].

Immune cells include the following.

T lymphocytes

There are different types of T cells according to the
tumorigenic state. In the initial state, CD8" cytotoxic T
lymphocytes release interferon gamma, which induces
necrosis and apoptosis. The apoptotic residues were
removed by phagocytosis. CD4" T helper 1 and 2 cells
secrete cytokines (IL-2 and interferon gamma) and
support B-cell response (cytotoxic effect) [13,32].
After the initial state, the immune cells modify and
support tumorigenesis, where T regulatory cells
(Tregs) exert immunosuppressive roles by producing
cytokines such as TGF-p and IL-10, which inhibit the
activity of NK, NKT, cells and effective T cells and
convert dendritic cells to become immunosuppressive

[33,34].

B lymphocytes

They have antitumor activity. They are called tumor-
infiltrating B cells because they can infiltrate into
microenvironment and differentiate into subtypes.
Tumor infiltrating B cells subtypes have a dual effect
on tumor, where they inhibit or promote tumor
growth, by releasing antibodies and cytokines. They
also regulate other types of immune cells such as NK,
Tregs, and CD4" T cells [35,36].

Myeloid-derived suppressor cells

They expand in a variety of cancers. They inhibit CD8"
T cells through the release of nitric oxide synthase.
They activate the development of Tregs and
macrophage polarization (differentiation) to tumor-

associated macrophages (TAMs) [37].

Tumor-associated macrophages

The classically activated macrophages (M1) can
recognize pathogens by receptors found on their
surface, which activate nuclear factor kappa B
(transcription factor) and release pro-inflammatory
cytokines such as IL-1p and IL-6 and exhibit
antitumor function [38]. TAMs originate from
resident macrophages, spleen, or bone marrow by
chemokines secreted by endothelial cells, tumor cells,
and fibroblasts [39]. They lack their cytotoxic effect,
where they induce tumor angiogenesis by secreting
VEGF, accumulated in hypoxic and necrotic areas,
and release IL-10 and TGF-f to escape from
normal immune cells by neutralizing functions of

CD8" T cells and NK cells [40]. They secret

epidermal growth factor for tumor growth and are

involved in ECM remodeling [41].

Dendritic cells

They are responsible for processing of antigen. Because
of the inflammatory and hypoxic state of TME, they
cannot stimulate immune system and sometimes

inhibit T cells [42].

Neutrophils

They are part of innate immune response, and in the
early stage of cancer, they release chemokines that
inhibit TGF-p signaling. Later on, they accumulate
in tumor and have a promoting effect, enhancing
angiogenesis and metastasis by releasing VEGF and
matrix-metalloproteinase 9 (MMP-9) [43,44].

Tumor-infiltrating lymphocytes

They are the lymphocytes that can enter and penetrate
TME such as T and NK cells, where their
accumulation in TME is restricted by CAFs,
CAMs, and myeloid-derived suppressor cells. Tumor
cells can deal with them by secreting exosomes carrying
death factors to kill them via Fas ligand (FasL) (death
factor) [45,46].

Extracellular matrix

ECM is a noncellular network. It gives scaffold and
structural integrity to the organ and produces a
buffering action that keeps homeostasis and water
addition, it different
physiological functions, where it binds to growth

retention. In mediates
factors and cell surface receptors (cell adhesion
receptors as integrin), which transduce signals to
that regulate gene transcription for
development, wound healing, differentiation, and
migration [47,48]. ECM is found as two types: the
extracellular basement membrane, which separates
epithelial and endothelial cells from stroma, and the
interstitial matrix, which forms connective tissue where
stromal embedded. Both consists of
proteoglycans (PGs) and fibrous proteins. It is
mechanically active and always remodeled for
development and wound healing, but deregulation of
its components leads to cancer progression [49].

cells

cells are

PGs are glycosaminoglycans (GAGs) that bind
covalently to core protein. GAGs are negatively
charged polysaccharide chains composed of N-
acetylglucosamine or N-acetylgalactosamine, with
monomers of either D-glucuronic or L-iduronic
acid. GAGs are either sulfated, such as heparan
sulfate, keratan sulfate, and chondroitin sulfate, or



nonsulfated GAGs, such as hyaluronic acid [50,51].
PGs form hydrogel; they can sequester water, which
enables them to withstand the stresses exposed to tissues.
They store and transmit growth factors. They are also
responsible for cell—cell and cellFECM adhesion and
interactions as perlecan, decorin, and syndecan and can
recognize binding receptors such as integrin, which is an
adhesion receptor responsible for signaling transduction
[52]. The main PGs are heparan sulfate proteoglycan
(HSPGs), which are present in the cell membrane as
syndecan and in the ECM and basement membrane as

perlecan [53].

Fibrous proteins are collagen, elastin, fibronectin,
laminin, and tenascin. Either tumor cells or their
stromal components enhance ECM proteins, where
their dysregulation is associated with matrix
remodeling, proliferation, invasion, and metastasis.
Collagen is the most abundant component of ECM.
There are 28 types of collagen with two forms: fibrous,
which is found in the interstitial stroma as collagen I, and
network, which is found in the basal membrane as
collagen VI [47,54]. It is secreted by fibroblasts. It
regulates cell-cell adhesion and migration and gives
strength to the ECM stroma. Elastin is bound to
collagen and gives recoiling and elasticity to tissues.
Fibronectin is secreted in dimeric form and has several
binding sites to other molecules such as integrin and
collagen [55]. It binds cells with ECM and is responsible
for cell function, attachment, and migration. Laminin is
an important component of the basement membrane. It
stabilizes the adhesion of cells by forming a network. It
binds with other ECM components and affects cell
differentiation and migration. Tenascin affects cell
migration and GAGs binding with fibronectin, which
induces metastasis [56]. Crosslinking of collagen fibers is
through oxidative deamination of lysine residues by lysyl
oxidase (LOX), whereas glycation can lead to non-
enzymatic collagen crosslinking [31,57].

Role of extracellular matrix remodeling in invasion and
metastasis

ECM is in a dynamic state, which means it is always
remodeled in normal homeostasis as in wound healing
and growth, while the upregulated remodeling, which
happens when an imbalance occurs between synthesis
and degradation of matrix components, can lead to
cancer progression [58]. There are different enzymes
that are involved in the remodeling of ECM, which are
as follows.

Matrix degrading (remodeling) enzymes
LOX binds collagen I fibers and elastin fibers (which

are the most abundant proteins deposited in cancer) to
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make more rigid fibrils in the matrix, where it becomes
stiffer than normal. As collagen expression increased,
LOX expression and activity increased, which
correlated with poor survival, cell migration, and
metastasis. It was reported that more stiffened and
remodeled matrix play a key role in tumor progression,
angiogenesis, invasiveness, and metastasis [59].

MMPs are produced by CAFs, tumor cells, and
infiltrating immune cells. There are 28 types,
classified as collagenases (1,8,13), gelatinases (2,9),
membrane-type metalloproteinases (14,15,16,17),
tissue inhibitor, and other metalloproteinases
(19,21,23,27,28). Their overexpression leads to the
degradation of ECM and the release of growth factors
and cytokines that induce tumor progression. The
release of growth factors enhances proliferation and
angiogenesis and causes cells to be free in movement
to invade vasculature and leads to metastasis [31].
The degradation of the basement membrane helps
cancer cells escape and leave its first place (primary
tumor). MMP-2 and MMP-9 degrade collagen,
fibronectin, gelatin, elastin, and laminin [60].
Membrane type 1 MMP is a cell surface proteinase
(secreted on cancer cell surface) that is involved in
cancer survival and invasion. It degrades type I
collagen and activates MMP-2, which degrades
type IV collagen [61].

MMPs  are
dormancy state and metastatic growth, where they
release antiangiogenic factors such as restin, arrestin,
and endostatin, which inhibit angiogenesis and
metastasis. They also secrete cytokines such as
TGF-p and angiogenic factors such as VEGF and
fibroblast growth factor, which activate angiogenesis
and metastatic growth. TGF-p activation by MMPs
leads to release of collagen 1 and LOX, which in turn
leads to ECM remodeling, which causes a suitable
media for angiogenesis and metastasis [55].

involved in the transition between

Heparanase

It is an endoglycosidase enzyme responsible for cleaving
of B (1,4)-glycosidic bond between glucosamine residue
and glucuronic acid in HSPG chains, which releases
shorter chains of heparan sulfate. The degradation of
HSPGs leads to the remodeling of ECM, which helps in
tumor growth and metastasis by shedding syndecan from
the cell surface [62].

Tumor microenvironment, extracellular matrix
remodeling, and tumor development and progression

It was found that in normal homeostasis, normal
fibroblasts secrete collagen I and III, other fibrous
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proteins, and PGs, which form a network within the
hydrogel to maintain its normal function. As ECM is
highly dynamic and is continually remodeled, when the
remodeling is deregulated, it indicates a pathological
condition. Degradation enzymes such as MMPs and
their  inhibition  regulators  (tissue  inhibitor
metalloproteinase), heparanase, and LOX regulate
the remodeling process [63].

In cancer development, the genetic alterations
occurring in tumor cells generate uncontrolled
growth, apoptosis resistance, anaerobic glycolysis,
and hyperplasia, which cause oxidative stress,
acidosis, and hypoxia in TME. DCs, myeloid
derived suppressor cells, and TAMs secrete cytokines
such as IL-10 and TGF-p, which immunosuppress NK
cells and T cells, together with the remodeling of
ECM. ECM remodeling is due to the deposition of
collagen as a result of response from CAFs and
infiltrating immune cells, which in turn leads to
angiogenesis that forms the leaky vasculature, which
activates invasion and metastasis to a distant place,
where after leaving the vasculature, cancer cells with
the stromal cells express ECM remodeling enzymes to
form a metastatic niche. Cancer cells use ECM to
proliferate and expand from micrometastatic to
macrometastatic forms [63—-65].

Different modalities for treatment of cancer

Surgery, chemotherapy, and radiotherapy alone or
combined are the main strategies for cancer therapy
worldwide. They are associated with different adverse
effects, as drug resistance and destruction of normal
cells and the immune system. Targeting therapy has
emerged as a challenge for cancer therapy, which aims
to target the different proteins and molecules that are
involved in cancerous cell division and spread [66,67].
Hormonal therapy is one type of targeted therapy that
targets tumors that have estrogen or androgen
receptors, but it is limited for a small range of
cancers such as breast and prostate cancers [68].

Monoclonal antibodies and inhibitors of tyrosine
kinases are considered as developing strategies in
targeting therapies. They target cancers that have
active antigens and ligands (target proteins) such as
breast, lung, kidney, and pancreatic cancers [68]. The
mechanism of both of them is as follows.

Monoclonal antibodies work by recognizing a target
such as an antigen on cancer cells and using an antibody
specific for that target, such as bevacizumab, which
targets VEGF-A (the most potent proangiogenic
angiogenesis.  Each

factor) and can reduce

monoclonal antibody recognizes a specific protein on
different
different
proteins on the same cancer cell or for different
cancer cells where they induce death of cancer cells
through blocking the signaling of growth factor

receptors and prevent proliferation [69].

the surface of cancer cell. Therefore,

monoclonal antibodies were wused for

Small molecule kinase inhibitors use ligands that target
protein kinases such as growth factor receptors, block
signals, and inhibit growth. Kinases catalyze protein
phosphorylation (the transfer of terminal phosphoryl
group from ATP to tyrosine, serine, or therionine
amino acid residues) where protein phosphorylation
is responsible for the regulation of many cellular
processes such as apoptosis, proliferation, migration,
and metastasis by switching proteins on. There are 538
human gene-encoded kinases, 37 kinase inhibitors are
approved, 150 in clinical phase trials, and many in

preclinical trials [70,71].

Growth signaling transductions are initiated after
binding of growth factors to their receptors on the
cell membrane, where a cascade of intracellular
molecules are activated and lead to regulation of
apoptosis, proliferation, invasion, and metastasis. For
that, protein kinase inhibitors can target the receptors
with their activated pathways for cancer treatment [72].

Targeting tumor microenvironment components for
cancer therapy

As components of TME play a key role in cancer
development, targeting one or more components of
TME can tackle cancer. A multitargeted therapy that
can target cancer cells with its TME can achieve great
potential for cancer treatment and management
[15,67]. Targeting TME components are shown in
Fig. 3.

Targeting ECM remodeling enzymes such as MMPs
and heparanase, along with the inhibition of ECM—cell
binding receptors, integrin, inhibits the degradation of
ECM, which inhibits tumor cell proliferation,
migration, and metastasis. The deposition of
collagen in ECM due to acidosis, inflammation,
tumor cell heterogeneity, and hypoxia results in
ECM remodeling, which in turn causes the release
of growth signals, inhibits apoptosis, and activates
angiogenesis, invasion, and metastasis [73]. For
targeting ECM remodeling, the inhibited effect of
sulfated polysaccharides on cancer growth and
metastasis through inhibition of heparanase enzyme
activity was evaluated [74]. In addition, roneparstat as a
heparanase inhibitor is also used to inhibit cell growth,
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which is in a phase 1 clinical trial. Other anticancer
drugs such as taxol can inhibit single cell migration and
doxorubicin can inhibit cluster-type migration. The
combination of two drugs can achieve a better anti-
metastatic effect [75]. Losartan, which inhibits TGF-
B, reduces desmoplasia (collagen release and
deposition) and improves chemotherapeutic delivery
to cancer cells, which cannot be achieved owing to the
stiffness of ECM [76]. Incyclinide inhibits the
detachment of tumor cells from ECM, which
inhibits metastasis via inhibiting MMPs [65].

Inhibiting macrophages differentiation into TAMs
through targeting receptor of colony stimulating
factor 1, macrophage
differentiation and survival, inhibit
proliferation, migration, angiogenesis, and metastasis
[40]. Another example of TAM depletion is
trabectedin, which is an activator of the apoptotic
pathway [77].

which is a signal for

which can

Targeting Tregs through blocking CD28, which is a
stimulator for Treg cells, can inhibit their function and

activate  tumor suppression. Basiliximab and
daclizumab (anti-CD25 antibody and anti-CD25
receptor  antibody, reduce
circulating Tregs expression [40].

respectively)  can

Targeting tumor-promoting immune response, besides
the activation of antitumor immune system, where the
adaptive immune cells such as B and T lymphocytes in
TME suppress the immune system by secreting IL-10
and TGF-p, is another option. The innate immune
cells as NK cells in TME lead to tumor inhibition by
secreting anticancer cytokines such as IL-12 and IL-2
[65]. Blocking tumor promotion can be achieved by
using cytokines against immuno-response to anticancer
drugs through inhibition of macrophages differentiation
into TAMs and inhibition of inflammatory mediators.
The anticancer activity of the immune system can be
stimulated using cytokines in combination therapies to
block inhibition of antibodies production targeting
TME [78].

Targeting CAFs (as an anticancer-immunotherapy) is
another option. The inflammatory microenvironment
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that surrounds tumor (hypoxia, TNF-a, IL-1f, and
interferon gamma) causes the release of growth factors
such as TGF-p, which stimulate the conversion of
resident fibroblasts into CAFs. CAFs stimulate
tumor growth and migration of other cells into
TME via secretion of ECM components and
growth factors. They also stimulate reactive oxygen
species production and vice versa, so targeting reactive
oxygen species can decrease inflammation [79].The
available trials do not have the required effect to
target CAFs, and more studies are under
investigation [80].

Targeting hypoxia and acidosis is another option.
Topotecan and several drugs were used to target
hypoxia-inducible factor 1, which was used in
clinical trials. In addition, due to Warburg effect,
which enables tumor cells to survive in such
conditions and suppress immune response, lactic and
carbonic acids were accumulated in TME and cause
acidification, so using acetazolamide with radiotherapy
can target acidification (carbonic anhydrase) and tumor
cells [81].

Targeting exosomes

Exosomes are vesicles that are secreted in TME and
modulate communication and interaction between
cells, which occurs via growth factors, cytokines, and
their receptors, where they transfer RNA, proteins, and
lipids between cells and modulate the phenotype of
recipient cells, which induce CAF transformation,
inflammation, and angiogenesis and inhibit immune
response [9]. Inhibition of exosome production
through targeting pathways that are involved in their
production and using them as anticancer drug delivery
vehicles can inhibit cancer progression [82].

Targeting angiogenesis via targeting pericytes by
antiangiogenic therapies due to their role in
angiogenesis is another option. Avastin is an antibody
that targets VEGEF and inhibits angiogenesis and is
approved by FDA [83]. Targeting angiogenesis,
invasion, and metastasis by using plant phenol
resveratrol [84] and different plant extracts and nano-
extracts in hepatocellular carcinoma [85], lung, colon,
and breast cancer was carried out [86—88].

Targeting tumor endothelial cells through blocking
growth factors that are responsible for their
migration and growth, by using gold nanoparticles
to inhibit the binding of VEGF with its receptor
VEGFR2, which inhibits angiogenesis, is another
option [89].

Targeting chronic inflammation by inhibiting
cytokines, chemokines, and other stimuli secreted by
TAMs that trigger carcinogenesis may inhibit
inflammation. For example, phosphomanno-pentose
sulfate is used to target inflammatory cells, but it does

not affect or modulate the overall survival [90].

Drug delivery and nanotechnology

The development of techniques that enable the delivery
of therapeutic agents into cancerous cells with minimal
or no effect on normal cells is a great challenge. Using
nanotechnology, different obstacles can be overcome
such as insufficient amount of drugs, stability and
solubility of drugs, nonspecific distribution, poor
bioavailability, inability to reach to the appropriate
site of action, and inability for early detection or
therapeutic ~ response  monitoring  [91].  The
importance of nanoparticle application in cancer
treatment for drug delivery is due to their unique
properties such as their large surface to mass ratio,
increased bioavailability, long circulation time, and
their ability to carry, absorb, and bind to other
particles (drugs and proteins) [92,93]. In addition,
they can surpass different barriers and can increase
intracellular delivery, which decreases drug toxicity.
Nanoparticles can be divided into two major groups
according to their nature: organic and inorganic
nanoparticles. Gold nanoparticles are the most
prominent inorganic type, which can be -easily
modified in shape and size with a long circulation
half-life, stability, and biocompatibility. Other
inorganic nanoparticles such as silica, iron oxide, and
silver are also used [94]. The disadvantages of inorganic
nanoparticles are their accumulation in the body
because of their nonbiodegradable nature. Organic
nanoparticles such as liposomes and polymeric
nanoparticles have a biodegradable nature, where
liposomes can bind with the cell membrane owing
to the similarity in their compositions [95].
Liposomes consist of an aqueous core surrounded by
two layers of lipid membrane (glycolipid or
phospholipid), where hydrophobic molecules can be
carried inside the bilayer membrane, whereas
hydrophilic particles can be encapsulated within the
core. Liposomes are less stable with sterilization
difficulty and a short half-life, which can be solved
by polyethylene glycol encapsulation. Dendrimers and
micelles are polymeric nanoparticles that are composed
of biodegradable and biocompatible polymers such as
poly lactic acid and poly D-L-lactide-co-glycolic acid,
where drugs are either conjugated on their surface or
encapsulated inside their polymeric matrix [96]. Poly
lactic acid is degraded into lactic acid and poly D-L-
lactide-co-glycolic acid is degraded into lactic and



glycolic acid, which are normal substances that are
tound in the body. Polysaccharides such as pectin,
gelatin, and chitosan of natural origin are used as
biopolymeric nanoparticles, which are extracted from
microorganisms, animals, and plants [97,98]. Their
application in nanomedicine is limited owing to
their solubility in water and their degradation at
high temperatures [99]. Hybrid nanoparticles are
those composed of at least two types of
nanoparticles such as liposome-polymer or organic
and inorganic nanoparticles to improve their

properties [100].

Nanoparticles can be designed to bind with different
moieties that can target different components in TME,
where they can carry combined therapies, which can
reduce the probability of multidrug-resistance

development [65].

To reach a putative biological target, different
strategies can be exploited, such as passive and active
drug targeting [101]. Passive targeting depends on the
properties of nanoparticles (circulation time, size) and
tumor cells (leakiness of blood vessels). Nanoparticle-
bound drugs reach to the vasculature that surrounds the
tumor, and through leaky vessels (pores through the
vessels), which are formed owing to high proliferation
rate of cancer cells and hypoxia, they are selectively
permeable through the tumor tissue. Besides, with poor
lymphatic drainage, which causes
nanoparticles, which is called enhanced permeability
retention effect, the nanoparticles are accumulated and
then the drug is released from them. Active targeting
depends on nanoparticle-binding ligands that target
certain receptors that are expressed on cancer cells.
Monoclonal antibodies can also be used for targeting

[53,102].

retention of

Once nanoparticles are localized to tumor, they begin
their action via one of three mechanisms: free radical-
killing mechanism, thermal ablation, or drug release,
which can be used in combination or alone to kill
cancer cells [102]. Nanotechnology disadvantages
include the accumulation and aggregation in the
body along with the toxicity of some nanoparticles’
nature and the high cost of manufacturing [92].

Some approaches that use nanoparticles are as follows:

(1) Polyethylene glycol attached to gold nanoparticle
binding-chemotherapy to protect nanodrug from
immune system attack (phagocytosis) [97].

(2) Inserting gold nanoparticle into cancer cells and

applying heat (laser) to destroy them [92].
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(3) Binding liposome-attached chemotherapy with
amino acid to increase protein concentration to
accelerate chemotherapy accumulation at tumor
where sensors that depend upon nanowires can
detect proteins for detection [92].

(4) Binding liposomes with monoclonal antibodies to
obtain a less toxic drug and an effective antitumor
agent [103].

(5) Radiation therapy
photodynamic therapy by using luminescent
nanoparticles with photosensitizers to kill cancer
cells and decrease the radiation dose. The
activation of nanoparticles with radiograph
generates electrons that destroy cancer cells

[104].

can be combined with

Recent directions in cancer therapy

A deep understanding of the interaction between
cancer and its microenvironment can predict better
therapeutic strategies [105].

Mesenchymal stem cells are loaded with cytotoxic
drugs, where they are able to reach to tumor and
destroy cancer cells [106].

Green biosynthesis of nanoparticles is done by using
natural products, where secondary metabolites act as
reducing agents, which is called eco-friendly synthesis
[107].

Application of cancer immunotherapy is another
approach, which is also called T-cell-mediated
therapy because of their ability to attack cancer cells.
Immunotherapy is the activation of the immune system
to attack cancer cells and kill them, which can be
achieved by the following: (a) using cancer treatment
vaccines that are prepared from tumor cells, (b)
collecting T cells that infiltrate into tumor and
treating them with cytokines to be activated, or (c)
activation of cells that secrete immune-activating

cytokines such as IL-12, TNF, and IL-2 [68,108].

Pretreatment such as photodynamic therapy,
hyperthermia, and radiation therapy should be used
in combination with nanomedicines due to the highly
changeable TME components to increase their target

achievement [109].

Combination therapies using more than one therapy
with different mechanisms of action to overcome drug
resistance [110,111] with improvement of nanocarriers
for drug delivery application to overcome obstacles of
poor solubility and low permeability are another option
[112].
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Using a combination of nanodrug delivery systems and
cancer immunotherapy is another option [68].

Conclusion

Cancer cannot be considered as a state of uncontrolled
cell growth because it is also a dysregulation of its
microenvironment.

About 30% of cancer deaths can be avoided by

improving human lifestyle.

Advances in understanding the contribution of TME
and ECM in cancer progression lead to the discovery of
promising therapies that can prevent proliferation,
invasion, and metastasis, which provide hope for
cancer treatment.

Targeting TME components or the mediators of their
interaction  and can
complementary treatment option.

communication give a

Nanotechnology plays a key role in cancer diagnosis
and treatment.

Some nanomaterials are toxic in nature or become toxic
under certain conditions, which should be taken into
consideration in designing of nanoparticle drug.
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